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SRAM Cel | and Met hods of Fabrication [0001] This application clains the
benéfit of U S. Provisional Application No. 60/500,426, filed.on Septenber
5, 2003, entitled "Novel SRAM Cell and Methods of Fabri-cation", which.. -
application is hereby incorporated herein by reference. TECHNI CAL FlI ELD
[ 0002] The present invention relates generally to sem conductor devi ces,
and nore particularly to a static random access nenory (SRAM cell and

nmet hods of fabrication. BA D 03] Eleg¢tronjc devices including
mobi | e and portabl e devﬁmﬁgégﬁﬁth%ﬁ%ﬂ&?&wg}%m di gi t al
assistants (PDA), digital caneras, and conbi nations thereof, require static

random aogegs MEMRIAplRBAMIafi e b of DVE. ARG REKRTatiRANd. 8Ws0P20&1 I Ng
power consunption. "An SRAM chip nmay conprise mllions of SRAM cell’s

simlar el L. i [ : -1 ypes .af SRAM
cells i n@?duﬁgg g%?b%{?'rg\%oglg’s%n%w%?% ?beg%hﬂ(%é?]%ga 3‘}, l?Usdig %F@Srﬁaﬁﬁ@i@% 5?h (1m
SRAM celal Shc ;.or ; q%arrpl.e. Shqlécﬁw 1 rnenc isolation (STI) structures are
comonl ypaée@dm%os éerb' AT OIRESR TV P eSS ™6 and to el ectricall y isolate
SRAM cel I s. [0004] However, undesired recesses known as divots nay form
directly adjacent transistor active areas in shallow trench iselation

st ruct urEECHNICAIQFIBRI® STl manuf acturing process. The conventional STI
process flow includes pad oxide and silicon nitride (SiN) deposition,
active area masking, nitride/oxide etching, silicon (Si) trench etching,
li ner oXPUBi On,ThEH]@ﬁ?% g]velq;ép@dplates generally to semiconductor devices, and more

particularly to a static random access memory (SRAM) cell and methods of fabrication.

BACKGROUND

[0043] Electronic devices including mobile and portable devices such as cell phones,
personal digital assistants (PDA), digital cameras, and combinations thereof, require static
random access memory (SRAM) chips with low standby power and low operating power
;:onsumption. An SRAM chip may comprise millions of SRAM cells similar to the 6T SRAM

 cell 100 shown in Figure la. Other types of SRAM cells include four transistor (4T) SRAM
cells and single transistor (1T) SRAM cells, for example. Shallow trench isolation (STI)

structures are commonly used to define the active areas of and to electrically isolate SRAM cells.

[6004] However, undesired recesses known as divots may form directly adjacent transistor
active areas in shallow trench isolation structures during the STI manufacturing process. The
conventional STI process flow includes pad oxide and silicon nitride (SiN) deposition, active
area masking, nitride/oxide etching, silicon (Si) trench etching, liner oxidation, chemical vapor
deposition (CVD) oxide filling, chemical mechanical polishing (CMP), and nitride and pad oxide

removal. Well known issues in conventional STI processes include divot formation (i.e., oxide
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deposition (CVvD) oxide filling, chem cal nechanical polishing (CW), and
nitride and pad oxide renoval. Well known issues in conventional STI
processes include divot formation (i.e., oxide -1 recess, or FOX recesses)
al ong STI edges. The divot at the edge of the STI is formed due to the wet
dip of the pad oxide and/or sacrificial oxide by a hydrofluoric acid (HF)

sol ution. 05} H-qure b, is ver head. view of the 6T SRAM cell 100 of
Fi gure | ar’eL%E,O%Fggj{ Q?CF %?ﬁ‘%iawgﬁ%ggﬁ%essﬁgegéwie@th% s f Hig SAV ésrfortiadotus td hé
formed al OQ%LH% hF- boundar% 106 between active areas 108 and shallow trench
i sol at i on {-SH §* g frd pada ansl/or seerfayialoxislerty 4 kydreflugrie pgd §B)eohitiomal Vi ew of
the N2 transistor in the 6T SRAM cell 100 corresponding to the reference

| 1ne X | mofgur e Highe 10iOM Gelifead I0WdPs BIRAME| ALk 117 804, g3t €

el ectrode 114 deposited wth a confornity greater g we do
not use thBsishPbhke GRREOS - j: r._divots 104. STl corners 116 in
the active regi (%nelOSE%foaﬁgisgﬂg%ggf(g{@?%Q%for@fgétgf‘%% oSl dodatvegr r ent

| eakage. e gate dielectric, 1 oes not conpletely fill the

di vot s 15?&9{%%%?'(@30 sSttlaglé?watr%ﬁésc?:l?ﬁﬁopiéﬁr%‘?ﬁsildH- of the gate el ectrode
114. The undesired extension of the gate dielectric 112 and gate el ectrode

114 al on§0006} si demat I SisafcrosshectShkl GOk BEHS blzléar{mvor%ﬁhéé?i%g%‘%&céﬁ 1o et

| eakage. Particularly, the non-planar shape of the gate d ectr 112 and

gat e el ecbirespendihd tdihe bd¥ered 110X E}?Flg'lﬁ:lell% %%&gqg ?hogﬁt an%lg{ci{élgétgg 112 and

el ectromagnetic field, thus causing corner curr _

/:?g;)g' iggﬁt:e%lq[c rgﬁ%?%fegg%%g%ﬁ%% g%f%%nity%%érgﬁgﬁggé%% E{If E‘?vle d%tngte L?Sg ﬂ?ever
word conformably deposited over divots 104. STI coeners 116 in the active region 108 of the N2
transistor experience undesired current leakage. Because the gate dielectric 112 does not
completely fill the divots 104, the divots 104 also comprise a portion of the gate electrode 114,
The undesired extension of the gate dielectric 112 and gate electrode 114 along the sidewalls of
the STI corners 116 may be a source of current leakage. Particularly, the non-planar shape of the
gate dielectric 112 and gate electrode 14 at the STI corners 116 produces a concentrated
electromagnetic field, thus causing STI corner current leakage. Additionally, the gate dieléctric

112 experiences material stress over steps 118 in the divots 104, which may have an undesired

effect on transistor power consumption.



effect on transi stor power consunption. SUMVARY OF THE | NVENTI ON [ 0007]
These and ot her problens are generally solved or circunvented, and
techni cal advantages are generally achieved, by illustrative enbodi nents
of the present invention, which provide an SRAM cell and net hods of
fabrication. [0008] In one aspect, the invention provides for a

sem conduct or device conprising a substrate. An active region in the
substrate conprises a sem conductor nmaterial, and an isolation region in

t he S“bﬁﬁﬁﬁkﬁ&@gkﬂﬁgﬁgINbEPﬁ?bBWe region conprises an insulating materi al .

The active region isolation region forma surface having a step
therein and a dielectric material is forned over the step, the dielectric
mat er i al [08GW i ng Thesh aal etker problrostaginegitizatied tharcuatyenied, &ind [t@0O83! | n

anot her aspect, the invention provides for a nenory cell conprising an

active ddegiapes bawengaldt achRasd, l9NBudbanSEsbalimbnt oElle bheetiinventio, WBIFRI Y
cell also conprises an isolation region adjacent the active region, and a

boundar y, 588 ANSHANI 24 afd frlefiRls 8 BBricaldg. boundary region is internediate
the acti've region and the isolation region. The nenory cell further

conprises a gate dielectric extended over the first step, the gate
di el ect rlP¥8¢ onpln sheagpect, thrainaentin prtidesdona sdneicerduetor devdteasmmprbsovea about  S.
[0010] In yet another aspect, the invention provides for a nenory cel
conpr i sisobstiate. tABasivs tegioniin thesuadide/eneeon sertihendachi matarrliand an asatiosi Ng
a material selected fromthe group consisting of silicon, gernmanium
carbon, rafeh BAADENBEAE AGadeheihe AbtiveBgioNesMpisedah insalaffg material. The active

region and isolation region form a surface having a step therein and a dielectric material is

formed over the step, the dielectric material having a dielectric constant greater than about 8.

