Resi stor Wth Reduced Leakage [0001] -This application clainms the benefit of
U.S. Provisional Application No. 60/496, 310, filed on August 18, 2003,

whi ch application is hereby incorporated herein by reference.

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0002] This application rel ates to
the foll ow ng patent's and co-pendi ng, commonl y-assi gned patent

appl i cations. Each of theResmtmumlﬁhi{d(ﬁJdeﬂ@é ét ed herein by reference.
Patent or Serial No Filing Date | ssue Date 813 August 15, 2003

10/ 628, @@ﬁ Jul 3 .IE CAL FlI ELD [0003] The present invention .
rel at es gener aFFgﬁ?%ﬁggenrﬁl%}E‘ﬁ HeBF It E Ui & Feovisienahsprlicatiar NG, 60Ma6,810,t 0 a

r esi st%ﬁe&Mt %g | eakage. BACKGROUND [0004] Resistors are ‘conmonl y
used in se 03} Whish Fpplisatiari is berebysinctiperast GE8indfGefelsed. 1 OT
exanple, in analog and in mxed node anal og and digital circuits. Resistors
‘are also used in irnput and output circuits as input-and output resistors.
[ 0005] CrmISOL BG ,ﬁB]éor si.li con-on-insulator substrates, a
resi stor may be Iggﬁe%?m‘é\ rprﬂ%ﬂ(jg&%%l ngl e crystal silicon |ayer.

Such a single crystal resistor has high stability and |ow noise, conpared.
i th cBWh Tk apibaten Xaked o BEFBH R end b S U85 commonty-assigned

patent applications. Each of these documents is incorporated herein by reference.

Patent or Serial No o Fiting Date = - . . Issue Date
10/641?8 T August 15, 2003
10/628,020 July 25, 2003
TECHNICAL FIELD

>
Ay

[0003] The present invention relates generally to semiconductor devices and more

particularly to a resistor with redﬁbed 1eakage_:. o

‘ BA_CKGROUND'

[0004] Reswtors are commonly used in sem.lconductor mtegrated c1rcu1ts Re31stors are
used, for example in analog and in mlxed mode analog and digital cn:cmts Res1stors are also

used in mput a.nd output circuits as input.and output resistors. -

[0005]  In intevrate'd circuits formed on sﬂicon—on-insulator subsu'afes a resistor may be
formed in a pomon of a single crystal silicon’ layer Such a single crystal resmtor has high
stability and low noise, compared. w1th conventional polycrystalhne Iesistor strucmrcs

Resistors should also have low parasitic capac1tance Resistors fOl']IlCd on silicon-on-insulator |

-



- Resistors should al so have | ow parasitic capacitance. Resistors forned on

" silicon-on-insulator -1 substrates have extrenely | ow parasitic capacitance

due to full dielectric isolation and the . insulating substrate. [0006] [n

. resistors. fornmed on.silicon-on-insulator substrates, the resistor body is

usually formed below a silicon oxide |ayer, which underlies a

pol ycrystalline silieon |ayer. The polycrystalline silicon |ayer is

usual |y connected to one of the two-termnals of the resistor. Wth

conpl enenbsalps feearenglylowpansiiisrdpasitarce daMoSil dielebirio isobpyios amd hag, . t he

t hi ckness of the silicon oxide layer is progressively reduced. As the

't hi ckndssilatihg subsirta@n, oxi de | ayer is-reduced, |eakage current between the

" polycrystalline silicon |ayer and the resistor body increases. The
increased | eakage current results in increased noi'se., [00071 In addition,

resi st orf800%l e s&@Slﬁtﬂ’f‘éiomédn_aﬁcfpi_amt-insuiﬁtoasubstrm;thpre@ismbbd;ﬁs ehlyit to

provide protection of the circuit against electrostatic di scharge (BSD)

events. fomedibekvwoasitcon bkide 1€ Which inddlis g Ryes BB sk LRS! §nt he ESD
vol tage and al so to absorb ESD energy. Large voltages in e order of

th ' oF two termnals of, th ISt -
oo PRl Sy BRI AGRARE 41 nc S SR, Flre RSB WG ¢ e

resi stor 'bo%éla e c%gnec ed to the t .terrrllpqnal s of the resistor, the

si | i con “BRPEE AR P ihE SHTCARIYSHF gerolpey sealingdhe thigkaess ohide t he
resistor body may potentially breakdown. .a B - - '
. silicon oxide layer is progressively reduced. As the thickness of silicon.oxide layer is reduced,

leakage current between the polycrystalljmé silicon layer and the resistor body increases. The

: li'ncraased ieakégc t;urrent results in inc.r-a"ased néiée.- ‘
[0007] In addition, resistors are someﬁmes uset_i as part.of an inbut p}:otectionlcircuit to -
provide protection of the circuit agaigst eiectrostatib discharge (BSD) events.. In this case, the
resiétqr is used to b(.)th attenuafe.'ﬂig{ ESD voltage and also to absorb ESD :energy. Large voltages
in the order of thousands of v;lts mg'.y appear across the two terminals c;f the re;sistor' used for

. ESD apﬁlicaﬁons. Sihce.th'e- polyéfysfaiﬁﬁe sﬂicon lziyc_r and the re_sistor body a;q;e connected to
the two fermj:nﬁls of the Tesistor, the si]icé'n_ oxide léir'er. blét;wcen the poiycwstalliﬁq silicon layer - -

and the resistor body:méy patentia]ly breakdown.



L SUMVARY OF THE | NVENTION [0008] In the preferred enmbodinent, a resistor

with reduced | eakage and noise is provided. - A nethod of fabricating the

resistof is also provided. [0009] . In accordance with a preferred

enbodi ment of the present invention, a resistor is fornmed in a ,

sem conduct or Iayer -e.g., asilicon layer on an SO -substrate. A body

region is .formed in a portion of the sem conductor layer and is doped to a

first co first ‘contact .region,-which is. also doped-to

t he fast QW%%W S formed in the sem conductor layer adjacent

t he body.region.' *A second contact region is also forned i-n the '

sem condggdn | a m t.he f.irst t he body

regi on. FE Lecojr%l e%éﬁgr%?g %ﬁgﬁml %m@ﬁtﬂéﬁnﬁﬁg{lﬁgﬁc#ﬁ‘&% EE%%‘H@JENVW@V type.
overlies thé body region and- |s formed froma nateri al

A dielectric
with a ré@?%@ggé]i’?ﬁaﬁlﬁﬁ#ﬁﬁm@fé%ﬁl@m@ﬁé@ about 8,' An electrode overlies

the dielectric. [0019] According to another aspect of the invention, a

silicon- sul cl | ayer that oy erlles an

i nsul at off | 3 ﬂl&% Eorg g’%tﬁggrq?@%édoqnﬁggqeﬁ Otjr}g RIPSSAL IBYentipn 3§‘?SFSTQ§éﬁ1 | ayer
and a dlﬁ ectric Ia, er, overlies the body region. Preferably, the dielectric
is a hig mﬁé “@9‘3@F'léyeé@t&ﬂ%sﬂl@yéﬁyefwwwmwodeb@ve&gmnas t he -

diel ectric Iayer and. a pair of.doped regions are forned in the silicon

| ayer op@ericd &t ypertpmolshe sanieonduatyr layee ghdis dopdieo péikst corbineiRng ype! Qﬂlrﬁtns i's
doped-to the same conductivity type as the bedy region. .

contact region, which is.also doped-to the first conductivity type, is formed in the SCIIJ.ICOI‘.ldHGtOI

_ layer ad_]acent thc body region. A second contact region is also formed in the semlconductor
- layer spaced from the ﬁrst contact region by the body reglon The second contact reglon is
doped to the. ﬁrst conductmty type. A chelectnc laver ovcrhe-s the body region and is fo-med -

from material with a relatlve penmttmty greater than about 8, An electrode overlies the

dnslectnc ' s, 5 o

"‘1

. [0010] Accordmg to another aspect of the invention, 2 sﬂlcon-on-msulator resistor mcludes '
- a s1hcon layer that overhes an insulator layer ‘A body region. 1s formed mn a.pomon of the. silicon ™
layer and & dlelectnc Iaycr ovcrhes the ‘body regmn Preferably, the dlelectnc is a high
perm1tt1v1ty dxelectnc layer. A top electrode overlies the dielectric Iayer anid a paJr of doped
regions are formed in the silicon layer opp'ositely adj acent the body. region, The paif of doped

regions is doped to the same cpﬁductivity fype as the body region.

[0011] In yet another embodiment, a silicon-on-insulator device includes 4 substrate and an
' insul.ator Tayer oVerlyiﬁg the substrate. An active area is formed in a silicon layer overlying the
.insulator layer. A body region of 2 first conductivity type is formed in a portion of the silicém

layer. An interfacial layer, e.g., SiO; or SiQN, overlies and abuts the body ;egion. A high-k

3-



[0011] In yet another enbodiment, a silicon-on-insulator device includes a
substrate and an insulator Inver overlying the substrate. An active 'area
is formed in a silicon |layer overlying the insulator |ayer. A body region
of a first conductivity type is formed in a portion of the silicon |ayer.
An interfacial layer, e.g., Si02 or SiON, overlies and abuts the body
region. A high-k -3 dielectric layer, e.g., a layer having a rel ative
permttivity greater than about 8, overlies the interfacial |ayer. A top
el ectrode overlies the high-k dielectric |ayer. pai.r .. regi ons of
the fir sdiclemnolagds et ylaygieviag e I g Fe@ErHY &e&%ﬁ‘% abé)ﬂ“g% °g§%§§si‘fh_tg ely o
adj acent the body region.. [0012] A resistor of the preferred, enbodi pent
can be fﬁ{g?ﬁﬂalklé{ye@r A\thslélagroe ovetlies dire-togh-k diskeairialBier. st BT PEied FODF A1 udes
a silicon layer ‘overlying an insulator layer. A resistor body of a first
conducti ity t kS f I k oppositedy 4diawemt theayosly Tegiory. , by,
dopi ng tﬁ%%%%F%ﬁﬁ%ﬁ@W¢%#ﬁ§ Og@gﬁgﬂ&ﬁﬁgﬁﬂ?gigﬁ?cm?gyér, e.g., wth a
relative permttivity greater than about” 8, overlies the body, region. A top
el ect r odgyps f or ArRskise of e pbfsted etrbbdimeatyen ba fumad PRPTOVEIEIHEA P8y ons ar e
formed oppositely adjacent the body region. -4 BRI EF DESCRI PTI ON OF THE
DRAVI NGS.| 00131, +E8L8 aiDh e FATRIRLE 14sRSkAliapdh hgulaf loher. Aprsisirieady of 2

: a‘#he a

~inventio vantages thereof,,reference is now nmade to the

fol | owi ng. descy | pti ons,  aken, i CONUIGld @BoMiler, bRE bGSARPRBYLNGRGE awi ng,

in which

the layer. ‘A dielectric layer, e.g., with a relative permittivity greater than abont 8, overlies the

body region. A top electrode is formed on the dielectrié layer and a pair of doped regions a;e

formed oppositely adjacent the body region. -



'[0014] Figure 1 shows a first enbodi nent silicon-on-insulator resistor;

