1 SUBSTRATE HAVING A CHARGED ZONE IN AN INSULATING BURIED LAYER OBJECT OF THE
INVENTION 5The invention relates to a substrate comprising a base wafer, an insulating layer and a
top semicorQAMNNAIRE4hat can be used in electronic devices, notably in REMBIB/BAVKGROUND
OF THE INVENTION 10DRAM memory is typically made of one transistor and one capacitor cell
(1T1C). While the transistor functions as pass, the cdpacitor is used for charge storage. The capacitor
can be either a trench configuration or a stacked capacitor. A certain novel class of DRAM memories
can be comprised of only one transistor, without need for capacitor, and hence is 15 referred to as

capacitor-less DRAM, 11, or 1 5GBSTRATEPENINGYRCSHAREED! ZHREd on Semiconductor on
Insulator (SeOl)-like substrates, where the transistor throu h'étFS) floatil%%gody characteristics acts as
n%l'ég' S

both control transitory and charge'HcﬁQbMTm LéyY are the "Floating Body Cell"
(FBC), or the "zero-capacitor RAM" (zRAM) though other 20variations exist. A typical 1T memory is
illustrated on Fig. 1. The_Seal substrate comprises from its base to its top a base wafer 10, an

insulating layer 20 éﬂﬁéﬁﬁﬂé&ﬁm@dﬁdﬁb‘(&% 0, also called "useful layer". 25The memory device

is made of transistothnageaidne rEBHEONGUGosUBSiritRYEHRPriSRySausSse angreraiad are made
in the useful layer 30, whereas the gate G is deposited on an insulatingblayer on the useful layer 30.
insulating layer and a top semiconductor layer, that canbe used in electronic

devices, notably in memories.

BACKGROUND OF THE INVENTION

10 DRAM memory is typically made of one transistor and one capacitor
cell (1T1C). While the transistor functions as pass, the capacitor is used for
charge storage. The capacitor can be either a trench configuration or a
stacked capacitor. A certain novel class of DRAM memories can be
comprised of only one transistor, without need for capacitor, and hence is

15 referred to as capacitor-less DRAM, 1T, or 1T-RAM. Such memory types are
usually based on Semiconductor 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

20  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 layer 30, also called “useful
layer”.

25 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

30 the base wafer.



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 30 the base wafer. 2  During operation of the 1T
memory, ch¥@a80bidtare injected from the channel near the drain regioRCAA BI85 IBMization into
the body of the transistor. The presence of these positive charges shifts the Vt of the transistor lower
and changes the current-voltage characteristics. Thig shift is Sused to detect or "read" the state of the
cell, being either "1" or "0" 11 memory being a volatile memory, a periodic refresh is carried out in
order to restore charge, and hence programming state, to the transistor. Charge is mainly lost through

various leakage mephami§reperaadioralfeol FNaEndeps dririBINeDIBE) ratentinsctisaerrsithe memory

cell. If such time is 10 short, extensive refreshing is needed resulting in hlﬁg@éwer consumption and

poor yield. ThARSI&RAREhipRT doRifiBIS fEeiRBnHaHERAEhIRIHARTR DI 1008y Hdhfe retention

in the transistar asBis Fherarisahde britrase R srielerl Eserfisbengsast topRRY a
negative voltage in order to keep the charges in the transistor body as long as passible, e.g., near

back 15interfal@MSigiariowesrid changrs /&g FenRalaRIRvCFIsEatisr BlicsrJdus sl & additional

processing andssimplesictWis teatmpkesdtewpensivell, beligestifetus griveed for a Se01 like
substrate that allows_increasing the retention time of the 1T memaries, at a lower cost. 20 SUMMARY

OF THE INVENTIONT MeMReY H5iG 8RR EREBIPRY o20BER4IE [FTShsHGRTIRL LA a base
wafer, an insulgiieg layeesisia 1 aRNicPRdHEINtdaprbgrBRTRGHRY ISestd) taatike tRsidrliog layer

comprises at least a zgne wherein the density of 25charges is in absolute value higher than 1010

charges/cm2. CNEPe, S maiain osh EeHaRn@riPus JREIEAR MARFRISRIS < 3P& IR brming part
of the insulatinghksygy |essliseteta sk dreerskedidedtimeefinselaitraday@kell. If such time is

10  short, extensive refreshing is needed resulting in high power consumption
and poor yield. Therefore it is highly desirable to extend the retention time of
the cell, i.e., charge retention in the transistor as much as practical. To that
end, the rear electrode E can be used to apply a negative voltage in order to
keep the charges in the transistor body as long as possible, e.g., near back

15 interface in the 1T design.

