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WO 2009/ 112894 PCT/ 1 B2008/ 052203 1 SUBSTRATE HAVI NG A
CHARGED ZONE | N AN | NSULATI NG BURI ED LAYER OBJECT OF
THE | NVENTION 5 The invention relates to a substrat

e
WOMIPIRPHY a base wafer, an insul ating | ayerPQP2408/052203
top sem conductor |ayer, that can be used in

el ectronic devices, notably lin nenories. BACKGROUND
OF THE | NVENTI ON 10 DRAM nenory is typically nade of
one transistor and one capacitor cell (1T1C). Wiile

the transisto or is
used for chaﬁgmggzlﬂﬁ&aca ac:i!{i?'éacl?g??]Ill e either
a trench confi giN &N INSULATINGIBURIED CAYERtor. A

certain novel class of DRAM nenories can be conprised
of only one transistor, wthout need for capacitor,

and héﬁcﬁdﬁoﬁﬂEﬁﬂVEﬁﬁ'lbﬂ as capacitor-Iless DRAM

I T, or 1T-RAM Such nmenory types are usually based on
Seni cOheluioventioon rélatesl & & sUBsithle- lcorprisings ar hags wafer, an

P Benb R A0S ReC et pllol et P& s B nigovonic

ch@mggs Slcpditsig th ﬁl@mdr@s Exanpl es of such type are the
"Floating Body Cell" (FBC), or the "zero-capacitor
RAM' (zRAM though other 20 variations exist. A

Lypi cBACKGRRIDNY SPTHE HUERYRINon Fig. 1. The SeO

substrate conpri ses romlt aset0|tstopabase
waf er DREAM raembnsid meqtjylraadze of @nenttarsistop and one capacitor

2oLy e eoRliR b o st s el osea for

t BRargRbeRsHICTING capaeitar ch)y eftfer Bhgescrcoafiguralion or a
drain D are made in the useful layer 30, whereas the

gatasker | cappgiesi Aededairaaveb lags @) PRAM Biemaiies can be
uﬁS@%sé@)b?r n%ongocFan“s Bra'\Mttﬁu?ﬁéggffOF T:a arRdry agﬁ"ﬁfnce is

Pr'eg” back suc as t ectro
[ seferred to asmabacatbrdesst DRA:M:akT <r da-BAM. hBugulremay éypes are
| usualﬂ/ based olr? %emtccméfva CtSt on Insulator (SeOl)-like substrates, where
the transistor through its floating body characteristics acts as both control
transitory and charge storage device. Examples of such type are the
“Floating Body Cell” (FBC), or the “zero-capacitor RAM” (zRAM) though other
variations exist.

A typical 1T memory is illustrated on Fig. 1.

The SeOl substrate comprises from its base to its top a base wafer 10,
an insulating layer 20 and a top semiconductor fayer 30, also called “useful
layer”.

The memory device is made of transistors made on the semiconductor
useful layer 30. The source S and drain D are made in the useful layer 30,
whereas the gate G is deposited on an insulating layer on the useful layer 30.

For certain class of 1T memory that requires back-bias, such as the
FBC, an electrode E is also installed on the rear side of the substrate, i.e. on

the base wafer.
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WO 2009/112894 PCT/ | B2008/ 052203 2 During operation

of the 1T menory, charges (holes) are injected from

t he channel near the drain region via inpact

WOHIYH2EYN into the body of the transistor. PAF&B2008/052203
presence of these positive charges shifts the Vt of

the transistor |ower and changes the current-voltage
characteristi cs. This shift is 5 used to det ect or
read the state of the cell, being either "1"

t d f
& capninaonetoR ofhadT Rema: trateRdbygs) é;éﬁéﬁe@ from
PRGN Best fHeCdrair? rédi@n tviaﬂm%édt%mzat%iﬁrn@@ theS body of the

mai nl y I ost through various | eakage nechani sms, and
thangisios dhe prieseqee |aistheget positiveecharges shiist then Wti e the

0 \Y T 1

olnsIgol B changes ik Skl PTaldye thet 8fkhtcs, This.gnit i
cossliopdatect ordrehdd ties stateebtithe edlf leding either 115 oh i“@’hl y
deS|r bIe to extend the_retention tine of the cel

& MEY Raingh 8 volatile) Mareoryy ﬁrpﬁr'gfi@rreg§srﬂnfcﬁa%'§d out in
P'tS%StOTQ dlifbe, 8 hendE Brogfarfinfifd Sede, fo 8% ifsistor.

to apply dative voltagé 1n order to keep
cﬁhamsum malnhelost thmeiigh warituriieakegée onechanigmos sng me rate of

rkros T actBffioed Mo PR ERUG rieCot B amBPbafar sucn time is

r St ©gensive tréfaging s ﬂeeaed rusmm%wwgrepower Q:bhs'lsmptlon
that makes it_expensive, need f

ey pppreld, pHiaraiose tth%higﬁhd %@%f&blﬂzioe%ﬁ% tftﬂw'@tent'on time of
i op t

e P B [kl RRPRior B8 rudPAEprARRh. ROna

i endyrthe vear geciradeh Etaant e usepia apmig asnegsdiye ivolibge in order to

B Bk tara s i 38 U8l 8B bBYY lsdfi%o B HHRsibiqgug., near back

|mﬁafgel|nghé aYelesR@pri ses at |least a zone wherein the
density of 25 charﬁes is in absol ute val ue hi gher

than HowevehIPge tiogy ot s erear selgtspde Hearires radditional
t&% %’E@h?ﬁhﬂ% |é>?83rénﬁﬁlé%aﬂ rhéﬁéé eQbe:%wé ayer formng

atin ayer, |screte i sl ands
enbed'ﬂmiensltmmea need ﬁiraat Sa@i lllwelubstrate that allows increasing the

retention time of the 1T memories, at a lower cost.

SUMMARY OF THE INVENTION

A first object of the invention is a substrate comprising successively a
base wafer, an insulating layer and a top semiconductor layer, characterised
in that the insulating layer comprises at least a zone wherein the density of
charges is in absolute value higher than 10 charges/cm®.