Fi gure 2 Shows a second enbodi nent silicon-on-insulator resistor; Figure.3a
shows a top view of a resistor of one embodi nent of the |nvent|on Fi gures
3b and 3c show cross sectional .views of the resistor of Figure 3a; Figure 4
shows an SOf transistor and resistor formed on the same chip [0019] Figures
5a- 5f sho gg@sectlonal vi.ews of 'a device during various. stages of
fabricatiggﬁﬁ? @HEHEmQWHNGexaane of a.circuit that can include
a resistor- of the present invention;. and [0021] Figure 7 shows an exanple
of a dIOd ft cal: he |qgﬁ§nented on the-sane chip as a. resistor of. the
pr esent ent i on > DETAR £ %S@@demelm@mmﬁdﬁ&ﬂm%%ﬂé@ [00221
In aspect f this invention, resi-stors with reduced | eakage current- are

t aught . of, refereaeeqs gowrmpdpte thefaliewimgniefripaeseARE HCnA i MgYhat or (Sa)
substrate In the preferred enbodinent, the sem conductor-on-1nSul ator

subst r at ea¢oomparging drawingin whidst at or subst rate having a silicon |ayer
overlying a silicon oxide layer which in turn overlies a substrate. The

silicon Igﬁﬁﬂ in_the silicon-on-insul ator substrate may be rel axed silicon
| i

or strain ﬁlfc[I(BIMB]&@eﬁmhodlt@nﬂﬁldcdncbnﬁhﬁﬁt{t&résistcﬁ cross-section of a
resi stor 100 of the preferred enbodinent is-depicted. I'h this exanpl e,,

t he devic f or; n,a silicaon-on-insul ator
T R]Oﬁ] I*_‘fgure 9 shows a second embodiment silicon-on-insulator resistor; |

[0016] Figute 3a shows a top view of a resistor of one embodiment of the inszsntion'.
_‘ [0017] - Figures 3b and 3¢ .show cross sectional views of the resistor of Figure 3a; |
1' :._'[9013] Figure 4 shows an SOT transistor.and resistor formed on the same chip:

[0019] Figures Sa-5f show cross~sect10na1 views of a deviee during various stages of

fabrication;

[0020] Figure 6 shows an example of a circuit that can mclude a resistor of the present :

mvcnuon and

[0021} Flgure 7 shows an example ofa dlode that can be mplementcd on the same chlp asa

_'re31stor of the present invéntion.



substrate, which includes a substrate 102, a buried insulator |ayer 104 and

a sem conductor |ayer 106: The resistor, has a body region 108, or
resistor, body.108,. formed within a portion of the. silicon layer 106. A
pair .of doped - regions . 110 and 112 are fornmed oppositely adjacent to the
resi stor body 108. . [0024] Al though not shown in this figure, the doped
regions may be silicided to form.l ow resistance regions. In addition, to

pr event DERATISN PESCRIATBANGE LASSEBAITY R FMBOBIMENESr esi stor, a stack

conprising.of atop electrode 114 (usually polycrystalline silicon) on. a

dielectric,116.is faor . on the resistar hod 0 as_shown in FRigure 1.
The di elirobg?r]r'i c I?Li%’c%&atﬂ]é-WVS?tW@dreFIFtBﬁWIEhﬁgg‘é%ﬁ%w%gg R e t?“e‘%@‘é réugged by
transistors formed on other portions of the integrated circuit. Therefore,
t he t hi skigersnayfbefamnadioalasemiconsingtoson-tnsalgtor AR substEre dutdksBiegsed mal | er

t hi cknesses as technol ogy progresses. [ 002 As shown substantially

i n' Fi gugabddimédiehél sipecbniegiransnshldior salttatt 1Pa dliepton-oallityr suborabnivegte W th
ot her -portions of the integrated circuit. For exanple, a first termnal 118

of the.pesi : ' t: ; ke lht L D),
e o b e
potential ,V...The pot %r{t i

V. may ,be .at .a.,potential , higher than ground
pot ent i 5 the Hlicap-qusinsly ?IS?D%P {DEAFIAKRS S’t]'ﬁ%ﬂbsrjirﬂ%gmﬁ}g%i' stor along a, first
current path 122.. The resistor body 108 predoninantly cantributes to the
resi st apRR3P € NReferring now to Figure 1, a cross-section of a resistor 100 of the preferred
- embodiment is depicted. In this example, the'device is formed on a silicon-on-insulator
' su‘bstrate, which includes a substrate 102, a buried insulator layer 104 and a semiconductor layer
" - 106. The resistor has a body region 108, or resistor body, 108, formed within a portion of the.
silicon layer 106. A pair of doped regions 110 and 112 are formed oppositely adjacent to the

resistor body 108.

[0024] Although not sﬁo_wn-iﬂ this_,ﬂgure,- the doped lrggions may be silicided to forﬁ low
.Ic'sis_tal;c—:e regmns iu_additign, to prevent the_si}icidaﬁon -of the .bddy region pf the resistor, a
stack comprising of a top eleétréciéi I'J;I(ﬁsualiy.pd-lyc':?r}.;‘stal.jine s:ilicon) on.a dielectrig 11618
fbm:lcd on the rcsistor body 108, as shown m Figure 1. The dicleciuié 116 may be formed from -‘
the same dielectric layer used by transistors formed on other portions of the integrated circuit.
’:herefore, the thickness of the dieléctrio 116 tends to be scaled towards smaller th_ickn_esse‘s as

téchnology pro gresseé. )

[0025] As shown éubstantia]ly in Figure i, the doped regions 110 and 1 12 electrically -
'comfnﬁﬁicate with other portions of the integrated circnit. For example, a first terminal 118 of

- the resistor 100 inay be connected to ground potential (laheled GND), and a second 'terxrﬁgal 120

-6-



between the.two term nals- 118 and 120 of the resistor. [0026] A second
current ‘path al so exi sts-between the two terminals 118 and 120 of the
resistor. This path is labeled with reference nunber, 124-in Figure 1. The
second current path 124 shunts the first current path 122, and may
adverselr%ayffe(ﬁ%e%gg@e p_rogeréée;mof the resistor 100.. The current flow ng
al ong t ASe epircupaipte Witk a potentR OB e Thar ; i.el ectric 116

t hi ckness. This is because vvhen~thle) di el ect r%&%ﬁﬁgﬁﬁigeﬁsﬁgnﬁﬁl guant um

mechani dagher than etaundpms tiah o " ) r=throu the dielectric
116. According to th% 'p_nr efer%grgﬁg{h%gﬁf%ten Stg%ﬁéhﬁhgrqsﬁpgglp%ﬁfmby

i ol cor s ol PR TR ol Phdy 30F Fiebiupiualstuiiaes heommteheobidne
mai nt ai Ry - ane ¢ [tive properties. As a result of the increase of
the di ewg{(??ef%lgl%t PEWSE%(EF\@ 12958 thgeesistorr ent  f 1 owi ng al ong the second

current path 124 may be 'significantly suppressed. [0027Therefore,.in the

P R S S I LR A

oot kg g e i b ey o reo® O EhE e

ol sct g s afployed. e bLoni dlolsctric brarer o1y T & Bt ivi
g Paihcl 2004nd ofdy @rrﬁﬁ’aéffegﬁﬁc ﬁrg?e?@%?\ﬂtf&; IBS[_@{?I;IOB g

than about 10, and even nore prle}c erably Has a pern _ er than
SR b e S
gnf (r:l Io ';”r tﬂﬁgﬁéﬁl %h%sllsa Eﬁﬁﬁ‘sb WS Idxceﬂcg'iq ngksnles%?e, smazllI aga%mgegﬁ(a;ggl ténigﬁsé ,.
T ~ of charge ca_!h_iers may ocbur-tbrough the dielef:.tn'c-l 16. Accb,rdiné to the preferred embodiment
of this in}{en@:ion, by incorporating at le'IéSt a.bigh ﬁeﬁni’ttivity (high-kj JI'nat.crial iﬁ the ciiel«;:etric
11?, the dielectdp thickness may be increased while maintaining thé same capacitive properties.
.As aresult of"'the increase of the dielectric thickness, the leakage current flowing along the
' s?cond current path 124 may be significantly suppresseﬂ.v |
‘ .[0027] , ‘Therefore,r in 'ﬁhe prefen'ed embodjmen-t”of theA prescﬁt invcnﬁén; the; dielcctrié 116 -
' | @at ove;#es the resistor b_ody 108 ccmpﬂgég.a high ﬁ&mittivity (high-k) dielectric, By using a
high-l': dielectric, the thicknessr of the dielectric 116 can be sigﬁiﬁcantly larger than that if a;
) silicon Qxide dielectric is cmﬁloyed. The high-k dielectric preferably has a permittivity of larger
than about 8, and more preferably has a permittivity of larger thf.a.n about 10, ﬁd even more
preferably has a permittivity of larger than about 20, The high permittivity dielectric 116 may be
ote of the following materials: aluminum oxide (AL,0y), bafitam oxide (O,), hafninm
Oxynitride (I_-IfON), hafmum silicate (HfSi0,), zirconium Qxide (Zx0y), zirconium oxynitt'iae

(ZrON), zirconinm silicate (ZxSi0y), ytirinm oxide (¥203), lanthanum oxide (Lap0s), cerinm

-7-



(ZrON), zirconiumsilicate (ZrSi ™), yttrium oxide (Y203), |anthanum oxide
(La203), “cerium-7 oxide (CeQ2), titaniumoxide (Ti02), tantalum oxi-de
(Ta205), and conbinations thereof. In the preferred enbodinent, the high-k
dielectric 116 is hafniumoxide. The dielectric 116 may additi onal | y

I de (Si 2 trjde (Si.ON) I
T e G e BBl (HS i1 O3 e IV RBHETH GRS E PEOT) of t he

dielectric is preferably I arger than about 5angstronms, nore preferably
| ar geprefeirath embatimertt Otha high-&rdistestriahid. ieafniumonxade. (e distegtsicyl 16 arayer t han about
20 angstronms. The physical thickness of the dielectric may be larger than

about yfitAEIS} ERiPRise BRER d%!idéf(SI@P ls¥ichRbSRlrilN@ORNeHLliZR RFas (Sigus, and even
nore preferably |arger than about. 40 angstrons. [0029] The top el ectrode

114 conprises a.conductive material such as polycrystalline or anor phous
si | i c28]pol y’]a]eyzﬂicaﬂl brideedgivalenbiiogaessre0 Tinf tize diglecitic isprefertlly largerni t ri de, a
nmetallic silicide,'or a netalli.c oxide, and conbi nati ons t-hereof. In the

pr ef efihg dhRDasksrBRmE ,mcsrﬁgrcmﬂﬂy RiRe tHaR dhout 16 abRfBE, 388 cR@IygE yst al | i ne
.silicon possibly in combination with a silici de Iayer [ 0030] Metals such

I b
g R R N
[ I t [ 1 t b ted-t t d t t
e G ?”ue:avﬁ%aao%?tm@ra@?efﬁyi' it Seaabon: 2 gt E'w%nbmirm [ i des may
i ncl ude, but will not be restricted to, nickel si icide,,cobalt silicide,

tungspmﬁershlylatcgedéqantabmmé@amgsgmlns cide, tantalumsilicide, platinumsilicide,
and erbium.silicide. '

[0029] The top clectrodc 114 COmpIises a conductlve material such as polycrystalline or
amorphons silicon, polycrysta]hne silicon-germaninm, a mctal a metallic mt{:lde a metallic
silicide, or a metallic omdc and combmahons thereof. In the preferred embodiment, the top

electrode 114 comprises polycrystalline ¢ sﬂxcon p0531b1y in combmatlon with a silicide layer.