[0009] In another aspect, the invention provides for a memory cell comprising an active
region having at least one transistor formed therein. The memory cell also comprises an
isolation region adjacent the active region, and a boundary region having a first step. The
boundary region is intermediate the active region and the isolation region. The memory cell
further comprises a gate dielectric extended over the first step, the gate dielectric comprising a

material with a dielectric constant above about 8.

[0010] In yet another aspect, the invention provides for a memory cell comprising a
transistor in an active region, the active region comprising a material selected from the group
consisting of silicon, germanium, carbon, and combinations thereof. The memory cell also
comprises an isolation region adjacent the active region, the isolation- region comprising a
material selected from the group consisting of sif.icon nitride, silicon oxide, silicon oxynitride,
and combinations thereof. The isolation region further comprises an isolation structure selected

from the group consisting of shallow trench isolation structure, mesa isolation structure, local
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conprises an isolation region adjacent the active region, the isolation
regi‘'on conprising a material selected fromthe group consisting of silicon
nitride, silicon oxide, silicon oxynitride, and conbinations thereof. The
isolation region further conprises an isolation structure selected from
the group consisting of shallow trench isolation structure, mesa isolation
Struct ur eyy; | elt: QX1 I silicon isolatign sgrycture, and a

conbi nat ie%xr:]éie%% eroef%%lgéﬁfﬁglta@ngg&mg & &\nﬁfalflp [nﬁg}aﬁog: Pf‘ se¥ memary sell Bythgr  a
second st ird step.. The first step is internediate the active
regi on an%%%gélj% gif%?ﬁe%r? SF%"&B(S‘F?P’ ?‘HLa @rﬁ§fepsﬁéﬁﬁﬁéﬁFm§ inferqmadéate Bt egivei ght
of about 400 anga%;oqs. The second step is fornmed in the active region,

t he secondS'SEEPY Ut Hipndesern phaBish siep hadug 2 fieshstembright 06000 dbysigstanms. The
third st is formed in the isolation region, the third step having a step
hei ght | serRi shirosformed inthe setivrsgiontibe saeont stemialvingfaustdpHtes ghe REPHSES a
gate dielectric overlying the first step, the second step, and the third
step. Thé&bgut¥0fiaapsstomsi &he thindrstepeis farmettd tieiielativh tdyich, felimkd M€p having a
permttivity above about 8, and the material overlying the first, sé%ond
and t hi r dtepthefght Feasthan alonf 600vipgtraey Thaembr/& her
aspect, the invention provides£¥or a net hod 8% ?%Pﬁ?ﬁéﬁnﬁﬂgé%kﬁggﬁkF “The

met hod corpilyifg shet M6t Sdpeihe Qfcoh@ N irs0l AL in a substrate.
The isol ation %egionsﬁﬁéffné? aﬁ“%g??@ﬂeﬁﬁgf%ﬁ;q@ﬁé&ﬁéﬁﬁg AP S dpr i ses

Ll St oD rker B il oM BOLAN AR RGN LA diglisctrip mterfal -

and renovi ng sone of rc ertal,

di vot i ngﬁ&‘ﬁliﬂfdes@%isrﬂ.hpgcoqlif&h?t(}:ftaﬁagge %u?%‘%l - The method further conprises
g .

formn
[0011] In yet another aspect, the invention provides for a method of forming an SRAM cell.
The method comprises the step of forming an isolation trench in a substrate. The isolation region
defines an active region. The method also comprises the step of over-filling the isolation trench
with a dielectric material and removing some of the dielectric materiﬁl, the removing step
forming a divot in the remaining dielectric material. The method further comprises forming a
transistor in the- active region. The transistor includes a gate dielectric that extends over and at
least partially fills the divot, the gate dielectric having a relative permittivity greater than about §.

The method still further comprises the steps of forming a gate electrode over the gate dielectric

and forming a silicide in the gate electrode.



transistor in the active region. The transistor includes a gate dielectric
t hat' extends over and at least partially fills the divot, the gate
dielectric having a relative permttivity greater than about 8. The nethod
still further conprises the steps of formng a gate el ectrode over the gate
dielectric and formng a silicide in the gate el ectrode. BRI EF DESCRI PTI ON
OF THE DRAW NGS [ 0012] For a nore conpl ete understanding of the present
invention, and the advantages thereof, reference is now nade to the

fol | ow ng g P Iﬂﬁ@?l?ﬁ?ﬂ&hﬂRﬁ tion with the acconpanying draw ng,
in which: 01 f I gure ai1s a schematic view of a six transistor static
random access nenory (6T SRAM) cell; [0014] Figure 1 b is a | ayout view of
the 6T SRAM2cel IFook nkdrguonepldte andahtawlmg ofotht preselt eteetion, ayeths adp@04gsF Fi gur e
1 cis a cross-sectional view of a transistor fromthe 6T SRAM cel | of

Fi gure thelf, [€1836de iFhguhRde athe GolRweng tasSptime tiken &l conjieedon Witistig ati ng a
nmet hod of manufacturing the present invention in accordance with a first

i 11 ustrafdM8pSIRRAIAR ML, indgeH; 0017] Figures 3a-3f are cross-sectional views

of a step in illUstrative enbodi nents of the present invention. DETAI LED
DESCRI PTI ON OF | LLUSTRATI VE EMBCDI MENTS
[0013] Figure 1a isa schematic view of a six transistor static random access memory (6T
SRAM) cell;

[0014] Figure 1b is a layout view of the 6T SRAM cell of Figure 1a, showing only selected

layers;
[0015] Figure 1c isa cross-sectional view of a transistor from the 6T SRAM cell of Figure
1b;

[0016] Figures 2a-2¢ are cross-sectional views illustrating a method of manufacturing the

present invention in accordance with a first illustrative embodiment; and

f0017] Figures 3a—3fare cross-sectional views of a step in illustrative embodiments of the

present invention.



[ 0018] The making and using of the presently illustrative enbodi nents are
di scussed in detail below It should be appreciated, however, that the
present invention provides nany applicable inventive concepts that can be
enbodied in a wide variety of specific contexts. The specific enbodi nents
di scussed are nerely illustrative of specific ways to nake and use the

2. 6. ar ©er oL BRI DR RO B A iR OGRS aciuring 1n

accordance with a first illustrative enbodi nent of the present invention.

The met hg@0idhcl udas making ane ko BE e A seSIPBhLERERe &QQOcﬁHﬁPA@ aleisEh Il & 22
|

The sem conduct or substrate 200 includes " shallow trenc sol ation anTI )

truct ur elstad®Rldw) 1 dd G . adi.acent . 1 h i
g on 20 The ST R e A S P B i el

Dot tom surt ace 20 Rt et BN OB i Huvollaf il WA ) o B SRsssThr con

bott om surface 207 of sili‘con di oxi

mat eri al i he divots 206. are sho in. an exaggerated scale.
0020 ATRETS Loy bt B el 1B Fesliea spestie Wovn i Supwu seatheur f ace
210 is cleaned b nitrjda%%on usi ng nitrogen gas (N2). However, other

met hods S?eEWghﬁﬁﬁﬁjWﬁ@ngh SPeiet &igring@dion210 i n preparation for the high
k thin | ayer deposition include the use of other nitrogen gases i ncluding

P00 (e 51 S ARSI ol T
;gga :E agg%&%&ﬁgt@% ﬁtggﬁgs; Zi?&gh’%\%} %r%lfsodgrg%ngr%if %h%%rc\al\s'iemnv%nﬁgnr?f renglétgodgirnglﬁgigsr than
the semiconductor substrate 200 shown in Figure 2a. The semiconductor substrate 200 includes
shallow trench isolation (STT) structures 202 in bulk p-type silicon 203, directly adjacent the
active region 204, The STI strL;ctures 202 have divots 206 directly adjacent corners 208 of the
active region 204. The divots 206 have steps 205 with a bottom surface 207 of silicon dioxide

and a top surface 209 of a silicon material. For clarity, the divots 206 are shown in an

exaggerated scale.

