PE2ZB3PCT 23/06/ 2006 A METHOD FOR MAKI NG A SEM CONDUCTOR DEVI CE HAVI NG A
H GH K GATE DI ELECTRIC FI ELD OF THE I NVENTION 5 The present invenss@fs/2006
rel ates to nethods for making sem conductor devices, in particular,

sem conduct or devi ces that i nclude high-k gate dielectric |ayers.
BACKGROUND OF THE | NVENTI ON MOS field-effect transistors wwth very thin
gate diel ectrics madeAMBRIOD FORMAKING ASEMIGEONDUIGTEORence unaccept abl e
gate | eakage current SDEMCRIHAVING Aybil GH-IGIGATE DIELECTRICCcer t ai n hi gh-k
dielectric materials, in place of silicon dioxide, can reduce gate

| eakage. BIRIID oFTEHEAPMVENTIOAY not, however, be conpati b! e with
polysilicon -- the preferred material for making the device's gate

el ect rspde. Pl tai t whi.ch is corrpatlble
W th r?e)my hi gﬁﬁl} 85%351? Slhg%{ igtifegs}b 'ﬁgﬂhgﬁézf'l'{]ﬁggﬂ Sl?"g‘écfrléd t%rl ec{rlg and

| ysi | - base a r el ec e.s ielectric to
sa i ¢ A 17 Gangl %reﬁﬁn?'saﬁéucﬁ%%\f%%ﬂla&'qplu &highelasesippie on
certain types of substrates, the presence of such a layer may increase the
transi st d%y%rst hreshol d vol tage, which is undesirable. Accordingly, there is
a need for an inproved process for making a 20 seniconductor device that
i ncl udes BAGKGIRQUNEX @F diE H8YVENTIORMere is a need for such a process in
whi ch a polysilicon-based gate electrode is formed on such a

MOS field-effect transistors with very thin gate dielectrics made from silicon

10  dioxide may experience unacceptable gate leakage currents. Forming the gate
‘} dielectric from certain high-k dielectric materials, in place of silicon dioxide, can
reduce gate leakage. Such a dielectric may not, however, be compatible with
polysilicon -- the preferred material for making the device’s gate electrode.
Placing a thin layer of titanium nitride, which is compatible with many high-k gate
15 dielectrics, between a high-k gate dielectric and a polysilicon-based gate « -
electrode may enable such a dielectric to be used with such a gate electrode.

Unfortunately, for devices built on certain types of substrates, the presence of

such a layer may increase the transistor’s threshold voltage; which is;undesirable. ..

Accordingly, there is a need for an improved process for making a
20 semiconductor device that includes a high-k gate dielectric. There is a need for -
such a process in which a polysilicon-based gate electrode is formed on such a
gate dielectric to create a functional device -- without causing undesirable work
function shifts. The method of the present invention provides such a process.

BRIEF DESCRIPTION OF THE DRAWINGS

25 Figures 1a-1c represent cross-sections of structures that may be formed
when carrying out an embodiment of the method of the present invention.
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oaixsgbetectric to create a functional device -- w thout causing
undesirable work function shifts. The method of the present inveati®8,/2006
provi des such a process. BRI EF DESCRI PTI ON OF THE DRAW NGS 25 Fi gures
la-1c represent cross-sections of structures that nmay be fornmed when
carrying out an enbodi nent of the nethod of the present invention. 1
P12763PCTDEFAICERIUES ORTAT 1) TETEHR PREQENFINVENFRENENT | NVENTI ON A et hod
for maki ng a sem conductor device is described. That nmethod conprises

formng on a spbséthall formak eazééme?cdnametrorhaﬁbehgaegcﬁh&l eFﬁét'rﬁeﬂ%%BSt ant
that is greater than the di eI ectric constant of silicon dioxide.
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set forth to provide a thorough understanding of the present invention. It
wi |l Be dppaeesn the disleclac dayar e insulaing yer baipgaampatirewithitbei nvent i on