[0030]  Metals such as'molybdenum, tungsten, titaniqm, tantalom, platinum, and hafnium
may bé used as the por_tidl_:t of the top electrode 114. Metallic nitrides may include, but will not
o he IGSFJ.‘;'{CT.:ed'to, ﬁmlybdenum nitride, tungsten nitride, ﬁtaniumﬁ_itridc, and tantalum nitride. -
- Metallic silicides méy include, but will not be restricted to, nickel silicide, cobalt éﬂicide,
tungsten silicide, titanium silicide, tantalum silicide, p‘latinmﬁ s_i]icide, and erbium silicide.

" Metallic oxides may include, but wﬂl not be restricted to, ruthenium oxide and indium tin oxide.

'[0031] © It should be noted that the resistor body :1 0l8 thickness is preferably in the range of
about 20 angs’&oms to .about 1000 angstréms, and mére preferably in the raﬁge of about 20
angstroms to about 400 angstroms. A;t; such, the first currm;t path 122 flows in close proximity

. o the interface between the resistor body 108 and thé dielqctric 116. As aresult, measures

shonld be taken to ensure that the interface 108/116 has a low interface trap density of less than |
. N -8—




Metallic oxides may include, but will not be restricted to, ruthenium oxide
and.,indiumtin oxide. [0031] [t should be noted that the resistor body 108
thickness is preferably in the range of about 20 angstrons to.about 1000

angstrons, and nore preferably in the range of about 20 angstrons to about
400 angstronms. As such, the first current path 122 flows in close proximty

to the ingpgkf et n the resistor body 108 and the dielectric 116. As a
resul t, neast'l}?ggnpgi%\%ﬁ%?eﬁ@”tréﬁﬂhmtcbaféﬁ@wm flbreting frhihe rastser felee 1081116 has

a lowinterface trap density of |ess than -8 about. 1010 cm 2.
I nt er f ac & TAAFEOHSESEAPPE] o1 detianpgé; cawsing mvisstint@WbIRY deBrehdi@r Echﬁ:ias%ﬁt Ryt o be
sly

I nst ant aneously trapped or detrapped, causing an instantaneou ecrease

or incr e&8wentrespeetivetyu rThithanifeets RECHINER! Moise LR jﬁwfestsas a current .
noi se .source in the resistor. [0032] To roésg-uggﬁeﬁ? &Rt of current noi se,

t he diel f‘f‘fﬁéic 116 overlying the resistor body 108 preferably conprises of
at |east | ay e $40gp th gnouat of eirent wdise, the Gielovieie || Y6 Sl £i§t .oﬁir
dielectric layer 128, as shown in Figure 2. The interfacial dielectric '

| ayer 12805 preprabfecnyrisesarier lead had 120&s: eXGel @hteddt r&% %iﬁ{e%?cﬁﬁ“ es in
e (0] ) e '

cont act. \év[&th the resistor body 108. In the preferre
i nter f acdelectrizygyer 128 o€ i SPS,.Sid i oxi d .0., Si@) or silicon
oxynitride . (e%c?, Si ng)ﬁu?g%?%]i g%;ggmﬁascfaif%ﬁc%ﬁwcﬂb@ piplfepably one

doped. N- PR ype.. The doped. regions 110 ‘a.hd 112 -adj acent to the
resistor b%%‘b@eﬁta&g@c BERCTRRIncoREct Wilethaesishebodysliost @r tho pjer@8. The

doped rg}a'ko s 110 and 112 preferabl y have a hi gh dopi ng concentrati on;
e.g.; belWeERGHotlf Mufagiablays 128 comprises silicon oxide (e.g., Si0y) o silicon OXynitride

- (e.g., SiO4N,).
_ [0Q33]f The resistor body 108 may be doped n-type or p-type. The dﬁpéd i'egitms 110 and 112
adjacent fo the_ tesistor body 108 are doped the samie type as the resistor bodyl 108. The doped
‘regions 110 and 112 preferably have a high doping concéntration,- e.g., between about 10% ey
2, 3 : | '
and about 5x10 cm”. The resistor body 108 has a doping concentration that is lower and is

S . . . . . 4 a - .
elécted to provide the desired resistivity. Typical valies are between about 10' cm™ and

o “1,019_ cm™,

[(_1_034] Figure 3a shows a top view or layout view of a resistor 100 of an embodiment of this
invention. The resistor has a width W and a leﬁgth L. Tn the preferred embodiment, the width W
may have a dimension of larger than about 0.1 microns, and preferably larger than about 1
micron. In ‘the preferred embodiment, the length L may have a dimension of lérger than about
0.1 micron, and preferably larger than 'about 1 micron. The detailed struéture of the resistor may

be seen in cross-sectional views élong the lines 3b-3b’ and 3¢-3¢’.

-[0035] The detailed cross-sectional view along line 3b-3b’ of Figure 3a is shown in Figure

3b. The top electrode 114 extends laterally into the isolation regioﬁs 130. The isolation region
N



and about 5x1021 cm 3. The resistor body 108 has a doping concentration
that is tower and is .selected to provide the desired resistivity. Typical .
val ues are between about 10's cm 3 and 1.019 cm 3i j0034]. Figure 3a shows a
tap.view or |ayout view of a resistor 100 of an enbodi nent of this

i nvention. The resistor has a width Wand a length L. In the preferred
enbodiliémay cerhprispisdiatongtruehyeskaoen andiisa® cthoart, grch asrshaltow Wiepshabout 0. 1
m crons, and preferably larger than about 1 micron. In the preferred

enbodijgbn. TheshhieRekdhch is5RYioN &R nRe HayEdsie adieldoaicf@ling harrdbact C) . 1
m cron, and preferably |arger than about 1 m-cron. The detailed structure

of the_resi. . ‘ | 5 ' | { i nes

Sb- 52 S5 HepolBibos 2 s EEH oA RO PR R, T e
3b-3b" of Figure 3a i, hown in Figure . 3b, The to l.ectrode 114 extends
| at er sAPPapriserfieach fner P@g? é’@? %}QWPE% cjtgpon %BOWW%Q%W tf':é‘gti"o ©9 116 may
conprise isolation structures known and used in the art, such. as shallow
t r enc hrentisldeatxideunaiitrenaghadt Eeniait nidwgen.i sol ati on structure may conprise a .
dielectric filling material such as chem-cal vapor deposited silicon

oxi de. shal | ow tr.ench isaql.ation structure nma | C ri trench

| i ner [Q-Q%Se (ﬁ)BQGIESH]&W%‘?SCQ trraptely)be gied ﬁgr B}&%'?Pg%ﬁ%%—e g%t“ﬁé(%‘?rench. The
trench liner oxide may or may not contain nitrogen. [0036] Q her isolation
types wtivd wgiah il svaroended by meseidolatoy. . Ible andaracodingl theresison s ge 4ipd ct i ve
region 106 surrounded by nesa isolation.. It is understood that the '
r esi st pgerdidyditoritsaasuldior technology employing trench isolation, or may be used in a

semiconductor-on-insulator technology employing mesa isolation. In mesa isolation, trenches

are not filled with a dielectric filling material prior to the formation of transistors or resistors.

[003'_/] The top electrode m Figure 3b is shown to have a thickness t, preferably in the range

of about 200 angstroms to about 2000 angstroms. 'I;he_ resisto; structure may additionally have

spacers 132 formed on the sides of the top electrode 114 The top electrodq 114 mgy.be formed
- of thc.samé material as the gate electrode of 2 transisto:_fc_ir_mEd in another portion of the

integrated circuit, as shown in Figure 4.

[0038]  The cross-sectional view along line 3c-3¢” is shown in Figure 3c. This view shows

 the doped regions 110 and 112.

' [0639] Referring now to.Figufc 5;, .the‘resistorl 1'00 may be formed in an acti\fé region 106¢c
in the vicinity of an active device 140 such as a transistor. Iu_Figurc 4, transistor 140 1s formed
iﬁ active régibn 106a a.nd includes source region 142, drain region 144 gate dielectric 146 and

. gate electrode 148. The .resistor_dielect.ﬂc i16 may or may not be the.sa.uic. dielectri; material as
the transistor gate dielectric 146 ﬁl& gate electrode 114 of the resistor 100 may or may not be

formed of the same material as the gate electrode 148 of the transistor 140. Ina typical
-10-



a sem conductor-on-insul ator technol ogy enploying trench isolation, or may
be used tn a sem conductor-on-insulator technol ogy enpl oying nesa
isolation. In nesa isolation, trenches are not filled with a dielectric
fil'ling material prior to the formation of transistors or resistors.
[0037] The top electrode in Figure 3b is shown to have a thickness t,

pr ef er abl gmbodiméne, thedigance be@ROMEoRd Q o .about 2000 angstrons. The
resistor structure may additi ona?#y%?ogdégﬁii%giééksq@?;ﬁﬁ’%%@ #hetthandsi des
de 114 may be fornmed of the sane

of -the taP tBhBGAR The top el.ect ( ,

material as the%aat g&lglq:gé%??lola%g%?ﬂémﬁlﬁtﬁﬁgﬁo%t-%ﬂh* Bistares bietwean sduneranp draid on of
the inte Gl ECUL L, as shown in Figure 4. [0038] The cross-sectional
vi-ew al 0%@#%%2@@@%@), is showmn in Figure 3c. This view shows the doped

regions 1.10 and 112. [0039] Referring now to.Figure 4, the' resistor 100
may be fdoosd i nNag: A6kl i 106¢. in the vicinity of an active device
i {hbe Ioﬁ&%%%wnﬁﬁhetrre%{ﬁgq 18 foadie desppibpdswith resgedt toi n acti ve

140 such as a transi stor.

region 1Q4 _4 udes source region 142, drain region 144, gate
dielectri cﬁl{ ajr;fgﬁhc & %F’é‘élto%@’é Sqrp@erosprpectiopslilipt es Figine 38 c Refegink ¥6stmay  or

may not l?e f he sane dielectric material as the transistor gate dielectric

146, The "GREHEcIteR imBeRaducior-arf insiaor sebitmte) oy BB LOE 102 Yo or By gfq0r ed
of the sane material as the gate el ectrode 148 of .the t ransi st or Ai% In a

typi cal SgDicendyotr tayert 106} i erovidetl aREH REIVE gﬁ&fﬁ regi.ons, 110 and 112 is
typi cal Iy between about. 2 and 100 tinmes g?ie% er ﬁ?éggﬁ?gﬁ%%qumw & of
ot 54 RS BAMAER: A8 0] o

gbou_t 1000 angstroms or thinner. The insulator 104 thickness is preferably about 1200

angstroms or thinper. The mask 150 preferably comprises silicon nitride, and moré preferably

comprises silicon nitride on a silicon oxide layer.

[0041]  Trench filling dielectric material is dgpoéitcd by chemical vapor deposition to fill the
trenches 152, follgw_ed by a chemical mechanical planarization process Stcp. These steps create

_._- isolation region 130. The mask 150 is then removed to give the cross-section shown in Figure

5b.

