WD 2009/ 013268PCT/ EP2008/.059524 1 CHARGE RESERVO R STRUCTURE Fi el d of
the invention The invention relates to a production process
of a sem -gnRGsRiHEs On i nsul ator type structure, used tpRr5ipREe85HREA
wi thin the structure. 5Background of f{he invention The
production of flash nenories is based on the use of MOS (Metal Oxide
Sem conductor) devices with a floating grid enbedded in the grid

oxi de, between the channel and the grid. The data is stored by
trapping electrons in the floating grid, which acts as the nenory 10

conponent . The pri nciGHARGE REePRYOIBEEIRISTYRENDdi fyi ng t he
current-vol tage characteristics of a transistor according to the data
st or ed. Fi B set.or e consists of storing charges in the
floating grid - bl e, in nodul es. These charges induce the

shift in the curremhe invEntivolrélags ©ous eodursion EpoEeifed sbyi-tordutsrow
in figure 1. The data is read by | ooki n%éat the current |evel at the
readi ng vol t a§B.NSYRIPHYPEBIHRIUEE  yserlilg §raue dalg witlyh Jhgsigucture.

(corresponding to a discharged grid), no current flows, in state 1
(corresponding to a charged grid), a current can flow. The nain
advant age of %ﬁﬂkﬂ.@_d.@ﬂ%ﬁ_ﬁﬁ_l%r nd gfitheriR¥entidnscr et e st orage devices 20 lies in
the fact that if a 1 f f grid i og.cu eak
i nduced only di schgngEg@ﬁHg%h%%gméerﬂgrﬁ% 5nSoPQ O(ej%gnﬁ%r {e@? Ior(f)yﬂblg
grid as in théMets Oxider Semitonductoy devicgs.with a floathy gridratbedded irf thet ,

for around ten .year. ew nenpry devi ces ri.gi di,screte, storage
devi ces and ndlid cienPPEET LomEnast sk e GFllyd MGetPEes FivTehey
floating gridirappiagberstirdey einopies ﬂ@tmgegﬂemﬁi&e Setobhe nhed ieerhory

conponent mniaturisation. In this way, discrete trapping nenories
can be folfhd &PPROABMerials such as nitride, so-called "high k" (i.e.

58, 5 50sprs Ly RGBS nehary RSN o meBions ek
characteristics of a transistor according to the data stored.
Data storage consists of storing charges in the floating grid or, if
applicable, in nodules. These charges induce the shift in the current-
15 voltage curve, as represented by the arrow in figure 1. The data is read by
locking at the current level at the reading voltage. In the example in
figure 1, in state 0 (corresponding to a discharged grid), no current flows,
in state 1 (corresponding to a charged grid), a current can flow.
The main advantage of nodules and other discrete storage devices
20 lies in the fact that if a localised fault of the grid oxide occurs, the leak
induced only discharges a single nodule and not the entire floating grid as
in the case for continuous grids.
As a matter of fact, for around ten years, new memory devices
comprising discrete storage devices and not conventional continuous
25 storage devices in the floating grid have been developed to overcome the
problems due to component miniaturisation. In this way, discrete trapping
memories can be found with materials such as nitride, so-called "high k"

(i.e. high permittivity) materials or semiconductor nano-crystals.



Sem conduct or nano-crystal (also referred to as nodul es or dots)
menories are very promsing in ternms of size reduction as they offer

t he advant‘gg%0 1;,0156@ gh integration density, |ow power e ﬁ)§9994
and | ow production cost. In this way,,flash nenories w th silicon or

germanium 5 nano-crystals are found. In this respect, it is possible
to refer for exanple to the article by Kan et al., "Nanocrystalline
Ge Fl ash Menories: Electrical Characterization and Trap Engi neering",
Advanced Materials for Mcro and Nanosystens, January 2005. The
principle of theseSsmitdheduoenoanesrystalb@bedrefarrad texashangideoior ddds)
charges between the nano-crystals and the inversion,l ager via_a thin
tunnel di el ec{MaMeONER@ECYRLY ArogISIsINGiesBR £ Giafgrest Cliqn a8 thet PERsNgnd

therefore of bigastagd of s mgnﬁm&g@@oﬁmeﬁ%ﬁﬁ 1B@GEer consumptidRfan@Usw
t echni ques are now avail abl'e to form nano-crystals w thin substrates,

for exanpl e a®rasistion cerhilgubis Way, Beshmmgmeoias pitnalices erPgeEAeNIiUM

Enhanced em r et -gl?%g ; i i

Pat ent appli gg? ﬁ%ﬁ}%g(%%@??&g{@f Fl%sg)léaié))s{tclri eélbﬁtg %F)Errﬁfg% ?%én'ﬂgl]p
nodul es by meémthecérticlepghalkamet e, "Nadotyatallinedas inbash. Maimeries: Electrical
nano-crystal s .are for i.n ide lLaver, which wll. uent |y
e Used’ as . SOGACEIAATER SNg TR RN oERETRY e AMLRND WitsialiRE S o
However, the Nahoeystemsolaradup@ds.as described in this docunment is
limted to silicon_substrates and cannot be appljied to nulti-I|ayer
substr at es,  such alTSBANCPEIHRRGIRILE MeRIaTASF BERHS O pExchande of
substratesg | Bhie, bdth@eRT B8 CRS&R-Bystdl aPBMHEOREFIGH 1Ay&Y Sia O thiRe
substrate 25 surface, above the insulating |ayer, renders the

i npl ant ati on $4n&el diiglecteial tThel chepgingd andl digehansingn 6t db e aglgclrensa sy
hi gh i1 npl ant a I i i J i a |l oss of precision
of the inpl an%ﬁeeggfrogé&&gﬁbg%éé Eﬁ%&fgf@g?{bgﬁ@a{@ @gkgerge in the

sem conduct or fi |l nVarious technigles adelinbiwoayaikble for esmnuanceérystaés within

sem conduct or | aver. does not 30enabl he applicat.ion of a
ront ot s oo uBE g OR Bbnas ShaRsS IGoRERen B Tedins of FEEGYR,
t r eat ment 1 gsedPlasman Enkafted nQhémal nemsorn®ep¥€ition), or by means of

2009/013268PCT/5P200_8/ 059524 3 the oxygen present would not react
with the enbedBR8"EH8M ator | ayer but, on the surface, with the

sem conduct or | ayepgtent application US 2002/0017657 thus describes the formation
of nodules by means of implantation and heat treatment. The nano-
crystals are formed in the oxide layer which will subsequently be used as a

20  grid oxide for non-volatile memory production.

However, the formation of nodules as described in this document is
limited to silicon substrates and cannot be applied to multi-layer
substrates, such as SeQl (semiconductor on insulator) type substrates.

In fact, the presence of the semiconductor layer on the substrate

25 surface, above the insulating layer, renders the implantation step difficuit.
It would in fact be necessary to apply high implantation energies inducing
in particular a loss of precision of the implanted region and the creation of
damage in the semiconductor film.

In addition, the presence of the semiconductor layer does not

30 enable the application of a heat treatment such as that described in the
document. In fact, the heat treatment used is an oxidising treatment and



Pat ent application US 2004/0108537 provides for the formation of a
structure conprising a base substrate, a charge trapping region and a
S sen condyet98edisger Wherein el ectronic conmponents SUGRAS2008/059524
transistors may be produced. The trapping region conprises one or
nore insulator |ayers, wherein atom c species or nano-crystals

form ng trapping centres are incorporated. However, this trapping
regi on nust have a sufficient thickness for the nenory to function
correctly. In fact, it is difficult to forma 10 very thin region
with a sati sf dwd oxygenmregentevduld aotreackatih dHaemoegdeplmsulayor laimndougr |

the thicker the trapping region, the higher the voltages to be

appl i ed. on tf‘efﬁﬁ?ﬁ&'@%‘éﬁém@%@%ﬁwof the invention is to
enabl e data st or agpatght apsiRsztien UBI20M4/0 0085 3FSstbdtes fdrIne Iomiatve of a
substrate, enabling the use of 15l ower voltages than in the prior

art. Brief deSHHFWHG SAMBFSNGea RapentURSHatezBAChaias: trappingfreging and a
i nvention gel [ Watal ; SHR g

i nsul at or %ypgggﬁcréﬁggﬁtrog I%ﬁ%?@?@é%ﬁ?@@]ﬁ?&mm Oré:l?,g%‘rétsg[?aﬁa%sé%rﬁor
substrate, anmayshe ;tr@@uqedyglrioweammwg E2giO €omeises caeeqr mhee nsulader's
subetrate. at R Viteftotftic SBRRE: PhrARRORLYES 84Tk bl Elgentres
insul ator 25arayesorpeatetl. foeess, ddsirdpping rédien froustattiaven aaguftidient