10 may be practiced in many ways other than those expressly described here.
The i nveheleotnicilayartans! angatd électrede by bé emssbon the indetaingdaygkrs A gsted bel ow.
I n an enbodi nent of the nethod of the present invention, as illustrated by

figures blecimdeds ghatidrined @y e |ﬂ:9&!ahﬁ% ia%rrrem ﬂfé ﬁjﬂbﬁﬁrfgafﬂ@scliﬁﬁon Qbstrate
100 may include isolation regions, ype wel I's and n-type well’s that have

been for pefhdd? of details are set forth to provide a thorough understanding of the present

u} invention. It will be apparent to those skilied in the art, howe_ver, that the invention
10  may be practiced in many ways other than those expressly described here. The
invention is thus not limited by the specific details disclosed below.
In an embodiment of the method of the present invention, as illustrated by
figures 1a-1c, dielectric layér 101 is formed bn substrate 100. Substrate 100 may
! include isblatioh regions, p-type wells and n-type welié tﬁat have been formed in.a
B 15  bulk silicon or SiiiéOﬂ-—Oﬂ—iﬂSlhéiOl’ substructure. Sﬁbstrate 100 may comprise
othér materials - which may or may not be bombined with silicon - such as:

germanlum indium antlmomde lead teflunde indium arsemde indium phosphide,

) galhum arsenlde or galllum antrmonlde Although several examples of materials
_ from WhICh substrate 100 may be formed are e described here any material that
20 may serve as a foundation upon which a semiconductor device may be built falls
within the spirit and scope of the present invention.
Dielectric layer 101 comprises a material that has a dielectric constant that
is greater than the dielectric constant of silicon dioxide. Dielectric layer 101
preferably has a dielectric constant that is at least about twice that of silicon

- 25 dioxide, i.e., a dielectric constant that is greater than about 8. When serving as
2




1p1pteskesi | icon or silicon-on-insulator substructure. Substrate 100 may

conprise other materials -- which may or may not be conbi ned vmth2§)d¢;:§)@06
-- such as: germaniun indiumantinonide, |ead telluride, indium arsenide,

i ndi um phosphide, galliumarsenide, or galliumantinonide. Although

several exanples of materials fromwhich substrate 100 may be forned are
descri bedtheegate dielpctrintior tre serhizbndlctonslesies, wiiclastrit ibpantet isan“Higler whi ch a
sem conductor device may be built falls wthin the spirit and scope of the

present i guendicRRtrid) Sopsd bi thel M¥RIakOthat I HS8Se AtdTRRE! k te has a

dielectric constant that 1is greater than the d| electric co

silicon d c electrlc constant
that is ?Q?%ng?s IRE@{?? b%n@erh%ﬁ{e %g?ﬁ'ﬁ ﬁ?‘g@ﬁ@eo’gf]e eZ"COQ Wt el ect r| c
const ant t is,grgater th n ser Vi n as 2 P12763PCT
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| ayer 101 is a "high-k gate dielectric.”" Sonme of the materials that nay be
used o rwé!mit@awmgaﬂ@e sirostiven itaoim axide dgiriumoxidematumidem dxide hanum

oxi de, zirconium oxide, zirconium silicon oxide, titaniumoxide, tantalum

oxi de, bdeadscandiont iantaluht(mdetram!iedd,zilﬁz iabatem Partistlatynppefered ss&r onti um
titani um oxide, yttrium oxide, alum num oxide, |ead scandiumtantalum

oxi de, aﬂdaf!hlaﬁﬂoiidéczﬁbdhhﬁh%x;d%’ﬂltltdrﬁt!tﬂﬁﬂtdé Rinaf ROmtLirA oxidd akIH 03<i de,

zi rconi um oxi de, titanium oxide, and al um num oxi de. Although a

exanpl es ol SBhfleSbPniidialdat May 58 Usba td A Fefl e L\Er 18Y Sle 101 are

J} described here, that layer may be made from other materials that serve to reduce
10  gate leakage from the level present in devices that include silicon dioxide gate
dielectrics.
Dielectric layer 101 may be formed on substrate 100 using a conventional
depositictn method, e.g., a conventional chemical vapor dep‘osition {("CVD"), low
pressuré- CVD, or physical vapor déposition (“PVD") prot:ess.- : -Preferébly,- a
: 1-5'., * conventional atomic IayetrCVD process is used. In such a process, a metal oxide
-precursor (e.g., a metal chloride) and steam may be fed at selected flow rates into -