[0042] An ion implantation process step may be perfb;med to dope the active region, a
| portion of which will become the resistor body 108. The dose of the implani:ation will determine
the resi;ﬁvity of the semiconductor layer and therefore the resistance of the resistor. For

example, an implant dose in the range of about 10" to about 10'® cm? may be used,

[0043] A dielectric 116 comprising a high-k material is then formed over the active region
- 106, as shown in Figgre 5c. The physical thickness of the dielectric may be larger than about 5

angstroms, more preferably larger than about 20 angstroms, and even more preferably larger than

-11-



regi ons 142 and 144). [00401 Next, a nethod of manufacturing the resistor
Is to be described with respect to Figures 5a-5f, which are taken al ong

t he sane ‘cross-sectional line as Figure 3b. Referring first to Figure 5a,
a sem condu tor on i nsul at or substrate, including substrate 102, insul ator

100 | SoTCORatevor e ki REOW SS.AE ARO80 e g0, Tk

150 is used to define trenches 152 in the -sSe

seni conduc soatldr dye abcl® GoPsRE ann ckness of about 1000 angstTons
' iﬂ%04 thi gl?ﬂc’é efe JpYrSéiﬁ‘ff‘élPfatbilryabamn‘iﬁ)tan,i’:zﬁlez)glgangstrorrs

or thinner. The insul ator

or thi nner[ogg mask 150 preferably conprises silicon nitride, and nore
preferably digldciricdrs nial Ibe G@ RN 1 0 XI de | ayer. [00411
Trench filling d| eI ectric materlyal is deﬁ’gglf%{‘bghﬂ\? |2 tyagpishor gate

e S e 8 LG e
e
mask 150 idicledted] Ieagm i ve the cross-section shown in Figuré 5b.
[0042] An i on |an ant g%?&éﬁﬁ&o@@s‘éc§Q‘%‘b14'ﬁaqfabmnmbﬁzﬁram‘?créﬂ gﬁl ﬁ_olr e act|ve
regi on, hﬁp of which will becone the resistor body 18 he"Gose . ‘
the i rrpl ant ation quﬁlﬂi%‘ieé?%ﬁpﬁéremﬁn@iucaslm o em_conduct or | ayer
L’ dﬁéle 0&1 gnﬁs a5 pregll'oqs

and t her ef rﬁi%éitg resi stance of the resistor. For exa | ant

dose in t obe pduThelligi3k HRlRRRYha used. [0043] A
dielectric 116 conprising a high -k nmat eyljbg]fgmgg%ﬁg’ﬁé/%ﬁﬁ’éﬁpr@omsmdne active

‘region 1(§Bmeadﬁpsabmorm]&q&gﬁ,gt e.ph |caI t hi ckness of ‘the
dielectric may be Iarger t han ab%ﬁ?lqg[e f? gh-k dielectric materials.

-[0045]  An interfacial layer (see Figi

region 106 ' I
may admuOnany be treated i in 2 hydrogen—containiug Or nitrogen-containine ambient
- . ) ’ b N D T

prior to the formation of the interfacial layer,

- [0046]. - g ‘ | "
1~ Referring nowto Figure 54, the. top clectrode matcnal 114 can then be depomted

| over the dlelectnc Iaycr 116 Thc top electrode 114 material can be amorphous or

- polycrystalhne sﬂlcon polycrystalhne silicon crermamum meta.ls metallic silicides, c;r metalhc |
nitrides, as previously. described. The electrode 114 material can be dcposmed by conventional

techmques such as chemical vapor dcposmon For examplc the electrode 114 may also be

fqrmed by the deposition of silicon and metal, foll'owed by an anneal to form a metal sﬂicide

electrod ] sili i j
trode that mcludcs silicon portion 160 and sih'cide portion 162. The electrode material is

then patt
patierned using photolithography techmques and f:tchcd using plasma etch processes to

. form the electrodes 114,



angstrons, nore preferably |arger than about 20 angstrons, and even nore
preferably larger than -11 about 40 angstrons. Further, the dielectric my
be smal | er than about 200 angstrons, preferably smaller than about 100
angstrons and nost preferably smaller than about 50 angstrons. [0044] The

dielectric 116 maybe fornmed together with the formation of a transistor
ortion of the sem conductor chip (see

-Date di tri 6 i.n a djfferent
Fi gure 4)@}4@; fo?jr]r%- eé)()pﬁgu Ofg“%qﬂéékpﬁr@f%m@riabgny bethe wiridproies @@t R el el ectric
146 of adtgéoggl?n;tﬁggt :a\lgt?mlgi fferent portion of the 'clop, no additional
process. - F pice cetkriaHhfghtrassistbetoas | evi ously

e e L S

descri bed nmay be used. The high -k dielectric nmay be m cal

vapor dep¥gicendontor cluip,uint e et JRYoTF r kn t echni ques of formng
high-k dielectric materials. 4%04%“1‘?(%%%619%0@%?‘% Flé‘lﬂoaf\ﬁ%%?ccf’%l@&hﬂr@mt@erz)

may. be'  Hithniecbtehing hanbag: ,on.108.prior to_the formation of the high-k
dielectric materi a'glE . Th‘gﬂ%/ﬁ%%f%fl ggﬁéﬁ’ Sﬁ“ﬁ%}mr%yw epplatedotop elestiodeisl ayer or a

silicon gpownish i [, and .be. fornmed by thermal oxidation and/or
nitridation. l£Tl g%!f‘f‘\)iﬁe dﬂﬂgﬁ%ﬁgﬁgﬂﬁa&w ddefist indiregiokjonlnd therread @ Govdied |

hydr ogen nt ai ni or _ni-trogen-containing anbient prior to the formation
of the i W@FF@E‘F%{:&% 14y Beping ooy ée im&medﬁm@gimmlmﬁilgyﬁ@e POyl S &rgg
el ectrode material 114 can then be deposited . over the difel’'ectT] ]ayer

116 . The. 24jaspntdp diethodyl eegichdl 0886 Biakedledi] &%ta%ﬁ%iﬁlgﬁés’?esi%@{ g%g,: 1§§r ystalline

silicon, polycrystalline silicon gernmanium, ne silicides, or

n?t ai | l'_ C[OO48_] As shown in Figure Se, spacers 132 fnay be additionally formed on the sides of the

. g}cctrode.l 14. Thlsmay be followed by another implant to the doped regions (1 10 and 112) of

E ‘the active ;ggidn 106 not covered by the _sEac_:e_rs 132 or electrode 114. A contant étch;st(jp layer
154.may be formed on the electrode 114 and spacers 132, An inter-layer dielectric (ILD) 156

© may be fofmgd over the rcsistqr and contacf holes etched through the ILD 136 to réach the
elec_trbd;a 114 and the dpped rcgions_(l 10 and 112) of the resistor. Conductive materials (e.g.,

N '_ty%ng_stgn) are ’_thgn used to fill the contact holes to form contact plugs 158, as shown in Fieure 'Sf

- [0049] | The resistor of the present invenition can be'used in a number of circyits, Figure 6

provides bgt one example, namely an electrostatic discharge (ESD) protection circuit. This |

_ciréuit will now be described,

.. [0050] Figure 6 shows an example of how concepts of the present invention can be

deployed for protection of integrated circuits, In this exé.mple, resistors 100 and 100" are coupied.
between an VO pad 166 and two circuit portions 168 and 170. The resistors 100 and 100" can be

any of the various embodiment resistors des;:ribed in this specification. In this example, the

cireuit portion 168 is labeled as an output circuit and the circuit portion 170 is labeled as an input

13-



nitrides, as previously. described. The electrode 114 material can be
deposited by conventional techniques such as chenical vapor deposition.

For exanple, the electrode 114 may al so be formed by the deposition of
silicon and netal, followed by an anneal to forma netal suicide electrode
that includes silicon portion 160 and silicide portion 162. The el ectrode

material Js..then er ned .usijn hot ol - -echnj nd et ched
usi ng P This PR, HELOEEA b BIARk rkblial P R ORI BT, 1 e
deposition of the top electrode nmaterial may be the same process step as
the daisied fpehighvoyates el ectrode material of a transistor to be forned in
a different portion of the sem conductor chip, and the etching of the top

el ectr may Si ok l.a be ' - W t.ahiing of the
Gat o APy o b PO RRE R RS e e BB DB i M O SEATANE 1,
shown i.n Figure 5d, The dielectric 118 is retained at | east in.the portion
of 't hevottags Jihe mosidyrire@f these nodes e BedRRstng PUPUBORMEEE e yRiB&nE fer oduced i n
regions 110 and 112- (see Figures 1, 2 or 3 c) adjacent to the body region
108 t oommudeewaldee oy, Extatnalaimtizny tvehemicotmetthd torassybtemar bansidipg dogdces wdgaldle As shown
in Figure 5e, spacers 132 may be additionally fornmed on the sides of the

el ect r gA@midBddng kensh1EBY ddollob aywmdichyd asteidyen Jimpddamhich etabdeforloped ‘
regions (110 and 112) of the active region 106 not covered by the spacers

132 0T sBAREHe e bhibe fhoROR! G RHE RaSh AR LAYPO 1o ASA: PRYCIDE: f@TRA On Lhe

el ectro spacers ayer dielectric (ILD) 156 nay. be

formed over the resstor and contact hol esetched t Haugh kRS, I P 156 to

L . highi voltage).

g [0052]  'The circuit of Figure 6, also shows a first diode string 172 coupled between a supply -
- voltage source Vpp (e.g., avolﬁage .sourc:eof 5V, S.BY, 2.5V or 1.8V) and the I/O pa& 166 and a
- second diode string 174 couplgd between a suppiy voltage_ source Vgs and the IfO pad 166. Bach
diode sﬁing 172 and 174 includes one or niorg diodes 176. In the prefened embodiment, the
.. .diode 176 comprises:a d;_q@;- of fcha type _dcsqribed_ in, cé—pén_tii#g app]icatiozn.s_erial No.. .
10/641,813 (attorney docket ‘I_sMoéz_-Qszs_g)‘, which is incorporated herein by reference. For.
example‘, diode string. 172 can include a diode 176 va;ith ‘a p-doped region. coupled to /O P_E-ld 166
and another 176 (or the same diode in a one divde string) with an n-doped region cﬁuﬁled to
. _ VDP' The diode string 17’:4 is coﬁple_d betweeﬁ the /O pad -166 and the reference voltage Vss
(e.g., ground). In this case, a p-doped regtion is coupled to ground and an n-doped egion is

coupled to the pad 166.