[6020] After the formation of the STI structure 202, the substrate surface 210 is cleaned by
nitridation using nitrogen gas (N2). However, other methods of cleaning the substrate surface
210 in preparation for the high k thin layer deposition include the use of other nitrogen gases

including nitrous oxide (N>O), nitric oxide (NO), and ammonia (NHas), for example.

[0021] A high k layer of hafnium oxide (HfO,) 212 with a dielectric constant greater than
about 8, is deposited with a conformity greater than about 75% by atomic layer chemical vapor
deposition (ALCVDY) over the substrate surface 210, as shown in Figure 2b. Details regarding
the ALCVD process may be found in a paper by Conley et al. entitled “Preliminary Investigation

of Hafnium Oxide Deposited via ALCVD,” Proc. IRW Final Report, pp.11-15, 2001, which is
-6~ ' '



deposition (ALCVD) over the substrate surface 210, as shown in Figure 2b.
Detdils regarding the ALCVD process may be found in a paper by Conley et
al. entitled "Prelimnary Investigation of Hafnium Oxi de Deposited via
ALCVD, " Proc. TRWFinal Report, pp. 11-15, 2001, which is -6 incorporated
herein by reference. In addition to deposition by ALCVD, other illustrative
enbodi nents include high k thin filmdeposition processes such as net al

organi ¢ .chem cal, . vapar depositian. D),...sub at her e .chem cal vapor
Qoo ¢ iBHeREyBy e REBER T ™ HrRSH Yoy DS TR O ERTOND)
Still other illustrative enbodi nents include rempte plasma enhanced

chemi calembpgBrengeipelefe high k (RPEMYEPPOSitR HPessssSEC ARt Areyp SReHEREPET on
(LPCVD), high density plasma chem cal vapor deposition (HDP CVD), and

vari ous dqehysiigaiMOGHPor sulepossiphére phgnEyd)vapeotspssisen (et ViR .mgd espip dicamabn
and sputtering. [00221 It should be noted that materials having a relative
per m tt icheticabvapdt édpesitivi (R BOVIB).afl] othk) iligstemive embbdimentsendinéd eatai¢ c
constant of silicon dioxide (k = 3.9) are coomonly referred to as high k

di el ect rf|gsnihBiicad ShentloWRM ST defbs@fonk ROEENED), [dve pigBdued dhatrScal Rapdrl depbdiaibh ve
enbodi ments of the present invention preferably have a dielectric constant

great er éibévm,g@g;; dérsitf gﬁ%ﬁl IR ENSapdieiALGYE dapp e omdesit Begiabove,

the Hf 02 gate ectr material is deposited over the substrate surface
with a cgnformt. er_than. ut % e miy of the gate
di el ect r'irR% Jsepﬂs %%?@ﬁ%?ﬁ"eﬁﬁ%‘%&éh“ &%%Ssﬂa@o%“ p félgértqﬁ >, tenperature and
gas flow, for exanple. Variations in these and ot her process conditions
may var y0042¢ confshbiiidtby nofed thee ng@tls having a relative permittivity or dielectric constant

(k) greater than the dielectric constant of silicon dioxide (k = 3.9) are commonly referred to as

high k dielectric materials. However, high k dielectric materials in illustrative embodiments of

the present invention preferably have a dielectric constant greater than about 8.

{0023] During the ALCVD deposition described above, the HfO; gate dielectric material is
deposited over the substrate‘surface with a conformity greater than about 75%. The conformity
of the gate dielectric is usually tuned through deposition pressure, temperature and gas flow, for
example. Variations in these and other process conditions may vary the conformity of the gate

dielectric.

[0024] A layer of polysilicon 214 is deposited over the hafnium oxide 212. Illustrative
embodiments of the present invention include forming anj material suitable for gate electrode
formation over the high k layer 212. Gate electrode materials in other illustrative embodiments
include platinum (Pt), tantalum nitride (TaN), titanium nitride (TiN), aluminum, and tungsten for

example.

[0025] A selective etch removes portions of the high k gate dielectric layer 212 and the

overlying gate electrode 214 layer. Figure 2d is a layout view the first illustrative embodiment
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dielectric. [0024] A layer of polysilicon 214 is deposited over the hafnium

oxide 212. Illustrative enbodinments of the present invention include
formng any material suitable for gate electrode formation over the high k
| ayer 212. CGate electrode materials in other illustrative enbodi ments

i nclude platinum (Pt), tantalumnitride (TaN), titaniumnitride (TiN),

al um num [ xanml e 0025] A selective etch renoves
portions O ?ﬁateéé%fggkeeﬁc g%?% lglig%rlrég@tsp? S f Gipatsestion offdgurpdd along ting/2ere. gBitee
el ectrod ar11i4m| a)%zgrl. Fi gi;gre 2d is a |Jayout viewthe first illustrative
embodi ment TR YR e s and gete glecErderlavsy b fopmpgate spask $A6wserahe transistor

cross-sec%li on 2f Fg%re 2d along |line 2e-2e. The hafnium oxide |ayer 212
and gat e GFE Fbbre Stosp@ientmanyfagivaing Yenseinsluding i@iGipianestioh e Exaaipdd, S a
channel 218. Subsequent manufacturing steps, including ion inplantation,
for exanplagsistopehy aFurthenmetadlizationdtsps fum ulsarSRyeviakl oZ ak KRANM LGRS forma 6T
SRAM cel | on an SRAM chi p. [0026] The 6T SRAM cell of the firs

i 11 ustraty enbogd] s gix transistors, all of which have a high k
gate di elt[g%t%l]i c. Oﬁg\@r\/}steR#ﬁi Cr?ﬁé’?ﬂ"@rf%ﬁ I’IH%I‘EE‘P&"? ?W&déﬁ%é}ﬁ%ﬁtﬁﬁl}m%@mwl!mﬂt i ons
of the sistors . in the 6T SRAM cell have high k gate dielectrics. For
exanpl e, %?%}hhafyegaah‘@ k ﬁzi‘t%ﬁl?gﬁrfcc Hrayeer 4t athpreiflusistive embatimens, oty gorigneef
transistgrs in . the 6T SRAMcell, or limted to the n-type transistors in
the 6T s%}mf’é’élsmrs [rob2oT St cplhheiedtigh k pats dictectrve. BRAMamele| high kighe fi r st
illustrative enbodi nent is preferably
dielectric materials may be limited to the p-type transistors in the 6T SRAM cell, or limited to

the n-type transistors in the 6T SRAM cell. -

[0027] The transistor 215 in the SRAM cell of the first illustrative embodiment is preferably
a metal oxide semiconductor field effect transistors (MOSFETs). Alternatively, the transistor
215 may be another type of transistot such as a strained channel transistor, for example. The

strained channel transistor may comprise silicon, carbon, germanium, and combinations thereof
Fl

for example.