By “zone” is meant here either the whole insulating layer itself, or a
layer forming part of the insulating layer, or discrete islands embedded in the

- insulating layer.
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WO 2009/ 112894 PCT/ 1B2008/ 052203 3 According to a
first enbodi nent of the invention, the insulating

a made of a material chosen anong the grou
"&@P’é’czﬁﬂg of silicon oxide, silicon nitri d&%@%ﬁf&f?szm

k materials. According to a second enbodi nent, the
insulating |ayer conprises a3 5 charge confining | ayer
bet ween two diffusion barrier |ayers, wherein the
charge confi ni ng Iayer has a density of charges in

b of efipig o8 s Rent Ph e BPRRRET, MR msuisting laver i

Shiddeosf aniviakertie cfm@eh hemehd fthélgrbubafdnsmtmbawesmc@ﬁ ®xide,
made of silicon oxide. Alternatively, the charge

cBleomniide ankighikgnaigfialsof silicon oxide and the
diffu ﬁééﬂ?ihg%' £'secofd | MEESinRhE tﬂgqﬁsﬁlﬁttﬁﬂﬂ Eé)ﬁé?”compnses a

nitri ording to a third erbodi nent

| ohangei confinimg Iay&rubetwaeg t\my@ﬁum@mharse'slaylees geherein the
I sl.an

h56aRerisRinR Tadr 1A BePehF seR ek m ARRR A Yob By RERE: than

hngWeéhatrgéac&n@lpresfbmbgﬁ&hé rehar eTh§nmmﬁglI|@terng rh@de of isficon
advant ageousl made of silicon oxide and the charge
%fu &g&tlve!y,

B'tftlfﬂ%léaﬁi e difusira dagnier invers ase madea eiorlicorHexide

P HREERSGE PP IafenTat o Biftln Bty BB 8 Miltyditn parrier
[ iayel'saaretmadeleﬁsﬁic@n pitricdghar ges is negative and the
and BFRSANRES 5 10T Ariagiat B EROMVBR)S sRerastgfad Taver

d@%bﬁ&e@&hé«’@éﬁﬁﬁﬁnﬁgﬁs%@@bt wHerel® trnehdrhe tiappihgisRinds have
chosen anong the group consi sting of boron an

pROSEHSlensity 9f chargasc thabetlpiecyalse higRer thaentd orshipeges/om?.
S?ﬂbqﬁélﬂé‘t‘ﬁ{ggraﬁ rsuﬁd\}érngacﬁf&%gf 308 Bt %m%brﬁ%'%idﬁeé&‘?d Yhe charge

conpri si hg oatin reégion on an insulating
| &gppingusiands aretrtmedemﬁslhad)m ng Iayer conprises a zone

exhi t|n a 25 dens cha n absol ut
X hoThg tafess oS Y) Mo MAAtRS, Veh RS PrefRratiy 4F reast
| pHRRIY %\ﬂ@é@b@ﬁohé} A fi@étoﬁc%%ﬁm!ft?ﬁs muﬁ@@eﬁsltmf %harges is
substrate conprising successively a base wafer,

i AegRtive any ineyiens grrichosarhamepaitiee BEauE eansisipgrof Torine and
g?ﬁ%ﬁﬁ&%h&eﬁ seBohd Pbssibilib i #HdEthd BBnSitFBr BhalgRe" 9 aGitive

and the ions are chosen among the group consisting of boron and phosphor

ions.

A second object of the invention is a semiconductor structure
comprising a 1TRAM memory, comprising a floating body region on an
insulating layer, wherein the insulating layer comprises a zone exhibiting a
density of charges in absolute value higher than 10" charges/cm?.

A third object of the invention relates to a process for manufacturing a
substrate comprising successively a base wafer, an insulating layer and a top
semiconductor layer, characterized in that it includes the step of charging at
least a zone of the insulating layer so that said zone exhibits a density of
charges in absolute value higher than 10" charges/cm?.
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| east a zone of the insulating |ayer so that said zone
exhibits a density of 30 charges in absolute val ue
hi gher than 1010 charges/cn2. WO 2009/ 112894

WOCHHY/H28048/ 052203 4 According to a first entRSd/ReA8052203

of the process, the charging step conprises doping
the insulating | ayer. Accordi4dng to anot her enbodi nent,
the charging step conprises inplanting ions in the

i nsulating | ayer through the top sem conductor |ayer.

5 At Ly ' t he st fo -

? or mARGOrdieS ol sF APeiERnb ST e BaceSSaler SBriing step
dé&ﬁérldt%f&fpln tH@lﬂgblﬁﬂn @epase waf er and the donor

waf er, the |nsu ating lay being at the interface,

and tArsordiag gioganather |%mb©dlm9ékﬂ, dhe wbaging t$tep comprises

b

R RGTBER e e raadiPuitg SRS R fover.

pl as rtermatiiete tite pfocebs conprites thegstepy ef..

Al ternativel the step of f%rrrin thelnsulgqng

| ayer RGHAY thé insiiatiorieyer.on e dest wats poan g donpg wafer,
Ibgsr/flr ébro%dﬁ-@%%a”s%% fo BHd 1Y 86néH\Watdr IRE m:éﬂdr@fm?ér%mg

_ 15 The charging step can conpri
patdbedntedaca,at i on of the charge confining layer. In a

Rl B enaio SR & ditisd S SRR BB RINES, & Chbeen
anongrienehgr émq) SiOP Snay i (ftgnmfse ker ersctidhobombardment of the
chl orine an uori ne, and the_ concentration of the

dBEHAting yeson giaema: tregiment of bpdnsuplnTlkyPhe
f L d5mi
cont Midifaianeithé St f RirmRigYHERABUIRInG layef @Bnfrkks #ming

and t he sion I er [Fayers are

oa ificsd . difecsien barrpr layeana tchargeeodrdting layeo ind leesecond diffusion
i hvent the process conprises, prior to the
b%?f&‘eﬁlfy?f% form ng charge trapping islands in the

25 i N4 @ha@ng Y& -cahObomPEEANE Plasnh® IRaEsh of 281 dithrge
i sl ands are made of silicon.
confining layer.

In a variant, the charging step comprises growing a doped charge
confining layer, wherein the dopant is chosen among the group consisting of
boron, phosphor, chlorine and fluorine, and the concentration of the dopant is
higher than 10"%cm?.