[0053]  Figure 7 shows a cross-sectional view of a gated diode 176. Exéept for reference

numbers, Figure 7 is the same as Figure 4 in the co-pending '813 application. In the {llustrated

-14-



el ectrode 114 and the doped regions (110 and 112) of the resistor.
Conductive materials (e.g., tungsten) are then used to fill the contact

hol es to form contact plugs 158, as shown in Figure 5f. X00491 The resistor
of the present invention can be~ used in a nunber of circuits. Figure 6
provi des but one exanple, nanmely an electrostatic discharge (ESD)

protecti i it. .Thi,s .circuit will now be described. [00501 Fi'guré 6
shows an%gﬁ%’ﬁgé @)lP d%g}\?ﬁ%@ﬁﬁ §b8¥k3t3ﬁ1§1%¢1@§éﬁ@bstrﬁvém.iEnmnmhﬂsrebz&npld,epl oyed

for prot eﬁg%éjo of integrated circuits. In this exanple, resistors 100 and
100' - are. prcé’dnb%@méew taseai@ngaotor 16fer 406! (et gvof Figugd!] br HOr ti ons 168 and
170. The resi'stors 100-and 100" can be any of the various enbodi nent

resi stor cribped: | hj ecifi.cation. In this exanple, the circuit
portion ?%%q s I'g%e%age@ Glé%dejﬁgglﬁfuﬂﬁﬁt%d@ﬂﬂmﬁﬁd 17$handsd picddped peion ilBh 170 i-$
| abel ed as.an input, -13 circuit. It-is understood, however, that these
circuit i SR P b ods yeaidnr [83i A gakealtS4 oheriibothbBodysbiieh tedhyfitom hi gh

vol tages. [0051] The I/O p' ad 166 is provided to indicate any node that

m ght  be Se@taddterefoom b givlectiol1BEIR. thdMAsHRSte b Binedl aofs Sehodes are
the inputs and outputs between'the chip and ,tf_:he outgi é’aé?oqu?ﬁ%ﬁie?@%f,

Cystem o bor v LassAgR O akh folls 30 B Il Fnd Rt SR gt o pac

systemis being assenbl ed):
whi ch st gogdgqk [ Qutput. Jt is noted, however, that in: this patent
the termI/0O iés?forrméidﬁrytoé*"%fgﬁn }%‘EPeJ %%inm%iipamﬁhé%audrﬁloyduqtimqogibnsomye.g.r,.,bot h
i nput and.,.out put any ot-her node that m ght be subject to a

P s:ﬂlcfde)pas des(cgged prgviously. J ' )ee

'. [9055] - In the preferred embodiment, dielectric ‘ldyer 186 comprises a higﬁ-'k dielectric. In
.. fact, the dielectric layer 186 can be formed f;om the same layer that is used t formed dielectric
+ layer116 for the resistors as described above. Combinidg process steps in the formation of -
,resistor.s 100, diodes 176 and transistors 140 (e.g., compornents of circuits 168 and 170)
eielpﬁﬁes the formation of circuits; such as the ESD protection circuit of Figure 6.
tOGSd] While diode 176 is described herein .wi'th'res:pect toa speciﬁc example, it is
understood that any of the lvdria’tion's and exbodiments descﬁbed in the co~1d‘ending and
incorporated '183 app‘lieatioﬁ can be uﬁlized in the present invention.
[0057] In ;he foregoing specification, the invention has been. described with reference to”
specific embodiments. However, varions modifications and Achanges ean be made by one skilled
id the art Without departing from the scope of the preferred embodiment. Accordingly, tlde
specification and figures are to be regarded inan i]lustraf_;ive rather than a restrictive sense, and

all such modifications are intended to be included within the scope of the preferred embodiment,



hi gh voltage). [0052] The circuit of Figure 6, also shows a first diode
string 172 coupl ed between a supply. voltage source VDh (e.g., a voltage
source-of 5V, 3.3V, 2.5V or 1.8V). and the 110 pad 166 and a second di ode
string 174 coupl ed between a supply voltage source Vss and the 1/0 pad 166.
Each diode string 172 and 174 includes one or nore diodes 176. In the
preferred enbodi nent, the .diode 176 conprises:a diode of the type.

descrlvgﬁg@ldg CQ: i ng appl ication Serial No.. 10/641,811 (att orney
docke ich is incorporated herein by reference. For.
exanpl e, di ode “stri ng. 172 can include a'diode 176 with a p-doped region

coupl ed toAg]ﬂ:Qst g%,ggmaand another 176 (or the sane diode in a one-diode
string) wi th an n-doped-regi on coupled to VDD. The diode string 174 is

coupl ed between t 1]',121 ad 166 and the reference voltage Vss ground). In
this case, %F*PHEPE g&‘pon i-s .coupled to ground and an n-doped region is

coupled to the pad 166. [0053 Ws .a Ccr sect | view of a
gat ed di odeEbDfﬂBIB”Eb@cf@ﬁtﬁdﬂ%?P‘P P’épgﬁﬁéﬁmﬁ?}ﬁﬂ@?@”%tg‘%l?c’ély’fﬁqwn %é’ same as
Figure 4 in the co-pending '813 application.. In the illustrated -14
exarfp|@opeﬂlttﬁaﬂlsnd)ﬁddbﬁﬁtty@pémrd’te!dmvmfastb@ﬂlstwgbm conductor substrate 102. In

anot her ‘exanple, the diode can _be forned in the senmi conductor |ayer 106

(e.g., of Ftﬁlfs't @nfhciQEgia forhB0BAbe Fhec@atast ajenaiackTiBhé badyuemen. & %t doped
region 178 and a p+ doped region 180" that are separated by a body region

182. Acgn%ac? re%%% b‘é’iﬁ&%ﬁéﬁ% M&%Q%gﬂduc%bq?pewz and i's

a second contact region formed in the. scmlconductor 1ayer spaced from the first contact
. region by 'thc bédy fcgion, the secdnd contact région being doped to the first c_onductivity type;
a dielectric layer overlying thc‘bodsr' region,' said dielectric comprising a material with a

relative permittivity grcatér than about 8; and

an electrode overlying said dielectric.

2. The resmtor of claim 1 wherem the d.telectnc layeI compnscs a material selected from the
crroup c0n31stm0 of aluxmnum omde hafmum omdc hafmum oxymtnde hafmum sﬂlcatc
zirconinm oxide, zirconium oxymtrldc zirconinm smcate yttnum oxide, lanthanum omde

cerium oxide, titanium oxide, tantalum omde and combmattons thereof.

3., The resiétot ctf claim 1 wherein the dielectfic layer has arelative permittivity greater than -

~ zbout 10,

4. The resistor of claim 1 wherein the dielectric layer has a relative permittivity greater than

abc_)ut 20.'
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-separated therefromby a dielectric 186. In the illustrated enbodi nent,
the gate includes an n- doped portion 188 adjacent a p-doped portion 190.
i n other enbodi nents, other conductors can be used to formthe gate 184.
Figure |. al so shows -spacers 192 and conductive regions 194 (e.g.,
silicide) as described previously:- [0055] In the preferred enbodi nent;
dielectric layer 186 conprises a high-1c dielectric. In fact, the

di el ectry,c | appehadd ' J .r.om.the same |ayer-that-is used to
formed dielectr ir%sg%ﬁé’f/@r ﬁgh‘%}%ﬁeﬂ%d?&? E’Y ‘3?‘@5 aRhygicalthicknsss sentsr dhan .
Combi ni r;hgo&@%%gso steps in the formation of resistors 100, .diodes 176 and
transistors 1 tfén‘sg , conponents of circuits 168 and 170) sinplifies the
formation of circuits, such .as the ESD protection circuit of Figure 6.

[ 0056] Wil e diode 176 is described herein .with respect to a specific

exanpl e,6.it iTheWd ; t : ‘of, the, variations and enbodi nents
described in the ggﬁ E%ﬂ i nlgagér{aﬁirg%cﬂg?lﬁcc?fl%l(a@%f'haﬁ%%hyé‘ﬁﬁlltFJé]éReﬁscﬂﬁeaé%rﬂlame

utili zedp ent invention. [0057] In the foregoing specification,
t he invgﬁ?ﬁggqﬁggogé'en described with reference to specific enbodinents.
However, various nodifications and changes can be nmade by one skilled in
the art without departing fromthe scope of the preferred enbodi nent.
Accor di Mgl y, ThbesResf diigat ¢ : L QULLE re tqQ . be.r rded in an
illustrative rather than a ?%%@?%ﬁl%}%ﬁ%g%hg%%@:ysgfll B S 1a8at i ons
are int Qﬁ@lﬁ%[a.ﬁ ;g Lncluded within the scope of the preferred enbodinent.
15 WHAT 1S CLATNED'S S

.- 8.'

- 'I_'hg: resistor of claim 1 wherein the semiconductor layer corprises a silicor layer.

o

‘ Therésisto- < in im ¥ e L Lo .
. Sistor of claim1 wherein the semmiconductor comprises silicon and germanium.

10. - '_I‘hga resistor of claim 1 wherein the semjconductor layer has a thickness in the range of

about 20 angstroms to about 400 angstroms.

11, The resistor of claim 1 further pbll_;prisipg an insulator layer underlying the

| sen;icqndt_ict’or layer.
12, The resistor of claim 11 wherein the insulator layér comprises silicon oxide.

13. 'The resistor of claim 1 wherein the electrode comprises 2 semiconductor.

14.  The resistor of claim 1 wherein_ the electrode cbmprisas a metal selected from the group

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

-17-



1. Aresistor conprising: a sem conductor |ayer; a body region fornmed in a
portion of the sem conductor |ayer, the body region being doped to a first
conductivity type and having a first resistivity; a first contact region
fornmed in the sem conductor. |ayer adjacent the body region, the first
contact region being doped to the first conductivity type; a second contact
regi on, for e, se onduct ar | aced fromt.he t. cont act

r egi o’ by ﬁﬁée%gﬁf e Eﬁ’% w&ﬁggeﬁ@ E%Pr%ﬁa% r]?mf)lg? ?‘Fﬁf &%5@81 to the
first conductivity type; a dielectric |ayer overlying the body region,

sai d' theigEpeensising ehpelybdemamaitride. sangater wittde, Htanike e En Eakldm | vity
greater than about 8; and an el ectrode overlying said dielectric. 2. The

r esi shinfidepfindodogibinadionsuifeeso€i N t he diel ectric |ayer conprises a materi al

sel ected fromthe group consisting of alum num oxi de, hafni um oxi de,

haf ni um oxynitride, hafniumsilicate, zirconium oxide, zirconium

oxyni tr| de, zirconiumsilicate, yttrium oxide, |anthanum’oxide, cerium

oxi de 161 i t B Tapistenalabaim { aherinihe Slepiaie camarises ABICHAG Wirdaseredfioms.  The
resistor of claiml -wherein the dielectric |layer has a relative

per m the grovpcoasittmg of hiakel ailioidt, cbbalt dlicidd) eungeisi slicde, Gfanimesiticide, wher ei n t he
dielectric layer has a relative permttivity greater than about 20.

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

[7. . The resistor of claim 1 wherein the electrode comprises a metallic oxide selected from the -

group consisting of m&cﬂum oxide, ’and indium tin oxide, and gombipation§ thereof. .-

18.  The resistor of claim 1 wheraﬁ the electrode has a width larger than about 0.1 microns.
19.  The resistor of claim,‘l. -thrcin_ the electrode has a width larger than about 1. micron.
20. Thgrcsistor of claim ] Whafeix_:l. the_, élggtrodﬁ has a 1_eng_t§ larger than about 0.1 injcxons.
21 -The'resigt.qr of claim 1 ﬁhe;éig thc. é:le_ptrbdc has alength larger than abgut 71 micion.
22. . The resistor of claim 1 wherein the first cond_ucl:ti\"i_fcy type 1s n-type.

23, The rcs.is.:tor of claim 1 wherein the ﬁrst Eonducﬁvitf,r‘type is p-type.

