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I'ectron mcroscopy was used to | ofROIBLBIMEY nterfacial roughness and .
sperities. The specinens were prepared from[err] cross sections .cleaved

'150-:200 n for st,g(;Ke.d. oxi-des =i heirthermal &xide analog of . . ..
+egu val ent t%ck nesg Q’Fﬁe Interfa r roughness f [err]layer was Iess -
“than Inm and£i n co , a rougf- ess of about nm fora
.rr]tntserfac,% was The re £a ver | ar ge ci t t _nodul ation of
he-silicon I yer ob near t hedi M erface for t S’err] is due to
. Stress. g ent ercal Lzed s n fields. Th giice of an -
nterface be |t91|uau,d grown [err] ebefore the 30
n-srfrcatro cIe r%:vrs |l e andisasign gefor t he

__cked [err] d| il s ggh@fm qd,i magi n ndi ti ons. e
Ix-electric Bre an Defe sr Bre£ak Vm (bd) t re perforrred_
’on a structure such as ghat dBSSrEbed t 18 dd &t to i %G The

volt ageacross a test MOS capacitor (¥0 mmR). The negative poggri ty with
:respect to the p-substrate forces thegapacitor into accumulatfon thus -

‘mininizing both surface depletion and&oltage loss In the siligon region..
"_;The technique is described by T. N. Nguyen and D. L. Quinlan i 8 Matgrials
J'ssues in Silicon I C Processing, MRS Syrrposr a Proceeding V-7 p@05-512,

11986. The | eakage current acro capaci g, S nmeasu ed as-‘a fgmc- tion
: appl 1 ed VO%% | | a l eaﬁg%%urrent \Gf\aS% r Was:r g th the
bd™

esent. techngggw recorde@BBtR sel f- gag\%nd desgrgtr

___wI.er- d &ineling i rﬁcétae oxi d To as.s h| gh | evel
f:confidence, tests were carried out on approxi mately 2% crtors for
h ruf  These extensive nmeasurenents were essential for ni ng snal |
“changes In defect density, [err] The rreasured data wer e Q g
“di‘stri buti on ﬁﬁp@ a percerﬁ é"of the ssr ng g‘ eakage

irrent and debt @<aative bd e®ia und BdJ[err d are shomn. =~ ..
;ematrsdzallygggé 5. The r§IQt|ve pfaéogﬂy 45 8 is plotted T
‘hgrd-zontally and the breakdown voltage vertically. Curves (1) and (2)
,rep-r_esent | [err] |eakage and destructive breakdown, respectively. The
‘defect-density,[err] was obtai ned fromthe derived yi el.d glgka for 1uA
tkage criteria using the equation Y = exp [err] mhere%ﬁ,g) 062 cn?2 was .
3 Flsés. 6&1 heaBd c show duyial di stg punN én pl otz’.‘é

teria in 10, a%d 25 nm sﬂa@k@j and t Bl ob102 g 1qE respectively.
cumul ative pro% ility is plotted horizontally, an *tﬁt_@,vol t age

| “dashed |ines, respectively. The dramatic inprovenent in [err] and onr
It hesi®®ed stacked [err] layers are representative of all thinner 10 and -
i di el ectric filns. Aconprehensive sunmary of [err] and [err] results
given in Table 2. A conparative Pareto bar diagramof [err] on various
fihrn. gate dielectrics based on the reported results for the past 15 years
S:oms that the low defect density in out stacked S102 filns is conparable
.- or better than, whatwas previously believed to be possible onlyfor dual
2l ectric [err] structures. The present structure offers an inportant
/antage in that it does not suffer fromthe high density of traps

soci ated with [err]interfaces. 7 EP O 323 071 Bl Capacitance- Vol tage
1] Cheracteristics H gh frequency C-V neasurenents were obtai ned by
sweepi ng the voltage from-2 to [err]and then back to -5V. Any hysteresis
epresents the presence of surface states. The G-V stability of the oxides

] for 10 minutes and
-85

arallel to the [110] direction by argon lon: . 25 mIIrng to a thrckness'

“itechni que invol ved applying a negati veg ranp rate or an equi vaI nt staircase

destructive bd .