The charge confining layer is preferably made of silicon nitride and the
diffusion barrier layers are made of silicon oxide.

According to another embodiment of the invention, the process
comprises, prior to the bonding step, forming charge trapping islands in the
insulating layer. For instance, the charge trapping islands are made of
silicon. '

A fourth object of the invention is a process for charging the insulating
layer of a substrate comprising successively a base substrate, an insulating
layer and a top semiconductor layer, characterized in that the insulating layer

comprises atomic species with a density higher that 10" atoms/cm?, wherein
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A fourth object of the invention is a process for
chargl ng the insulating layer of a substrate
ri sing successively a base substrate, an
g‘ﬁf”é’@??‘?g | ayer and a top seni conduct or | ay®T/IB2008/052203
char acterized in that the insulating |ayer 30
conprises atomc species witls a density higher that
1010 atons/cn2, wherein WO 2009/ 112894
PCT/182008/ 052203 5 the atomc speci es are able to

B SRRIC Rk PR ote s Endfip BoDbal UAHEF Bie @R bfbarges

DE’&%Pﬁ'ﬁt@tr@t:heulaﬁﬁ@ra@eterl stics, objects, and

advant ages of the invention will appear clearer in
readi ng the description bel ow, whi ch is illustrated by
the QR'IEPW RIFORCOF THE gows a 1T menmory
accor |ngto e prior art; - |gure2|llustratesthe

st epsOtraar dmfankg:natlcse(mbjemtbstandt advarttageshef the invention will
Smart Cut TA9 pr Fi ust r.at es first
SRBBeATeares i TRa0IRa dhel d4bEr B, bridhe WEEE g5 syl by the
tftfﬁo , u,—ggr_, - Figure 4 illustrates a second

e odlnen - Figure 5 illustrates a third enbodi nent

of t heFigHIRAHBhEWS a 15 NSoMY|Aco0 kT 1a theitar ert: THE

| NVENrgaﬂng e i9ehe e%l h'e gt%pgff?ﬁlﬁ?aw@:%nébéﬁ‘ s'uﬁelrr%)(ei with the

repl ac e rear e arge | oca
t BencfBelnit™ pkm:es:—:.r ucture under the |nterface bet ween
the usef ul ha¥ ndt

negati JecHal GRERPh b TERh AGPapesttof HieyReQises pstrate

r ab&ordfgltbené ﬁﬂ,@nﬁb,ect rode, i.e. cr eating a negative
voltage in the Sed structure for retaining the holes

near th@ure4ilustretes a ageand egpedietesdl y, a positi vel y
or Se PSSR QU ARt ) FELApghect ons
transi stors and hence electron charge. 25 Standard
StTUCKETAILED DESCRIPTION OF THE INVENTION
The general idea of the invention is to replace the rear electrode with a
charge located in the SeOHike structure, under the interface between the
useful layer and the insulating layer. A negatively charged insulating layer
plays the same role as the rear electrode, i.e. creating a negative voltage in
the SeCl structure for retaining the holes near the insulating fayer.
Conversely, a positively charged insulating layer is able to retain
electrons, in certain types of 1TTRAM which utilize PMOS transistors and
hence electron charge.

Standard structure

A standard substrate of the SeOQl type is provided. Such a structure
comprises a base wafer 1, an insulating layer 2 and a top layer 3.
The base wafer 1 can made of a bulk or composite material.
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A standard substrate of the Sed type is provided.
Such a structure conprises a base wafer 1, an
insulating layer 2 and a top |layer 3. The base wafer 1

WEBNMHE4of a bul k or conposite material. WO PCT/IB2008/052203

2009/ 112894 PCT/ 1 B2008/ 052203 6 The insul ating | ayer
2 is made of a material havimg electrically insulating
properties. By "insulating layer"” is meant in this
text a single Iayer or a stack of different materials

navi Sl G 1 gR 2R A o Ao iy P e 85 ndgting
Istopdities CB? emsUFatih é&‘fé&ﬂié r)heﬁﬁi inelﬁls @Q(a nsir?lé IRr OFiadgtack

'ayer). The insul a | ayer can al so
ﬂfldlf&iﬁnmﬁferlﬁs h&ﬂn@idiei@ctﬁcpmmtle%onbl nation, or of

t hi Ebﬂ.@si‘ésgﬁﬁbﬁgé rqszuf%ug%nag&%@égbg nét??ﬂp?%gl!:%ﬁ oxide (SiOz).

dnmslcﬁgd lbiﬁuﬁwﬂybélle@mbxﬂ(mljrlmtgskﬁeﬁ?yerj.o The top
sem uct or , o cal]ed "use
"act i & INBH\AIPG %/ r 4688 93?0 H‘aé’@rﬁfc%'ﬂﬁ%nc@'gfd%ﬂe%"é@ -nitride

SHpbiAsticH 'dr%@ﬁ“h@%q{' nﬂatéﬁg sS&Pat haffuhakide made by
a Smart Cut TM ess any ot her possible

pr ocelde thmi@esamf tthe:unsulatmgdagersmutgpldali:,;ccd)medsem between 10
L ent 5,374,564. 15 Referring to Fig.

%ﬁ@%ﬁﬁ@é ‘conprises the follow ng steps: a)

Pr oviThentpasdraendadter Ia}ye&ﬁbd asgdedlid Webhil” dr rmﬁee”orhyar is

sem conductqr materi al ; i di zing one or both of

thha W@r@m'cmrd”ﬂﬁvnﬁ @U%ﬁérs"lﬁaf‘er 4, thus

t ;
50° o) Sk piROnSIteTald Bah Bl & WnaR IR BiRasd: or by

cargaothenpogsiiirgrecessone 40 at a depth correspondl ng to

donor i BT GoNe” PREEad Saan Hedinjjeidl priS prlh arfrapos

| ay erRéfefring toerigne gt fydkeilly ebmphikes tnmubdvmgolm@g waf er
accor di p to the weakness zone 40, thus

transte mwgmgh@ tbéiﬁel W&" Bgd I@ed@ﬁ% Wakeer4 1made of a
semiconductor material;

b) Oxidizing one or both of the wafers — preferably the donor wafer 4,
thus creating the insulating layer 2 on the donor wafer 4;

c) Implanting ions in the donor wafer in order to create a weakness
zone 40 at a depth corresponding fo the thickness of the active layer 3;

d) Bonding the donor wafer 4 to the base wafer 1 with the insulating
layer 2 at the interface;

e} Splitting the donor wafer according to the weakness zone 40, thus
transferring the top layer 3 to the base wafer 1.

