SRAM bel I 'and Met hods of Fabrication [0001] This application clains the
benefit of U S. Provisional Application No. 60.100,426, filed on Septenber

5, 2003; entitled "Novel SRAM Cell and Methods of Fabri raTaly gch
application is hereby incorporated herein by refer ence.‘mmmm | ELD
[ 0002] The present invention relates generally to sem conductor devices,
and nmore particularly to a static random access nenory (SREf¥%cel|l and
nmet hods of fabrication. BACKGROUND [0003] El ectronic devices including

mobi | e and portabl e devb8esVE (gl asdddicthpdonédabrpetsonal digital
assistants (PDA), digital caneras, and conbi nations thereof, require static
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imi| he 6T SRA L1100, shown, j n Fi la. Qther types of SRAM
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SRAM cel | s, for exanple. Shallow trench isolation (STI) structures are
comonl y2RRYEediop & estTvriaconsatad beve B isfsense and to el ectrical ly isol ate
SRAM cel I's. [0004] However. undesired recesses known as divots nay form
directly adjacent transistor active areas in shallow trench isolation

st ruct uresc@uid g Fifep ST manuf acturing process. The Conventional STI
process flow i ncludes pad oxide and silicon nitride (SiN) deposition,
active area masking; nitride oxide etching, silicon (Si) trench etching,

| i ner oxi086d]i on, Thelpesseigahveuaporelatckegrosiatly omsepGui)duoni deyvidds| dridngorecheni cal
mechani cal polishing (0,M, and nitride and pad oxide renoval. Wll known
i.ssues ipartaBnb hendt randbmpeasestamry (RHANE celi met métdsdedfifobridatiog. , oXxi de

BACKGROUND

[0003] 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
consumption. 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.

[0004] 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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-1 recess, or FOX recesses) along STl edges. The divot at the edge of the
STl is fornmed due to the wet dip of the pad oxide and/or sacrificial oxide
by a hydrofluoric acid (HF) solution. [0005] Figure Ib is an overhead view
of the 6T SRAM cell 100 of Figure la, showing transistor gate stacks 102
crossing over divots 104 fornmed al ong the boundary 106 between active
areas 108 _and sh]g@g('ow trench isolation (STlI) regions 110. [0006] Figure |lc
is a cros&sEet] regassn Heng hel adzes r Biesdizotont therpdgdef thaS BRAKbraell Hud QGhe
corresponding to the reference line Xin Figure Ib. Figure | c shows the

gat e di el &t g‘ipc?f theppadrgidegadier edceificrabdeadd b a teposiudricheiti (HF) dola@aH or mi ty
greater than about 75% |If we do not use the word conformably deposited

over divoygmoeiP4. HT,.COr: 1,16 i.n t i egion 108 of the N2
transi st o? exgeri gl ce %‘ggé?\r/eerge%du‘r'?”éﬁ ﬁ\eggl{(%%&’{@gé%%ﬂgh@ lgathewing
dielectri Garkd does ng{t 1Q,£grp letely fill the divots 104, the divots 104

al so conprise a PoriFon ngayes dafogctPogenadidong trheowndae dios detwext ensi on

of the gate. diel eitgi c 112 and 8ajte el ectrode 114 along the sidewalls of
the STI cBfHEAE] 183 apdshglow tisaelr seladén Uy mgionséakage. Particul arly, the
non- pl anar shape of the gate dielectric 112 and gate el ectrode 114 at the

caust o SN ney PS4 R0 P FSCREREMABE o FURSHTOPRRE e b Shestithe 1o
P s I TG TR SRR R
gate electrode 114 deposited with a conformity greater than about 75%. If we do not use the
word conformably deposited over divots 104, STI corners | 16 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 [ 4.
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 114 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.



SUMVARY OF THE | NVENTI ON [ 0007] These and ot her problens are generally

sol ved or circunvented; and technical advantages are generally achieved;
by illustrative enbodi nents of the present invention, which provide an
SRAM cel | and net hods of fabrication. [0008] In one aspect, the invention
provi des for a sem conductor device conprising a substrate. An active
region in the substrate conprises a sem conductor material, and an
isolation region in the substrate adjacent the active region conprises an

i nsul at i i t Eﬂﬁ&’ tiye. region and isolation region forma surface
havi ng aggpgﬁxﬁhés ihia TaﬁFt#ihectric material is fornmed over the step,
the dielectric material having a dielectric constant greater than about 8.

[0009] I mosmot heTheas RRLdther thRéhiéAY SR tkRdralpy M &S direlim Pent@ITBAY teBhikal
conprising an active region having at | east one transistor formed therein.

The ”5”05&43%13% s 5813&@1'\7851{ il lllu'sﬁﬁl\%télrﬁfderEQhQ& tﬁéjﬂna&“r‘m’ﬂﬁn feRGoAGLENE

regi on, oundary region having a first step. “hound ary region is

internediate th t|v t he .i sol ation region. The nenory cel
further QOVd Fgggqgwc @“ﬁﬁgf%%i?lémé§ Pdded over the first step, the gate

dielectric conprising a material with a dielectric constant above about S.