However, the installation of the rear electrode requires additional
processing and complex circuits that makes it expensive.

There is thus a need for a SeOl like substrate that allows increasing the
retention time of the 1T memories, at a lower cost.

20

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

25 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.



3 According to a first embodiment of the invention, the insulating layer is made of a material chosen
among the group consisting of silicon oxide, silicon nitride or high k materials. According to a second
embodimenYth¥?MsURShg layer comprises a 5 charge confining layer betwReH®I80810238n barrier
layers, wherein the charge confining layer has a density of charges in absolute value higher than 1010
charges/cm2. Preferably, the charge confining layer & made of silicon nitride and the diffusion barrier
layers are made of silicon oxide. Alternatively, the charge confining layer is made of silicon oxide and
the diffusion barrier 10layers are made of silicon nitride.  According to a third embodiment of the

invention, the insulaNRgdAYiRGRPHIER SePRBHIREHIHAGHEIRNEH MRS IBIB heramigadiapning islands
have a total density of charges in absolute value higher than 1010 charges/cm2. The insulating layer is

advantageousR)#R&de o sSR! dE 8RRy & s HEDIN §FORISHE Qe nSliROBr QHiESn.  The

charges compggeddmibiivsripigrodanatatgpreferably at least partially provided by ions. A first
possibility is that the density of charges is negative and the ions are chosen among the group

consisting of fluorin@CHERBARAREFLEBIRPABRSMAIA s IASHIFHNdeIRIBF GUENBHSES i€ positive 20

and the iofls agp SRSEHAMMNG Thg & EnwaBRISHNG @fifAgsihapdrabpsiagerdonsherdinserand object
of the invention is a semiconductor structure comprisin%a 1TRAM memory, comprising a floating body

region on an ifSAHMGINEING Ve TR FLEnigObGRRESAINRRS Y ¥alyRiBigRE ath&density of

charges in abSﬂW%ﬁ%'ﬁg%Bﬁ@ﬁér W@T&Q%@/Phﬁ’é@l@ﬁéﬁ'@@-corﬁiﬁm IQP@CISOHBQé%ﬁ@ﬂ%ﬁemeS toa
process for manufacturing a substrate comprising successively a base wafer, an insulating layer and a

top semicond tHPREF Hre GERFIO8 PRIASAI ARG RIEI IR e b THRIMMAIING 2RISR Y¥e of the
insulating layetheo dhatgidoranmrexiibis B daagdysif siicharagiaén s ohgadmligionigerigian 1010

charges/cm2.4  According to a first embadiment of the process, the charging step comprises

doping tHé inslA¥EF}3Eg&pade of silicon nitride.

According to a third embodiment of the invention, the insulating layer
comprises charge trapping islands, wherein the charge trapping islands have
a total density of charges in absolute value higher than 10" charges/cm?.
The insulating layer is advantageously made of silicon oxide and the charge

15 trapping islands are made of silicon.

The charges comprised in the insulating layer are preferably at least
partially provided by ions. A first possibility is that the density of charges is
negative and the ions are chosen among the group consisting of fluorine and
chlorine ions. A second possibility is that the density of charges is positive

20 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

25  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

30 charges in absolute value higher than 10'° charges/cm?.