ically. The stacked and thermal oxide structures are.shown by the solid

; reasur ed by bias-tenperature-stressing (BTS) of the oxide at [err]under . ...



tdri'ng the flat band voltage shift {err] and change in trapped charge -
e [err]. The flat- band shift to a nore negative value indicates a -’
sticF-dup -of  positive charge at the [E?Pf"':ﬁ"rﬂEFface which is usually due to-
l.e i.on contam nation in oxides and/or hole injection fromthe
_t_'rate Sim'larly a nore positive [err] is probably due to the hot
+ron i hj ection fromghe. substrate & . . Bias tenperature stress
uﬁu,-es of C-V charactergstics for %pacdﬂ%rs fabricated from 10nm
T] stacked and t [err j @ err] dual dielectric
wed--that .t he sta@ OXi deE - £t§al @ noipnstabilities and the ...
el S102 controlgf&i ns ha y & 8li -3 bagdx( f b) voltage shift -
'-'I n conpari son\,é capac!‘t rs ﬁe 5 a al dﬁel ectric showed a
~large -[err] i-Qn was | g gtrarg il dup of positive
ge (1ng| |l e |ons)'3 t he | gf ac n-An\ELg- y Bh@& he CV curves near
e'pl ‘et'i on' regior Was probabl to |&rge den- & of interface ~
ps.. . The | ow frequéncy (quasistati C urves weBeSobt ai ned by appl yi ng

st_ant_ ranp vol tigge (ranp rate [§rr] ggoss t he MBS capacitor and
uring the displagenment current bg an ectroneter at [err]. The

| acqgent current@was directly | grat®d to yield the capac- itance.
e 3.shows a sumary of MOS C-V results for thin stacked and thermal
e filmnms.of variouset hi cknegsw 20 = 52 Degd ces mrefabrlcatedln :

5 um and 0.9 um t ecfhol ogi e Whl ch e.erI oyexX5nba [eg -(150A) gat eoxi des,
spectively. TransistWYrs fabrj gt ed egpl oyigg the seaged gate oxie
di'cat @ normal out put® and tr&pgier c ractgrisgicsg stboth [err] cha.n.nel
hancenent nodes. Device yi el sgand circuit perfornmanges attained using:
et st acked gate oxides in bg™ 1.25 umand 0.9 umy @hnol ogi es were
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Claims

1. Amethod of fabricating an integrated circult comprising a thin, planar, oxide layer grown on a silicon sub-
strate (1), with a stress-free interface formed therebstween, the method comprising the steps of:
a) growing a first oxide layer (3) porous to diffusion of oxygen on an exposed surface portion of the
substrate, sald first oxide fayer including defect structures; '
b) forming a second layer (5) of oxide or oxynitride over said first oxide layer, said second layer being
of a composition which is porous to oxygen, andincluding defect structures, wherein the dual layer com-
_ bination of said first oxide layer and said second layer includes an interface defined therebetween at

which said defect structures are misaligned; '
CHARACTERIZED BY

c) growing a further oxide layer (9) underneath said first axide layer by an annealing process in an oxy-
1




45 Clainms 1. A nethod of fabricating an i.nt egrat ed circuit co \‘“\“\
t hin,, pl anaroxi de | ayer grown ona silicon sub- 50 strate. (m“ I‘NH\‘
stress-free Interface fornmed t her ebet ween, the met hod conpri si e st dps*®

of: a) growing a first oxide IayerETS?ZWﬂGt’!s to diffusion of oxygen on an
exposed surface portion of the substrate, said first oxide layer including
defect structures; b) formng a-&econd ayer (5) of oxide or oxynitride

over said first oxi de | ayer, sal seco d layer being of a conposition which
is porous to oxygen, and_ |ncI ud| t structures, wherein the dual

| ayer com 55 bla irst dxide Iayer and said second

| ayer Fncl udes an |nterf=a RE ebet\&% at which said defect -
structures are msaligned S? " ®Yrowi ng a further oxide

| ayer (9) underneath sai i Psin g»(EbIE!’ bayer n anneal i ng process in an
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0 Claims 1. Anethod of fzbrlg tlnggan integrated circuit corrpr|S| ng a thin,
pl anar gxi de | ayer gr own R a Silicon sub- 5Q, ~j Stdate (1), with a
stress-free interface forrred therebetvveen &he #ret hiad conprising the steps
of: a) growing a first oxide |ayer (3) _porou@ dld‘)fusion of oxygen on an