[0010] I poget anptdiehspspeetinvdnfien bient i@ Rrovdndesof @i JaRIpRIsHeCe! |
COprI’I Si ng a transistor in an active regl on, the active regl on COprI’I Si ng

a materi aly:s8k eahedifd @Moh hemes %bﬂate%%ﬁ@h%@ ﬁ&nﬁéorﬁh&tblclﬂgtengleﬁﬂ@% Wlation
car bon, and conblnatlon§ t her eof nmory cell also conprlses an

| sol ati o, f &} 0. AdLACEDE, LG, AGLIY rem?e]%m%nge*;g%&n%& 4 0501 A acive

conprising a nsis i con

nitride, lic de, con o tr de nd. conbi pati ons thereof The
ol ) oﬁesgiogbﬁnﬁﬁs Pl g SR R e en DR Pl Pkt S rehiey

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 thereo{. The memory cell also
comprises an isolation region adjacent the active region, the isolation region comprising a
material selected from the group consisting of sil.icon nitride, silicon oxide, silicon oxynitride,
and combinations thercof. 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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fromthe group consisting of shallow trench isolation structure. nesa
i sol'ation structure, |ocal oxidation of silicon isolation structure, and a
conbi nati on thereof. The nenory cell further conprises a first step, a
second step, and a third step. The first step is internediate the active
region and the isolation region, the first step having a first step height
of about 4 St rLons. he second step is formed in the active region,
t he secon%ggggggﬁévfﬁ&"ﬁk“9%5”W%W§h?m{%§§“Wﬁﬁﬁmt@%%ﬁ{TEU©@nang§UﬁmﬁEr The
third step is.forned in the isolation region, the third step having a step
hei ght | e %“Rf#ﬁéﬁag%%ﬁtepmcM% GA8 a tkkstereBroyfirsslep if mtcthediac onpiciiges a
gate dielectric overlying the first step, the second step, and the third
step. Thefgarendited selatiorcegionptht Sies step hamingrifabt swipthbight fabaiti 408 angstroms,
permttivity above about 8, and the material overlying the first, second
and t hi r dTks sgenchstsp & formreddon tictaetiabeastorabiRutcohd%ep QAL L stle%hxi%ﬁt Reffer
aspect, the invention provides for a nmethod of formng an SRAM cel l. The
net hod coatpui S&X) drfystrahe Priefthik@5@p MfoRed %Qll@kbﬁfll%r{ {egri@ﬁﬂhé 0 Spqatnate.

e

The isolation region defines an active region. hod al o conpefses
the step @¢pN@Eht(ledsithdnl BOutING ahSQlALd t c Lth a dielectric material
and rennviﬁg s%ne of the dielec rh@ﬁﬁgggﬁﬁﬁﬁ?pfﬁ@h¥@WBWPﬁﬁw§%%%“?%Fﬁ?ﬁ@ a

divot in L R [ jc material., The t hod further conprises
Form ng & Y ararsfss e L S5 fiol hEHihra 7E TS Wi aembuess . gat e
dielectri&a%gagvﬁ¥tqﬂ s over. and at |east partially fills the divot, the
gate diel'eetric hading s PPEMGYyA00%s ARqut Baandyhgmasiia overhang tisdust, 8condThe
met hod stihl fgrtheﬂ conprises the steps of formng a gate el ectrode over
the gate WddMiEd piepthasgfaniosnity Agve o % e in the gate el ectrode. -4 BRI EF
DESCRI PTI ON OF THE DR - W NGS

[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 compriscs the step of over-filling the isolation trench
with a dielectric material and removing some of the dielectric material, 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 8.
The method still further comprises the steps of forming a gate electrode over the gate dielectric

and forming a silicide in the gate electrode.



[0012] For a nore conplete. understanding of the present invention; and the
advantages thereof, reference is now nade to the follow ng descriptions
taken in conjunction with the acconpanying drawing; in which: [0013]
Figure | ais a schematic view of a six transistor static random access
menory (6T SRAM cell; [0014] Figure Ib is a layout view of the 6T SRAM
cell of Figure la, showing only selected layers; [0015] Figure |l cis a
cross-sectional view of a transistor fromthe 6T SRAM cell of Figure 1b,