ol ect 11 cal |y SOFTASS oBS ramPRap riepn BRI 1y ks SETISY Papan 2
The term ibrapphynin Righs @ke'a S2EERICHY AbRogeh&ity Afd bagtistabRky Hhglity.
traps are located at a given depth Z of the structure, between two

| ayers 30bel ohtgwRyer.oheanigket e trapeing4e9i9pp dag digher dhe [vojtages fhiben

di spl ays a Ce?b?iiéh.t hi ckness. This termindicates that both | ayers on

he

either side o WO 2009/ 013268PCT/ EP2008/ 059524 4 interface are
in direct contact, Ther¢feieconmeof he@imanéthebpventiooris imenakie datef sterageAs

of the. var i oul Pl @reyelol Sritnlydy | Se A RRLSRIR, orPolitf e facd5

sem conduts or dvesrasltages thiandmtredprior arhe di rection of increasing
depths. 5 According to a first enbodi nent of the invention, the
trapping interface is formed at the interface between the insulator
| ayer coating one of the substrates, and the other substrate.
According to anot her enbodi nent of the invention, one of the
substrates is coated with a first dielectric |ayer and the other

substrate is Brief description of the invention

20 A first aim of the invention relates to a production process of a

semiconductor on insulator type structure comprising a semiconductor

layer of a donor substrate, an insulator layer and a receiver substrate, the

process comprising the bonding of the donor substrate on the receiver

substrate, at least one of the substrates being coated with an insulator

25 layer, said process comprising the formation at the bonding interface of a

so-called trapping interface comprising electrically active traps suitable for
retaining charge carriers.

The term "trapping interface” herein refers to the fact that the traps

are located at a given depth Z of the structure, between two layers

30 belonging to said structure, as opposed to a "layer" which displays a

certain thickness. This term indicates that both layers on either side of the



10 coated with a second dielectri¢ |ayer, such that the insul ator
| ayer i s obtained by bonding both dielectric |ayers, the trapping

interface Reip@hokssed at the interface between these tpeQdpadRlsos2s
Particul arly advantageously, the thickness of the first dielectric

| ayer, referred to as the "tunnel dielectric" is between 1.5 and 25
nm and 15 the thickness of the second dielectric layer, referred to
as the "control dielectric", is between 4 and 50 nm Accor di ng
to other characteristics of the invention, taken alone or in
conbi nat i on: interface are in ht'arept corigst, camba'reseet sbpérates bgrmmmgtinudts
formati on of actiyv cts .on t e urf.ac of at
oot one of harey Huifted K 2yl £ A8 DetpthoRitlar 16 Ty e
formation of sfithedefagiots Iaﬁjrembt aitheds byrighans e argl asurfackr oat ment ,
said plasma treatnment bei n%ﬁg gferentlally ap ,Iie%i on the ontrol

e Eﬁ?ﬁ

dielectric | a§emlcqrﬂactaré?§' Rpented Ay thedireton & E}'@Fﬁasl'ﬂg

25chl orinesor fluoptfgding to a firstaEMPHEinitht L6 R{ee”ﬂletn%ﬁaﬁhé/‘%rappm
embodi nent of the invention, said defects are obtai ned by neans of a

treat ment sui frderface l@rfoﬂ'@%ﬂ)g'i therigtecane haiweanttbe cnﬁtdater kayer easdingfongt

5883} 022263&&?%\92%5 ra%""&sgﬁa g‘ﬂe (?ﬂe} %1%%@%;{ a::g a heat treatnment in

an environnent confecording tmiathothent embodinten} dfhihec oveatiomaotes air the

sl ut i on contBRHARG Sapaed Wi Al ifE iR Gl el

ger mani um o dopastes Wﬂh e@t&doiﬁd afieleetrign@ayéd, |suchVibek thle Sheumaivk SaydroiRs
sel ected from Kt or netals selected fromiron and

al umi ni um t RBt W%PMQW”Q'%PGW@ SIRElife YSr D AdraRainG intadfess Peing

bef ore bondi ngynialg éteﬁégntm%eﬁvggnltreéé%rtﬁohgyéged at the interface
10i s activated by neans of plasma; the process conprises, before the

bondi ng, the for naPBﬁﬁU@fWaﬁd‘@ﬁﬁagﬁqulsbné e thinkeess th@ed(ﬂrﬁirdlelectnc

Egng Lgt easge chore?iﬁq‘ﬁéq] tﬁﬁ’ﬁ@%ﬁ?étn};a%edect)ﬁg&ggaéaéﬁ 0 trar?'é1 er

t he sem cohduthethitkness mfotheheeamdedlemctrs:ulmger aefgrred to as the "control
dielectric", is between 4 and 50 nm.

According to other characteristics of the invention, taken alone or in
combination:

- the process comprises, before bonding, the formation of

20 electrically active defects on the surface of at least one of the layers
located on the interface;

- the formation of said defects is obtained by means of a plasma
treatiment, said plasma treatment being preferentially applied on the
control dielectric layer; the plasma comprising oxygen, argon, nitrogen,

25  chlorine or fluorine.

- according to one alternative embodiment of the invention, said
defects are obtained by means of a treatment suitable for depositing
contaminants on the surface of at least one of the layers located on the

interface;



15 - the receiver substrate is coated with the control dielectric
| ayer and before the bonding, dopants displaying a density greater

than 1017 @5}2%9%?56& npl anted in the receiver substrat eré"éEé?ﬁOSl%@Sg-t

| ayer, so as to forma conductive dopgd |ayer under the rol
dielectric layer. Another aimof the invention relates to a

sem conductor on insulator 20 type structure conprising a

sem conduct or | ayer of a donor substrate, an insulator |ayer and a
recei ver substrate, said structure conprising a so-called trapping
interface | ocat ed } the hreatmenil st ®helabyreatroentain ameni/md)ranéatceor’(mmw@en
t he insul ator nd one of the subst at es, é) tregﬁg interface
conpr 51 ng. e S8 ConEN S Jae  RIEMEENIS TS FORTIARt R GerTar e
25carriers. atoms; Particularly advantageously, the insulator |ayer
conprises a first dielectric layer and a second dielectric |ayer, the
trapping interface @@i%&eﬁﬁ'@%te@ At SRR CA2HPS rdf a2 SOheioRe EPNtRINING Wwaid

diel ectricgl aY:Sﬁt%rnlnants the contaﬁf e %’P% (ﬁ@#gﬁmuwedcfdé‘nfé(@@l%ﬁte‘af f,r&l?ne

first dlelectrlc ayer, referred to as tunnel” dielectric
bet ween 1.5 asdug® Hinled a!@memts:mmselectedﬁmm K")Neh F, Cl or metals

2009/ 013268P dielectric layer, referred to
as the "cont %Fllé& gj rﬁ?rlgﬁ%%d B en 4 and 50 nm Accor di ng

to one particul ar etredsbratg is mhd[ngmwnEMS sfuhslecakeadisesiogt ed Wi th
the control dielect

ic | d bst b
Ssubstrate conpri si hlﬁ’%ée gé@@'hguﬂ lppgt?%r?e éﬁ@?ﬁ%gqa%égg%%%m?eﬁace

conducti vegor |35éﬁﬂv§@@j%y3ﬁn@éné @ygés,lngcat ed under the control
dielectric layer. first and second dielectric layers are

preferentially in Trﬁ'tfépf%%sé‘é)ﬂKEtS@ﬁ before Hiobondingathenfermetian pf an,
high k type dbﬂb‘?@t@nﬁ&ﬁéﬁ%m e d?'sﬂ%ﬁeatg)g.odé:s tB.rdéﬁHai O%(%géh@lfctor

strontium and titani um di oxi de, um na zirconi um

t ant al um pent Byed@ndt aﬂemih@rbcmctmg defdetahkmant alode shaehyitiiéraéntezone

thereof . s0 as to transfer the semiconductor layer to the receiver substrate;

15 - the receiver substrate is coated with the control dielectric layer
and before the bonding, dopants displaying a density greater than 10" cm
® are implanted in the receiver substrate, under said layer, so as to form a
conductive doped layer under the control dielectric layer.

Another aim of the invention relates to a semiconductor on insulator

20 type structure comprising a semiconductor layer of a donor substrate, an
insulator layer and a receiver substrate, said structure comprising a so-
called trapping interface located in the insulator layer or at the interface
between the insulator layer and one of the substrates, the trapping
interface comprising electrically active fraps suitable for retaining charge

25  carriers.

Particularly advantageously, the insulator layer comprises a first
dielectric layer and a second dielectric layer, the trapping interface being
located at the interface between the two dielectric [ayers.