[0028]  The substrate 203 of the first illustrative embodiment includes a bulk silicon
substrate. Substrates in other illustrative embodiments of the present invention further include
silicon on insulator (SOI) substfates, strained silicon on insulator (SSOI) substrates and strained
silicon over relaxed silicon germanium substrates. The relaxed silicon germanium may include a

graded silicon germanium layer, for exampl.e.

[0029] The dielectric material in the shallow trench isolation structures 202 in the transistor
215 is silicon dioxide (Si0,). In other illustrative embodiments of the present invention,
matetials used in the isolation structures of SRAM cells include silicon nitride (Si3Ny), silicon

oxynitride (SiON), boron nitride (BN), and silicon (8i), for example. In some illustrative
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a nmetal oxide sem conductor field effect transistors (MOSFETS).
Alternati'vely, the transistor 215 may be another type of transistor such
as a strained channel transistor, for exanple. The strained channel

transi stor may conprise silicon, carbon, germanium and conbi nations
thereof, for exanple. [0028] . The substrate 203 of the first illustrative
enbodi nent includes a bulk silicon substrate. Substrates in other
illustrative.embodiments of the present, invention further include. silicon
on | nsur aBFERRE S e e? lnelforl FRF ALY eF R RERHDT abBF rpGaE
substrates and .strained silicon over re]axed silicaon qernaniun1substrates.
The rel a%EHSEY§OA5RD GFEVGHY R YRR fray 4 Ineal Gywation ‘@frséld?é’ﬂ 189l¢ ioé?éﬁ'”géferréﬁioﬂ‘rﬁr

| ayer, for exanple. [0029] The dielectric material in the shallow trench

i sol at i ofmeadiments tlsshiglok materiahis the padsixédecand usadsasiaslingr i heHowitsrelisolagpar) |
In other illustrative enbodi nents of the present invention, materials used
in the isokatésodn still etbenamdedoienBRAN isehtic matedialdefosinkd othe nicesseslel h&Ea3N4) |
silicon oxynitride (SiON), boron nitride (BN), and silicon (Si), for

exanpl e.ispiatigosmctukdsustrati ve -8 enbodi nents of the present invention, the
high k gate dielectric material is also a part of the transistor isolation
structure. such as in a local oxidation of silicon isolation structure. In

ot her Bl nentieps 20hdighlighterd birgoieq Hpesiig Fignee Ipaarednithpedineld 206 ettbg ST
liner in shallow trench isolation structures. In still other enbodinents,
t he i solsiucwresPi el hasteps0f eranfistnehintahetehdngweess oflatpdahe STHmManifacturing
structures. '
process. In other illustrative embodiments of the present invention, steps in the substrate may be
formed by a selective etch. The selective etch may further comprise a masking step, however,
the invention is not so limited. The selective etch may be isotropic or anisotropic. If the
selective etch is an anisotropic etch, it may be any type of dry etch. If the selective etch is an
isotropic etch, it may be a chemical dry etch or a wet etch. A selective wet etch used to form a
step In an illustrative embodiment of the present invention may comprise an etchant with a etch
rate (ER) that etches faster on selected regions, e.g., isolation regions. The etchant may comprise
hydrofluoric acid (HF), phosphoric acid (H3PO4), or combinations thereof, for example. Other

embodiments of the present invention require a backside clean step after the wet etch step.

However, the backside clean step is not required for the manufacturing of all embodiments.

{0031] The steps 205 in the divots 206 have a bottom surface of silicon dioxide and a top
surface of silicon. The illustrative embodiments shown in Figures 3a-3f and described below use
various types of steps with various top surfaces, bottom surfaces, and overlying high k gate

dielectric layers.

[0032] The illustrative embodiment in Figure 3a shows a step 220 formed, for example, at
an STI boundary of an SOI transistor with mesa isolation. The step 220 has a vertical distance

9.



[ 0030] Steps 205, highlighted by dotted lines in Figure 2e, are in the
divots 206 of the STI structures 202. The steps 205 are forned in an
etching process related to the STI manufacturing process. |In other
illustrative enbodi ments of the present invention, steps in the substrate
may be forned by a selective etch. The selective etch may further conprise

a maskingys howeve t he vention i,g not sgo limted. The selective
etch nayq%végfgeot%e %r}gl)\?% u{)% toaéf’ﬁc’%% FSEEronts flﬁé‘)p SBfaee 2334 the Hep issiligan 224

ani sotropi ¢ .etch, it be any type of dry etch. If the selective etch is
an isot PB%FIF boftom supfac Qféh"as"%z?rﬂ ig silicen gxide &8. ok layenmdthatiwrh oxide (HO,)
sel ectivg w&tgt etch used to forma step in an illustrative enbodi nent of
the presént [HFARIVPIGHC pal havmgien ewverge ateetrtitanaboti 758%et ch  rate (ER) that
etches faster on selected regions, e.g., isolation regions. The etchant may

conpri se r of ' o ) r.C.acid ,._0or caonbi nati ons
t hereof , [{%dg?ﬂexagg?g%%&gtﬁ}g%rmga%%ﬁﬂrrleolﬁlg{sl]l%g’fb Spes E)Fté%l_‘gﬁl’o %%rr%%‘ﬂ?lf’fdﬁ pgdlire a
backsi de t the wet. etch ste ver, the backsi de clean
step is ﬁg)t"‘??fe]aqﬁ.fr%g‘éﬁcﬁ?eﬁ Fﬁ%”%%nh?‘&é%??%&ﬁwegﬁﬁe evslE 4Péof au inspleing  The
steps 205 'tn. E)?ﬁie}sdidvots .206 have a .bottom surface of silicon dioxide and a
top sur FPEEERLE43 B FRrICONUCtp matetial £38y d he tapourfaend3é of Hewkepi232 i glivoes
3a-3f angd_descri bed bel ow use various types of steps with various top
sur f aces23hot 10RP SWifacacas is wardcadly sepapatedy(Ihi)yfork tipetocomdiiefhe 0 iby ab@y 206 .
[0032] The illustrative enbodinment in Figure 3a shows a step 220 forned,
for exanpigstroms. ThnbSTm buoihwd 84§ obthe atep € istsilésagiosiden4ni The HIESR IdysQdrat i on.
The step 220 has a vertical distance -9

hafhium oxide 244 is more than 75% conformal to the step 232.

[0034] Figure 3c shows a step 248, for example, in a 1T SRAM cell transistor. The top
surface 250 of the step 248 is silicon oxide 252 and the bottom surface 254 of the step 248 is
silicon 256. The step height Dys is about between 5 to 100 angstroms. Hafniam oxide 258

formed over the step 248, is more than 75% conformal to the step 248.

| [0035] In Figure 3d, the boundary 262 between the active region 264 and the shallow trench
isolation (STI) region 266, of an SRAM cell transistor for example, has a step 268. The bottom
surface 270 of the step is the surface of the active region 264 comprising a compound of silicon,
carbon and germanium. The top surface 274 of the step 268 is the top surface of the STI region
266 comprising silicon dioxide. The step height D4 is about 400 angstroms. A high k gate
dielectric layer of hafhium oxide 280 formed over the step 268 has step coverage greater than

about 75%.