exposed surface portion @f thecsybst pate, gl-ﬂ oxi de layer |ncluding
defect structures; b) f o ng ¥ Stcoff ‘raye‘{n@ of .oxi de or oxynitride
over s#id first oxide |ayer, said second | ager Bei of conposi tion which
i's porous to oxygen, and including defect. sttucsures, rein the dual

| ayer com 55 bi nation of said first oxgde rayeE and said second

| ayer includes an interface defined thereba:. atawhi eh sai d def ect

| ayer (9) underneath saig@ fi rst; gl dglgyerc daneal i ng process in an
oxXy- [err] * C

structyres are msali gne% CHA@@'ERICZ@ BY= %rovﬁ'ng a further oxide

.‘.;5% g
e
[y, =
% &

30 zg '

' EU

= ce ©& d g

S S =28 < &

S w

z Z.

35 -

. Z§

2 g

* o

o = - b = e

— wme W <8

_ 40 ) h A — =

Vs B’g

we

45

Claims

1. Amethed of fabricating an integrated circuit comprising a thin, planar, oxide layer grown on a silicon sub-
50 strate (1), with a stress-free interface formed therebetween, the method comprising the steps of:
a) growing a first oxide layer (3) porous to diffusion of oxygen on an exposed surface portion of the
substrate, said first oxide layer including defect structures;
b) forming a second layer (5) of oxide or oxynitride over said first oxide layer, said second layer being
of a composition which is porous to oxygen, and including defect structures, wherein the dual {ayer com-
65 bination of said first oxide layer and said second layer includes an interface defined therebetween at
which said defect structures are misaligned;
CHARACTERIZED BY _
c) growing a further oxide layer (9) underneath said first oxide layer by an annealing process in an oxy-
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1EP'0 323 071 B1 gen-cont ai ning at rosgher ¢ dur i ng v ch annea o AR

-:axygen di ffuses through said second | ayer and said first oxi

“ici'eating a stress-free interface wﬁﬁ?éﬁpﬂ%ﬂjbstrate 2. The et hod as
idef.ined in claim1 wherein the second |layer of step b) conprises a
dep05| t ed oxi deyeh-dyitdiningatnibsphereliiaringwhiciomhneaiinghedcbsserygéntiffuses thro@hwhidgecond layer
:perform ng stepanh}audﬂretomloIdyyr,lctaaﬂmlalsmksmyeIntwﬁaqyrwbsa!#%lbsmm i cal vapor
---:-'dewl tion deconposition of tetraethoxysl!|ane

t ho| '
GeT I 2c) Shameaesdalined i A MPER A Se AU S Diegirspe S pgRis ondy e
.;:." t 5 t A
- epg:: 1 : 82 pf%’ﬁu tho%wéﬁﬁtﬁn &%Enﬁ%’rﬂgﬂ%’é}f Ifa% ﬂgédmgﬁlrog% d%guufggﬁglcgﬁzoo
fTorr). 5. n%tﬂc?gs In claim1

erein In perform ng step b),
.':T"S'econd 4 amr mé&tRUafaE tefined iﬁclatmpmartaad: paifbrining the déositiahef stepb thevdapasitior temper--
npl et el y oxiatlireass teGarige siuprodimately 6257501 Cland ttledeposition prb§sureds beTwesn apprdxioutelys

ined™ n cl a0 andi50\Ma¢150iami 400 men{ or ni ng step b). the second layer o
-_rlses.' osited ponS|I|con | ayer wh I s subse |d| .
ent an rsecﬂ'g" pthod as defined igciaim.{yhargin n per ??’JH Eﬁﬂgﬁy °¥ﬂ' 7% 8 P°@h°d
al tunapumc &@?@ﬂﬂ"’d&'ﬂ* "ﬂl"l‘ﬁl‘f&mp"?ﬁ"é\m" "8§ itidgi & an e‘lgéem
Frelgsypstale o s,tﬂaze%a S 2orRpHREIUehtRd .