According to another embodiment, the charging step comprises implanting ions in the insulating layer
through the top semiconductor layer. SAlternatively, the process comprises the steps of: forming the
insulating 1ay&} ¥M&28Use wafer or on a donor wafer, bonding the basBCHAR08FHISERR3donor
wafer, the insulating layer being at the interface, and the charging step is carried out before the
bonding step. 10The charging step may comprise ardelectron bombardment of the insulating layer, or
a plasma treatment of the insulating layer.  Alternatively, the step of forming the insulating layer
comprises forming a first diffusion barrier layer, a charge confining layer and a second diffusion barrier

layers. 15The chargiggsigingai CanpEsemblaiimamcihration prdieshatge cardiynglaxep Ina
variant, the charging step comprises growing a doped charge confining layer, wherein the dopant is

chosen amonFBBRjIRRDH IRIERHHE BISSRERIPRYEDhor, chlorine and fluorine, and the concentration of

the dopant is 20highec8rahd0181cR3ther TefmsbAiERANTIAB] thkegiadr&frigblyonesired silicon
nitride and the diffusion barrier Ir?%)gr.s are made of silicon oxide.  According to another embodiment

of the inventioNBRNbIRR LS e IsHBe e e horugly bR PR (O%/&¥BIng islands in
the 25insylating laygiidraineignase e cEIDIHRPRIES tiskastparermade of silicon.

- forming the insulating layer on the base wafer or on a donor wafer,

- bonding the base wafer and the donor wafer, the insulating layer being
at the interface,
and the charging step is carried out before the bonding step.

10 The charging step may comprise an electron bombardment of the
insulating layer, or a plasma treatment of the insulating layer.

Alternatively, the step of forming the insulating layer comprises forming
a first diffusion barrier layer, a charge confining layer and a second diffusion
barrier layers.

15 The charging step can comprise a plasma activation of the charge
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

20 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

25 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

30 comprises atomic species with a density higher that 10'° atoms/cm?, wherein



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 insulatiny 330 prises atomic species with a density higher that IRATARANYOM203vherein 5
the atomic species are able to change into ions under injection of charges carriers into the insulating
layer. BRIEF DESCRIPTION OF THE DRAWINGS 50ther characteristics, objects, and advantages of
the invention will appear clearer in reading the description below, which is illustrated by the following
figures: Figure 1 shows a 1T memory according to the prior art; Figure 2 illustrates the steps

for making a Sg@1:A8kst ettt theel Qs teahlEPifeefsis undisiigSdllvsticitemarfes
embodiment of the Se0Q1l-like substrate according to the invention; Figure 4 illustrates a second
embodiment; ERjliEESSNiOdRaESH AP B2Bbdiment of the invention. 15 DETAILED DESCRIPTION
OF THE INVENTION  The general idea of the invention is to replace the rear electrode with a
charge located in the SeQ1l-like structure, under the interface between the useful layer and the

insulating layer. A n@&éﬁe@ﬁﬁgﬁ%ﬂmlaﬁa !'é';zré? RAWINGS

5 Other characteristics, objects, and advantages of the invention will
appear clearer in reading the description below, which is illustrated by the
following figures:

- Figure 1 shows a 1T memory according to the prior art;
- Figure 2 illustrates the steps for making a SeOl substrate with the
10 SmartCut™ process;
- Figure 3 illustrates a first embodiment of the SeOl-like substrate
according to the invention;
- Figure 4 illustrates a second embodiment;
- Figure 5 illustrates a third embodiment of the invention.
15
DETAILED DESCRIPTION OF THE INVENTION
The general idea of the invention is to replace the rear electrode with a
charge located in the SeOl-like structure, under the interface between the
useful layer and the insulating layer. A negatively charged insulating layer
20 plays the same role as the rear electrode, i.e. creating a negative voltage in
the SeOl structure for retaining the holes near the insulating layer.
Conversely, a positively charged insulating layer is able to retain
electrons, in certain types of 1TRAM which utilize PMOS transistors and
hence electron charge.
25 Standard structure

A standard substrate of the SeOl 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.