[0036] In figure 3e, a gate dielectric material of hafnium oxynitride 282 is formed over a
step 284 with a conformity greater than about 75% and in an isolation region 286 of a 6T SRAM

cell. The top surface 288 and the bottom surface 290 of the step 284 is silicon oxide 286. The
-10-



D, 1 of between about 5 to about 500 angstroms. The top surface 222 of the
step is silicon 224 and the bottom surface 226 of the step 220 is silicon
oxi de 228. A layer of hafnium oxide (H 02) 230 formed over the step has a
step coverage greater than about 75% [0033] The illustrative enbodi ment in
Figure 3b shows a step 232, for exanple, in an STI divot of a 6T SRAM cel
transistor. The step 232 includes the boundary 234 of an insulating

materi al 242 .an sem conduyct or nat er | al 8. Jhe top surface 236 of,the
Srep 232 P TR REE KA AERATHENBl PR R Phil B Sne 0 B G REE RSt
(D,,2) fromthe hottom surface 240 by ab 200 angstrons. The bottom

surf ace é‘lﬂfte@fzsﬁﬁé%ﬁ“&éﬁﬁ 95 (GRs2 'W?baﬁma%ghéur gps ¢ lw?é’;%epsmrw ecgpe

haf ni um oxi de 244 is nore than 75% conformal to the step 232. [00341 Figure
3c showsmalesalelpveenes, iif efherexheginesnts having arstgRaMncedlptionragisndhetop apddotiom
surface 250 of the step 248 is silicon oxide 252 and the bottom surface 254

of the sitgp4&ongrissdiffecondi2Béuic Tersiep hei ght D,,3 is about between 5 to
100 angstrons. Hafnium oxide 258 forned over the step 248, is nore than

75% conf | to the st ++,0035] In Fiqure 3d, the bound . 262
ot ween DR Tact PboFagpERE B8R AM 6ol Rensihaish i £ Eisirs 2 Raot AeD ant 0¥
region 266, of an SRAMcel]| transistor for exanple, has a step 268. The
bott om Vs igeien276- dhe sipr24 gs 4tap sHECE 4P P akbtort sisfage eP9 af thegrvp 264
conprising a conmpound of silicon, carbon and germanium The top surface
274 of thetesalephe8® sufaceR98 mog beiterh serdace 300 loé the Flepr2@diapractiz g e giompriaseng
silicon dioxide. The step height D, ,4 is about 400 angstrons. A high k gate
di el ect riomprisipgtiliobn bed. iharnowxirthes 289 hdsor vaziilcad distanthB . Sstfepo 26RO s gStozps
coverage greater than
from the bottom surface 300. A high k gate dielectric layer of hafnium silicate 302 formed over -
the step 294 by atomic layer deposition (ALD) has a dielectric constant greater than about 8. In
other illustrative embodiments having steps with top and bottom surfaces in an active region, the

top and bottom steps are different materials.

[0038] The illustrative embodiments described above have several advantages. The high k
dielectric material (k > 8) enables better control of the STI corner current leakage in SRAM cell
transistors, providing lower standby current and lower power consomption. By providing a gate
dielectric with a dielectric constant greater than 8, a thicker gate dielectric may be used in SRAM
cel] transistors while maintaining the required capacitance between the gate electrode and the
underlying transistor channel. A thick layer of high k material minimizes the tunneling current

and the out-diffusion of ion implanted dopants from the gate.

[0039] Steps in illustrative embodiments of the present invention have various step heights.
Steps that have a vertical distance less than about 400 angétroms, have a top surface of insulating
material and a bottom surface of semiconductor material. Other illustrative embodiments of the
present invention include steps with a top surface of semiconductor material and a bottom

-11-



about 75% [0036] In figure 3e, a gate dielectric material of hafnium
oxynitride 282 is fornmed over a step 284 with a conformty greater than
about 75% and in an isolation region 286 of a 6T SRAM cell. The top
surface 288 and the bottom surface 290 of the step 284 is silicon oxide
286. The -10 top surface 288 has a vertical distance D, .; of about 400

angstrons he bottom syrface 290. The step 284 in Figure 3e has top
288 and bsé"%{agég‘“&z‘ﬁﬁu@tﬂgr‘a%%ﬁcﬁa%‘fcihﬁf&’@d%f%ﬁﬁé%aihé1gé@s preferabiyifass than about
homever,oiﬂr& ot her enbodi nents having a step in an isolation region, the top
and bott ST Sa/ RS oWt § ¥etigr diganentestiihen 69 pigstroras prefeadtdy hdve @3 anfl
portion of a 6T SRAM cel|l transistor shown in Figure if has a step 294 in
an act i \AePIteg Britapo et digiseiris meaterEd4Stepswith b ogp @udraf lmeem20Facnst shelch @iktor
surface 300 of the same material. The top surface 298 and bottom surface
300 of t meatetialhaped verticalditinee lase tianmbau ST &gsgornr i Si ng silicon 296. The
top surface 298 has a vertical distance D,,6 of about 5000 angstrons from

t he bott rfa 00. A high k gate dielectric |ayer of hafniumsilicate
302 for rrgga‘@@er %ﬁH%rale%gn IS glcﬁ}}ﬁegug gate disfssicmagiaisih)prefersbla

dielectric cons#ﬁﬁnt greater than about S. In other illustrative
enbodi mefPLPHER MHEUET MYLIgPRIHm: Bi5Iudineg 2isprism exide; hafalom oxyaitrids bid/iefiiagi on,
the top and bottomsteps are different materials. [0038] The illustrative

enbodi neftlisaigee extaricabve lvatreti weshod meutviachdesisminiheotigAnk an@glect r i ¢
material (k > 8) enables better control of the STI corner current |eakage
i n SRAM @#ide, for example. Illustrative embodiments include the use of combinations of the above
mentioned gate dielectric materials, including multi-layered heterogeneous gate dielectrics and
gate dielectric alloys comprising zirconium, hafnium, oxygen, nitrogen, lanthanum, and
aluminum, for example. Illustrative embodiments of the present invention also include multi-

layer gate dielectrics comprising high k dielectric layers and dielectric layers having a dielectric

contstant [ower than about 8.

[0041] Although the present invention and its advantages have been described in detail, it
should be understood that various changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as defined by the appended claims.
As another example, it will be readily understood by those skilled in the art that an SRAM cell
may be varied while remaining within the scope of the present invention. Furthermore, the
structure and method of manufacturing a high k dielectric material with a peérmittivity higher
than about 8 may be embodied in any semiconductor dévice and is not limited to steps in a 6T

SRAM cell.

[0042] Moreover, the scope of the present application is not intended to be limited to the
particular embodiments of the process, machine, manufacture, composition of matter, means,
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transi stors, providing |ower standby current and | ower power consunption.
By providing a gate dielectric with a dielectric constant greater than 8,
a thicker gate dielectric may be used in SRAM cell transistors while
mai nt ai ni ng the required capacitance between the gate el ectrode and the
underlying transistor channel. A thick |ayer of high k material mnimzes
the tunneling current and the out-diffusion of ion inplanted dopants from
oo o ping oIR8 B ERa i IdIREA LB AR Bl Qi BE BRI LML | 07
ep neights. eps a

n
have vari ous™s at have a verti di stance | ess than
about 400 angstrong, have a surface of insulating,.materi and a