LA lkb TTFI t{ac;]d) é&?&]‘n E&Qz‘j:ﬂgﬁ&i pemargnnﬁ &b) %59 ApHa Sb&

p&nnungsf rer ren die Schritte urnf al't: ;,

al Aut wachsen enererstn Oxidschicht(3), die -
i1 enf| berder D ffuson von Sauerstoffan elnemfrel- 25 | i egenden
;._-_Ooerf I acherm.m,ﬁbrnas Substrate pores ist, wobel die erste Oxidschicht
‘Defeitsweuituren unfast, b) Ausbilden elner zwelten Schicht (5) von Oxid
- r OXi Ni 1.1 (erdhemrzurcerstelioret ebver idegrideiert Sohiitung ynfssbndcine diinne, planare Oxidschicht, die
e Schbchtan anen Silicemsubaiebithavfgewachsan dst.mitsinet dazwigthen gsgrbiidetsn, spannyagstreiof f
s-i'st  und Gienieiche, wohal dasiVerfahyen dierSghritte umfagt: \we| chen dj e .
schi cht kosHdutwachsereineserstan Qidsehiaht(3)idie gaoeniiper derPiftugjon yon Saugrtnftan einem frel-
7t 1'&he unf %esendew@r&im@eﬂ@?h 49P §s®nﬁa e*rwatéﬁ“i d?t“‘%@i"’*&%ﬂ" Kguren

t's truture hlaus erlchte
ennzebchnet °'" ] (AL bes '%ﬁ%ﬁ Kt w%’é{ b
ersten OXi d E ﬁ m g&‘ﬂicht déﬁf‘;’ ok SEOt
al t gpden At § rﬁﬁﬂ dpﬂ l t']gn [Selfektstrukturen
erst.of f . durc h| vUnd die erste Ok dschi cht di ffundiert,
he -Spangiuigs hﬂ&,éenzschlcht zu dem Substrat ‘erzeugt wird. 2.
T TaC Ty A¥RErer Yeirler woiRbkenVEdSEhRAR (@) Ghtsthe) def orSieh iORIaSchiIR urSK Bih iAhitealig-
‘abgeschi aﬁiﬁaﬁeﬂf leflar SaGLHsEA bnthaltetdan Atmodiiars, woseiiianlenEdlesasAlnedingVerttiond,
wel ghem besanarsiont altéd dié ewitsl 8ehichtindidist efstd DxidbesichOiffandibet; wébeldvendparmhgsfreie
ﬁasenabsc@b:ﬁu&hﬂ:ﬁmn&esmﬁgemthraet hoxi sl | an ( TEQS) ausgebl | det
"4, " Verfahren nach Anspruch 3, bel wel chem bel m Ausfi hren d '
1ei dung2-v ferfalen nach Apsprugh & baljesighern die gwsligtchiphb kenFapsitt ?’rﬂ"B@P@P@‘H"V&P*“"
efahr 625 Hchichfumfedt | | egt und der Abschel dungsdruck zw schen un- gef ahr

und- 59 Pa (a0 (RIS, bkt welohsh beirf? Durd@birlréH o€ oS L) dANSR Mlidh chemibtib
fem bei % g:h, F:@R'Q” &é& &L%ti ﬂexﬂm#trtes)%kuesi%&m ne abge- :,
-schl ede I crunnitri bcht unfaft, die vollstAndig oxidlert

um SI:4. ClerraRrén mdich MdﬂnﬁM&bﬁbveloMbeim Ausfiihan deiokbisctiekdany vomS¢hrithb)odin Abs¢held |
viel chem bedungsRmpedatutiiny Bereichvon uBgéRiir 625 bis) 750fCdiegt wasi decAtSHlalduigsdrudk mwischibpjen-
e‘denen PoIgeﬂh*ZOmnduMsm1mnd&9ﬁraT°tr) liegt ¢ nachfol gend oxidlert wrd.

dl,catlons L '
o 5..  Verfahren nach Anspruch 1, bel welchem beim Durchfiihren von Schritt b) die zweite Schicht eine abge-

schiedene Siliciumnitridschicht umfaRt, die vollstiindig oxidiert wird, um Siliclumoxinitrid auszubilden.