[ 0016] Fi : B8 ~GT ~sectiopal views illustrating a nethod of
nanufactEgﬁﬁgﬁgégRggﬁggéﬁﬁrﬁ%@%ﬁ%f%gﬁgg accordance with a first
illustrative enbodi nent; and [0011] Figures 3a-3f are cross-sectional views
of a stepoo1n] i | | Pstd ablevee m@nspoeh daridngimefo ftiepre ghe B@aitidnateinhe advantdgdAl LED
DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS [ 0018] The nmki ng and using of the
present | yndildrugferddh Y Rmod! TR $11865 (He3G oo iakeh ind8hjdhtri ek el t
shoul d be appreci ated, however, that the present inventi'on provides nmany
applicable inventive concepts,that can be enbodied in a wi de variety of
specificag%WF%QQEéX¥W%n£§%eEFPic enbodi ments di scussed are nerely
illustrative of specific ways to make and use the invention, and do not
limt thgomeppe Bfgutdie ils BvERhiaboviehOO1Six Fhgit @SR -raelod £cedsosIn&ecbTons
illustrating a method of manufacturing in accordance with a first

i I'lustratgpuapodpodi ment of the present invention. The method includes

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

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

[0010] Figures 2a-2e are cross-sectional views illustrating a method of manufacturing the

present invention in accordance with a first illustrative embodiment; and

[0017] Figures 3a—3{are cross-sectional views of a step in illustrative embodiments of the

present invention.
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the seni coﬁduct or substrate 200 shown in Figure 2a. The sem conductor
substrate 200 includes shallow trench isolation (STI) structures 202 in
bul k p-type silicon 203, directly adjacent the active region 204. The STI
structures 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

il diexi surface 209 of a silicon material. For clarity,
the. di vot B7308 EPASHOWR AN TekS5eAAT Kl EREADBIMEBDR0] At er the
formati on of the STI structure 202, the substrate surface 210 is cleaned by

itridati @e18si NgTHY , - thods of. cl eani ng the
Q:Jb;!t r:t ;msmur}fsacg mz?glglg%%?g%%é %%ﬁ@%@%ﬁﬂgtﬁ}lgﬁ&&b% HP?{% 45 dPCHEH08i ti on

[ ; f [ S,..L.ncludi ng nitrous oxjde (N20),
e oxiaa (RY aRaRG HE sb RPN B e Py AORGHTT aver o
i i 212 with a dielectric constant greater than abou ,
e Gepos: BEFEEHENE a3 SR Tabaue vreS By saeeicenuy oith
chem cal va or dbe osition (ALCVD) over the substrate surface 210, as shown
in Figurée® E‘. AN e g e PRehAllevDtpr of essifimapybe haendd use @e paper
by Conley et al. entitled "Prelimnary Investigation of Hafnium Oxide
Deposi t ed WFHIoA @Vislo'napligit thyRwpEiofisle iRepoiot; pp. 1 1-15, 2001, which is -6
i ncorporated herein by reference. In addition to deposition by ALCVD, other

illustraty enbedi i_nclude hi.gh .k thi.n film deposition processes
such as Ot“g?] orngglglll%?g%%reﬁa&ea m?/séi)e(‘iﬁ‘&sdﬁb%’?f‘f’% 6Wem9&8@??tlf_§ﬁbrl‘% ifospher e
chem cal yvapor deposit.io SACVD), and rapid thermal chem cal vapor
deposi ti on C?ﬁﬂﬁ?ﬁ?{ f %bfslt ﬂhéirﬁté‘?e %@hﬁmf&oﬁv@ RESPBRICIH Yot Theohettie! melwdtse
pl asma enhanced chemi cal vapor deposition (RPECVD), |ow pressure c_hem cal
vapor dept & pemiganductor substrate 200 shown in Figure 2a. The semiconductor substrate 200 includes

shallow trench isolation (STI) 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.

[0020] After the formation of the STI structure 202, the substrate surface 210 is cleaned by
nitridation using nitrogen gas (N,). 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,0O), nitric oxide (NO), and ammonia (NH3), 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 (ALCVD) 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-



(LLCVD), high density plasma chem cal vapor deposition (HDP CVD), and
vari‘ous physical vapor deposition (PVD) processes including evaporation
and sputtering. [0022] It should be noted that nmaterials having a relative
permttivity 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
enbodi ments of the present invention preferably h veila d_]i el.ectri.c constant
greater teaROEEGUETS by sdzgncend péftioh %EWW‘H%}’)@%QI%@‘&%& YSTREYC above,
the Hf O gate dielectric material is deposited over the substrate surface
with a conbolimety ingtusiathésh k thamfilabdeposirogprotheses shas meta) orgsnic demigal eapor
dielectric is usually tuned through deposition pressure, tenperature and
gas fl owdegfosition EMaATN®), sWadtinatphernschiemidaheseor aapb sid dre(S AgNdee ssd cemtliheroals
may vary the conformty of the gate dielectric. [0024] A |layer of

pol ysi i giumidd4aps HEROSI(RACOMBY JiinenthafinidiinioxX belBoBhents iddl Wt e dbiey €
enbodi ments of the present invention include form ng anv material suitable

f A el it} . LaY§Ess hel Y n
or gat egﬁkrﬁgaﬁ}ﬁgged_{hgﬁmu B eypgﬁ%,ggwﬁgkvds, layse e%che e fdgt?;agﬁ&%

material S in ot iTlTustrative iments ‘i nclude platinum

tantal um.ni tride. (TaN).. titaniumnitride (TIN), Tl and tungsten for
exanpl e. (lﬁl&%\élgg%#g(hs%%@fI?le/sé“aecthéwlcragﬁﬁ?ége‘é%rltfl\c?no(r@ %&]ﬁig}nﬁi\ﬁﬂoﬁs %qgéktsécap
dielectric layer 212 and the overlying gate electrode 214 |ayer. Figure 2d
is a | ay8aRor dPRAHICREE VDY BIOCRISPUBE NI FEARGTBIEN IETPUE M af t er the sel ecti ve
etch step. Figure 2e shows a cross-section of Figure 2d along |ine 2e-2e.