The insulating layer 2 has a density of charges in absolute vatue higher
than 10'° charges/cm?, for example higher than 10! charges/cm?.

This charge can be measured using a pseudo-MOS technique or
mercury-FET measurement.
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exanpl e hi gher than 1011 charges/cn2. This cha
Wik

The insulating |layer 2 has a density of charges in

absol ute val ue higher than 1010 charges/cn2, for

#ed using a pseudo- MOS t echni que or FCTHB2018/052203
mer cury- FET neasurenment. WO 2009/ 112894
PCT/ 1 B2008/ 052203 7 The dengity of charges is
positive when the charges are positive (such as
hol es); the density of charges is negative when t he

char

not ca i 8p eSS ee SRy Bpf e SP3msalreiRL Ve touen
Se$holdslkethe Zepslty of sharges isineghiive wheghié mhatmgard Hegiative
this charge is mnimzed in order to avoid electrical

| (Poi6B2S aleetiShase waf er, as expl ai ned for exanple in
appl 'ﬁ%ds@%e%@@%at]tﬁéﬁéled'd?cidé“ﬁagBPlh' 8\¥ohR¥entional SeOl-like
descri ption I's assuned that t charges that have

t subdivate g uswally sligatly chergedsmtathis@argqéﬂ manignized gsorder to

i.e, i ti d. h 0

(i SREHa Bl RS 8t vl o BB, 2 bl
sygﬂj],oaﬁonmszmsmmamtor body or near the top channel
can beneflt fromsimlar pr oach

[ nven't"l B TQW'PﬁéieééWmétl '§ atséu't"ﬁg tB?st'lee?H%ﬁeS that have to
r | |

5 P 0 950 KORRGY 1o R ! QR Bl e
eimsukditing tayer helaao @eoh@ttvélamlargaﬂ QOther reténtdinnmndes sheh as

cha zon the insul at i | ayer jtsel f, The -
CHRE s, Body ony st Fla Wb kgl 3R prof g simiar

|g pS@achhus be caIIed "BOX". Referring to Fig. 3, the

charged BOX |l ayer 2 typically conprises ions, 20 such

as chlgyewer, dtﬁeﬂm\c%wpﬂeapnhesm@vg@ﬁm teyte proplem of retaining

[

SlEERORS pbar 18 eTphiq Rhér G3lAG Bkbeiio LS U laver.

targeFlsstaanﬁhndlmantt—ﬁtar@ed Bf))tlag_ons the density of

' ons ins’thls’sI erpn géimte%t ttpne cﬂgpgse'dtélone IS%h n%SFa‘ting layer itself.

The insulating layer is preferably made of silicon oxide: it can thus be
called “BOX".

Referring to Fig. 3, the charged BOX layer 2 typically comprises ions
such as chlorine or fluorine.

if the BOX layer 2 is intended to be positively charged, it comprises ions
such as boron or phosphor.

Provided that the process targets a full activation of the ions, the
density of ions is similar to the density of charges.

The ions can be spread uniformly within the BOX layer.

Alternatively, they can be concentrated around a determined depth
inside the BOX layer.

The ions can be implanted in the insulating layer after forming the SeOl
substrate (through the top layer 3), or before the bonding of the donor wafer
and the base wafer.
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25 The ions can be spread uniformy wthin the BOX

layer. Alternatively, they can be concentrated around

a determined depth inside the BOX | ayer. The ions can
WOSWHHREMt ed in the insulating layer after fdiGHiBg008e2203

Sed substrate (through the top layer 3), or before

t he bondi ng of the donor waf@& 30 and the base wafer.

WO 2009/ 112894 PCT/ | B2008/ 052203 8 During the

i mpl antation step, ions are inplanted inside the

2t udBoR the PHBEIARER P TS, 8%, Fiflan ey Bedpsulating

ﬂﬁ?ere”ﬁféllékmédtﬁ@sm@f‘@)ab'lé‘t@fdéjﬁlst ttRe QPrahidté8 of implantation
nplantatlon pr0|le w th a maxi num concentration at

dnaeedy osedand @nergy ofitbe iens) insofdes fraebtal paylstplantation
I ner gi . e

R w8 Mefin R cqliboniahaf 4 b el o], e e
tihsulatingayef. 1013 to 1017 at ons/ cn2. Typi cal | y one

type of species is i ed, but an be
125G IR ses oaBig B hedapen atd keeimaougay. s Example
A (N abbreV YandedddeAsBbd [reRkTBAGe 6R10 D¢ ¢ G'Trétﬁﬁsﬁﬁhﬁz

on the |nsulat|ng | ayer 2 before bonding the donor

and t ipicglyconatype. ofTspediemis impiartedf byutiere thameone can be

i FEPesifl PadrRef Babouo i leed 8. 100 and
500 nAlterhgipveta! & yladra treafnoit can beaswrfic@mul0n the B8Wating

sccm ferably 15 about 200 sccm a_tenperature
'éM%Fr?EQ fﬁbpﬂﬂé’ﬁ the donar aeethehaseswvalsry  27C, and a

B econdes COPIEHTbE oL 0 ESAE beqlrih S Kl o2 bower
| bgtwieen, 3GhVY laadcldaw i @nnastance WBErW, atpriessureshativaee 10 and
G T By st B g BB i 1Bl B mod It ieraty

- affd\e 200ag e, gmpe@tmemm%eﬁméem%'mo C, preferably
between diffusion barrier layer(s) In reference to

P §.C #nc g grasess Iglgnsepat i@ WW&nWB&@Bﬂ%W%@Q@S

Alternatively, electron bombardment of the layer 2, in the configuration
where it is a surface layer of a wafer, directly before bonding, can impart
negative charge to this layer 2.

Second embodiment — The charged zone is a charge confining laver

between diffusion barrier laver(s)

In reference to Fig. 3, the SeOl substrate can advantageously comprise
an insulating layer 2 comprised of a charge confining layer 5, confined on
one or both sides with diffusion barrier layers 6 made of a material that is
able to prevent the diffusion of ions or charges within the substrate.