Preferentially, the thickness of the first dielectric layer, referred to as

30 the "tunnel dielectric” is between 1.5 and 25 nm and the thickness of the



The trapping interface advantageously cpnprises contam nants sel ected
from nitrogen, germani um dopants selected fromcolum IIl, IV or V

el enents, J@NSeoRGieeted fromKt Nat F, a- or netals Selp‘ac%}%g({ofsfogylh

15i ron and al‘um ni um the contam nant  concentration being

1013 and 1 015 atons/cnR. Brief description of figures

O her characteristics, ains and advantages of the invention wll
20energe fromthe detail ed description hereinafter, with reference to
the annotated figures wherein: figure 1 illustrates the

current - vol t agecant dlielecaclayel, ngfetred tihi @s chaur gerdrob diethciridt aisgsstwetatle

of the grid, fiqure 2A illustrates an Se0Ol type structure according
to the 25i nveﬁf’fj%h Mfjigure 2B illustrates an alternative enbodi ment

of this structure, According tofoergmcaﬁrfém&ﬂlm@mr e Pécdivte |IRREteOk
t he process accordin irst embodi nent of the invention,

figures 4A tocﬁﬁeﬂéﬁ'ﬁbﬂﬁﬁomt@ digleeigic dayarnhsaig rpbslateering @ eRNPeSIte 30
_Se]‘jf’”d 9”1;90': l%@étra% chﬁgmbfﬁ %Bé@suﬁé@a?é;%’m 5@6@5%%%9@15%5&4 !

gure il l'ustrates s rate according to a“specific e I men
of the invent semicoDduator Eyedesatedpinden thef cartirol dielestrid laper.

The first and second dielectric layers are preferentially in materials
selected from SiO2, SiO24«Nx (0 < x < 1), high k type dielectrics such as
hafnium dioxide or yttrium oxide, strontium and titanium dioxide, alumina,

10 zirconium dioxide, tantalum pentoxide, titanium dioxide, the nitrides and
silicides thereof.

The trapping interface advantageously comprises contaminants
selected from nitrogen, germanium, dopants selected from column [l1, IV
or V elements, ions selected from K*, Na*, F, CI" or metals selected from

15 iron and aluminium, the contaminant concentration being between 10"
and 10" atoms/cm?.

Brief description of figures

Other characteristics, aims and advantages of the invention will
20 emerge from the detailed description hereinafter, with reference to the
annotated figures wherein:
- figure 1 illustrates the current-voltage curves according to the
charged or discharged state of the grid,
- figure 2A illustrates an SeOl type structure according to the
25  invention,
- figure 2B illustrates an alternative embodiment of this structure,
- figures 3A to 3E represent the steps of the process according to a
first embodiment of the invention,
- figures 4A to 4E represent the steps of the process according to a
30 second embodiment of the invention



5As a general rule, the invention nmakes it possible to produce an
Se0l1 type structure conprising two substrates and an enbedded

I nsul at or rein a so-called trapping interfac LNS, .
el ectri cal‘lk'g%gd(’?fofl%éat raps suitable fo% r et ai ni ng charggci%?%@w%?”
This trapping interface is |ocated either inside the insulator |aye
(as represented in figure 2A which 10w || be described in detail
below), or at the interface between one of the substrates and the
insul ator layer (as represented in figure 2B). The traps are
obt ai ned by trappi nﬁg?urdLUIIGQréQQ@dISWL@strQﬂee@dcbrcﬁ@é ko/a dpbtifi€ edtforirhéent
present on the I nterface These defects are
preferential | §f 56tIAY$BE® by cont ami nation of the 15 surface of one o
the two substrates before bonding. Cont am nati on consi sts of
concentrating the inpurities or contam nants on the surface of one
t he substrat e%ﬁg&@iwﬂonfdrtmmv&pE%fter pl aci ng the substrates
cont act . e term ef : r.

the 120 I ayer wher 5% BRLELrubr b Pub i tidRes B8 SockeRlEe o8
i nvention, t hsemmmtmmm carmeprisingctivol mﬂistrateacztrid\m ennbdd&qsd mpulator
hangi ng bonds erate han bonds ctri
Ctch ¢ hat ¢ heldVEERENSHEd &P RHIeE PP BRI TG SR PR (PP cFE e

carriers. Thetrtapén@ itebR §& Eétéhlr@f ghargel eaictd.t TRE trBpHhE CihfcPRBe Ok
hol es. 25In the case of nenory plications, trap per f or med

an insul ator [ogatad elﬁheaw%ﬂt?olﬁgu!@t% '@@ﬁéa%m@remntﬁ%@aﬂg@pr?@ which
charge at;@ gw?Beg)%eﬁbéH mt@@taﬁtb"ew)%?a%é rdde 6AMCBA drdGihe

nove phySI cal | consequent It can no ger t art
conduct i on. Ta@bstmiesgendrﬁ;e lb@ula@rméﬁwpwamlg f@ﬂrc—aaB)aner gy

supply. The charge S : of : :
5005) b13s0epct LroBiE G2 ale Goldifdl Y FERIRg  bufhg Wnding, electricaly

active defects present on the interface.

These defects are preferentially obtained by contamination of the
15 surface of one of the two substrates before bonding.

Contamination consists of concentrating the impurities or
contaminants on the surface of one of the substrates, which will form traps
after placing the substrates in contact.

The term contaminant refers to any extraneous elements to the

20 layer whereon they are located. Within the scope of the invention, the
contaminants are electrically active or display hanging bonds or generate
hanging bonds locally in the dielectric, such that the traps are suitable for
capturing and retaining charge carriers. The term “charge carriers” refers
either to electrons or holes.

25 In the case of memory applications, trapping is performed on an
insulator layer.

Trapping consists generally of localising a charge at a given point of
the structure so that it can no longer move physically and, consequently, it
can no longer take part in conduction. The charge may be released by

30 means of an energy supply. The charge reaches the trap by means of a
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direct tunnel effect, indirect tunnel effect or, if applicable, by
means of hot carriers and it is released by neans of a direct or

i ndirect t ct. The use of the inventio an
Se0l1 type, ‘Hgg?@mg%gg fically an UTBOX,(U tra Thin Buri g@@g@g@g&gﬁ
structure, wherein the 5enbedded i nsulator conprises a trapping

i nterface containing electrically active traps. Such a
structure is represented in figure 2A. It conprises a receiver
substrate 20, an insulator layer 60 formed fromtwo dielectric |ayers

40 and 50 anddiretthtunnélasffeict, Iddifgco tarmet efiect arUbSibpldadle, tdyemesmppf ngt

interface 30 10bei ng Iocat d |n I de the |ayer 60, at the interface
between the t @82 ad 1% elpaspery meanmel afirect or indirept{inpghRifept
applications, it ignhé rﬂjsé%ﬁhe%%f‘ﬁfdnet@ 5r8dué€5h %Tefj!@)}dér %r@"sb@cm&l&
enbedded di eI ectric layers of 5t nmin order to favour

tunnel effect afi thB@4s et érhm)l ng%is Oxideheype apsucivre, ewla@wn cliel y
active defgct %ﬁeﬁﬁ@&ﬁn&ﬁat&f‘@#ﬁpﬂgééqg tf'éb?ﬁ{gf ﬁsé?f dcd?%lpfﬂgﬁcg&}f%%@

general ly present I'n non-vo e nenor genera

proposed proceskvecioags.i ses the follow ng steps: formation of a
so-called "tunnel" dlr(]'-,‘| e? t&{i on_one oFeéjtchef.tV\o /%OEubstr.at es .
formation of a so-CHFT BFTUCIARE fSoTePTEREDGL T IGUre A% | EOBIPHEPS 8 IBE]IYEl e
treatment of &hiestrate fzacgn aisulitor I8PsTI600MMEE fohftwiodieRiRiceajars as and
order to create el ectrlcaIIE/1act|ve defects form ng traps or charge

reservoirs af PArENKbAdNRYlaYEE 1Hitaat Agdenaitsuosirate. tﬂF\% tr@ﬁB'”EdBEetrﬁaﬁﬁ
via the ty@”ebeﬁbei&%Eéd Qnﬁd‘é‘ heNiy8t |§|G“ ot etﬁér!n%Trfdcc‘ér pEAKENN hdMwo

means of nol ecul ar hesi o ermdielectric refers to a
mat eri al wher él&l\eqlmlaéaﬂ?@c‘tﬁalﬁihﬁoconduct ivity is practically null. The

L o oy £ o FOL BT SRS, YRl B oiAl el Wi Sicures
with thin embedded dlelectr|c Iayers of 5 to 50 nm in order to favour the
tunnel effect with reasonable voltages.

15 The traps are electrically active defects present on the bonding
interface and act as nodules generally present in non-volatile memories.