24.  The resistor of .claix.n_' 1 further ‘comprising spacers formed on sides of the electrode.

25.  The resistor of claim 24 wherein the spacers comprise silicon nitride.

48



-16 ~. The resistor of claim1l wherein the. dielectric |ayer has a physical
t hi ckness greater than about 5 angstrons. 6. The resistor. of claimi1
wherein.the dielectric |ayer has a physical thickness .greater than about
20 angstroms. 7. The resistor of claiml| wherein the dielectric |layer has a
physi cal~ t hi ckness greater than about 40 angstroms. 8. The resistor of
claim1l wherein the sem conductor |ayer conprises a silicon layer, a 't'he
resi st opgof ' FReL 8l B; L > k.ses.sidicaon and

ger mani um 1%#%@?1%0 resi g‘% glﬁth%[;}:%rc@gghng ﬁﬂ‘%%@é %ﬁé}[@& 105 HIECH%S 208 ayer
has a ttﬂecsg&gfss in the range of about 20 angstronms to about 400 angstrons.
11. The Tesistor of claim1 further conprising an insulator |ayer
underlying the sem conductor layer. 12. The resistor of claim 11 wherein
the insulator |ayer conprises silicon oxide. 13. The resistor of claim]l
wher ei N7t heTigl '. m . . The.resistor of claim
1 wherein the erleg%glﬁgglg&ggpn%?%ggg% aa%tgqﬁggéélﬁé]ﬁ%sg Jsﬁirc%%gﬁ#_ group

consi sting of nolybdenum tungsten, titanium tantalum platinum and
hafnium 1 5. The resistor of claim1 wherein the electrode conprises a
metallic nitride selected from . -
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-CaD group consisting of nolybdenumnitride, tongsten'nitride, titanium
nitride, and tantalum nitride, and conbinations thereof. 1-5. The resistor
of claim1l wherein the electrode conprises a netallic silicide selected
from 1-he group consisting of nickel silicide, cobalt silicide, tungsten
silicide, titaniumsilicide, -antalumsilicide, platinumsilicide, and

er bi upgsi IA@ﬂﬂen-gmummsfmg b@ﬂﬁlsm%ereof P. - The resistor of claiml
wherein the el ectrode conprises a netallic oxide selected fromthe group

consi sti ng%%%ﬂgﬁgb&%ﬁﬁﬁﬂ}ﬂ?ﬂwﬂ ndium tin oxide, and conbinations

t her eof . esi st al m ‘wherein the el ectrode has a' w dth

| ar ger than, about, O cron resistor of claim1 wherein the

el ectrode ﬁa‘%ﬂ%am%%f%mﬁ W%ﬁ%%}?ﬁgi?fmlaf Lmicron. 20. The resistor of
claim1l wherein. the electr ode has a I$eﬂ2dgt h larger than about 0.1. microns.
21-. The regickecoic lajfer evedyimg tholedy erigivnt $réd dikleeitic cueprisiag 2 Aighgwgritivigr ger t han
about 1 -mcron. 22. . The resistor of claiml wherein the first

conduﬁieilaciﬂcﬂajmype is n .23. The resistor of claim1 wherein the first
conductivity type is p type 24. The resistor of claim1.further conprising

spacers fog 1908l 8RSyl sdiflBic ﬁl:ﬁ%ﬁ fj‘%‘md 25. The resistor of claim 24

wherein the acers co rFse siTrcon’ni'tride. -18-. 26. The resistor of

fhe S‘piﬁeﬁér% ceRgrie Bspl prhainibe: frel St B e

conprise silicon nitride:
the pair of doped regions being doped to the same conductmty type as the body region.
29, 'The esistor of clatm 28 wherein the high permittivity dielectric is selected from a group
pomprlsing of aluminum oxide, hafnium oxynitriﬁe, hafninm silicate, zirconium oxide,
zircomium oxynitride, zirconium silicate, yttrium oxide, lanthanum oxide, cetinm oxide, titanium

oxide, and tantalum oxide, and combinations thereof.

30. The resistor of claim 28 wherein the permittivity dielectric layer-comprises hafninm -

oxide.

31. - The resistor of claim 28 wherein the high permittivity dielectric has a relative permittivity

greater than about 8.

32.  The resistor of claim 28 wherein the high pcfnaittivity dielectric bas a relative permittivity

greater than about 10. | .

33.  The resistor of claim 28 wherein the high permittivity dielectric has a relative permittivity

greater than about 20.



.8. Asilicon-on-insulator resistor -conprising: a silicon |ayer overlying
an insulator layer; a body region formed in a portion of the silicon-layer;
a dielectric layer overlying the body region, said dielectric conprising a
high permttivity dielectric layer; a top electrode' overlying said
dielectric layer; and a pair of doped regions formed in the silicon layer-
opposite a e bo egi on t he pair of doped regions being doped
to the sg%e gro%g' tt?r\? %@Leé%mﬁhﬁedl@im heg gipbysicalBickneER EreitBSthd MouP'

cl ai m 28.wherein the hlgh permttivity dielectric is sel eéted from a gr oup
conpr|5|%ﬁmﬁ Of-uni num oxi de, haf ni um oxynitride, hafniumsilicate,

zi rconi um oxi de, zirconiumoxynitride, zirconiumsilicate, yttrium oxide,

| ant hanum oxi de, ceriun1oxide titanirum oxi de, and tantal um oxi de, -and
conbi nat4sons The resj-stor of claim28 wherein the

per it t.i %/f)?t y 131@35%%[ %l%s)ge‘?’ B diglestiindtan e physioel ieknedd greaterhen £13§H St Of

of clal &F %herein the hi gh pernltt|V|ty dielectric has a relative
permtti ?@ §P§ater t han about 8. 32. The resistor of claim28 .wherein .
the high permittivity dielectric has a relative pernmttivity greater .than
about 10. 33. The resistor of claim28 wherein the high permttivity,

di el ect risc hase agfsth af 61%% RO LL LV

d16¥&0|r10 has a physical thickness greater than about

40 angstroms.

37. | He resistor of claim 28§ Wher&in the silicon layer is a strained silicor.l.'laycr.

'_-38.' A :I'he_ r§sistor gf claim 28 wherein the silicon layer has a thickness in tﬁe range of about 20
angstroms to about 1000 angstroms.

39. 'I'he resistor of clalm 28 wherein the silicon layer has a thickness in the range of about 20

ancrstroms to about 400 angstroms

40.  The resistor of claim 28 wherein the insﬂator layer comprises silicon oxide.

4_#1. The resistor of claim 28 wherein the eléctrode comprises polycrystalline silicon

polycrystalline sﬂicog—germanium, 2 metal, a metallic nitride, a metallic silicide, and a metallic

oxide, and combinations thereof,

42.  The resistor of claim 41 wherein the metal i éelected from the group consisting of

molybdenum, tungsten, titanium, tantalum, platinum, and hafnium.

21-




greater than about 20. -20 34. The resistor of claim 28 wherein the

di el ectric has a physical thickness greater than about 5 angstrons.. 35.
The resistor of claim28 wherein the dielectric has a physical thickness
greater than about 20 angstrons. 36. The resistor of claim28 wherein the
di el ectric has a physical thickness greater than about 40 angstrons. 37.

The reaBst Ofndesigbaiimall 4YAME Rix/ind Rl 08!S AUIES by ﬁne%‘rg@iedraﬁﬂstﬁig' I con.

| ayer. :38; The resistor of claim28 ereln icon9 as “a

t hi ckn i £.an of. abou 0 . angst.ro t 0. about . 1000 angstrons: 39.
The r egfélto%jradégpﬁ qu%{a?ﬁunfgex\m%;%;’ ﬁta?lﬁgl f@ﬁ”ﬁ?&ga tancalnm nifade, apdi RMPRIGESES i n t he
range %%%gout 20 angstrons'to about 400 angstrons, 40. The resistor of
cl ai m 28 Bherein the insulator layer conprises silicon.oxide. 41. The

resistor of claim28 wherein the el ectrode conprises polycrystalline
silicon, polycrystalline silicon-germanium -a netal, a netallic nitride, a

metal | igg Si gL : tal | oxi.de.. and conbi.nati ons thereof:. 42. The
resi stor of héflﬁ"&g%"ﬁb%ﬁ@ # gﬁ’}]l %{eﬁletﬁwgpmisgmédél%ﬁ%gdgﬁo&ﬁ? BE"8r oup

consi sting..of I nu ungsten, titaniu tantal u | atinu and

haf ni u ﬁ{ms%tmg of nq&eilgﬂgde, E}Jbaﬁt ;si].t%ide, tungsten -silicide,r?itanium silicidg} tagtalum silicirréle,

platinum silicide, and erbium silicide, and combinations thereof,

45.  ‘The resistor of claim 28 Wh:erein the electrode has a width greater than about 0.1 microns.
46.  The resistor of claim 28 w]:ieréin the electrode has a width greater than about 1 micron.

47,  The resistor of claim 28 wh%erein the electrode has a length greater than about 0.1

IIicrons.

48. . The resigtor of 'clajl_n. 28 mz.]._j_,c_rei:gt‘t.lp e.lelg:tro_dc hasa _length greater than about. 1 micron.
49.  The resistor of ¢claim 28 Whﬁrem ﬂ_:%e.bo FIY m.ld the d(-DI:)Ed fegiong are doped n-type.

50. The res.istor of claim 25 wherein the body and thé doped Icgiops are doped p-type.

51, The resistor of claim 28 fufl_-ther comprising spacers formed on sides of the electrode.

52. . The ;esisto.r of claim 51 wherein the spacers comprise 's.ilicon nitride.

53, The resistor of claim 51 Further comprising an etch-stop layer overlying the electrode and

the spacers.

2.



-21 43. The resistor of claim4l wherein the netallic nitride is sel ected

fromthe group consisting of- -nolybdenumnitride, tungsten nitride,
titaniumnitride, and tantalumnitride, and conbinations thereof. 44. The
resistor of claim4l wherein.the netallic 'silicide is selected fromthe
group consisting of nickel silicide, cobalt silicide, tungsten silicide,

titani um skl i CTEEes; Lcide | ati pumsilicide, and erbium
silicide, and cong?lgrfglﬁfginagg]ts%g’thggﬁ mﬁ%tgh'ﬁtﬁléﬂy"ééﬁo@%ﬁ sgicor hitiide. 28 wher ei n

the el ectrode has a width greater than about 0.1 mcrons. 46. The resistor
of clain1§$ mhggein the el ectrode has a width greater than out 1 m cron.
47. ' Thed}.esi Bieaesisidr of ialmib2 8BS Rigm < b ( as a Jength greater
than about 0.1 { microns. 48.. The-#ﬂ%@gﬁ%§&§§5&§ﬁ§FﬂF0Qgﬂﬁﬁg %8¥he

el ectr odestbphiyat, | ength greater than about, 1. micron. 49. The resistor of
cl ai m 28 wherein the body and the doped regions are doped' n-type.. 50. The
resistor of claim28 wherein the body and the doped regi ons are doped
p-type. 5%% Tgﬁ@resistor of claim 28 .further conprising spacers formed on
sides of ¥he elhecesistuief clagn 55 wHREInHRSHSE BkeChe] Jgh,% rein .the spacers
conprise silicon nitride. 53. The resisto?mg%e%%g%n1 %mﬁgﬁFﬂﬁPm'%nprising
an etch-stop layer overlying the el ectrode and the spacers.

57. The resistor of claim 55 further comprising a contact plug formed through the'inter—laycr

dielectric and in electrical contact with the resistor,

58,

. The ‘l_re:sifstor_ of claim 28'furthér'conip'riéihg a shallow trench isolation regioh adjacent the
silicon layer.
59.

| The resistor of claim 28 wherein the resistor is formed in an active area of the silicon

layer agd wherein the active area is isolated from other active areas that overlie the insulator

layer by mesa isolation..