The haf W(}im oXi g&nd Ay 8k naddAPfaQRLR Hal B trOdgvd FRItiZhf of BERCRidRhSaft ack
216 over the transistor

(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 §.

[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 laver of polysilicon 214 is deposited over the hafnium oxide 212. Tllustrative
embodiments of the present invention include forming any material suitable for gate electrode
formation over the high k laver 212. Gate electrode materials in other illustrative embodiments
include platinum (Pv), 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 laver. Figure 2d is a layout view the first iliustrative embodiment

-/~



channel 218. Subsequent manufacturing steps, including ion inplantation,
for 'exanple, forma transistor 215. Further netallization steps forma 6T
SRAM cel | on an SRAM chi p. [0026] The 6T SRAM cell of the first
illustrative enbodi nent has six transistors, all of which have a high k
gate dielectric. However, in other illustrative enbodinents, only portions

of the t ' .in the 6T.S el |l have high k gate dielectrics. For
exanpl e, %ﬁ%ﬁi’ige@é@ée e‘é‘ﬁg étleBc}f%“éR%@ﬁ’é’?‘isél CEosmsetivn of Fighreett! along line 2p-2ey e
transi st%ﬁli n thg g& SRAM cell, or limted to the n-type transistors in
the 6T SRAM'EE} PXidf 5397 21 seieabestrodotayerdl 4ifarm heatSRAM 2H dveofhetfaasiftbr St
illustrative enbodinent is preferably a netal oxide sem conductor field
effect trdHENStOSs SEMESIET s)anuAcueing atepy,ehalydit hiontim flasias6:1Q For 4R e rh e
anot her type of transistor such as a strained channel transistor, for
exanmpl e. TFHBIStEt1ai Hedhamamalélationanps $6raf 2 TRERAMBII §LarSER A GO, Car bon,
germani um and conbi nations thereof, for exanple. [0028] The sp'bstrate 203

of the fi il lustrati dj t includes a bulk silicon substrate.
Subst r at e@%l&ﬁr oth Ee ﬁt F@Pf%ﬁ%@%ﬁﬁ%&i‘%ﬁtﬂ%@ bogienphasséntranisisies tilof
further incl %Ig silicon on insulator (SO ) substrates, strained silicon on
i nsul at orwg’gg ye %hl&gﬁrgﬁf%eléﬁﬁc-sﬁpmehgdin ®hdrii biotratineem odl reenes] oslly|poRRRAS of
ger mani um substrates. The rel axed silicon germanium may include a graded
si | i con géF HansigaTs inyercT SRAMexdiipive hidhQ028] diflerrio. af @ GkihSic VBLEk bak 10 the
shal l ow trench isolation structures 202 in the transistor 215 is silicon

di oxi de (Belpglyic rhaterttihvany bé litnsted af ihe &-t sHsrerind & f 61 1 1 nyention,
materials used in the isolation str u?t 8?%2 (;Sf SRAM cel | gﬁ%gﬁggél@lﬁ}% {éon

ni'tride (tBe3Ndpe tradsistazoOm th@xyHRANIde (St ON), boron nitride (BN, and
silicon (Si), for exanple. In sone illustrative

[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 transistor such as a strained channel transistor, for example. The
strained channel transistor may comprise silicon, carbon, germanium, and combinations thereof,

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) substrates, 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 example.

[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,
materials used in the isolation structures of SRAM cells include silicon nitride (SisNy), silicon

oxynitride (SiON), boron nitride (BN), and silicon (Si), for example. In some illustrative

-8-



-8 enbodlnents 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 other enbodinents,
the high k material is the pad oxide and used as a liner in shallow trench
isolation structures. In still other enbodinents, the isolation materi al
is formed in the recesses of nmesa isolation structures. [0030] Steps 205,