Dot t om SUPRARE G Disieintract B et apoparer BeeviR GBvBkeld vonts o
the present invention include steps with a top surface of sem conduyctor
mat er i al CORPESIHOMGY 1ANEL, MEaRS, FFCHAEs oI S1eRS RS8O fﬂt?r tp ge g‘a oped,

enbodi ments, the step height is preferably |ess than about 200 angstrons.
St eps wi thit parfors substahtialiysheasioe fupgipntdiaphisGoubsigtally e gmefrerdisyhhave a
top and a bottom surface of dielectric material. Steps with a top and a
bot t om swrkgoadiaf embmdimensddedcabed hatiamizal behaieedhaozerdin gialthelprssean owehiags

t han about 5000 angstronms. [0040] Illustrative enbodi nents include high k

gate di eh@eldiddy, R Spbilcs clahad aRrigkedeahd nchelonpthis tiehatdpeuntiapdeaiseoni um
i ncl udi ng zi rconi um oxi de, hafnium oxynitride, and hafnium silicate, for
exanpl €., ket Sk athHS, AU HBRALS njoasd Heoak Wikkpm oxi de, and
Ianthandﬁ%koxéggf ?%r éxanERe. Iﬁ#ustrétfve enbéﬁinentg i nclude the use of
conbi nati ons of the above nentioned gate dielectric materials, including
mul ti-layered heterogeneous gate dielectrics and
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gate dielectric alloys conprising zirconium hafnium oxygen, nitrogen,

| ant hanum and alum num for exanple. Illustrative enbodi nents of the
present invention also include nulti- |ayer gate dielectrics conprising
high k dielectric layers and dielectric |ayers having a dielectric
constant | ower than about 8. [0041] Although the present invention and its
advant ages have been described in detail, it should be understood that
vari ous cWahgess Ceulsieitgti ons and alterations can be nade herein wthout
departing fromthe spirit and scope of the invention as defined by the
appended claing. As another exanple, it wll be readily understood by

t hose skil‘l ed 4 serpisendyetor dpeice eomsiRigt cel | nmay be varied while remaining
wi thin the scope of the present invention. Furthernore, the structure and
met hod of mandfbsttatd;ng a high k dielectric material with a permttivity
hi gher than about 8 may be enbodied in any sem conductor device and is not
linited to ste@psciive mgi6h in SiRAMbate| the LOGAIL o : i of .Lhe
present application is not intendeg to be |%E??ggﬁ?%nﬁi%ﬁuﬁggﬁﬁgup%?nﬁ,

embodi ment s ofan tidegutidh QELESin tHBGINRS A ition.of matter,
means, -12 methods anggsteps descr%gg%'in t %ﬁgﬁgﬁgﬁﬁﬁgf?%ﬁqu%mbne of

or di nary igkiiatihg bhtdE RS Secioh L‘ésgicysn?a%giiéoYatioﬁQggriﬁxgﬁ%ﬁ@{%ﬂ%&géeﬂ%&%éﬁs}%ﬁ%éng;

t he present invention, processe nmachines,
matter, ns, nethods, or steps, presently existing or later to be
devel oped, that perform substantially the sanme function or achieve

substantially tdh? same reslty t as the
a dieleclric material formed over the step, the dielectric material having a dielectric

constant greater than about 8.

2. The semiconductor device of claim 1 wherein the dielectric material is formed over the

step with a conformity of greater than about 75%.

3. The semiconductor device of claim | wherein the step is intermediate the active region

and the isolation region.

4, The semiconductor device of claim T wherein a top surface of the step is the active region

and a bottom surface of the step is the isolation region.

5. The semiconductor device of claim 4 wherein the top surface and the bottom surface have

a vertical separation in the range of about 5 angstroms to about 500 angstrorné.

6. The semiconductor device of claim 4 wherein the top surface and the bottom surface have

a vertical separation less than about 600 angstroms.
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correspondi ng enbodi nents described herein may be utilized according to the
present invention. Accordingly, the appended clains are intended to
include within their scope such processes, nachines, manufacture,

conpositions of matter, neans, nethods, or steps. WHAT IS CLAIMED IS: | . A
sem conductor device conprising: a substrate; an active region in the
substrate, the active region conprising a sem conductor material; an

compr i Si g an! M EHRER ﬁé”ﬂ%&icé? B hERED] LSRRI 0 B8 A Egpng o,

formng a surfg E haV|ng ? ep. therein; and a dlelectrlc material fornmed
over t heeg@@nd aRatiel sprdace of theisiepds (g2 /CRg a diel ectric constant

greater than about 8. 2. The sem conductor device of claiml|l wherein the
dielectric material is formed over the step with a conformity of greater

than abogt 75%e @mickR8us@H:0RRdPELRN 7 9@ icaethetotduaiate dndWhe beitdn khigacelieRei S
internmediate the active region and the isolation region. 4. The

e CONAYGLALI el £t Of i LAl Bk MPSE) Do EOPatMiidage of the step is the

active region a bottomsurface of the step Is the isolation region. 5.
The sem conductor device of claim4 wherein the top surface and the bottom

surface have )
9. The semiconductor device of claim 1 wherein a top surface of the step and a bottom

surface of the step are in the active region.

10.  The semiconductor device of claim 1 wherein the active region comprises a material
selected from the group consisting essentially of silicon (S1), germanium (Ge), carbon (C), and

combinations thereof.

11. The semiconductor device of claim 9 wherein the'top surface and the bottom surface have

a vertical separation in the range of about 5 to about 5000 angstroms.

12.  The semiconductor device of claim 1 wherein a top surface and a bottom surface are in

the isolation region.

13.  The semiconductor device of claim 12 wherein the top surface of the step and the bottom

surface of the step have a vertical separation in the range of about 5 to about 600 angstroms.

14.  The semiconductor device of claim 1 wherein the isolation region comprises a material
selected from the group consisting essentially of silicon oxide, silicon nitride, silicon oxynitride,

boron nitride, and combinations thereof.
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a vertical separation in the range of about 5 angstrons to about 500
angstronms. 6. The semiconductor device of claim4 wherein the top surface
and the bottom surface have a vertical separation |ess than about 600
angstroms. -14 7. The sem conductor device of claiml wherein a top surface
of the step is the insulating region and a bottom surface of the step is

the activg,regivenf | uctor device.of claim7 wherein the top
surface and the bgtt%%a-@ﬁ?r?%glecgﬁgg%mé?\%ﬁeﬂ% 108 S8 Brromprisssa shaltnge of

about 5t - ngstrons. 9. The sem conductor device of claiml

S el t? .
wherein a top Sur ggté@%\gfet he step and a bottom surface of the step are in
the active region. 10. The sem conductor device of claiml1l wherein the
active region conprises a material selected fromthe group consisting

essenti allby ofThsistincondycSir)devige bNEMIDIWLER)N the BleReMic(herisf | pations
thereof. 11. The sem conductor device of claim?9 vvnlgr eienrlat Egeite%%[@a?lﬁg%e

and the lgotupormnsisn fEefaliaMenaI@] kit SERALALI Bﬁdéﬁfm}gﬁ%”ﬁ%er%xﬁfe about 5

to about 5000 angstrons. 12. The sem conduétor device o P8 a

top surf ageignl, ﬁ‘afﬁﬁhltQmﬁ?&%ﬁ@g%n%ﬁioir@tﬁepﬁfi solation region. 13. The

sem conductor device of claim erern € top surface of the step and

the bottom surface of the step have a vertical separation in the range of
about 5 to about 600 angstrons.
17. The semiconductor device of claim 1 wherein the subsirate is selected from the group

conststing of silicon on insulator substrate, strained silicon on insulator substrate, relaxed silicon

germanium substrate, and combinations thereof,

18.  The semiconductor device of claim 1 wherein the dielectric material ovetlies a portion of

the active region to form a transistor gate dielectric.
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14. The semi conductor device of claim| wherein the isolation region
conprises a material selected fromthe group consisting essentially of
silicon oxide, silicon nitride, silicon oxynitride, boron nitride, and
conbi nations thereof. -15 15. The sem conductor device of claim1l wherein
the isolation region conprises a shallow trench isolation structure. 16.
The sem conductor device of claim1l wherein the dielectric material is

sel ected;fro gl sting of al um num oxi de, hafni um oxi de,
2|rcon|ué{oxp%gE§Pr {ﬂanuﬁggﬂk hafnlun1 oxynitride, hafniumsilicate,

and conblnatlonstthereo ﬁ S co(g ctor geV|ce of claim1l wherein
t he subst rat "% SdFEl %i’“ﬂ% 5%6?3 g"GY 86 THY of silicon on

i nsul ator substrate, strained S|I|con on |nsulator substrate, relaxed
silicon ger fAASAAIOE Gesad acizoentihe aCtBF5PHER ons t hereof . 18. The

sem conductor device of claim|_ wherein the dielectric nmaterial overlies a
portion of taheuadery wegiondgy g atlegsisnpaihg horadasy saskm igpeediatathecactiveregiagn A
menory cell conprising: an active region having at | east one transistor
formed tdnértle inglaticuregismlaati on regi on adj acent the active region; a boundary
region having a first step, the boundary region internedi ate the active
region and tahetd d@batic Ofedddgl OWr tlanist step, the gate dielectric comprising a material

with a dielectric constant above about 8.
20.  The memory cell of claim 18 wherein the memory cell comprises an SRAM cell.