“a-CVD reactor, which is thén operated at a selected temperatiire and pressureto

generate an atomically smooth interface between substrate 100 and dielectric
layer 101. The CVD reactor should be operated Ibng enough to form a layer with
- 20 the desired thickness. In most applications, dielectric layer 101 should be less
_than about 100 angstroms thick, and more preferably between about 5 angstroms
and about 60 angstroms thick.
As deposited, dielectric layer 101 may include undesirable impurities, e.g.,
hydrogen and/or unreacted metal, which render that Iayet incotnpati.ble with

25 polysilicon. In the method of the present invention, insulating layer 102 is formed




desgmsbpbed here, that |ayer may be nade fromother materials that serve to

reduce 10 gate | eakage fromthe | evel present in devices that incbé’}dﬁs/zoos
silicon dioxide gate dielectrics. Dielectric layer 101 may be forned on

substrate 100 using a conventional deposition nethod, e.g., a conventional
chem cal vapor deposition ("CVD'), low pressure CVD, or physical vapor

deposi t i oon ety lgpmod@ds . Infulefiry EHyey 102 wilbbe eowgntiblenaith aigsdttc fayeer CVD
process is used. In such a process,-a netal oxide precursor (e.g., a netal

chlori de) 1@ndngtegateapdifode® fo?ﬁb%rﬁfﬂmefihgwaﬁﬁéa%?ek“Frf%ula%in@{%éleaﬁ or,

which is then operated at a sel ected tenperature pressure-to generate

tom - . te 100 and dielectric |ayer
iglé '(I)'rr?eC@?Dﬁ@%ﬁ%%%%“ﬁ%yggéﬁ%@@%%Fsgnough to f?)rma Ia\c/)er \r/1vit|hd28
the desired thickness, In st applications, dielectric |ayer 101 shou e
l ess than abDUFUIngQ %ﬁ¥§§t152rfﬂa3f Egéﬂ?‘?% aMgifieorphibitds. apvsh Be&iligeBn about 5

angstroms and about 60 angstrons thick. As deposited, dielectric layer 101
may i Rel Utidgraeyimaybe fprped onidiglecksicdayer 1ldusing soavehtionalisifieartt ed net al |
whi ch render that |ayer inconpatible with 25 polysilicon. In the nethod of
t he presaniriderdepotition techisiglied, ieng., cagesntibhal CVD, AVR ér ferRd R/ H3E%E _
23/ 06/ 2006 on dielectric layer 101. Insulating layer 102 wll be conpatible
with di elppetddses! ayarpréferred embodiment, such a process is used to form a silicon
nitride layer that is between about 3 angstroms and about 25 angstroms thick.
k ) Such a silicon nitride insulating layer may consist essentially of a single silicon
10 nitride layer, or alternatively consist essentially of a plurality of monolayers of
silicon nitride.
Although silicon nitride is a preferred material for forming insuiating layer
- 102, other materials that are compatible with both dielectric layer 101 and
- polysilicon, and that prevent polysilicon from interacting with dielectric layer 101, - i
=15 - ~may be used instead -- without departing from the spirit-and scope-of the present

~invention. Substrate 100 may comprise a thin silicon-on-insulator'substructure, -

-+ ‘e.g., one that is sufficiently thin to facilitate the subsequent formation of a fully

depleted device. Devices built upon such a substrate may be less susceptibleto.
-work function shifts that may result, when forming a thin metallic nitride layer
20 between a high-k gate dielectric and a polysilicon-based gate electrode. For that
reason, when substrate 100 comprises a thin silicon-on-insulator substructuré,
insulating layer 102 may comprise a metallic nitride, for example, titanium nitride
or tantalum nitride.
After insulating layer 102 is formed on dielectric layer 101, a gate electrode