As a general rule, the proposed process comprises the following
steps:

- formation of a so-called "tunnel” dielectric on one of the two

20 substrates

- formation of a so-called "control" dielectric on the other substrate

- treatment of the surface of at least one of the two dielectrics in
order to create electrically active defects forming traps or charge
reservoirs after bonding

25 - placing contact of the two substrates via the tunnel dielectric and
control dielectric, for bonding by means of molecular adhesion.

The term dielectric refers to a material wherein the electrical
conductivity is practically null. The term "tunnel dielectric” refers to a very
thin dielectric; the so-called "control" dielectric being thicker. The ratio of

30 the dielectric thicknesses must be sufficient so that it is possible to have

charges pass through the tunnel dielectric by applying a voltage at the



30the dielectric thicknesses nust be sufficient so that it is
possi bl e to have charges pass through the tunnel dielectric by

appl yi ng t the WD 2009/ 013268PCT/ EP2008/ 05
struct urea‘t‘vé(rabrl&gir@ﬁ%'ﬁg51 wi t hout said cha; ges being able t%%ééspgm?’lﬂb%ﬂ

the control dielectric. To this end, it is possible either to use a
sufficiently thin tunnel dielectric, i.e. of the order of 2 nm so
that it is possible for it to be passed t hrough by neans a direct
tunnel effect, or use a thicker dielectric 5 and a hi gher voltage so

that the char geactp@mrmwalanmmwt rsaf chargeelbestid ble toosass through the
Fol der-Nordheimeffect). In the latter case, the control djelectric

shoul d be sub&PRHRi ¢'ﬁ9tr'9hTe|tf@§ NRalh 1§ RRSTRIRRYNey oy B sugiciently thin
typically, the el H%‘T&ﬁ'ﬁtﬁe'eno? HeChrage o1 Yinn, é?ﬁthfabﬁofb@@élbl@ffoﬁutf@%or

of 3 or nore. substrates may consi st K
seni conduct or pAgsasr thspughokyB1eeas asdirect dunneyeffeetnputise It tciser(«talﬂgtrlc

InP, etc.)g 005138%%§h§r[) vecgfﬂ_abi%ys% bt ﬁw'é%%{%&?ﬁs[ ;g%ésﬂﬁ anl??@a fbrc?ﬂ%te' | Bfr&G

may be of difrerent e su ates may al s
be a conposi t éorstoldertNomheinc kffast).dn e Giter case, hhs conis@, dielectciosboslts

at | east partiall conductiye and/.or 15j i.n terigls.
A a general - PRsubsBRESRONeE e fhnd didEtR - ddedht ﬁﬁ%f%e
tunnel di el ecii ihfcknesd will'sd Bleasttiéedil ayfaer af S@ingsrgduct or .

Simlarly, the layer of the structure |n contact with the control

dielectric wll pr-EIF%ISHFI%tfa&ﬁ " deCensid mf BN dyee &F semiconcyptern rerial
(metal ory@0 ‘é@fﬁ'a?bﬁie'{;‘ gﬁa‘? ﬂluﬁ?m ggé!&é %ﬁ> ) dofpoufay or 'FFI%)J
ant "a pant tric

possible to inp Under the control dre
| ayer. In thi @%@m@t@flalslt is possi bI e torefer to exanple 3

descri bed bel ow, gthtéﬁﬁ;%r fé"sem% %Jgf: Fén? e§t eps of the process
ie

w |l now be descr unne r| c orimation The
tunnel diel ectric Hiharraofdhe lssbsteﬂtesnmy éls.tvetdleompd)mmmg:turatsach alkss:

102, Si02.." Iglh éé)of ir)1(]l?ﬂs s%h |tkc¢.:[>r¥spsefs telclags ty |r5[:é5”ysg1p conc?uctlve and/or
15 insulating materials.
As a general rule, the layer of the structure in contact with the
tunnel dielectric will preferentially be a semiconductor.
Similarly, the layer of the structure in contact with the control
dielectric will preferentially be a semiconductor or a conductor (metal or
20  very highly doped semiconductor). In this way, it is possible to implant a
high dopant dose under the control dielectric layer. In this respect, it is
possible to refer to example 3 described below, and to figure 5.
The various steps of the process will now be described.

25

Tunnel dielectric formation

The tunnel dielectric material is selected from the following
materials: SiO2, SiO2xNx (0 < x £ 1), high k type dielectrics such as
30 hafnium dioxide (HfOz) or yttrium oxide, strontium and titanium dioxide,



30haf ni um di oxi de (Hf02) or yttriumoxide, strontiymand titanium
di oxi de, WD 2009/ 013268PCT/ EP2008/ 059524 10 al umi na, zirconi um

di oxi de, t nt oxi de, titaniumdioxide, the nitr coc
sui ci des tﬁ@%@g#ﬂz@f As a general1 rul e, any techni E&g&%%@\g\ﬁwfzé‘
those skilled in the art to obtain a dielectric of an equi val ent
quality to that of a CMOS conponent 5 grid dielectric may be used.
The expected quality is the thickness of a grid oxide of simlar

t hi ckness for transistors dedicated to | ogical applications. Roadnaps

i ssued by | TRalumiihal elrbaiiu®nalioxiks haatadgy Pomdrie, ftiinium dioxide, the
Sem conduct or s'_'?_ wel | -known to those skilled in the art are
avai | abl e, us®8llqes s piledeherRei r ed physical and el ectri cal

characteristics, whg %ﬁé’ﬂe‘rél .-lhl%, dRdk ppidus %%neqﬁéﬁgng%mtthb%mess

of the layer. . 1T I's also necessary to note t dielectric
| ayers used (Pbiaitep dielegbistaf@n eariyaleert quadithisineéof gt ¢MES) cemponent

obt ai ned fgom.t.he: [ i : - . For
exarpl o, 171 P SieiEAE iR PGS b hoBbichENy b YR i nes S B O
deposi ted di r egideyof@mmiarsthickness forrfamsstdratdedivated (dllogliaOgpplicatigns)
type oxidised_surface to subseq | v depgsit, the, H02. |n additiaon,
1P espect | ve. BPATEDE, 5RUEH Phylre HpEERaiorehel ShBOOGHe ROAFMER: fiint s
applied to thgemicinduetoss s weRkrdaneh abeseskillgat iBrtheer arbiaghiladié, used

| onger be clear but rather a gradi ent between the s%_em es Eir esent. In

this way, for @ fging Meceesieds P leciiial icheroeris o ¥RIEk 4 &R
20techni aye, wpbln/aundb heRantihidsdt thalidBe art, mey be used.
ar, It ‘may

In particu t ‘'may be envisaged to use dry thermal oxidation, CVD
(Cheni cal Vapour Déjpoglseinesgssary o poteAhahthe dielpelric beysos Lsedfunnelrora

et | oot B ShAES el SRR L R, bRERKE
this way is bevoeiierdntJypesdofdadyerm Faoerantle df &liedesited tbatepabit arfayer
The contr ol dLeh gl bheoTIAE S enbel APATHE MR A o an e
15  SiOy (1 <y < 2) type oxidised surface to subsequently deposit the HfO;. In
addition, irrespective of the type of layers present, the subsequent
treatments applied to their structure may generate an interface which will
no longer be clear but rather a gradient between the species present.
In this way, for the dielectrics deposited, any interface passivation
20 technigue, well-known to those skilled in the art, may be used.
In particular, it may be envisaged to use dry thermal oxidation, CVD
(Chemical Vapour Deposition) or ALD (Atomic Layer Deposition), or a
combination of these techniques or heat treatments intended to make
several layers interact.
25 The thickness of the dielectric formed in this way is between 1.5
and 25 nm.