-22 54. The resistor of claim53 wherein the etch-stop |ayer conprise
silicon nitride. 55. The resistor of claim54 further conprising an
inter-layer dielectric overlying the etch- stop layer. 56. The resistor- of
claim55 wherein the inter-layer dielectric conprises silicon oxide, 57.
The resistor of claim55 further conprising a contact plug fornmed through

thel ter-I ctri.cal contact with the resistor.
e resrlﬂstﬁgd oﬁ*?ﬂ:ﬁé {eglgtgla&%ﬂ%nlégcg" 57%i ng a shal'l ow trench isol ation

regl on adj ace ‘ﬁigthe silicon layer. 59. The resistor of claim28 wherein
the resi sPBMYRS & JRopppniinsuitor é‘&sﬁt@thé*rlé@“@ﬁs asHisor layereyprlyingsrer and wherein

the active area is isolated fromother active areas that overlie the

-

i nsulingudetor léyagier by. mesa isolation.. . 60. A nethod of forning a resistor,
the method conprising: providing a silicon-on-i nsul ator substrate that

i ncludes Forfidd £REsthADRY oY ffst oMY typO R Fd %ﬂlco{x&g&l ng a resistor
body of a first conduct|V|ty type in a orti‘on of e Sl oh | ayer;

formng ag erI the b the dielectric |ayer
conpr 1 o1 no BRI e BYGop e s ﬁ@ﬁ&@%ﬂ%dﬂw@ﬁ% PRk han about
material with a relative permittivity greater than about §;
forming a top electrode on the dielectric layer; and
:forming a pair of doped regions of the first conductivity type dppositely adjacent the

body region,

61.  The method of claim 60 wherein forming the resistor body comprises:
forming an active region;
forming isolation regions surrounding the active Tegibn; and .

dopiﬁg the active region.

62. The ]IiBﬂlOd of clalm 61 wherein dopmg the active reg:lon employs an ion implantation |

with a dose in the range of about 10" to about 1016 cm™

63.  The method of claim 60 wherein forming the dielectric layer comprises a _cﬁemical Vapor

deposition step.

64.  The method of claim 60 wherein forming the dielectric layer comprises & sputtering

deposition step.

iy ¥/




formng a top electrode on the dielectric layer; and formng a pair of
doped regions of the first conductivity type oppositely adjacent the
region. 61. The nethod of claim®60 wherein formng the resistor body
conprises: " formng an active region; formng isolation regions
surroundi ng.the active-region; and doping the active region. 62., The

met hod of5 cl & r.ei n_do |ng the active region enploys an |on

i npl ant atSi on%g}w%#l?\ég?‘&@@e Uw ftm@fcrrmu@h@dlela&lﬂwa yek@dmpfi@s.about 1016 cm 2.

63. The rrethgd Qf claim 60- wherein.form ng the d| el ec r|c | ayer conprises a
chenical vapbTMREAS BtEx el ogilefuyef4nd The net hod of claim 60 wherein formng
the dielectric |layer conprises a sputterlng deposi'tion step. -24 65. The

nmet hod of cl &mmmgiep@mﬁuﬁ Cga%g“ ﬁ dielectric layer conprises: formng
an g’f I

an interfacial oxide |ayer,; a high permttivity dielectric

| ayer .
conpri seg: - Elﬁeoxlngtgmfotportlon of the silicozi layer not covered by the top

body

ol ect r ogg: claim 60 wherein fonmng the pair of doped regions comprises:
doping a portlon of the silicon layer not covered by the top electrode
forming spaeers on sidewalls of the top electrode and
. d .
opmg 3 portlon of the smcon layer not covered by the top electrode and the spacers.”

6. Of cla - ' I
_ 'Ihe rrlethod of cla'm*l 66 wherein lhe Spacers comprise silicon nitride,

68.  The method of claim 66 further cemprising: ‘
depositf:lg an eteh-stop layer-over the top electrode and the spacers;
forming an"int;erulayer dielectric ever the etch-stap layer;
fermmg contact holes in the mter-layer dlelecmc layer and

: ﬂllmg the contact holes with a conductive material to form contact plugs

69. ' i i y -
The method of claim 68 Wherein the etch-stop layer comprises silicon nitride,
70. inf i '
The methed of claimi' 68 wherein the inter-layer dielectric comprises silicon oxide
71.

Th
¢ method of claim 68 wherem a ﬁrst contact plug electrically contacts oze of the pair

of d
0pecl Tegions and a second contact plug electrically contacts the top electrode, sa1d first and

second contact plugs bemg electncally connected.

72, i i ' .
The methed of claim 60 wherein the lnsulator layer comprises silicon oxide.

25.

66. The nethod of claim60 wherein forming the pair of doped regions



form ng spacers on sidewalls of the top el ectrode; and dopi hg a portion of
the silicon |ayer not covered by the top el ectrode and the spacers. 67.
The net hod of claim 66 wherein the pacers conprise silicon nitride. '68.
The nethod of claim66 furor conprising; depositing an etch-stop | ayer-COver
the top el ectrode and the spacers; formng an inter-layer dielectric over

t he ch- :l]% adPE .cont.a in the | A ielectric
Iaye?f?' an?hgﬁl I ng)ﬂff: e é%ﬁ%g@_%&ﬁ%iﬁ%ﬂ%}%?%és%&h@%ﬁs?é@és% e(r%%% to form
cont aCZiO pl u%s. 69. The nethod of . claim 68 wherein the etch-stop | ayer
conpr 1 OR&EIPMEon nitride. 70. The method of claim 68 wherein the
inter-layer dielectric conprises silicon oxide. 71. The nethod of claim&68
wherein a first contact plug electrically contacts one of the pair of
dopedy e9i-aR5 Al B B AN HHELRIRACHRLISPLEGHEERM ¥ (IR A Sndligo t OP

el ectrode, sai iTst and “second contact plugs being electrically
connected. 72..Th thod of claim®60 wherein the insulator |ayer conprises
sili C@gsw_abgqgo%a_ngsmme met hod of claim60 wherein- the insulator

| ayer has a thickness of |ess than-about 1200. angstrons. 74. The -nethod of
claim60 wherein the silicon |layer has a thickness in the range of about 20

angstyons i A or LR 66 08Eh I Btop electrode comprises a semiconductar.

76.  ‘The method of claim 60 wherein the top electrode comprises a metal selected from the

group consisting of molybdénum, tungsten, titanium, tantalum, platinum, and hafnium.

77.  The method of claim 60 wherein the top electrode coniprise_s a metallic nitride selected
from the group consisﬁng of molybdenum nitride, tungsten nifride, titanivm nitride, tantalum

njuide, or combinations thereof,

78.  The method of claim 60 whefein the top electrode comprises a.metallic silicide selected
from the group consisting of nickel silicide; cobalt silicide, tungsten silicide, titanium silicide,

tantalum si]icidé, platinum sﬂici&e, anfi efbiﬁﬁ:it sﬂjéidé, and c"ombinei_tions. _thereof.. _

79.  The method of claim 60 Wherein the top clac;i:ode compr.lées a metallic oxide selected

from the group comprising of mithenium oxide, and indium tin oxide, and combindtions thereof.

80.  The method of claim 60 wherein the dielectric layer comprises & material selected from
the group qonsisting of aluminum oxide, hafnium oxide, hafnium oxynitride, hafninm silicate,

zirconium oxide, Zirconium oxynitride, and zirconium silicate, and combinations thereof.
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75. ' The nethod of claim®60 wherein the top el ectrode. conprises a
sem conductor.  76. The nethod of claim®60 wherein the top el ectrode
conprirses a.netal selected fromthe group consisting of nolybdenum
tungsten, titanium tantalum platinum and hafnium 77. The nethod. of
claim6b wherein the top el ectrode conprises a-hetallic nitride selected
fromt heglgrou Sm(;?hsidsti ng of nol ybdenumnitride, tungsten nitride, titanium
ni tride,® anttaf o of elbides0 wWike il eregf . . 78. The method of
claim 60 wherein the top el ectrt?gglqea corrphiraiq%'ee%ﬂaé.araétﬂvélﬂe@ﬁémbﬁoﬁla@rsel ected
f r om t hdhayraboye 1@onsi sting of nickel -silicide.'cobalt sucide, tungsten
silicide, titaniumsilicide, tantalumsilicide, platinumsilicide, and
er bi um sui ci de, and conbi nations thereof.. 79. The nethod of claim60
wher ei ngh’ge' ?ﬁ% tgldecﬁtﬂriode conprises a netallic oxide selected fromthe
group c¢ ri clged eh dldimre0urhemid i S Eale] ti.n. oxi de, and conbi nations
t hereof. 80. The nethod of clai m%8dl\/?h?eg?lgil#g]t%g]aafi"l&vgé’f’miﬂﬁmtﬁyﬂmgcnnpri ses
a mat er then abmit @6t ed from the group cansisting of al uni num oxi de, haf ni um
oxi de, hafnium oxynitride, hafniumsilicate, zirconium oxide, zirconium
oxynitride, and zirconiumsilicate, and conbinations thereof. '-26 81. The
rr;at Ihod &;‘ clﬂ%rn&g&ﬁvﬁeﬁgst h_e'gggéecétri c | a'?/er has a rel ati Vﬁ pgrn‘: ttivity
o] arger t C Frherk YiH 1 L wherein the dielectric
| ayer hgls atrr elative permttivity o?l Iléghpggz%s%;@hglnﬁgg S5 gepater than about
angstroms. . -

84. . . . . '
84 The method of claim 83 wherein the dielectric has-a physical thickness greater than aﬁcﬁut
- 20 arigstroms, - |
. 1 84 wherei o " |
. The mcthqd of c]e_um 84 wherein the dielectric has a physical thickress greater than about
40 angstroms. |
8 6.- . . R | .. - . V . .
The__ n_mthod of claim 6_0. Wherem the electrode has a width greater than about 0.1 microns,
.. 'Ihe metl_md of cla:m 60 wherein phe_electrod_e has a width greater than about 1 ﬁ:iérbﬁ o
88 : : - | ' '
The ‘method of claim 60 the electrode has & length greater than about 0.1 microns;

.- The method of clalm_ 61 wherc;n the electrode has a length greater than about I micron

27-



83. The nethod of claim60 wherein the dielectric'has a physical thickness
greater than about 5 angstrons. 84 The nethod of claim 83 wherein, the
di el ectric has s-a physical thickness greater than about 20 angstronms. $5.
. The nethod of claim84 wherein the dielectric has a physi.cal thickness
greater than about 40 angstrons. 86. The net ‘hod of claim64 wherein the
el ecaly odea. difsn-aninsilator deeeetcomptisingi about 0.1 microns. 87. The nethod of
cl air-m 64 wherein the el ectrode has a width greater than about | ' mcron.