To prevent diffusion and hence dissipation of the charge, both top and
bottom barrier layers are needed.

For instance, a charge confining layer 5 made of silicon oxide is
between two barrier layers 6 made of silicon nitride. This configuration is
particularly useful when the negative ions are fluorine, which diffuse in SiOx.
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an insulating |ayer 2 conprised of a charge confining

| ayer 5, confined on one or both sides with diffusi on
barrier layers 6 made of a material that is 25 ab
W20 E8Mt t he diffusion of ions or charges vﬁqwoqsf?ézmr’
substrate. To prevent diffusion and hence di ssipation

of the charge, both top and %ottom barrier |ayers are
needed. For instance, a charge confining |layer 5 nade

of silicon oxide is between two barrier |layers 6 nmade

oar ¢ 1 AR, b S o Y% bl a8 of sificon nitride
f i tHensarrishlaybrat hfaisaderof Siliedn ow@e2009/ 112894
PCT/ 1 B2008/ 052203 9 Alternatively, the charg

cont | THRGUMEYER 0an-key Masena eonsinisting o cherde senfiningsayer
L BLarRRBANR 1dyBYCE Soribrab oRBIG, 8 efthbr dfibr &F ba8e weter®

structure ca y constructing the charge
conf i Pivendndudgting layer @hdaivdra icensthuied Jully, oprone wader before
ndi.n on_.either donar _ or base fer.. 5. The
Qfing; by rebestie SHECoRNaINGE BT R 198 Soie charge
V\@érﬁrnn’fg?I%QéﬁS mle%cohu baerIaydrie) successively a
first barrier ﬁer 6, the charge confining | ayer

and t‘Née'@éB‘(ﬁm HFst barriardgyar %anMW%FWQE\F@W”'nS 'ﬁY@fs'i c¢an

238 GeRosle 50 et ISR B e P posted
I euyethe knélnergwa‘iep oth¢ exbfersOarentitemebandest witaftbe .chahge confining

S .ane en bonded wth the charge confining
V\%@F g elp 9%t erface. The i nplication of either

ar r angedreibplictionh ef ustteplarRifigéendr-isi theCose dToawlti8go-silicon
ver sus oxi de-to-oxi de bonding. The barrier |ayers 6

cBandiag vewespxidentonoxide RPAdiFesi ti on such as 15 LPCVD

P .
angot F i leYele S8R bt Inade 60 B3R filn, opofiuddiquch s
f bPGYE), oniPEGNV [ wﬂtbttfnckna;sebm ti‘pl range cAd0itw 800 mgsﬁ‘roms.

| ayer_.deppsi ted qn. a arr t er pat the
e oL BRgde o Mi BORT B35 SRy Ry Bt & BongS. by
apEeprddtigntsn of a Byicl8epositdd on d®aierdaydf er having a
deposnted insulating 20 layer (nanely the first

bar r i Remaljgly.ghe gharge p@eﬁﬂﬂw lRyes lﬁ:%"h?e ferengst py gigpositing
a doped layer of oxide or nitride on a wafer having a deposited insulating

layer (namely the first barrier layer 6), by a technique such as LPCVD (low
pressure chemical vapor deposition), or PECVD (plasma enhanced chemical
vapor deposition), prior to bonding to a second wafer with a top insulating
layer (namely the second barrier layer 6).

The charged doped layer 5 is thus embedded in the two insulating
layers 6.

The dopant is chosen among boron, phosphor, chlorine and fluorine,
with a dopant concentration higher than 10'%cm?, for example higher than
10"/em?,

The thickness of the charge confining layer can be on order of 10 to
1000 angstroms.
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pressure chem cal vapor deposition), or PECVD (plasm
enhanced chem cal vapor deposition), prior to bonding
to a second wafer with a top insulating |I|ayer 11(narre
WOROUHRBHA barrier |ayer 6). The charged dopedf %g}smgzzos
IS thus enbedded in the two insulating 25 |ayers 6.

The dopant is chosen anong bbb on, phosphor, chlorine

and fluorine, wth a dopant concentration higher than
1010/ cnR, for exanple higher than 1011/cnR. The

t hi ckpe h h confining |layer. e e«AN. o
or dor 158 St B'858 8ba b e Ao SoogNES6ER e Niride
F@I/db&ﬂ@&é%ﬁ%tanb@ 6 Shagdridin §pebobM TFingemdryi, snamed
| so_known_as " ‘'Xide Nitride Oxide'). It is
f<§0©hl§2 a@@ccen;e@n. NG t @it al%emoflonwl?éﬂﬁarf&ashnm?éao"es
[ -
fla éééro%blllse%ga tﬁR\Never 5 Mﬁ]?gﬁ%ﬁayguﬁlﬂg\{% tLdt% floating
ngmteanhdat:r@layesammttumgoﬂ Gtwgedhut a floating- 5 gate
i nsulat.i ng layer and 1S not chared Th|rd
enbod 4C ad consi embedde
c@%% q idlamdpi ng |sI ands As corrpared to the second
odi men ere the charge is uniformy distributed
in thas @ampgéedc%herﬁeﬁgnd@@bo@menhmﬁr% thengharge is uniformly
l.
eggg%@m tﬁﬁgcqaig% l‘ﬂg:?'hﬁﬂg S)//lero%a ih _Zrtﬁ% tHird Shitddfndnt, the
cdnrfrggusabt;@llzeld5|nsl$tamﬂa [4 dfmgeddbd Théhe shsubating? layen DeThis
for'geﬁ%al mpl ant at i nof the desired ion, such as
gy stlhewpl'ﬂ 9i%to the insulating layer 2 with
sone Thé ldisls 71858 behbihed H?Ymbl%nféﬂoh%ﬁ’e BESl?éH‘%' such as
during which precipitation and formation of nucl ei
o¢hleriee s fiporiner inkx thepinsyllaginadayars? wilhrasme triligal dose whlch
t e ke e ;
R BB R oind i hsBiiabst A Bl 4 ruce
eobktnélsm?l(forédcample;ipha@é &s,fosmécu con can be inplanted in

[ I
an ! n‘ﬂ%se}tt'nlp? tatlal step can ge carried out before or after bonding, and

implies the same doses as in the first embodiment.