hi ghl i ght e d lines in.Figure , are in.the diyots 206 of.the ST
ot Puct or £80beNThL 8 pios T Spiehipu W FBl ool i Rigiap Potsasrariabed ©o
the STI manufacturing process. |In other illustrative enbodi nrents of the
present PAVETRN g8 sEREUIEnsHREs §U%§tcﬁlaQ%d%ﬁ9 opglicqpspigtohyirusiyel Beelheie -
etch. The sel ective etch nmay further conprise a masking step, however, the
|nvent|onmb@hﬁ@ﬂmsbphmhﬁumﬂmwﬁmahs@B@@t@@@n®mﬁhanaynbenwhﬁhnbpmthKﬂmmm
anisotropic. If the selective etch is an anisotropic etch, it my be any
type of dmwnmtsﬁnsﬁmo&hﬁmﬁ@kﬁ@bﬂi&hekchﬂbﬁn&&ﬁa]Sd@m&ﬂﬁaﬂ&h@hﬁs&hﬁﬁﬁ¥abe a
chem cal dry etch or a wet etch. A selective wet etch used to forma step
in an il iWskibatirveureyrbodi nent of the present invention may conprise an
etchant with a etch rate (ER) that etches faster on sel ected regions,
e.g., isolation regions. The etchant may conprise hydrofluoric acid (HF),
phosphor {038k d FwepFdR) highhghiehhy deitdddnss trhideeofle. dromn b giite206itibe ST1
enbodi ments of the present invention require a backside clean step after

t he wet etrwdurss 2§2. The stepniiieae forntdden baeichingeralesanlasddap thesSHoh aiefattiigd
for the manufacturing of all enbodinents. 10031] The steps 205 in the

di vots 2@fnchayen athbolit@miseethbsEmehis Sif tHeGREseA iB¥drgion adighsan tiPsubsitié a6 ¢ Hef
silicon. The illustrative enbodi nents shown in Figures 3a-3f and descri bed

bel ow useg;rmeaibl qqaeé[m%&m h%tqa@&,oen chidh MY FLPMS: doiprRUGI GRS RO hOMver,
surfaces. and overlying high k gate

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 etchi, 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 (H3;POy). 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 lavers.

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

9.



dielectric layers. X0032] The illustrative enbodinent in Figure 3a shows a
step 220 formed, for exanple, at an S-fi boundary of an SOL transistor
with nmesa isolation. The step 220 has a vertical distance -9 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 oxide

228. A |l ayer_of hafni um.oxi de 02) 230 _formed over the step has a step
cover agea%Yl ecgt(:% %gweteﬁg%oug]ggatag%&)% f‘@%ﬁ’@]ﬂs’rﬂj@e FIN slasead 2 0é therstspds srbiean 224
Figure 3b %t} a step 232, for exanple, in an STI divot of a 6T SRAM cel |
t ransi st ot %1 ot yirkess 226 of heeter2A8 by lieaterydes. of lagn of hafuluat oxide (HFO,)
material 242 and a sem conductor nmaterial 238. The top surface 236 of the
step 232 130 fermedover tpstep ke staprosengagmeat@Btian sbonevi%cal | y separ at ed
(D,,2) fromthe bottom surface 240 by about 200 angstrons. The bottom

f 32 ilicon.oxi 242. The_ high k | ayer of
bt i um ooy ag 244 e e lBoSkub CB kAl £ T%e%%gpP%S@mqlggﬁaq “Fi gure
r,example, in a lT SRAMcel| transistor. The top
gﬁr fS 2225 z@b&é%?gtéﬁﬁ%&ﬁceéw@@ogi |T|1%8FP 6%t elugdepthg henndpey 256 0f aminsurfmce 254
of the step 248 is silicon 256. The step height Des is about between 5 to
100 angstPREa! 4421284 Aiseimicordurtorasgerial 3p b dhotoprsutthe 256 opth24@p 283 iswii@nt han
75% conformal_to the step 248. [0035] In Figure 3d, the boundary 262
bet ween tH8- ddeiteresurage 356 Bosrtaally séperasda(D ovirdm erdbdtiom SOitRE 2D b( vk 200
region 266, of an SRAM cell transistor for exanple, has a step 268. The

bottom swebtewes. 21 Wefttothair&itep40 of thbstes 087 AGHIOH okiag 22E 11168, LiEQI QB 64
conprising a conpound of silicon, carbon and germanium The tTop Surface

274 of t Hefiitepx&EB44ss e thap 754 baremal oldhest§Th3yr egi on

[0034] Figure 3¢ 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 D,s is about between 5 (o 100 angstroms. Haflnium 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 Dy« is about 400 angstroms. A high k gate
dielectric layer of hafnium oxide 280 formed over the step 268 has step coverage greater than

about 75%.