Control dielectric formation

The control dielectric material is selected from the following
30 materials: SiO2, SiO24Nx (0 < x £ 1), high k type dielectrics such as

hafnium dioxide or yttrium oxide, strontium and titanium dioxide, alumina,



haf ni um di oxi de or yttrium oxide, strontiumand titanium dioxide,

al um na, WO 2009/ 013268PCT1EP20081059524 11 zirconi um di oxi de,
tantal um titanium di oxide, the nitrides and

t he %BE{% (Ii]fl I's possible to usg a thernal oxidat |P§#E\%%®§,§5952
it p033| ble for exanple, if the substrate is made of silicon, to form
a silicon oxide layer. 5 The deposition techni ques nentioned above
(CvD, ALD) may al so be envisaged, along with wet thermal oxidation.
The thickness of the control dielectric is between 4 and 50 nm
According to aincaridrardiexidy etaendioai pevtbxidé, tilaeiunmdioxideyrthe iritrides ramded
in figure 2B, jt is ble to only forman insulating | ayer 60 on
t he surface 16"'0'91953?% tlf the substrates (typically, the donor

substrate from whi gl poibIBItS Usa¥eihedrhal SxiddHonl VASIEN nSkedst é@ssﬁt% fart he
trapping interface 30 at the interface between the insulator |ayer 60

and the recei ¢¥amplgptthatseibsiiatehe meeie phailiceis de dervn al sieen exide yer.
bonded. | nct hi
onde Ng L NirRe G .tf@ fg%hﬂﬂy%?qﬂ%ﬁt({ﬁ%eéﬁtﬂfrey \?D;Tﬁ‘ﬁpg g%ﬁd‘% hon

bet ween the tunn cont ectric
steps are appbnwaag@j iaforghwith wab thermbleoxid@®mnment process is then

appl i ed ontothes f .t e e onthe

surface of the |ns ﬁg&q%gf/gk]ﬁ'@oc n?rlqvﬁ esCH ége %@%%@(ip '

pD; fef er e][lti ally peercrcn‘andgaﬁ drh&lteruati\»@c@rnlbédunieiat ohthy mfxemtg)nl amerrateao
ect formatio ener rule, electrica active

dof ect s, ar 6 oEREAP 28, iy POERS "R B SOUpMT Ry SLAs o RSuriase ¢ o

a_certai m@xt gibné 8f ﬁfienédtﬁtra@%a(&ﬁﬁcéﬂ?rﬁeedo%& %hSﬁFﬁt@ﬁl%anh&‘Pﬂ B8 )thin

25Vari ous processes may be used formth type defect on the

surface of ei taer 1dfs @W@lr@ﬁés@@sm faym the trappmaetﬁrﬁapﬂéot&s the nnterace
techni que, SUpERGE GREESLFad Faafe?FsUEétﬁdthnearBBé&/é%t%trB eg?(ﬁ*ﬂlhereonkthe

preferentially on the contro ielectric. asma nakes is
possi bl e to i imsolgeriayer Gt isiondepdoiteis cage tihis redongernetiessarywhimekei t
I's applied. | AR Ocrtlgtn't?r%wegn rf,. unﬂeFi R l'conttroF' &e?ectnc The following
15 steps are applicable in this case. The treatment process is then applied
onto the surface of the receiver substrate 20 and/or on the surface of the
insulator [ayer 60. In this case, the treatment is preferentially performed on

the surface of the insulating layer.

20
Defect formation
As a general rule, electrically active defects are generated, for
example atoms capable of capturing, and to a certain extent retaining,
charge carriers (electrons or holes).
25 Various processes may be used to form this type of defect on the

surface of either of the dielectrics.

According to a first technique, surface defects are formed by
applying a plasma preferentially on the control dielectric.

Plasma makes is possible to incorporate atomic species in the

30  material to which it is applied. Incorporation is performed as in the case of



WD 2009/ 013268PCT/ EP2008/ 059524 12 a | ow-energy inplantatjion with, if
applicabl e, an additional chem cal reaction between the plasnma

?gﬂlsz:i Lgﬁbr\gﬁaﬁ@ﬁtﬁzgft rsra;;a; Iuglt ure may gésdgrrggggt g;i ﬁl)le?Fgeggéoglﬁ%? é/ery

| ow t hi ckness (generally 3 to 6 nm 5%under the conditions described
herein). The defects generated may generally be subsequently restored
by applying a heat treatnent at a sufficient tenperature. This heat
treatment nay lead to the diffusion of the incorporated atomc

speci es and t pansi-ensig ?{h&nMQhMtlb@V\wH}hi W@@ﬁl&a@fe dafregditiontal ngrdnicgd
material into an interface of defects. 10T | asma treatnent is

preferential | {CAHENDEVISD PRPIRBNA F%WStW%']t%EW fhe materigl. it is applied
to a very thin tU“R@'thﬁ'n‘f’dt@ 1" Sub %'&Ftcpi tbss Lird Strliépd frgly©

nodi fy the thickness thereof, whic e avoi ded so as not to
affect the chheatareagest pesmeditigc:on. a\mrydmthrybrw%fgmeaum feyo e

used for Ll S RICORE: ciilbnd®ed By Bl AR e GE OGBS R, o

even with Thlorinhe, Tl Uor ressur exposure
time will be gda@‘eéyi baaceobsqugntlp rehtere:ﬂesyrmblyia@ ectheat 2eabméntabla

Do son 2 o SUfcEIP e ByR TurRse: reatment ey deatlo thB R R B 1"

the end of thechrnisieti aE fos ahd fréwsford® thé F\agy Slof tHidimeBb agma
have been elimnated, this indicates that it did not create any

defects. Typi éamaﬂed&Emwgﬁddﬁaﬂﬁf'ﬁh'n@a'bmtﬂfacﬁlCﬁgﬁiﬁ%ﬁ an Si 02 or Si
layer, fo%éowed byTﬁ@”ﬁ@Er’nﬁ%r&.S@%ﬁtbl@/ p??fégé 1y S5 50IREC &TeRk contr?l

anneal i ng at a terrper ature eave any el ectrica
active def ect gielgctih@si lfsltJIISat’clOD“eday‘@ra veryThén foeel eiﬂeletdtlt,vﬂsledelaema

Phe presence eRtTafds Talpde A GRS Bl Mo RhaE RIS AP o,

i n the diel ectoias,nostechffers the thiaygeteristics thereof.n t hi s way, a nitrogen

P comer . oS 55 s 5w 5 ol 7B PlfeueLare,

surface | ayer offyerh argo fitbgen dlasinaOr eVErewitiReRlofhe JUdHNE 3P Phsma

defects. power, pressure and exposure time will be adapted according to the
desired defect size but also according to the type of plasma used.

However, plasma may only be used as a defect creation technigue

in some cases. In fact, if, at the end of the production process, all the

20 effects of the plasma have been eliminated, this indicates that it did not
create any defects. Typically, activation with Oz or Ar plasma of an SiO or
Si layer, followed by annealing (possibly bonding reinforcement annealing)
at a temperature of 950°C, will not leave any electrical active defects in the
insulator layer.

25 The most effective defect generation will be obtained with plasmas
containing elements wherein the presence generates defects and which
are subject to low diffusion in the dielectric, such as nitrogen.

In this way, a nitrogen plasma converts the surface of an oxide into
a oxynitride surface layer which is electrically active. After thermal
30 treatment, this surface layer may be considered as an interface or a

surface of defects.



WO 2009/ 013268PCT/ EP2008/ 059524 13 Anot her means to generate
defects is to contam nate the surface of the treated layer. In this

a he t conducted in a furnace containin I $ .
IeveI of %Rizg@ﬁ%ﬁ S generates surfalge defects. Anot h%F%@%%%ﬁﬁ%
consists of contaminating the dielectfic surface 5 by neans of a
spin coating process. The principle of this process is to spread a

smal | quantity of contam nants on a substrate using centrifugal
forces. The sel ected contam nants are el enents that can be placed in

sol ution, for exanphéthgeriEans tgehediepasiests B comtamMinald shesummicadfs .
The dopants i nclude the usual sem conductor dopants, i.e. B, As, P,

Sb, In, Ga 1bnenfigatedslayerydidhis Wav 8, head tiamiment corjdycigshinyadugiasst s
of the peri odbsmfaﬁﬁkgeg SEQ& it RRE| mabn%mﬁsm%fg}e%@rété&ew@cmf?&s. or

Cl-. The netals ese ected fromalumnniumand iron. Elenents
liable to segr egat anagthet rrehping ersists of caoenunating tie diglestric swiace

di f1usi on 5& {e%rﬁg of 34 r‘? ke }aﬁrﬁ‘b‘i‘ééet%sWTHe ;f?'fn% o %?ttﬁlgldrgc%js% is\to .

sel ect ed. cases on ' or
is possible tepmaldl 2'emadl quanmsmefseorm#ammmtaon rmkwtm’orattémtsmgocrsrﬁﬁpgnﬂds

to a fraction_of at . at om peC|es re .
i sposed. over [IHES sTTT SEIBCIRY TR (50 B RORY gt can dyo P asper
that surface. sdiigoson exsrdplenserimniu® &P tbpants hsutl A5 Drsne rﬁytcacsesmeve
steps: 20- deposition of contam nant in solution on the dielectric, -

distribution 8pPanE Rddethedimyel semicardesien depants.f&eB. 88, Prgd, In, Ga
di el ectri o by o8NS 2 Yenb Al Cblurnn 11, IV and v%éﬁﬂéﬁtsld;éﬁ@geﬁémékétﬂ)@

speed in order tO e I m nate the excess cont am nant tation at
constant speedhgnons deay e s@e@tbdlfscbmthﬁe NahtRinom&ht Thai oetais will be

__rotation f% @c&%eﬁ f Sfodibi0B bR § ertn'géﬁtsei@rﬁgrS‘tée%’?eé’étetélethe

sol vent. 30SuPface ac ivatl on[]%'e%’or e
bonding interface or which have a Iow diffusion coefficient in the dielectric

will preferentially be selected.