Alternatively, silicon can be implanied in an insulating layer made of
SiO2 or SisN4, thus forming charge trapping islands made of silicon.

Also, growth of a doped charge layer followed by annealing is more
suitable due to control of dopant concentration directly through thin film
deposition.

If the islands 7 are not charged while they are formed, they can be
charged later. For example, it is possible to inject electrons in the islands,
either applying a high voltage to the structure or bombarding it with electrons.

Another possibility is to implant ions in the islands.

Fourth embodiment — Ferroelectric material

According to a fourth embodiment of the invention, the insulating layer
of the SeOl substrate comprises a ferroelectric material, such as oxides of
lead and zirconium and/or titan Pb{Zr, Ti1)Os with x between 0 and 1.
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Si2 or Si3N4, thus form ng charge trapping islands
nade of silicon. 20 Also, growth of a doped charge
%ﬁr foll owed by annealing is nore suitable due to
28Yf dopant concentration directly throtfgimB2efiss2203
film deposition. If the islands 7 are not charged
while they are forned, they thn be charged |ater. For
exanple, it is possible to inject electrons in the
islands, 25 either applying a high voltage to the

oL SO ol P b R S S0 208 gt
ermaastigient - Ferroelectric nmaterial According to a

fourth enbodl nment of the invention, the insulating,. ..

Iayer Indged; Herreglertrigy pagterals @@Hﬁrt sprﬁpﬁ'éYrGEI@%‘tl?‘?"tQ a
o?ﬁt%?t{szcﬁﬁg Qﬁot%tﬂtj&ﬁd ﬁ%@c&fb %@@%@P\%@%ﬁ&ﬂ@l ic field in

VWezsmﬁtrmtm894 PCT/ 1B2008/ 052203 11 Alternatively,

t he sul n er IS nnde a,. stack of s

oy olre el il Bt e RERedatreas f afurfiialh otes at the

rrmtéﬁao@l lfetaER ttﬁéﬂ msDIzpipgayereindanbitd fHyea a

spont aneous d| po e nonent and hence to. create a,
er =‘. =jne — 01 -‘ 'y a0 V *:'- t K t i

ELFZLN“?‘“%LWF'W? % Wil Aol Seuloo né“t“” g 8t the

amtsulaltleg tayer) foy instafdd défeetstredulimgtin a dblaege demsityl of mterface

by Tty betieen BelnSuptielabt A bt Siact IRV cct s

|n or at the 10 insul ating |ayer, for i nstance
defects resulticéel n a charge density of interface

trapsF@Ingiwg gBeiebrication phig Sivayre Hf dheasipsingte. additional
ie@fr ch&é@rrﬁaif:(ﬂe'bﬁréc't%ﬁe triis élg@ﬂtéu%fngolgy&f tf&emlstanc‘.e by

r uc ure o I'ona ectri
clmapigletahaw breby r&;pptytr@l anrdlecttica fiehd byaheargs bagiectrodé @lates

I I t t
PR Gope Eoarat iR B8 sEbufte, Bhe AaBRindy Bsie rappes by
CiHes atordib t sidcied, t\/ahut:mae%uhet fots€acchi@ing er g 8Bdvd BXSmple.
be trapped by the atomic speci es, which becone ions

kel dihagoe diealiompiide ok dngipece, be applied in order to tune the

charge level.

In principle, such a SeOl substrate is expected {o have a permanent
density of charges during the whole life duration of the FBC memory.

However, it must be noted that, depending on the techniques used, the
charges in the insulating layer might be dissipated, for example during the
fabrication of the transistor on the SeOl substrate.

Indeed, the fabrication process involves thermal treatments at higher
temperature — typically at 600°C or more — such that the charges are
dissipated.

In such a case also, charge injection as described above may be used
for tuning the charge level and, for example restore the initial charge level.
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Such charge injection may, for instance, be applied in
order to tune the <charge level. 20 In principle, such
a Seal substrate is expected to have a pernanent

WOS/198%f charges during the whole |ife dur &GGHB208/052203

the FBC nenory. However, it nust be noted that,

dependi ng on the techni ques used, the charges in t he

i nsulating | ayer m ght be dissipated, for exanple

during the fabrication of the transistor on the Seal
substt at e. I the fabri 1,0n, process i

Cher it SialPisenS Aprii geties, i drat Beef Taganed HS the
thﬁlgﬂ Wgeﬁﬁf:ﬁ; becoAtd nbNpal, btﬁﬁeﬁﬁﬁﬁ Geheadhsulating layer.

I SsSi n such a case al so, charge injection’as

descr'FhﬂamS@IﬂWé lapgr Baisuskaps @ (f)@afﬂtﬁt(l@ the epresenageof atomic

S0 o A i ISR 5 R Eboh S B! 56 o vt

%M@edtdgalraltaﬂ&‘r mmbﬂb@lﬁmdﬁheh@@sm i mpl ant ed
into sul at i n

he i neutral , but
remmi 118 A SHRSAE WS 7 feloce o Ta Jyeghehyes been
t (ﬁb&nb@@ Ribode 8RB Gsdd fof mélJiHi:; R rm@(m ?né)rﬁo@{1 ‘Tg‘ e:t%at end, the

speci es) that distinguishes it” fromthe known
ssthace andsgraimdf the nsistoo ares masiecinahgdap agarieondifciar layer,

PFefoBr A" B 96, MRk SR 36, R R 8 top

dge:mrcohaghtgb;aygr can be used for naking a 1TRAM nenory.
To that end, the source and drain of the transistor
are n'ﬁd@qeﬁst“l’:{e 'teodf dbei ehanges tquthpay@ulatln% Byepdaviee been

gg&glgbﬁn%% Hﬁ tigd leS‘rl@Jt‘lohrﬁuth@ttl'é?%létéﬁ/ o s@i‘) (%thé}hérﬁi?lg again

or 'ayer. 1f necessary, i.e
ctherigagating tﬂyercmbe@amﬂy dutyer have been dissipating
duri .t hﬁB eHICGC tion of .the trans

char g b ghl B5aihd ey hpbe densiy of

Oclﬁarg'éb ltsSsdb'Etéiﬁ}all? Pefrigie ARG IRS whidld fifetimatdfige Havies.
whose density of 15 charges is substantially

per manent duri ng the whole lifetinme of the device.
Al'so, afshet h%h@{eﬂ ?ﬂtﬁ\b' 1B ALIheP8E0! BGhstRi are generally
substrate are g ner
provided before the de\nces are formed in the top layer, but it is also
possible, for instance in case of 3D integration of devices, to first form the
device in an initial substrate and then form the SeOl substrate of the
invention by transferring a top portion of this initial substrate onto a base

wafer, the charged insulating layer being positioned in-between.