[0036] In figure 3e, a gate dielectric material of hafhium 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-



266 conprising silicon dioxide. The step height DV4 is about 400 angstrons.
A high k gate dielectric |ayer of hafniumoxide 280 formed over the step
268 has step coverage greater than about 75% [0036] In figure 3e, a gate
dielectric material of hafniumoxynitride 282 is forned 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 silic j.de 286.. The -10 to ur 288 has a vertical distance
o of MEbinon e 8e P FrahcheChotbb AT Cuf Gl Bef M R euih SN -
Fi gure 3e_ has . 288 and bottaom 290 surfaces conprising the sanme = |

di g| ect r?féle S%?gfr) a1 BUTR gB%eeP 2if>§38$ H%ﬁtoné3@%&?%%@%\%&@%8@% lejegirign
isolation region, the top and bottom steps may conprise different

di el ect r inateral dpivarss. in[ogB8Fhbadipwntsihsringfe e asiaMticrr¢gie, dnsioptaod beshawmn
in Figure 3f has a step 294 in an active region 296. The step 294 has a
top surf aces 298cangikaliffomtsitléadenda@oiadf the same material. The top
surface 298 and bottom surface 300 of the step 294 are active regior

sur faces emprising. silicon 296, The top surface 298 has a vertica
distance[%ﬁ/gpofidﬁg"]@@ gt rdhEansisios s He g EYTE Af B § HER 2300 A hi gh
k gate dielectric |aver of hafniumsilicate 302 forned over the step 294
by at onmi @cthvgyesioneposl e e 0AUBY aherssuilags ef eetd bastoaonsieemd0piethe 62me han

about 8. In other illustrative enbodinents having steps with top and
bot t om sumdtarésThenopnurdct 29&andeorom syrfee 300 pf dadieh@04 om stiepse ghwresurfaces
different materials. [0038] The illustrative enbodi nents descri bed above

have sevebabriddysft@ges. ThBeohighick298heleektdat divthes Dalofekon BDoenadhtas
better control of the STI corner current |eakage in SRAM cel
from the bottom surface 300. A high k gate dielectric laver 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 consumption. By providing a gate
dielectric with a dielectric constant greater than 8, a thicker gate dielectric may be used in SRAM
cell ransistors 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 « 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 wiih a top surface of semiconductor material and a bottom
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transistors, 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 tunnel rrent. and .t out-di ffusion of ion inplanted dopants from
the gate. L'{%‘%&é?”’é{l lahae fnﬁteflla{'ﬁgtsf‘%ﬁ PORCAREY I thsterheght i Huclsrabldass thamebntt on
have variggi stegﬁgegghts= Steps that have a vertical distance |ess than
about 400-anYEEHIRE, SHEYY!HA avgpicaldisiane loF thansif0anstigmsmpetferablalhagandton and
bottom surface of sem conductor material. QO her illLustrative enbodi nents
of the p?BLEHY syiResf distecinrcnaigeals tSeqns Wt ditop ahp bettont aeeico bl seidanduct or
material and a bottom-11 surface of insulating material. In such

enbodi menmgterigheavstaeprifvel dibtnéeslepribfrestabt S0doesgstthan about 200 angstrons.
Steps with a vertical distance |ess than 500 angstrons preferably have a
top and to urface of dielectric material. Steps with a top and a
botton1suﬁpg@@ oPh§§%¢83ﬁ ot prents e ke high fapke dieloerie meterialgitit arebeatiless

t han about 5000 angstroms. [0040] |l lustrative enbodi nents include high k
gate di el S¥RRSE halywpiaag sireamitm ppelpdingsirgonivo apide stefiiarm mixynitrdedani G o um

i ncl udi ng _zi rconi um oxi de, hafnium oxynitride, and hafnium silicate, for
exanpl e. Thiee. 1 daspleatPther iduitodiveenbsdinratsuntgudd dlmhinum odcdgnd [@fBanum

| ant hanum oxide, for exanple. Illustrative enbodi ments include the use of
conbi nat | @fide,§br thaepihdiiestraiea tindbéithegatifc|ticaheald dfeomBingfid @l S theiahGludi Ng
multi-1layered heterogeneous gate dielectrics and gate dielectric alloys

conpri si ngemidned ghterticlbafi indBriaBX¥IRRin g H i1 98 ed H@é?&%&ﬁ@&t@oa@h‘%'elpcﬁ'ic%%é‘“m

for exanple. Illustrative enbodi nents of the present invention al'so”include

mul ti - gate dielectric alloys comprising zirconium, hafnium, oxygen, nitrogen, lanthanum, and

aluminum, for example. [Hustrative embodiments of the present invention also include multi-
layer gate dielectrics comprising high k dielectric layers and dielectric layers having a diclectric

constant lower 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 permittivity higher

than about 8 may be embodied in any semiconductor device and is not limited to steps ina 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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| 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 advantages have been described in detail, it
shoul d be understood that various changes, substitutions and alterations
can be made herein w thout departing fromthe spirit and scope of the

i nvention as defined by the appended clains. As another exanple, it wll

sgr Ir ggd:/vlﬁ i unsda%rd Eﬁ)&ﬂescxb?[{:l %leei ﬂje SfICgUOI’lI n?';[(?‘% o3 Fdl[\i}@tsl i@ ﬁw \Qﬁi xleddxﬁnay be