15 In both cases (surface contamination or spin coating), it is possible
to achieve a thickness of contamination that corresponds to a fraction of
atomic monolayer, i.e. some atomic species are disposed over the surface
without forming a continuous layer over that surface.

The spin coating may comprise the following successive steps:

20 - deposition of contaminant in solution on the dielectric,

- distribution of the contaminant on the entire surface of the
dielectric by means of rotation,

- increase in the rotation speed in order to eliminate the excess
contaminant,

25 - rotation at constant speed in order to establish the contaminant
thickness

- rotation for a specified time to enable the evaporation of the
solvent.

30  Surface activation before bonding




WO 2009/ 013268PCT/ EP2008/ 059524 14 As the dielectric |ayers
are very thin, the surfaces are preferentially activated before t he
pl aci ng i hereof. Particul arly advant ageousl ,
activati onwsqptfg%gge%%sed In fact, thin dielectrics are apﬂji ica 982*| n
this case and it is necessary to retain | ow heat treatnents to
prevent the diffusion of any contam nants. As a result, even if
plasma is not used to create defects, it my be used to facilitate
bondi ng. Therefore, it is possible to conbine plasma activation with
any of the contan Asthedidetithiagessardesey thiedhaloviaces\ase plefsrantially
enabl i ng bondi ng, suc an oxygen,. nityrogen, argop, 0 heliu

pl asma or a c@ﬁg‘f%‘%‘ij' Q?P Fer 408 | %?nﬁe lﬁ‘se(?of‘@‘:ttﬁﬂ?eﬁﬁlxr p%@ét'curgr’ilyt he
case of a di reayaﬁtag@ﬁjsay tp'l‘é%nﬁ’é)ﬁétf\féhoﬁ'\nﬁﬂ B6uskE. Ihsfaétr Hil? LRI AR Are
activated, so as no modi fy the thickness of the tunnel

dielectric. | ﬁppluf@bt&a@eth@fcaaeeandmai& @%qesearyptewetam m\r berti tfﬁ&tmﬁﬁ'@l to

where the die ﬂfig"n fire aﬁﬁi@ﬂ\@fe hﬁnaﬂ?ssgisbhereélﬂt 'n"n?l fas

both of the d c rics. |ng and carrrer rea |on
The substrat eﬂotaumqoioaan'edtei defeciat iacrtayvhe: bsead toi fewilitate bomnﬂnngTrtqreﬁne@,ns
of nol ecul ar dhe5| end sur [

e preparatiaqgn erf
brior o bondits Popble-fFcediRe S A6 ien il 3h ol B henBRindtoR™
20ri nsi ng opetadhniuesaescrtiyel aei N order to obtain a sati sfactory
substrate surface ﬁondi tion. pl aci ng both substrates in

. B
contact along an inP¥PESEE %’Eﬁﬁﬁ'ﬂgﬁofl‘&yr@b SHEN PE AN QXYSeR, NEOGRT 9N,
sai d defeghs ABRURTHALSEEr Q%Wﬁﬁrﬁ‘atfoﬂeché%f%gfbe%%a for""(PflsCBurfp%érBIna

trappi ng i nterface containing electrical ive 25traps.
portion of théheerreantadieet tmryelftb‘uerﬁqntr@bdlelmc @@@f@mm@"y@n’waﬁ@d

kind of cont agg%%gtm Wta% i dfg‘{g%;ﬁ d&bg%Bﬁhﬁimﬁa PEEctHE.AR thd BEsSIENLL Y

of traps thus
indirect or Fowler-Nordheim tunnel, where the dielectrics are thicker, it is
possible to activate one or both of the dielectrics.
15

Wafer bonding and carrier trap creation

The substrates are placed in contact with a view to bonding by
means of molecular adhesion. To this end, surface preparation is
performed prior to bonding: in this way, suitable cleaning, brushing and

20 rinsing operations are applied in order to obtain a satisfactory substrate
surface condition.

By placing both substrates in contact along an interface comprising
electrically active defects, said defects are enclosed between the two
substrates, which forms a trapping interface containing electrically active

25  traps.

Only a portion of the contaminants may form traps, but depending
on the kind of contaminant, it is possible that an atom of contaminant
generates more than one trap.

The density of traps thus formed at the interface is comprised

30 between 10" and 10" em™.



possi bl e that an atom of contami nant forned at the interface is |
conprised WD 2009/ 013268PCT/ EP2008/ 059524 15 The presence of

defects onwb% 9%%}% ng interface makes it possible to tpcﬂkpﬁ’({osfb%l'fase

these charge carriers, thus creating @ nmenory effect.

i sol ated defects may create a unique State in the insulator forbidden
band. Physically, this state nmay be due to a hanging bond or to an
atom 5 which would benefit considerably, in terns of energy, from
retrieving an additional electron (electron trap) or, on the other

hand, supplying anTk¢ eedsenbe @ihdefects @plhe bonding interfdve rhakds & batsiblee
traps are located at the bondin |nterface and not in a Ia%bé of a
certain thi ckiR¥8P PhKeease %ﬁé fee c3yriges thyswerealing g Jperaonoefferinni n

the prior art fact, isolated46LBRINARY @reatd@Nurifife 58P H MeCinb@&R) 96kbRideAn
interface between two dielectric |layers, the application of a voltage

is required i RaBddehyiesligntiystals mﬁYSQﬁhngéO ©eheangingheerd oF i en Atem
then said ;sl gy ha§108 nﬂi’é{eﬁl Qﬂgﬁé@%ﬁr&ongﬁﬁdoﬁ%n ﬁ'f)hf’feﬁﬁ%\ﬁr?e(f an

bet ween a dlelec ric a er

| atter case, addﬂlblhaiselecm'mmmelectnam geapanat, cbrsd’iaalog'erdwﬁdagsupb@ingalanal
use of the devjce and are suaIIy not able to retain a charge during
atime |ong eﬁLﬁ?ﬁH ?'6 l?lﬁrap a nenory function. Another advantage of

form ng a trappi ngTh@mjtftm&h@afam@neMate@amh@I rdincCinteaieeesandsdtead
of a charge trappi nq_o&g%/er as in rlor S that t he tra s are all

| ocated at th&l Kegint thick ?$9u ?% Tt pRssdele tQuish lawakyoltagess
formed baggd %mhlt%ﬁﬁéﬂmure the traps are all located at the sane
di stance froma channel layer or a control electrode, which allows a

better control of Fugharmese when Hee dgiapg. GFEFHDQB’EEQSQII&FS irderface bekmeen
variability of, 2% él%ﬁrié g%’('#é eﬂe"é’éﬁll gﬁcﬁ‘l ac?fég@ ﬁq!eﬁu%'l’rfbrder t

transiti on between arge nal T
an addi ti onal charge drdesthargetthes). used to rel nf orce the bondi ng
interface. VO Zoo?égsle?’t%aGpBSPe%]tﬁgg ggl /“0595 as compared to traps located at an
15 interface between a dielectric layer and a semiconductor material. In the
latter case, the “fast” traps charge and discharge during the normal use of
the device and are usually not able to retain a charge during a time long
enough fo fulfil a memory function.
Another advantage of forming a trapping interface between two
20 dielectric layers instead of a charge trapping layer as in prior art, is that the
traps are alt located at the same depth of the structure. Hence, when a
device is formed based on this structure, the traps are all located at the
same distance from a channel layer or a control electrode, which allows a
better control of the traps by the grid. This results on a lower variability of
25 the required voltages, and on a more abrupt transition between charged
and discharged states.
Optionally, an additional heat treatment is used to reinforce the

bonding interface.