The SeOl substrate with a charged insulating layer that has been
described above can also be used for other type of applications, like for
instance as a substrate for receiving or comprising image sensor devices. As
mentioned in US5227313, for such application it is usual to dope, for
instance with boron, the top layer of a SeOl substraie in order to form
electrical potential that will drive the photogenerated charges toward the
sensor itself. But the formation of appropriaie boron concentration profile
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provi ded before the devices are forned in the top

| ayer, but it is also possible, for instance in case

of 3D integration of devices, to first formthe 20
VR0 an initial substrate and then for mRREBIMS052203
substrate of the invention by transferring a top

portion of this initial subsi3ate onto a base wafer,

the charged insulating | ayer being positioned

i n-between. The Sed substrate with a charged

' | at.j J t b d ' 2 .
aaosBahBdugRiers of Rl ) pIEE Pou e BRRIGNEtc TR Rece. i
| BROWAABKAINTD SctRUNE Aiffusial of 8RS dopagt at GAlNYceai @gdring the
i mage sensor devices. As nentioned in US5227313, for

s gemsasgievicestmanifaeturiag staps thebindelye expgsure;gfdpe sebstrate to

HIIRAY RS tefipet e, THES pidbjdy S8l i S iodedu b S61REd by
p hepil agjeg éhea berbnedepigg er compiatingha réilcedrtxpon idopirgh of the top
et B b5 e SHa R BB5eaL8Tng PR RLR 508 case
t iR tieC bnehardt wWdill tePstiarRd fPdtide vy @l @etddgenerated

For instance, 1t should take into account diffusion
ofhengesdpanithe Hep laver/inssialingdiavergntartacesigwayd the active

dew fi rd bl V) X0

¢ REriiRs BF e Rl Setor Ebes. 17 medRId B blkaBions, the
pbabé evaferoal thebBe@tl sabsirate motild/ be delended yo berteqrisparery {(e.g.
t he poron doping or. conpletin teduced bgropn dopin
oot S s ey S ceh ik elminlesl Bfien e Tosfiion br the
ageRseH diide8, A9 8esdhRatihUB5J4agthat case, the type of
charge woul d be selected to drive away the

phot ogenerated charges fromthe top layer/insulating

| ayer interface toward the active elenents of the

i mge sensor devices. In "Backside |ighting"
applications, the 10 base wafer of the Sed substrate
could be selected to be transparent (e.g. nmade of

glass or quartz); or it can be elimnated after the
formati on of the sensor devices, as described in
us5244817. WO 2009/ 112894 PCT/ | B2008/ 052203 14 CLAI MS

1. Substrate conprising successively a base wafer (1),

an insul ati ng
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| ayer (2) and a top sem conductor |ayer (3),
characterised in that the 5 insulating |ayer (2)
conprises at | east a zone wherein the density of

WOrAPHE38%%4i s i n absol ute val ue hi gher than 10IRCT/1B2008/052203

charges/cn2. 2. Substrate according to claim1,
characterized in that the inselating layer (2) is

made of a material chosen anbng the group consisting

of silicon oxide, silicon nitride or high k

materials. 10 3. Substrate ﬁgéﬁgging to claim1,
characterized in that the i ing layer (2)

conprises a charge confining |ayer (5) between two

di ffusion barrier layers (6), wherein the charge

conf ilni n@ubsireie ¢@NpPrisisg sugeessivaly af baseawgtes (1) an insulating

B3 (B ) Heip) %gﬁ‘gco gtc% Obef Rggggﬁé&%?eriéed in that the
Clhelulatilhgl‘ayee@) corhprdes dDebsica ebne YhepsinftheidegsibagPeharges
silicaon nitgide and the diffusion

é‘ﬁr”? ?Q?f"l‘?y\éq[%e Righerihpn 49’ §hﬁfgﬁ§ff3r6><| de. 5. Substrate
accorxi n%db%’;rgrea%rf%o?dmﬁgg gmne{ '&@#aétaniét% ﬂqaﬁth@@&@%ﬁng

confining la of sili1con oxlde and
dayéiued) ds mester dfea Maigrial chpsen amaengriingegrofip Lonsisting of silicon

St ordlngto claiml1,
%ﬁé&dﬁ?‘&p% @'dPrP%‘%ﬁ %{Tp]aetep Sul at | ng layer (2)
conpra.s eStﬁb@&é@aM@mﬂg ng dlé:'naﬂ Bhatrddteri¥dtbinethat tHeeinsulating
charge trapping islan have a total density of

cA%RTEY COMPASSS BLRNATgR cOR lrhﬂ@ iater {Plbetween two diffusion barrier

Clﬁz‘?ac zrl Zeg?r} Bh%% é?ﬂ:‘énﬁﬁiﬁ@ﬁ%&ﬁs Hgéhl a e?yf) B;harges in
n&loiol e veildd k:lghebbhladél hchargesicivdr ge t r appi ng i sl ands
one oo SHpEafE aftorRgnie, B, wEESHRS: feihanarsqerized in that

clhar gl ar@rmhndgem%ér {8Y id #hdde BF @icdAthiMdel ang th¥Qiffusion
2009/ 112894 PCT/1B2008/ 052203 15 9. Substrate

R¥Betlaygrs arednadenossiliedmesideeri zed in that the
densig y @ubsﬁ?%{} get?orldﬁ]gnﬁagel%w esﬁga‘%g%&ﬁliéwﬁﬁ A the charge

chosen anobng group consisti uorine an
ctdrdimingelayeng) is made of silicon oxide and the diffusion barrier layers (6)

are made of silicon nitride.

6. Substrate according to claim 1, characterized in that the insulating
layer (2) comprises charge trapping islands (7), wherein the charge trapping
islands (7) have a total density of charges in absolute value higher than 10"
charges/cm?.