25 may be formed on insulating layer 102. In a preferred embodiment, the gate
' 4




1P127838CA gate el ectrode to be fornmed on the insulating |ayer. Insulating

layer 102 may conprise a single layer or nultiple layers. Ipsula&gpgsygwgg
102 may be nade fromsilicon nitride. Such a silicon 5 nitride |ayer nay
be formed on dielectric layer 101 using conventional silicon 102, other
materials that are compatible with both dielectric layer 101 and _
pol ysi | i cElectrads manbe fervechby jitially depnsitingrrmysilinoerlagen 1B on insubatiigect i ¢

| ayer 101, nitride deposition techniques, e.g., conventional CvVD, PVD or

renot e pl Eyen10progarssating the fgue ebestrieduentrRslystidtn lagecTORnRyasess i s used
to forma silicon nitride |layer that is between about 3 angstrons and _

about 25 a@,gﬁnre@lr@sirﬁ@béﬂfventﬁﬁahn%trﬁdéi Wﬁféféfaggﬁfiﬂé?\%éﬁ LBg ﬂtz",bﬁb may

consi st essentially of a single silicon Itri ayer, or altérnatively

consi st e ' I ' ol,ayers | LI nitr,ide.

Al t hough ér?ﬁ?tdgﬁé %ﬁ?%ﬁogét ?,g'éga%lrgtés%’rgﬁ{se f t e 1%#@0‘?"&‘?%1 |"’H§tﬁrl1%ﬂ ijng

| ayer 15 e used instead -- wthout departing fromthe spirit and scope
of ' th prEEied YSHE RPREIoBLECPHIGMSS0t 1Ritp 1h6 ETes &6 Rrvetire. Addiional
silicon-on-insul ator substructure, e.g., one that is sufficiently thin to
faci | i t atdephaviieh eegenerally uged ito contpleteftoe opte eleptrede (e.deVormingBevi ces

bui It upon such a substrate may be | ess susceptible to work function
shifts t hdicidenfnat shown) omtties ubpenpag ofietdhied padsilidonGstiicturedid) axey 20

bet ween a high-k gate dielectric and a polysilicon-based gate el ectrode.

A P v A o S L A T o
§XGP! €. debLAUHR Mbtd b8l Hre t ANt I UM ni tri de.

10 Forming an insulating layer between a high-k gate dielectric and
poiysilicon-based gate electrode may enable such a high-k gate dielectric to be
used with such a polysilicon-based gate electrode. Although the embodiments
described above are examples of processes for forming semiconductor devices
that include a high-k gate dielectric layer and a polysilicon gate electrcpde,- the-

- 15.  present invention is not limited to these particular embodiments. The method.of - -
the present invention .c.ontemplates any process that employs an intermediary
- insulating layer to-enable otherwise incompaﬂbie dielectric layers and gate
electrodes to be used together.
- Features shown in the above referenced drawings are not intended to be
20 drawn to scale, nor are they intended to be shown in precise positional

relationship. Additional steps that may be included in the above described

method have been omitted as they are not useful to describe aspects of the

‘present invention.

Although the foregoing description has specified certain steps and

25  materiais that may be used in the method of the present invention, those skilled in
' 5