30 Semiconductor layer detachment




16 If one of the two substrates (referred to as the donor
substrate) has been previously inplanted with a viewto transferring
a thin | ay ot her substrate, a heat treatnent i i

whi ch enab\%ggb@hoirl%%ransfer. | f the dgnor substrate corrpr?):rTﬁ@g&solsfg{%s24
porous zone, the application of 5Smechani cal forces enables the
detachnment and transfer to the other substrate. Finally,
optionally, a finishing treatnent may be applied in order to snooth
the sem conductor layer transferred in this way. Several exanples of
enbodi ments of t helfiomeasithe twovslbstrates (refeb@dde werthbednoi bieb

&S
expl ai ned bel ow are restricted, t 01t tructures obtai ned by
monne Of - Sar DERIETRIIPEN VP EHET Wi MW T TgheEior AR 949h Wotenat
any other proggss subsirste TR HRGY rabtréHtds BBPIRNWBRNSSHELRRIBE trdisfer. If
Exanple 1 - Single S01- Contam nation by neans of heat treatnent

Wth referencég odanajupdbgmie oROMRESERrd ak@OUs ZOMRndRe sapmlicatiae a0 a
2 nm thi ckst uppeldicgf ?@%E%gedlﬂ&r 40 defadrfidit dand k! fHDltr?é“oit‘i’P]éerO”

via the layer 40 I's per to forman enbrlt?lemant zone in
donor subst rasebdifgteso as to define a thin layer 11. 20Wth reference

to figure 3B, a ba bst.r (OoF..receiV bstrate C i sing
on the surface theF@@ﬁﬁaQPtlgﬁ%@’caoﬂ?'?@ﬁgcﬁ'ie F'E%@ltrﬁ?‘éyﬁ%%?ﬁgﬁ @;H?g?{eto
order of 5 nLrsrﬁo]ptrathfewmaa?qo@mtmn@)éryrausfweﬂom tMﬁfa\?IyS conpri sing
germanium Therefore, the furpace_is contan nat er mani um at ons.
25Wth reference t%eyqr@ﬂpéa@grest Ak eAOLIraeHE (9 aﬁ@_ E{yeﬁgorwﬂi'm St o
a heat treat magscilfed! MheObfshpRE 8405med Vel A X SRR td SOOI typlen
argon. The concentration of contam nants 31 on the control dielectric
surface 50 i sSBECHIRS htaieed by mears ¢fcSmat £ugi izchnology; howerag itgnesace
of the control,.j g i Lvat.: - Of

pl asnma treat n&ﬁtﬂb?ﬂngﬁlg%ﬁhéggy iotttaﬁcﬁié?vn\[i3 rtgﬁééff ?é@g\,@éﬁﬁﬁ?}@gg‘%gﬁ‘ nbf orr
pressure for 20visegethds. WO 2009/ 013268PCT/ EP2008/ 059524 17

Wth reference to figure 3D, the donor substrate 10 is bonded on the
base substrate 20 via dielectric layers 40 and 50, which makes it

possi bl e 1® f @xampidt 1 tBindler8IDIng Contagiinate, byameaap bt heatitidaanésce 30.

Al the dielectric ers 40 and 50 formthe enbedded insul ator | ayer
60 of the VJit%yre’Ference oggure 3A, on the surface of a donor substrate 1%y

*

a 2 nm thick tunnel dielectric layer 40 is formed, and an implantation via
the layer 40 is performed to form an embrittlement zone in the donor
substrate 10, so as to define a thin layer 11.

20 With reference to figure 3B, a base substrate (or receiver
substrate) 20 comprising on the surface thereof an SiO, control dielectric
layer 50 of the order of 5 nm, in a furnace generally used for wafers
comprising germanium. Therefore, the furnace is contaminated by
germanium atoms.

25 With reference to figure 3C, the base substrate 20 is subjected to a
heat treatment of the order of 600°C, for approximately 1 hour, in argon.
The concentration of contaminants 31 on the control dielectric surface 50
is of the order of 10" to 10™ cm™.

The surface of the control dielectric 50 is then activated by means

30 of a plasma treatment in argon, applied with a 150 W power and a
150 mTorr pressure for 20 seconds.



5Se01 structure. Wth reference to figure 3E, the thin |ayer
11 is detached fromthe donor substrate 10 by neans of the
appllcatlo‘g}o%wﬂ,l{hggt treatnment of the order of 500C. g&%ﬂz?@ﬁ%ds?ﬁ
anneal i ng then es it possible to rginforce the bonding interface.
10Finally, optionally, a finishing treatnent nmay be applied in order
to smooth the thin layer 11 transferred in this way. Exanple 2 -

Doubl e 501- Contam nation by nmeans of spin coating Wth reference to
figure 4A, a donor substrate 10 is inplanted so as 15to create an
enbrittl ement zoneWdisf raiénegca td h‘iguré aPethel londx Jubmtnatdnil € ks dontedlon

bl asma. ¢ eat mit b20e SRS 20 Y clieftte TS Adeand, PO e MAkeS T
dielectric fOboé@bl%el@qﬂﬁlﬁ aﬂ\&h@emmrng WtéﬁfadeEfaetfﬁfmfig efad3® AlBhean

Seal type base 20 substrate 20 js nprising a substrate 23,
a 145 nm t hi cRISSAIEE LD Ad §9é9rr@2h%ﬁdn%dﬁﬁ¢dn§ldﬁﬁ%d@m&%9 iheyer
21. On this sepsyalewrst tunnel dielectric 40 is formed. Wth

reference to figure 4C, the surface of the tunnel dielectric 40 is
cont ami nat ed by neWid referepee te dauiendf, PeThindapd & ishdetaoherss frDh“othleof
ger mani um con i

o/ cne by Roneeistie 0 BYIRAS bl el hiGhie S S PR eEa At

in a 0.01 nolbidercif GODF@dS@ylieation sohedlingrhén rrmkeaptmass[h@tcete;mfercé W
of germani um onta naglger} t he solution containing alnmost 1%nitric
acid. The rot Qo €t the order of 3500 rpm In 30this
respect, ig is possmall)e diohaliyera fiwishing t@ratméhtemb%b%a led' in®rdé to
Journal of The El ectrochem cal Society, 146 (6) 245-2253 (1999).
WO 2009/ 013268MePHEibEdhE) B¥EEdranstemed in this way.

Example 2 — Double SOI| — Contamination by means of spin coating

With reference to figure 4A, a donor substrate 10 is implanted so as

15 to create an embrittlement zone defining a thin layer 11. A 7 nm thick
control dielectric layer 50 is formed on the surface thereon.

An Oz plasma treatment at 250 W, 150 mTorr is performed on the
control dielectric for 15 seconds.
Moreover, with reference to figure 4B, an SeOl type base

20 substrate 20 is formed, comprising a substrate 23, a 145nm thick
embedded oxide layer 22 and a thin semiconductor layer 21. On this
substrate, a tunnel dielectric 40 is formed.

With reference to figure 4C, the surface of the tunnel dielectric 40 is
contaminated by means of spin coating.

25 To enable the deposition of germanium contaminants, of a
concentration of the order of 10'® atoms/cm? by means of spin coating, it is
necessary to use germanium in a 0.01 mol/l acidified aqueous solution (i.e.
approximately 0.7 g/t of germanium contaminants), the solution containing
almost 1% nitric acid. The rotation speed is of the order of 3500 rpm. In

30 this respect, it is possible to refer to the article by R. Holz! et al, Joumal of
The Electrochemical Society, 146 (6), 2245-2253 (1999).

k]



18 Wth reference to figure 40, the substrate 10 is bonded on
t he substrate 20. The remai nder of the process is not

di fferent y@hidahsed the previous exanple. 5 Exanple 3FCT§£P96!}8;%59§9 -
Pl asma cont am nati on This al tgrnative enbodi nent may be
described with reference to figures 3A to 3E. Wth reference
to figure 3A, a donor substrate 10 conprising a 10tunnel dielectric

| ayer 40 is inplanted so as to define a thin layer. The tunnel
dielectric thickness is 5 nm Wth reference to figures 3B and
3C, a second subst Wifhereference toeigineedD,sthies substegte fifidis bénddd iocothe
conprises a C%g%{)ﬁ){t gpel ectric layer 50 nade of Si02, formed by
oxi di sing the ¥4&t'e and di splaying a 15 thickness of the order of
20 nm Opt | Dhalkréniaindet of thefroeseseistnot tiffgrsr t6 thataiaing preaticuis
inplanted in the receiver substrate 20, under the |layer 50. The
dopant densit $*#8P¥e achi eved under the layer 50 is greater than 1017
cm 3, oversa thickness of at |east a few nanonetres. This doped | ayer
24 under the control 20d|electr|c 50 is thus conducti ve. To
this substraté |3 QleaPle Al p@d, whi ch is intended,
firstly, to creat f p

secondly, to acti \%ﬁg %ﬁ%th)r%f g@g@??ﬁ%tbrﬁ %g) égf:?b? ﬁﬁ@tfgi%fe?é}%e to

ni trogen pl asfiguies 3fstoBivi th a 250 Woutput, at a pressure of 50
mrorr, for 20 25 s nds, W T eference to.f e 3D .the
first and the Secomt?lsﬁeﬁgliepg%toapgurg%ea %‘tlb"ﬁ wpg{rateﬁgﬁ M{S@%f
are | ocated aturinee digketri¢ admr 480isaisndiantbrsd b eo tdefippi aghihnbgsrt ave
30. The renuni nder f t he cess. is simlar to that of exanple 1.
30The appl i cafy"8s |§+ec§r tﬁcgf'?%?c‘ﬁﬁ%@ conprising a trapping interface

i ncl ude: With reference to figures 3B and 3C, a second substrate 20, or

receiver substrate, made of silicon, comprises a control dielectric layer 50
made of SiO,, formed by oxidising the substrate and displaying a
15 thickness of the order of 20 nm.