21.  The memory cell of claim 20 wherein the first step has a step height less than about 600

angstroms.

22.  The memory cell of claim 20 wherein the active region comprises a material selected

from the group consisting of silicon, germanium, carbon, and combinations thereof.

23, The memory cell of claim 20 wherein the isolation region comprises a material selected
from the group consisting of silicon nitride, silicon oxide, silicon oxynitride, and combinations

thereof.

24, The memory cell of claim 20 wherein the isolation region comprises an isolation
structure selected from the group consisting of shallow trench isolation structure, mesa isolation

structure, local oxidation of silicon structure, and combinations thereof.
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a gate dielectric extending over the first step, the gate dielectric
conprising a material wth a dielectric constant above about 8. 20. The
menory cell of claim 18 wherein the nmenory cell conprises an SRAM cel | . 21.
The nenory cell of claim20 wherein the first step has a step height |ess
t han about 600 angstrons. 22. The menory cell of claim 20 wherein the

active regd on BoMMLLSES. hal . selected. fromthe group consisting of
silicon, germani um @gr Sgﬁmgﬁjb@%}%ﬁew&ﬁ??j YL fEp b itherogmprises apesand ptepel |

of clai m0 i he i sol ation region conprises a material selected
from the §r %‘%’Sﬁ% Sk Péslgli%nhﬁvglig Adefeht 5 thek F‘?%‘ggo%q MigstEmnsoRIddbe g8t Hiekotmic
oxynitri and conbi nations  thereof. 24. The nenory cell of claim 20
wher ei n &ﬁrem?d;%weéﬁle%corngﬁf%ﬁ"‘ﬂ"(ﬁﬁﬂnif@é’étwﬁ()?@sfthoat?i?/h structure sel ected
fromthe group consisting of shallow trench isolation structure, mesa
isolation structure, |local oxidation of silicon structure, and

combi nat i26ns  tIhe mediory cdll o 23aimewhBER e S6LE biLAQ. wherein th
active region further conprises a seconde steé?tp;egﬁ)&é%g@késﬁaag?%d ﬁt@:dﬁ’{
havi ng a sheinglleplHasis g b @l ARau, Lk and the gate dielectric
formed over the second s{éep Wi t?]rp%%ggﬁtﬂg% S?@%@B@/g‘e%@@?&f’g‘%%%d oMige
menory celd se0f j in.the is ion region conprises a second
step, the Sgecnﬁ%ﬁs%%gﬁ%%kﬂ;amg?6?1({“?}7%%’3 t han about 600 angstrons, and
the gate dielectric formed over

27.  The memory cell of claim 20 wherein the gate dielectric covers the first step with a

conformity above about 75%.
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the second step with a confornity above about 75% 27. The nenory cell of
claim 20 wherein the gate dielectric covers the first step with a
conformty above about 75% 28. A nenory cell conprising: a first n-type
transi stor having a source connected to a first bit line, having a drain
connected to a first node, and having a gate connected to a word line; a
second n-type transistor having a source connected to a second bit I|ine,
having a, ra'ﬂdnﬁﬂﬂp%gﬁﬁﬂm5% .second node, and having a gate connected to
t he word™T'i ne; J t'ype transi stor having a source connected to a
grounded wre ng .a_dr.ai con f d ving a
gate connect efa ﬁ{sg -t){f‘o% tEARSIQr dﬁ'zrl,lva)t Eour#e c%nb%ctédqg ﬂergttﬁatlgtéi;]hgi P;T‘E%Vér?&q%grtvlﬁxng g
source connect the graounded wire, havin r connected to the
second nﬂﬂ@edﬁﬁ Vﬁ&eémgi@%mééﬁﬁﬁﬁfﬂaa?%“gﬁé” ?fg? node; a first p-type
transi stor having a source connected to a volta e suppl havi ng a
connected to & PEOREEHIRG RBHEOT BAYINEMRAUKE ANBrEdC & Srrae %E-fdmteohac"ﬁb X grlag’c
node; a second p-type transistor having a source connected to the voltage
suppl y, bankctgd o gmtend rodamedthedng o gelssohigcyyd tndevordhidiehavi ng a drain
connected to the second node; and wherein at |east one of the transistors
has a gate di glig@tn-iype uelstorihaging astepe connectdd wod groiunteavpios ddvingtwesn an
active region of the transistor and an isolation region adjacent the

transi st ot @Gk Mahe 88t Able, LIEh 931 ghetRBEHELIARITICHS Adied Material with a
di el ectric constant
a fourth n-type transistor having a source connected to the grounded wire, having a drain
connected to the second nede, and having a gate connected to the first node;
a first p-type transistor having a source connected to a voltage supply, having a gate
connected to the second node, and having a drain connected to the first node;
a second p-type transistor having a source connected to the voltage supply, having a gate
connected to the first node, and having a drain connected to the second node; and
wherein at least one of the transistors has a gate dielecfcric overlying a step in a divot
interposed betv.veen an active region of the transistor and an isolation region adjacent the
transistor active region, thé gate dielectric comprising a material with a dielectric constant

greater than about 8, the gate dielectric conforming to the step with a conformity above about

75%.
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greater than about 8, the gate dielectric conformng to the step with a
conformty above about 75% 29. A nethod of forming an SRAM cel |,
conprising the steps of., formng an isolation region in a substrate, the
i solation region surrounding an active region; over-filling the isolation
region with a dielectric material; renmoving sonme of the dielectric

mat eri al ,24, he £ ei8wd ] ivot .in,' the remaining dielectric
material, the divot %ﬁ%ﬁ@%%ﬁ@“&??s’rg‘!’srf‘%fbs,m%‘il?ssfFPSr%ﬁ step having a first

top surface Aol F ; m surface: formng a transistor in the active
region, the trafgﬁ??gtagr@?aﬁ@%écﬁ%nngmﬁ S&E? Biteyihs islptiqndegipmsurronndiap dis agsiver and
at | east I.Q@Entl.i ally fills the divot, the gate dielectric having a relative
permttivity greater than about 8; fornmng a gate el ectrode over the gate
dielectric; and {.ﬁ.rrri ng a} silicide in the gate el ectrode. 30. The nethod
of claim 29 wrEFai Nng s 187 piio rggion svithey didleestic fratamiat;he gr oup consi sting of
cobalt silicide, nickel silicide, platinumsilicide, titaniumsilicide,

erbi um si | i ci d¥ROURGSROAhpdielcois mateiabahe Eoviietdprbhags fivel &l 29
wherein the dielectric material is selected fromthe group consisting of

al uni nunF¥Raidag dirddotriiwumetexialdthe divot canpristh O FiEke steh, A MNP %1 3% ﬁeratE,pni um

surface and a first bottom surface;

forming a transistor in the active region, the transistor including a gate dielectric that
extends over and at least partially fills the divot, the gate dielectric having a relative permittivity
greater than about §;

forming a gate electrode over the gate dielectric; and

forming a silicide in the gate electrode.