rema esent 1 nvent

Furt her nor e, ? h?gcture qﬂg nethod of nanutapgurlng Eﬁ% dielectric
naterlaIaMFTWﬂ%’B@ ¥W9$¥%O ﬁﬁg?muﬂﬁgﬁmﬂbBUPe§“ﬁﬁVm RS NS P any
sem conductor device and is not limted to steps in a 6T SRAMcel|l. [0042]
N- 10r eovePTPasHoNs plopatiesf medne. Melbednpr dppsh PEsly §XIsEN% ot [2ichtebrid clopche
limted to the particular enbodi nents of the process, nachine,
nanufactﬂn@paﬁbmnomﬂmﬂmhymksmmtﬁemﬁomeam@ﬁm@smg&mﬂahbdgSamdrgwép@tmmscribed
in the specification. As one of ordinary skill in the art will readily

appr eci at@rdspeaid enlidstd@sduseriedd Hehen piag $entilizddve tbridiog o pregeessedvention.
machi nes, manufacture, conpositions of matter, neans, nethods, or steps,

present | y exhisbhNohe AhpdrAbELIiE HE SR Q)Oﬁgl’ude t\lftﬁﬁ] tﬁ&?g g‘s%%@é%’éésm l'y
the same function or achleve substantlally the sane result as the

correspondi ng enmho nts de ﬁ e & ed according to the
pr esent Pﬁ@%nsigﬁ“uagicoC%Pp lon?? nwg&_ﬁwﬁgg%g 8d¥%¥£ e ‘intended to
include within their scope such processes, nachlnes, nanufacture,
conpositions of matter, neans, methods, or steps. WHAT IS CLAI MED | S:



1. A sem conductor device conprising: a substrate; an active region in the
substrate, the active region conprising a sem conductor material; an
isolation region in the substrate, adjacent the active region and
conprising an insulating material, a top surface of the active region and
a top surface of the isolation region formng a surface having a step
therein; and a dielectric material fornmed over the step, the dielectric
material having a dielectric constant greater than about 8. 2. The

sem condu [ Laim 1l wherein the dielectric material is forned
over the gﬁggrgf¥hg§“?§h ormty of greater than about 75% 3. The

sem condutt or Asshcendictoridavipe domyresirei N t he step is internediate the active
region and the isolation region. 4. The sem conductor device of claiml
wherein a top %ﬁiﬂﬁ%% of the step is the top surface of the active region

and a bott om sy dcaserefontinehesuBfirates tHehRtiv ORgRMIcbApHsiAE akificohdiotart i on
region. 5. The sem conductor device of claim4 wherein the top surface and

t he bott ofRte8di f ace have a vertical separation in the range of about 5

angstrons to azQﬁ%la(?ﬁQregi@H%?@hreg traé; ad]-&%nlstﬁgia&%qéﬁ&ﬁ)ﬁndj&)\ﬂp?@in%fancl aim4

wherein the top surface and the bottom surface have a vertical “separation
| ess t haninalatirtg 6@6ridngwprsorface of the active region and a top surface of the isolation

region forming a surface having a step therein; and
a dielectric 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 1 wherein the step is intermediate the active

region and the isolation region.

4. The semiconductor device of claim 1 wherein a top surface of the step is the top
surface of the active region and a bottom surface of the step is the top surface of 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

angstroms.

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

surface have a vertical separation less than about 600 angstroms.
7. The semiconductor device of claim | wherein a top surface of the step is the top

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

active region.
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7. The sem conductor device of claim1l wherein a top surface of the step is
the top surface of the isolation region and a bottom surface of the step
is the top surface of the active region. 14 8 The sem conductor device of
claim7 wherein the top surface and the bottom surface have a verti cal
separation in the range of about 5 to about 600 angstrons. 9. The

sem conduct or device of claiml| wherein a top surface of the step and a
bottom surface of the step are respective surfaces of the active region.

10. The S§m COﬂ%%%L]?JOI]QEC\{J)IC(EV F 0?&1@?1}(”7 th\éﬁf?l{ ﬁ%@#&ﬁa&@%dﬁ#é B%Fo% and the
bottom surface have a vert paration in e range of about 5 to about

5000 angsﬂnmmsmwtakeﬁmﬁh@p&ﬂhmcmnducmgwouﬁmubﬁmnmocMﬁmnmgﬂmmﬁrein t he
active region conprises a naterial selected fromthe group consisting
essentially of silicon (Si), germanium (Ge), carbon (C), and conbi nations

thereof. 42. The salddmendsicleorice deViame | Mhefdimh Mpkuihes it def 4@ asur f ace and
a bottomsurface are respective surfaces of the isolation region. 13. The

seni condubqtom gslareefl tBe siep arerirspectitsskEnges ohthepsivesisEiPace of the step and
the bottom surface of the step have a vertical separation in the range of
about 5 to about 600 angstrons. 14. The sem conductor device of claiml
wherein the i sﬂi@aeimndagd)mvtconﬁclia@eg “dleretimthertti)[af'fur@ett guhtbelbfttasm t he group

consi sting essen si].i con, oxi de, . Si it silicon

oxyni tri d%.l,l‘ aﬁ%ﬁ% a ve i’oa ssparatiop 1é1r[ fang i)t()allios {%goraebé) §d06 ahgstroms.
Il.  The semiconductor device of claim 1 wherein the active region comprises a
material selected from the group consisting essentially of silicon (Si), germanium (Ge),

carbon (C), and combinations thereof.