7.  Substrate according fo claim 6, characterized in that the insulating
layer (2) is made of silicon oxide and the charge trapping islands (7) are
made of silicon.

8. Substrate according to one of claims 1 to 7, characterized in that
the charges are at least partially provided by ions.
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10. Substrate according to claim8, characterized in
that the density of 5 charges is positive and the

i ons are chosen anong the group consisting of boro
VOB Yhor ions. 11. Sem conductor structur]%,C'1""11320"3"0522"3

conprising a 1TRAM nenory, conprising a floating body
region on an insulating layeit5(2), characterized in
that the insulating |layer (2) conprises a zone
exhibiting a density of charges 10 in absol ute val ue

hi gh 0_char 2, Pr ess f .
it ool afaeiRte SEm e e R bt ing density of
bargrgesfi€hegdlive amd itmﬁidin%tarﬁgzhb@éﬁfan( Medgreup Wonsisting of
sem conductor layer (3), characterized in that it

ﬂwrdﬂie%nQﬁ@f)@ﬂ%fPfﬁ charging at |east a zone of the
i nsul |
densi %Hﬁé%gé@rﬂlﬁgg Qﬁi‘?ﬂ:@ %%vaﬁﬂe [ Sthélrstht%h%%nsny of

16@gehaﬂ; gesitiveizndlibe in®aes shaseroediong the grbap roob8isting of

Earacte zed in that the charging step conprises
dBPiNA '1 SPOQT NSng 1 ayer (2). 14. Process according

to claf. msie’cimcéhéti ¢ efgtrgeflirgé N édiiﬁpnéihg f@arﬁlmgm St(r%imory,
ulatin ayer

onprises inplanti ions in the ins
tﬁ@raagﬁngiaeﬂqaiiﬁg bm%s'eﬁioe@mmmﬁulat@géayqrs( ) cmracterlzed in
718356 ROSE e 3) LRI s NG R By Bbnaraes
thmeawmmaemmh:gﬂertuandmif‘acnmes/cm&afer (4) - bonding
t he

f 4), .th .
| naul B r00sss fonmAnTastUEaR i, SupSTe QomiRkisite: sucassgively a
| Badd aiiaféih(fi ) iaar iasnianﬁg 98yErs(29 aa"rfdi §0ioptgenhieémiﬁ:tém Riyer (3),
bondi . Process accordin toclaiml

cﬁaa&sgermcgm that ithiaelugpe the siep agCharging %To‘ﬁﬂﬁ‘i g @ongrpf the
PISEING IR &ﬂiié sgida%difelé’“iiiizér LBy Khatdds indbsolute
thalueilmgrgﬂrmlgan $0 shemgesterpt.i ses a pl asma treat nent of

th t 2 112

ber | BB 0B brask o disb T opm, 12 chaitier e dn thtdhg: sheraing
1stepcdonfipiidesrdopatl the ihd\ahtindyst &, of

14. Process according to claim 12, characterized in that the charging
step comprises implanting ions in the insulating layer (2) through the top
semiconductor layer (3).

15. Process according to claim 12, characterized in that it comprises:

- forming the insulating layer (2) on the base wafer (1) or on a donor
wafer (4)

- bonding the base wafer (1) and the donor wafer (4), the insulating
layer (2) being at the interface,
and in that the charging step is carried out before the bonding step.

16. Process according to claim 15, characterized in that the charging
step comprises an electron bombardment of the insulating layer (2).

17. Process according to claim 15, characterized in that the charging

step comprises a plasma treatment of the insulating layer (2).
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formng the insulating layer (2) conprises formng a
first diffusion barrier layer (6), a charge confining
| ayer (5) and a second diffusion barrier layers (6) 5

WOQRNIRIFWass according to claimi18, charact er i EAGADBRYPS/052203

that the charging step conprises a plasma activation
of the charge confining |ayefs(5). 20. Process
according to claim 18, characterized in that the
charging step conprises growi ng a doped charge

;?rtr)];i i he o eLﬁ&?ﬁéPﬁ?ﬁ@%ﬁ or%‘ﬁoapfgl?{ " C[ﬁaﬁﬁe step of
ggpan nﬂwelﬁusa!ygmbl (95} 119) cORRLSBE 16RARGNS IRSY @Sl Brir

cess accordi ng
tiayemé)od maager@ommng laggr (handca eecarebl diffusicmalparrienayers
c@grge confining layer (5) is made of silicon nitride
the diffusion barrier layers (6) are nmade of

silicen erxoekss Q&orahgqe&ﬁauﬁpwrma"rgctbﬂz@di i thaltShe charging
characterjzed in that it conprises, prior to the
a5 Pﬁ@%*ﬁ% a P{'@ﬁrﬁ? @Qt'@ﬂﬂ”g&‘qh? &Bargegcqr@nmgdgywﬁ) ‘in

the ispsulpag )elai P

cl ai n%@ZZ %ar act er?@g(}g cm'ﬁﬂ'a?’ %ﬁsé%g?g‘g% ﬁ%ghé Sharging
|siearmmmrvsesagmmageﬂ afoped| clrarge hfinihgo tayes (ﬁbrwherem the

AR 0 0o B, RSl Bl o PBifon Biorne
| A5 drineg ahayee corderrdion oftt@dé@aﬁtqg) n@u@t- ﬂfan' ﬂ)‘%m
(3), characterized in that the insulatin

conprdls e £raeesH aCCcopding de ORetaf Gaipenty tCyZ& @*r@actﬁﬂa@d in that
BECRTARE AR 01 ¢ Mok BB 26 0 diusion
claarrieelayerat) ard enadesefl sdlicongxideyer (2) .

22. Process according to claim 15, characterized in that it comprises,
prior to the bonding step, forming charge trapping islands (7) in the insulating
layer (2). '

23. Process according to claim 22, characterized in that the charge
trapping islands (7) are made of silicon.

24. Process for charging the insulating layer (2) of a subsirate
comprising successiVer a base substrate (1), an insulating layer (2) and a
top semiconductor fayer (3), characterized in that the insulating layer (2)
comprises atomic species with a density higher that 10" atoms/cm?, wherein
the atomic species are able to change into ions under injection of charges
carriers into the insulating layer (2).