” '. 6. Verfahren nach Anspruch 1, bei welchem beim Durchfiihren von Schritt b) die zweite Schicht eine abge-

+ ~schiedenen Polysiliciumschicht umfaBt, die nachfolgend oxidiert wird.

- Revendicatlons

"l; Prooédé de fabrication d'un circuit intégré comprenant une couche mince d’oxyde plane développée sur
un substrat de silicium (1), avec une interface sans contrainte formée entre les deux, le procédé compre- -
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Proced6 de fabricatlon d' un ci rcui t Int 6gre conprenant u '

xyde pl ane devel opp6e ‘sur un substrat de allkclum (1), gﬂlmmjwr"mmm
face sans contrainte formee eS8 Rleyx, | s procede conpree- L 12y . s A0
Illllllllll 11112 H I 1l .- . EP 0 323 071 Bl . ;
¢ Il Dhdntldd éthges daradeatuelieds ot apes dans | esquol | os: a) on d6vel oppe
: pr eni er.e..c o) omndsveloppe ynkeprériiyre cquolientnxpde/3)) predse & la diffusionctls 'bxyging caueune zengr. .
n&.zone de surdeaerface spowsé du shbsteat indite memiers caticheal opyde renfetmant dee défprs de's _ _
af eérmant  des b)6f faureneiseconde cavcher(9) d'olyde ownd'exynitnyse Bﬁﬁé“sm@"&%e%he(
xydesou d' ownladihaﬂ@nmoU@eé*gutsm? eqippsition rperﬂvqe@éwewe msreefemg deﬂiéfaur%ﬂm te"
onde couche sHueiwe, dgndaquelipinegmbingipen 3 slews couches formé ﬁ'ﬂ ﬂ'gﬁf’
auts de str M%F@%ﬁ?“ﬂ&d&f@?’?@ upginteiarg F'?TEE|°§B‘FF' dqwt M 'I!‘f?ﬁ‘é??é%q"? farde

" er% Eﬁ 2%‘75 q& " adite seconds couche conprend une -
; _a e d6fin %& hg@ 9
' 'CI:UF ne so Pn o‘ﬁdﬁg{ﬁ % er:cui ura‘:l’t(fgquel‘ai
ucﬁyetqg%

¢l gppe une g e ﬁ’ed%c | dréeinit Un® ihte

'yde par ans une at mosp |re contenant de.

It e g£¢ @ dProzaisalaen Rirevendidatish 1) Hanglldque lcmoaide cajucmq»d'éta_pa:lr) @emyrendruge couche
-:e(face sandroxydatiépasédet 0 avec |l edit substrat. . Proowi6 selon la -

-CRSI Egt |3onP}océdc;a£'§mL$e%§= | a seecp(énde coucj;teapde)d %é%gggp%ac%@"r‘p%mm%nre
ndl cat i on 96P0t ef¥gRey giiyiae baghe Propg “Ide xﬁﬁ“a"el de eat forme par - - - -
Onpod t anPpo%&:ﬁ révs &%ﬁ ﬁ% o U&a m&n&mﬁhgm b), la température de
af t hoxysi | % ?ﬁv 7§@ Qs brasdidh\48 Bépot et édﬁiﬂris%enﬁﬁ&ﬁirdn@ﬂﬂﬁ :
nt la ddcggppglgéhtqaogﬂgng) etape b), la tonperature de depot eat dans |a
',_'d environ 625-7500C et la pl’eSSI on de depot est conprise entre .
~on. 20 St Pi@édeaelprils Bveaticat®n 1,dansiequdl, durant 'étape b), la seconde couche comprepd yn@gepshe
on | &revewdd nlmeude ﬂliclum dfaonde n@qummplmmyqée equais'enqﬁ)ie Fopgitepeacdopligutouche
prend une couche i trur |cI

(e Ry %'gg#'g;t& }g_as; dgeioas yﬁr@? b enid Sl r genflile oS2ho
\ T'a Tevei 8 POSEM: °(5'§‘ﬂt8f’ U
r'enqo une couche [ C Asdo poi ysi lici um doposee qui eat
yi e oxydce. . . . - =AY ot 40 ;0 L,
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Exygbn.e_, procogdcé’ de recul tﬂé'urant | equel de 'oxy- gene diffuse a travers

rant |'etape b) Ia seconde couche'_':