30.  The method of claim 29 wherein the silicide is selected from the group consisting of
cobalt silicide, nickel silicide, platinum silicide, titanium silicide, erbium silicide, and

combinations thereof.

31. The method of claim 29 wherein the dielectric material is selected from the group
consisting of aluminum oxide, hafhium oxide, zirconium oxjde, lanthanum oxide, hafnhium

oxynitride, hafhium silicate, and combinations thereof.

32, The method of claim 29, further comprising the step of forming the gate dielectric over a

second step in the isolation region.
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oxynitride, hafniumsilicate, and conbinations thereof. 32. The nethod of
claim 29, further conprising the step of formng the gate dielectric over a
second step in the isolation region. -20 33. The nethod of claim 32 wherein
a second top surface and a second bottom surface of the second step
conprise materials selected fromthe group consisting of silicon, silicon
oxide, silicon nitride, silicon oxynitride and conbi nati ons thereof. 34.

cur  ace Snd (HE BOGIHCEU PACReT< pacent i BRbat Cun Ang e by oge B

met hod of claim?29, further conprising the step, of formng the gate

di el ect reeong sy %IWE%ﬁﬁeléQléEPI?%eq ﬁ@mglaq Froep P@&F%‘Hg obglicophgligen frdede.of cl ai m
35 wherein the second step conprises a second top surface and a second

bot t om silidoairide, ldicseoxymdritamnd gphhietiensdherhef. second bot t om sur f ace
conprising materials selected fromthe group consisting of silicon,

carbon, germanium and conbi nations thereof. 37. The nethod of clain136

wh 4,he ¢ d- '

of 1 ess Than SRsTaEeRAg: QQB’%%#EW%éﬁﬁuQ?ﬂﬁwéﬁnatﬁ%‘f’fé%ée?%ﬁ&ﬁ% he'
top surface an% the]b H om S ?66 ave a vertical separation of |ess than
about 66@ R glf? ess than abou angs TOMS.

35.  The method of claim 29, further comprising the step of forming the gate dielectric over a

second step in the active region.

36.  The method of claim 35 wherein the second step comprises a second top surface and a
second bottom surface, the second top surface and the second bottom surface comprising
materials selected from the group consisting of silicon, carbon, germanium, and combinations

thereof,

37.  The method of claim 36 wherein the top surface and the bottom surface have a vertical

separation of less than about 600 angstroms.

38.  The method of claim 29 wherein the top surface and the bottom surface have a vertical

separation of less than about 600 angstroms.

39.  The method of claim 29 wherein the top surface and the bottom surface have a vertical

separation of less than about 400 angstroms.

40.  The method of claim 29 wherein the isolation region confines the active region.
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39. The nethod of claim29 wherein thé top surface and the bottom surface
have a vertical separation of |ess than about 400 angstrons. 40. The net hod
of claim 29 wherein the isolation region confines the active region. -21
41. The nethod of claim 29 wherein the isolation region conprises a
material selected from the group consisting of silicon oxide, silicon
nitride, $ilicpp QX%PLLFd conpi nat j.ons thereof 42. The nethod of
claim29 wherein the dlléf(:)‘#%ﬁ %%Qg%raxingﬁe ﬁ%lg{l%relg%‘lCQFIPB?Fsé‘tW%@t%P%e%@Iféfm‘led
fromthe L.sting.of shallow trench isolation structure, nmesa

i sol at i onﬂégﬁlgﬁ g{r}%%tﬁﬁgggg’lhco%%“ St S9N SFtrIdss s7licgn oxynditids)and sembinktines thereof,
structure, and conbinations thereof. 43. The nethod of claim 29 wherein the
gate di elréctri']%tei s formed by a deposition process selected froma |ist
consi st i rfg- of THreonsthod @fptrimdspelsaréin @i isdlBYS ©alon ALY | &lgn@cg\%t EQR 1 cal
vapor deposition, and combinations thereof. 4%. The &%tho 3% g#ﬁ?%?%g]
wher ei n tihen tetdriod) @hsiefendeahlloaRekchd e/t @B ukeS mS &l ig(ﬁ%lt?oql tr{u{:}tjgggcﬁcglrnour)

consi sting of netal organic chenical vapor depositfion, pulse

MOCVD,  roxpiadiof bESiN®n (Q@@@S@%o[é‘c%@&u&ﬁﬁ?%& &.o?nrljé?a{ti\ggsgt gregéas ma enhanced

chem cal vapor deposition, °“low pressure’chemc posi tion, high
density plasma chem cal vapor deposition, and conbinations thereof. 45.
The met hod of _claim 29 wherein the gate dielectric has a conformty to an
under | yi ﬁg supg freghagfof gleisn 28 rwhebeam thatgatetdidBéiic is formed by a deposition process

selected from a list consisting of atomic layer deposition, physical vapor deposition, chemical

vapor deposition, and combinations thereof,

44.  The method of claim 43 wherein the method of chemical vapor deposition is selected

from a group consisting of metalorganic chemical vapor deposition, pulsed injection MOCVD
H

rapid thermal chemical vapor deposition, remote plasma enhanced chemical vapor deposition,

low pressure chemical vapor deposition, high density plasma chemical vapor deposition, and

combinations thereof.

45.  The method of claim 29 wherein the gate dielectric has a conformity to an underlying

surface of greater than about 75%.
46.  The method of claim 29 wherein the steps are formed by selective etch.

47.  The method of claim 46 wherein the selective etch is selected from the group consisting

of isotropic etch and anisotropic etch.

48.  The method of claim 47 wherein the selective etch is an isotropic wet etch.
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46. The nmethod of claim 29 wherein the steps are fornmed by selective etch.
47. The nethod of claim46 wherein the selective etch is selected fromthe
group consisting of isotropic etch and anisotropic etch. 48. The method of
claim47 wherein the selective etch is an isotropic wet etch. -22 49. The
met hod of claim48 wherein the selective isotropic wet etch includes an
etchant with a faster etch rate on selected regions. 50. The nethod of

cl ai m 49 gnherg ey SLEHARE vHRRLRIHR Se%VQlditepid WerdtdhdnQfiddha SRtk With
aci d. Sf?'Thg%h@%hgﬁ of ¢ a?&|49 mhergin fhe g@lected regions are isolation

regi ons. . e th of claim47 wherein the selective etch is an
isotropf%ééﬁé%gggﬁﬁjﬁ§gﬁ %FﬁJO 3. The nethod of claim47 wherein the

selective etch is an anisotropic dry etch. 54. The nethod of claim46
wherein the selective etch further conprises a masking step. 55. The net hod
of cl ai (29 WiheneitimdtdielagmBs twhatedn fharetdhent contaprsihydwilaonmacd puphaspheret ed
from the group consisting of silicon (Si), germanium (Ge), carbon (C, and
conbi natdepns thereof. 56. The nethod of claim 29 wherein the substrate is
selected fromthe group consisting of silicon-on-insulator substrate,
strained silicon-on-insulator substrate, strained silicon on rel axed

silicon ernaniun1(SiGE?‘substrate and conbi nations thereof.
. The method of claim 49 wherein the selected regions are isolation regions.

52.  The method of claim 47 wherein the selective etch is an isotropic chemical dry etch.
53.  The method of claim 47 wherein the selective etch is an anisotropic dry etch.
54.  The method of claim 46 wherein the selective etch further comprises a masking step.

55.  The method of claim 29 wherein the substrate further comprises a material selected from

the group consisting of silicon (Si), germanium (Ge), carbon (C), and combinations thereof.

56, The method of claim 29 wherein the substrate is selected from the group consisting of
silicon-on-insulator substrate, strained silicon-on-insulator substrate, strained silicon on relaxed

silicon germanium (SiGe) substrate, and combinations thereof.
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