88. The @Eﬁﬂgaﬂﬁc&hﬁlsiﬂg@%ﬂkh@la?&r&ﬁéﬂﬁﬁ@aﬂmaﬂaoﬂleyhgth greater than about
0.1 mcrons: he met'hod of claim®6l wherein the electrode has a |ength

an acti v%bgﬁye%%‘éﬁtf“fﬁ ) ?*Fl’fdﬁ%"ﬂﬂ’n"’m'sﬁ*‘i%la‘}@ﬁ |ator IByer: 8

npr|5|ng a si ayer ‘overl ylng an |nsulator | ayer; a
body region of  a-first conductlwtyt faor.med in. rt| the silicon
ayer .5 ghebesisteTes oV e Wh0RY ek, HESBEUS PO OITE DA (1 o
conprising a material selected fromthe group consi stl ng of al um nui n
oXi dftom tifpriupronsistite of dterhiniuproxisbeybaftivh dwide,hafiioy Arynstife. GafEm zi r coni um
oxi de, zirconiumoxynitride, zirconiumsilicate, yttrium oxide, |anthanum

OXi dﬁhca@@ﬁﬁdéﬁiu&?‘d)&& zikdohia diihie oo AR tsHickis) mmdleommwnthmnﬂm nati ons
thereof; a top electrode overlying the dielectric |ayer; and :
oxide, cenum omde, titanium oxide, tantalum oxide, and combinations thereof
a top electrode oveﬂymg the chelectric layer, and
- apair of doped regions of the ﬁrst conducnwty type formed in the silicon layer . .

oppositely adjacent the body reglo_n.

91,  Thedevice of claim 90 wherein the dielectric layer comprises hafnium oxide. .

92. The-devic,e of claim 90-wherein the siticon layer has a thickness in the range of about 20

angstroms to-aboiit 400. aﬁgstroms.

93, The devic_e,.of c1a1m 90 and further coﬁaﬁri_siug‘a second active area overlying the

insulator Iayer; the second active area including a frangistor formed therein.

© 94, The device of claim 93 Wherein the transistor includes a "gate dielectric formed of the

same material as the dielecttic layer overlying the body region.

'95.  The device of claim 93 wherein the transistor includes a gate dielectric formed of a

" different material as the dielectric layer overlying the body region.



a pair of doped regions of the first conductivity type formed in the
silicon | ayer oppositely adjacent the body region. 91. The. device of claim
90 wherein the dielectric layer conprises hafnium oxide. 92. The device of
claim90 -wherein the silicon |layer has a thickness in the range of about
20 angstronms -to - about 400. angstrons. 93. The device of .claim90 and

furt her 9goNPIHSHe9Q active area.oyerlying the insulator layer, the
second active ar. eacPﬁcéziﬁﬁlg%%eﬁml@5&@@?%@4‘{5{6%&2}&{:lﬁ@:mipﬁqrmgd;pfthhe devi ce
of cl.ai el he trapsistor includes, a gate dielectric formed of

t he San%%f%ﬁ@é@ﬁé”@@ ectric layer overlying the body region. 95.
The device of ¢claim9- wherein the transistor includes a gate dielectric
formed of a different material as .the dielectric |ayer overlying the body

regi on. 97.18 Bf.devi i i m a3 wherein the transistor includes a
gate elgect rode df‘é%?rgfdg%% @%gghggﬁe%?@%éﬁa?m%ﬁ? a¥%ﬁv‘§fyé%&ﬁﬂéé@?ﬂl@. The

devi ce j a further conprising an interfacial |ayer overlying

and abu@%Pﬁ%ﬁﬂe&ﬁé’%% e?ué@iaﬁ?{o"@ll*)@&ﬁh@l%@f&clablayﬁiyer overlying the :

interfacial layer. 98. - The device of-claim 97 wherein the interfacial

| ayer . conprises silicon oxide' or sil icon oxynitride. I. A

Sili CQFBBDH-'I'I'h‘éldEﬁE@JSf B0 Sy HERIPEL §llBnia layer comprises silicon oxide or silicon
OXynitride.

9.



a substrate; an insulator |layer overlying the-substrate; an active area
formed in a silicon layer overlying the insulator |ayer; a body region.of a
first conductivity type formed in a portion of the silicon |layer; an
interfacial |ayer overlying and abutting the body region; a high-k
dielectric layer overlying the interfacial |ayer, the high-k- dielectric

| ayer q%nmgo iotﬁgn%lﬂ@ftd%ﬁicgbmﬁ@gh{gg arelative permttivity greater than
about 87" a top electrode overlying the high-k dielectric |ayer; and a pair
of doped regions of the first conductivity type fornmed in the active area
opposi t &P558%; acent the body region. 100. The device of claim 99 wherein
the high-k dielectric conprises a material selected from the group

consi st imgnsefaterlayes oHeRYIBR RFSIOIEHRi um oxi de, haf ni um oxyni tride, haf ni um
silicate, Zirconiumoxide, zirconiumoxynitride, zirconiumsilicate, '
yttri um @ecte artaiottaninmsdichulayercy e kg & EWAF 198N um oxi de, tantal um

oxi de,” and conbi nations thereof. 101. The device of claim 100 wherein the

di el ect r | 6 4.ay@n SRk RsucRaiiypsionsédia.a ibaRn of the siievd lekerof cl ai m 100 and-
further conprising a second active area overlying the insulator |ayer, the

second active, ar.ea includi L8k 8dRredign;ned therein. 103. The device
of clai M@?ﬁﬂﬁ@ﬁ@i&ﬁﬁ%@mﬁr%‘%g?‘ist& afncdlg’uwes a gate dielectric conprising a

mtertal a Eiag\k/llkn el;:actlrice fa?érl o\égrl)gggr, fie tn%te': a'c%ai/ 1&951:%& ﬁfghlkr!ﬁﬂe&mﬁc; 9.
comprising 2 material having a relative permittivity greater than about 8,
a top electrode overlying the high-k dielectric layer; and

a pair of doped regions of the ﬁxst conductivity ty'pe formed in the active area oppositely

adjacent the body region.

100. The device of claim 99 wherein the high-k dielectric comprises a material selected from
the group consisting of aluminum oxide, hafnium oxide, hafninm oxynitride, hafnium silicate,
zirconium oxide, zirconinm oxynitride, zirconium silicate, yttrium oxide, lanthanum oxide, .

cerium oxide, titanium oxide, tantalum oxide, and combigations thereof.
101. The device of claim 100 wherein the dielectric layer comprises bafnium oxide. .

102. The device of claim 100 and further comprising a second active area overlying the

insulator layer, the second active area including a transistor formed therein.

103. The device of blajm 102 wherein the transistor includcs_a' gate dielectric comprising &

material having a relative permittivity greater than about 8:
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-30 104. The .device of' claim 103 wherein the gate dielectric and the high-k

dielectric conprise the sanme material. 1,05. The device of claim 102
wherein the transistor includes a gate electrode forned of the sane
material as the top el ectrode. -106.-- The device of claim 99 wherein the
i nt erfﬁc%al Th er cgrrprl ses silicon oxide. 107. The device of claim 99
wher ei he [hdeyice a claim 1GIyelieri0tHR5hE @ [ . An
el ectrostatic di'scharge protection CI r%llﬁ%itﬂc a%g%%w&{eieg%cimﬁmﬁﬁlf oo
. a samg mutetialf hat i s-to be protected; a diode coupled between the I/0O pad
and a reference voltage node; a resistor coupled between the 1/4 pad and
the circuit, the resistor including a body region, a first contact region
adj aceqé the body region to electrically couple the body regi on to the' UO
pad, alS:coRee desice af claimefRovhessd) tie episisidrendhaidy 2 & Etg'eB &Jﬁn cally
couple the body region to the circuit, a dielec ric ayer avi %‘ a relative
permtsmmMeMngemoﬁmog@out 8 overl ying the body region, .and an
el ectrode overlying the dielectric layer. 109. The circuit of claim 108
wherei-n the diode conprises: a diode body region a diode dielectric
havi n91816 reI ative permttivity greater than about 8 overlying the di ode

The device of claim 99 Wherem the interfacial layer comprises silicon oxide,

'107. The device of claim 99 wherein the interfacial layer comprises silicon oxynitride,

108. | An clect;oé;atic discharge protection circuif.compﬁs_ing:

an /O pad; |

a circnit tﬁgt is-to be protected:

a diodé coupled between tﬁe VO pad and a reference voltage node;

a resistor coupled bgtween the I/O pad and the circuit, the resistor including a body
region, a first contact region adjécent the body region to electrically couple the body region to
the I/O pad, a second contact regmn adjacant the body region to electrically couple thc body
region to the cireuit, a dlelectnc layer having a relative perm1tt1v1ty greater than about §

overlmg the body region, and an electrode overlying the d1electr10 layer,

109, The circiiit of claim 108 wherein the diode comprises:

2 diode body :egibn;

a diode dielectric having a relative permittivity greater than about 8 overlying the diode

body region;



body region; -31 a diode el ectrode overlying the .diode dielectric; and a

p- doped regi on and an n-doped regi on oppositely adjacent to the di ode body
region. 110.. The circuit of claim 109 wherein the p-doped region of the
diode is electrically coupled to the 110 pad and the n-doped regi on of the
diode is electrically coupled to the reference voltage node. 11 |I. The

circuit ‘of schal qereln g ' ed.qregion of the diode 'is :
eIectrica%ﬁ@kg%%%%%%ﬂﬁﬁﬁﬁfﬁgd%%%d%% th d'the p- doped region of the diode is
el ectrically cqupled to the reference voltage .nqde. . .112. The circuit of
ol & m 1082 RXGPRIFE AT @B ASIOPE TR ORRETAYHRERLO SE I AOBEEREN the 110 pad
and a second reference voltage node.. 113. The circuit.of claim 112 wherein
t he second di-ode conprises: a diode body region; a diode dielectric having

oot Sy ST O e o SR PR LR SRR LS gl o)

on, a ode “overTyit _ ectric; a- p- doped '
159, V8 R0 il and ER opaf Heitn of BR ant PR Rieh b Rt SolkEY 10 0N
node. o :

111.  The circuit cﬁ claim 109 wherein the n-doped region of the diode is electrically coupled
to the I/O pad and thc'ﬁ-doped region of the diode is electrically coupled to the reference voltage

node.

112.  The circuit of claim 108 and furﬂler comprising a second diode coupled between the /O

pad and a second reference voltage node.

113.  The circuit of claim 112 wherein the second diode comprises:
a diode body region; |
- - adicde d'iéle(.:ﬁic hﬁving a rclaﬁvé'pt?l:ﬁiitﬁvity ._greaté,__r than about 8 overlying the diode - ..
. bodjf region; |
a diode electr_o&e ovcriying the diode dielectric; and -

ap-doped region and an n-doped region oppositely adj acent fo the diode body region.

- 114, Thecircuit of claim 112 and further comprising:
a second circui't;-and
a second resistor coupled between the second circuit and the T/O pad, the second resistor

comprising a body region, 2 first contact region adjacent the body region to electrically couple
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a second circuit; and . a second resistor coupled between the second
circuit and the 110 pad, the second resistor conprising a body region, a
first contact region adjacent the body region to electrically couple -32
the body region to the 1/0 pad, a second.contact region adjacent the body
region. to electrically couple the body region to the second' circuit, a .
di el ectyd ~ havi arelatjve permttivity greater than about &
over | yit[ﬁégﬁ‘%‘h’gg@é%{}%%%‘? Bl 2 sgeandspntciresion adiaceuthb Yodygegitetodierraly i ¢ | ayer.
115. Theaﬁi ?:b%ji)i iti of , cldim 114 wherein the circuit conprises an output

ci r cui t*C8RE "RuvefLregon fethe sesomstrcait racdi¢lecttolperhsasg BRIARR Pl -

greater than -about § averlying the body region, and an electrode overlying the ;iielectric layer.

115, The circuit of claim 114 wherein the circuit comprises an output circuit and wherein the

second cirouit comprises an input circuit, |
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