APti2T63PA3 Ul ating 1ayer 102 is fornmed on dielectric |layer 101, a gate

el ectrode 25 may be formed on insulating layer 102. In a preferred/os/2006
enbodi ment, the gate 4 P12763PCT 23/ 06/ 2006 el ectrode may be forned %y
initially depositing polysilicon |ayer 103 on insulating |ayer 102 -
generatina@%he figure [ b structure. Polysilicon |ayer 103 nmay be deposited
usi ng convehartoyleraacaie hairmapy etogifigstions andsubetitntiabo otayhed@@deangst r ons
and about 4,000 angstrons thick. Layers 103, 102 and 101 are then 5 etched,
usi ng convenvidimgly, it sdendad shattal fuphmbbificiticny altdaatiohs Uaibstitutiofddi t i onal
steps, which are generally used to conplete the gate el ectrode (e.g.,

form ng aanéhﬂbﬁbﬂ@b@ﬂﬁkm&ﬂﬁé@}oﬂﬂh&ﬁﬂn%ﬂ?@ﬁmpéﬁ&Fﬁé%ﬁgaﬁﬁﬁnQ foH A4 con

structure 103), nay follow As such steps are we o those skilled
in the arjk.g 1 Eﬁgﬂ e..fdescribed in nore detail here. 10 Form ng an
insulatingevgggyygk%é encggﬁﬁaﬂﬁk gate dielectric and polysilicon-based
gate el ectrode may enabl e such a high-k gate dielectric to be used with
such a polysilicon-based gate el ectrode. Al though the enbodi nents

descri bed above are exanples of processes for form ng sem conductor devices
that include a high-k gate dielectric |layer and a polysilicon gate

el ectrode, the 15. present invention is not limted to these particular
enbodi ments. The nethod of the present invention contenplates any process
that enploys an internediary insulating |ayer to enabl e otherw se

i nconpatible dielectric |ayers and gate

§ j
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el ectrodes to be used together. Features shown in the above referenced
drawi ngs are not intended to be 20 drawn to scale, nor are they intended to
be shown in precise positional relationship. Additional steps that may be
i ncluded in the above described nethod have been omtted as they are not
useful to describe aspects of the present invention. Al though the
foregoi ng description has specified certain steps and 25 mabgpiRlsgod hat may
be used in the method of the present invention, those skilled in 5
P12763PCTwWh3{i084i200B: the art wi ||l appreciate t hat many nodi fications and
substitutions may be nade. Accordingly, it is intended that all such

nodi fications, alterations, substitutions and additions be considered to

fall within tgg g@ t and sc%ﬁﬁ of the inventjon as defined by the
appended 41 ai d iy aking e migeatucos IRfosCRBRISiNg: 1. A nmet hod for making a

sem conduct or h-k gate dielectric |ayer on
LOLO" RS ENGRIRAL BbB0 Il LR DRl 00 K oate o ic lay

a substrate; 5 rmn . ating yer on the high-k gate dielectric
llayer ghat is pmiRpdd iRduRtivg ibjer biiBe high-8latd d@RERC Hie? REE bbpdiay @lih @ad a gate

el ectrode to be forned on the insulating layer; and formng a | ayer that
conpr i seshipiok yaté Hicledric layer trivien gatseldcirbilatg bk foyreed on the insulating layer; and

forming a layer that comprises polysilicon on the insulating layer;

wherein the insulating layer comprises silicon nitride or a metallic nitride; the substrate

comprises silicon; and the high-k gate dielectric layer Is formed by atomic layer chemical vapor

10 deposition, and is between about 5 angstroms and about 60 angstroms thick.

2. The method of claim 1 wherein the high-k gate dielectric layer comprises a material
selected from the group consisting of hafnium oxide, zirconium oxide, titanium oxide, and
aluminum oxide.

15
3. The method of claim 2 wherein the insulating layer is between about 3 angstroms and

about 25 angstroms thick.

4. The method of claim 2 wherein the insulating layer consists essentially of a single silicon

20  nitride layer.

- B, The method of claim 3 wherein the insulating layer consists essentially of a plurality of

monclayers of silicon nitride.

25 6. - The method of claim 3 wherein the substrate comprises a silicon-on-insulator

substructure and the insulating layer comprises a metallic nitride.