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

are respective surfaces of 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 | 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.

15.  The semiconductor device of claim | wherein the isolation region comprises a

shallow trench isolation structure.
16. The semiconductor device of claim 1 wherein the dielectric material is selected

from the group consisting of aluminum oxide, hafnium oxide, zirconium oxide,

lanthanum oxide, hafnium oxynitride, hafnium silicate, and combinations thereof.
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15. The sem conductor device of claim1l wherein the isolation region
conprises a shallow trench isolation structure. 16. The sem conduct or
device of claim1l wherein the dielectric material is selected fromthe
group consi sting of al um num oxi de, hafni um oxi de, zirconi um oxi de,

| ant hanum oxi de, haf ni um oxynitride, hafniumsilicate, and conbi nations
thereof. 15 17. The sem conductor device of claim| wherein the substrate
is selected fromthe group consisting of silicon on insulator substrate,

strained gjli d Ui here BRI L GARGSTIRBLM
substrate?iangﬂgﬁﬁﬁ$ﬁ§§w%ﬁ§%tﬁg?gg%&?ighe$&elseﬁ?%oﬁductor ég?cg of claim
1 wher ei ngwiecaisstipgdf dilicomamensuddtoroubstlate stranedoohddnam ipfuldtbresubgitatye regi on

to forni a , transistor gate djelectric. 19.. A nenory cell conprising: an
active reﬁ#ﬁﬁ?ﬂgwﬁﬁﬁng’“F@é@ksﬁ'ea?4§ﬂgwg?5wsﬂgFﬁéd therein; an isolation
regi on adjacent the active region; a boundary region having a first step
between a top surface of the isolation region and a top surface of the
active rebi on, Theremironderdendeysgiobplabmril ndiereht B gisdciemptidalauesligea regi on

and the isoliaf B@.ﬂgflﬁ%(}’ o fitofn 9 @hsislbe at%fai@fe&lﬁ xtending over the first

step, the gate ectrit conprising a erial with a dielectric constant
above about 8. 20. The nenory cell of claim 19 wherein the nenory cel
conprises, an S The nenory cell of claim 19 wherein the first

nl\él C0eI | él 021'r's
step has st ep Heighte! 60 ik,
an active region having at least one transistor formed therein;

an isolation region adjacent the active region;

a boundary region having a first step between a top surface of the isolation region
and a top surface of the active region, the boundary region being intermediate the active
region and the isolation region; and

a gate dielectric extending over the first step, the gate dielectric comprising a

material with a dielectric constant above about 8.
20.  The memory cell of claim 19 wherein the memory cell comprises an SRAM cell.

21.  The memory cell of claim 19 wherein the first step has a step height less than

about 600 angstroms.

22. The memory cell of claim 19 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 19 wherein the isolation region comprises a material

selected from the group consisting of silicon nitride, silicon oxide, silicon oxynitride, and

combinations thereof.
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about 600 angstronms. 22. The nmenory cell of claim19 wherein the active
region conprises a material selected fromthe group consisting of silicon,
germani um carbon, and conbi nations thereof. 23. The nenory cell of claim
19 wherein the isolation region conprises a material selected fromthe
group consisting of silicon nitride, silicon oxide, silicon oxynitride, and
conbi nations thereof. 16 24. The nenory cell of claim19 wherein the

i solation region conprises an isolation structure selected fromthe group
consisting of shallow trench isolation structure, nmesa isolation
structure, local oxidation of silicon structure, and conbi nations thereof.
25. The n¥&hor ylteehématy cell afdainglﬂ?/\hbﬂeinnm hvelabon iegenrcogiponesfanrisdi@ronconpr i ses

a second ste econ st ep he t having a height |ess than about 5000
anget r o sl sehtfa TR O Bk PR e Bl SEusthef fioMlion s b B Oh
conf or m t ¥olateveruatued) locdbSkidAon of bificoregticyur€ ahd c@hbight@ndtideother ei n t he

i solation region conprises a second step, the second step having a height
| ess than about 600 angstrons and the gate dielectric fornmed over the

second stgp W Rek@DH Ol BT LYinR POV G RPANE acdfRWe B fulthE: &Sﬁ{HPrsé’s £ell of claim
19 wherein the gate dielectric covers the first  step with a conformty

above abotgtorbigp, thg second step height having a height less than about 5000 angstroms, and

the gate dielectric formed over the second step with a conformity above about 75%.
26. The memory cell of claim 19 wherein the isolation region comprises a second
step, the second step having a height less than about 600 angstroms, and the gate

dielectric formed over the second step with a conformity above about 75%.

27.  The memory cell of claim 19 wherein the gate dielectric covers the first step with

a conformity above about 75%.
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