Optionally, with reference to figure 5, dopanis are implanted in the
receiver substrate 20, under the layer 50. The dopant density to be
achieved under the layer 50 is greater than 10'” cm™, over a thickness of
at least a few nanometres. This doped layer24 under the control

20 dielectric 50 is thus conductive.

To this substrate 20, a plasma treatment is applied, which is
intended, firstly, to create defects represented by the reference 31, and,
secondly, to activate the surface to be bonded. To this end, a nitrogen
plasma is used with a 250 W output, at a pressure of 50 mTorr, for 20

25 seconds.

With reference to figure 3D, the first and the second substrate are
bonded such that the defects 31 are located at the interface, so as to form
the trapping interface 30.

The remainder of the process is similar to that of example 1.

30 The applications of such structures comprising a trapping interface
include:

+



WD 2009/ 013268PCT/ EP2008/ 059524 19 Application No. 1:

adj ust abl e vol tage devices and/or circuits for |ow consunption

appl i cati owe.20000i$268 r ansi stors or circuits are in prinQiciveP2008/0s9524
manuf actured in the Se0l1 5 thin sem cenductor |ayer. The design of

t he conponents nakes it possible to charge and di scharge the traps
present in the dielectric by neans of a specially provided operation,
such as for exanple a high polarisation of the substrate or an

el ectrode | ocated under the BOX and the groundi ng of the source and
the drain of the transistors. 10Wen the BOX is charged, the

transistor threshohd,yokbAGR 1S ablelBR fdltagkMvitds SAdlor cFYGits R 1G-

gi ven operating vo ,
in static nodepnswmetion agg!iceﬂim“rsenced | of ). This operation is

not very fast but I ularly suitable evices whi ch hay,

o antc by fanct o, THaRERisRls B Yol Ad i BupPolkipfdaalid i DR ed,
Appl i catiop Nehin %errﬂkwlldhetoglay@r medﬂeS@ﬂOfﬂh%Scomponents ke Hebssible
reduce the size of " %ge menori es, doub Menori es are

manuf act ur ed. 9§ %rﬂﬁsaﬂﬂa?sc'? e &g Haps @ée%qnlﬂrhme %P@&tr@rbw Feang@f a
menory is dou&h@aa W bRRitied HSEraaSH, NSicht 8s 8 &rhMe # Hidh gBaﬁaaﬁéa%nO&f

the silicon i ch i ncreases the integration density operating in

doubl e grid miftResubsigte ohen slectpde hecated dnder thﬁ@@&lﬁﬂéri e gsmmdm of
rei nf orced. i of the threshold voltage
of the devi cSﬂ?esg&{)?%?ﬁgfigﬁn@gﬁgeg’%%{?g:lr?rermry effect, which

provi des hdgher - Zwmaar trer B eismeimyees the Zmr@mmmreéhol@rmiﬂag'ei BN

E(r)(r)rt(;FﬁZt |0I)na ﬂsrﬁ:g] és? iﬁ%%{meﬂt |er\]/Se|J|o? %OétvéX o%e%at {nlécga{a%eclg%du c? %n
particular, the leak current in static mode, generally referenced lo).

This operation is not very fast but is particularly suitable in devices

which have a stand-by function, particularly typically all mobile

15 applications.

Application No. 2: Double-grid flash memories

In order to reduce the size of "flash" type memories, double-grid
memories are manufactured. In this way, the effective surface area of the
20 memory is doubled without increasing its effective surface area on the
silicon, which increases the integration density. By operating in double grid
mode, the control of the grid on the current is also reinforced. On
Therefore, improved control of the threshold voltage of the device is
obtained by means of the memory effect, which provides higher-

25 performance memories.



form ng a donor substrate having a sem conductor |layer; formng a
recei ver substrate; coating at J,east one of the donor substrate
and the receiver substrate with a first dielectric |ayer;

form ng an insulator |ayer conpri si the first dielectric layer, a
second dielectric layer, and a trapBﬂﬂEP%nterface bet ween the two
dielectric layers conprising electrically active traps suitable for
retai ning charge carriers; bonding the substrates together; and

f or i ngl-el edtrodatliony peoeiss of addasticandictonen insaaipntyperatricturesopyprising,
means . ,¢0r depositing contam nants at the trapping
interfgééghgﬁgﬁF%£§@%gﬁﬁé(g'solution of contam nants. . 2. Process

accordi ng t domhimgna donwhsutsitiatd haviny epserhicopatictos dyert her conpri ses
coating the other substrate with the second dielectric |ayer. 3.

Process accdPETRG q BrC&VArSUbstralitérein the first dielectric layer is a
tunnel diel ihg ot fsdt oRVeF9e Bohdy %L@ﬁ?l%Ze Qﬁﬁ‘fﬁgPeéqiéer@u%ﬁ?rgtMth gnd
i el ett i's a rol di

t he second ric layer con el ectric Tayer having a
t hi ckndsst dielesteniageiand 50 nm 4. Process according to claim1l

wherein befare bon'dingglag(l?ﬁctri cal Ily .active defects are forned on a

surface of dPMEGANEH BYRS enepiRing the firg) dielectrig laysy.z ggeond

accordi 1 | h& r

0. pr ocn ot AR hbe ERNIhY IEEHERS efiicer] B TRE QbR RSP Tt

appl i ecelectrichity adivertodpsdsudlabla far cefainieg chaige ¢ardeesss according to 1

to 6, wherein the IasrBa tEeattrre t con&)ri ses oxygen, argon, nitrogen,
substrates toge

chl ori ne or tﬂ'\%?q er; an

forming electrically active defects at the trapping interface by means of
plasma treatment, or depositing contaminants at the trapping interface by spin

coating a solution of contaminants.

2. Process according to claim 1, wherein the step of coating further comprises

coating the other substrate with the second dielectric layer.

3. Process according to claim 2, wherein the first dielectric layer is a tunnel
dielectric layer having a thickness between 1.5 and 25 nm, and the second dielectric
layer is a control dielectric layer having a thickness between 4 and 50 nm.

4, Process according to claim 1 wherein before bonding, electrically active

defects are formed on a surface of at least one of the dielectric layers.

5. Process according to claim 1, wherein defects are formed by plasma
treatment.
6. Process according to claim 3, wherein the plasma treatment is applied on the

control dielectric layer.

7. Process according to 1 to 6, wherein the plasma treatment comprises oxygen,

argon, nitrogen, chlorine or fluorine.



21 8. Process according to claiml, wherein the defects are obtained
by depositing contam nants on the surfiace of at | east one of the
dielectric layers. 9. Process according to claim8, wherein the
contam nants are germani um atons. 10. Process according to claim9,
wherein the contam nants are gernmani um dopants selected from col um
111, 1\8.or \Preceseaceqrdingnte clainet whefainthd defeskst arg, obthined bymigpmising

[ d al.um ni . di f
ol i e iR T et aliae BTy e ShRERRGCRTRIBVUE or Sahes on.

12. Process according to claim 11, wherein, before bonding, at |east
one of the layers of the interface is activated by neans of plasna.
13. Prébess Rrecossipaeprdngtaclaim 8] whesein theocantamirsiteane germaniyat or e
t he boqﬂb@%, formng of an enbrittlenment zone in the donor substrate
so as to défine the sem conductor |ayer and, after bondi ng,
detaching the sem conductor |ayer along the enbrittl ement zone so as
to transfer the sem conductor |ayer to_the receiver substrate. 14.

Pr ocess! GaccdTrarass BecHPRoF aihd, whereimihe eerepmdnarys gee ganaanign). i s
coat ed M t i i /G gl : + REL+ -
dopant sdﬁrﬁllta g })él g@?%aaﬁﬂt r?g? yﬁgi’égtcoé_r@?m&?gl@ﬁé%’%Fegéyfr%ﬂ%’ |Fr1
t he reddi siemetaibstlenter framdesn ahe aboniniuh. di el ectric layer, so as to
forma conductive doped | ayer under the control dielectric |ayer.

11.  Process according to any of claims 1 to 10, wherein the bonding is bonding by

molecular adhesion.

12. Process according to claim 11, wherein, before bonding, at least one of the

layers of the interface is activated by means of plasma.

13.  Process according to any of claims 1 to 12, wherein

before the bonding, forming of an embrittlement zone in the donor substrate
so as to define the semiconductor layer and,

after bonding, detaching the semiconductor layer along the embrittlement

zone so as to transfer the semiconductor layer to the receiver substrate.

14.  Process according to claim 3, wherein the receiver substrate (20) is coated
with the control dielectric layer and before the bonding, dopants displaying a density
greater than 10" cm?® are implanted in the receiver substrate, under the control
dielectric layer, so as to form a conductive doped layer under the control dielectric

layer.