7. A'method for making a semiconductor device comprising:




wherein the insulating |layer conprises silicon nitride or a netallic
nitride; the substrate conprises silicon; and the high-k gate dielectric
| ayer Is formed by atomic |ayer chemi cal vapor 10 deposition, and is

bet ween about 5 angstrons and about 60 angstronms thick. 2. The nethod of
claim1 wherein the high-k gate dielectric |layer conprises a materi al

sel ected fromthe group consisting of hafnium oxide, zirconixgQRdoe,
titani um oxide, and alum numoxide. 15 3. The nethod of claim 2 wherein
t he i nsul ati ngfdmaies higis-k hatt dRREricka@d bn 3 sFisgaE, e Fighaghtadi@ttric2dyepieghgt r ons
thick. 4. The method of claim2 wherein the insulating |ayer consists
essent i al leps &fn apoyi Hlaagsiroing tish agconiptisingremptaabselectd fromdhawgsedpod of clai m 3
wherein the jnsul consi sts essenti al | %EPOI a ﬁiljural ity of

ting | aye
monol ayer §°’5Ft"£9iqfﬁ e ?‘%llz'écé’"'”'?@x'ée UpAm KiPH 589 BF MY ECHIS wherein t he
substrate co latin
I ;yer conpri ggg)'@ﬁ rﬁh? t‘lbﬂégg%l? ??Ig&pcsl%%mnslﬁéﬁﬁ%%&#%a%&ﬁ%% Sg%edﬁ‘lﬁ%gndui:t gr

devi cesCo8p4 msthiinitride’and3nal IsHRwmEOEbouf Déndbthehsant highit %6 gatwen@iugdkect ric | ayer
on a substrate, the high-k gate dielectric |ayer being |ess than about 100

angstroms t hi clerreingle bpangat simpgsea paatiepn an the ebdatine thyér @ t he group
consi sting of hafnium oxide, zirconiumoxide, titaniumoxide, and al um num
oxi de; forni ngefahﬂnqth%pwsawnkcoefa*ﬂ'ég laves) the pylating layesy ang the ighdly gats JRlectriSyer t hat

conpri sesla%r_l icon nitride

10 8. The method of claim 7 wherein the high-k gate dielectric layer is formed by atomic layer

chemical vapor deposition and is between about 5 angstroms and about 60 angstroms thick.

9. The methed of claim 8 wherein the insulating layer consists essentially of a single silicon
nitride layer.

15
10. The method of claim 8 wherein the insulating layer consi_sts essentially of a plurality of

monolayers of silicon nitride.




S5papreapogtal lic nitride and that is between about 3 angstrons and about 25
angstrons thick; formng a |layer that conprises polysilicon on th 3/06/2006
insulating layer; and etching the polysilicon containing |ayer, the
insulating layer, and the high-k gate dielectric layer. 10 8. The net hod of
claim7 wherein the high-k gate dielectric layer is fornmed by atom c | ayer
chem cal vapor deposition and is beABBFRAMDuUt 5 angstrons and about 60
angstrons thick. 9. The nmethod of claim@8 wherein the insulating |ayer

consists essential | p MbtdATOAAaRiNY 4 SERMLIHAICIAUMBLIS dedariddy. Ths Mt hod

of claim8 wherein the insulating™ ayer consists essentially of a plurality
of nonol ayers of ,sil] DLt 763P 1 P8/ ABSTRACT A net hod
for making a s@ﬁ?@%%é@@?ggé%g%ﬁ@g;g%%&§§§ﬁ%§%§d%$ﬁ§%g$@Fﬁ @A i ses
formng on a sybstrate a die|lectric |ayer that has a dielectric constant
that is great e?ClGEHIE ?Wtﬁi‘é}‘@@?ﬁr‘éat%ﬁﬁrh'ﬁﬂe ‘ii?'eﬁrlcl constant of silicee.  An
insulating layer, which is conpatible with the dielectric layer and a gate
el ect fode to bdOXidemdn Bisuletiag layen) whichds caywatibleswith theedietestriciayer
dielectric layer, and a gate electrode is then formed on the insul ating

| ayer. and a gate electrode to be formed on the insulating layer, is formed on the

dielectric layer, and a gate electrode is then formed on the insulafing layer.