20plays the same role as the rear electrode, i.e. creating a negative voltage in the Se01 structure for
retaining the holes near the insulating layer.  Conversely, a positively charged insulating layer is
able to retailY @122 certain types of 1TRAM which utilize PMOS tranBiiotB28¢f#0azHée electron
charge. 25Standard structure A standard substrate of the Se01 type is provided. Such a structure
comprises a base wafer 1, an insulating layer 2 and & top layer 3. The base wafer 1 can made of a
bulk or composite material. 6  The insulating layer 2 is made of a material having electrically
insulating properties. By "insulating layer" is meant in this text a single layer or a stack of different

materials having diefegliissRranggiRser 2 is ed@Sflatinaaysr Faidng erdlyratanyifes Baghgs silicon
oxide (Si02). 5In this case, it is usually called "BOX" (Buried Oxide layer).  The insulating layer 2

! ”E ried | yer)
can also mad@&%ﬂi@&ﬁ-nﬁﬂd@%ﬁ@éﬁ%ﬁd@crﬁﬁﬂﬂﬁé{t‘iéh', et 8 FiHacayeEA Siadtas

hafnium oxideof diffbRHlif R R H2S NG dRlbeRYSIIsdMirieally comprised between 10 and 5000
angstroms. 10The top semiconductor layer 3, also called "useful" or "active" layer, is made of a

semiconductor matdr, 'BSHIRLBSGIRIH. 2 ISIHRYPHYSID PEdSs PMENcaR BEGRIRX IR ASiRak cutTm
process, 61 by|aniisttasdassiie ripgesied “BOXNBRMait GuEeapergess is described in detail in

US patent 5,374,564, 15Referring to Fig. 2, it typically comprises the following steps: .
The insulating layer 2 can’also made of silicon nitride, an oxide-nitride
combination, or of a “high k” material, such as hafnium oxide.
The thickness of the insulating layer is typically comprised between 10
and 5000 angstroms.
10 The top semiconductor layer 3, also called “useful” or “active” layer, is
made of a semiconductor material, such as silicon.
Such a SeOl substrate can be made by a Smart Cut™ process, or by
any other possible process.
The Smart Cut™ process is described in detail in US patent 5,374,564
15 Referring to Fig. 2, it typically comprises the following steps:
a) Providing a base wafer 1 and a donor wafer 4 made 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;
20 c) Implanting ions in the donor wafer in order to create a weakness
zone 40 at a depth corresponding to 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
25  transferring the top layer 3 to the base wafer 1.
The insulating layer 2 has a density of charges in absolute value 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.



a) Providing a base wafer 1 and a donor wafer 4 made 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 waferO20¢%/1k3p¥nting ions in the donor wafer in order to create a WEAKRRELBAIAWH0 at a
depth corresponding to 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 25transferring the top layer 3 to the base wafer 1.  The insulating layer
2 has a density of charges in absolute value higher than 1010 charges/cm2, for example higher than

1011 ChargeS/CmZ-Theﬂi‘é‘-iﬁh?rﬁﬁc%ﬁidf&ﬂ?ééﬁfﬁ%%ﬁ@r@tﬁé%@d@@&@%ﬁﬂvé psupRreury-FET
measurement. 7  The density of charges is positive when the charges are positive (such as holes);

the density of BRIGESK NEyEENS iYHEIIPRr8aargaReaRliNegatiee BscRNE ISR EBPIRHYSSt be noted
that the buried exxigedaxae srarznventional SeOl-like 5 substrate is usually slightly charged but this
charge is minimized in order to avoid electrical losses in the base wafer, as explained for example in

application US2006/bT8t4pE notediRai G IBERHPEJRY RIidh8sEVE MHINBISGAYLE that have
to be retained g\asstFaeinsylstianyarghaiedieirsed SupPaRitven Ao tum thihithed 1@ ibradatieg layer has

to be negatively charged. Other retention modes such as in the transistor body or near the top channel

can benefit frofYQithiRlESsdalpsses ifdReyERsRe WRIERISI appREENGh VIS ERITWIE droblem of
retaining electgyisiegmsringsPo0eionbEyAT using a positively charged insulating layer. 15First

embodiment - Char ne?hgc%lléwi%rg description, it is assumed that the charges that have to
be retained near the insulating layer are holes (i.e. positive) and thus that the
10  insulating layer has to be negatively charged. Other retention modes such as
in the transistor body or near the top channel can benefit from similar
approach.
However, the invention applies conversely to the problem of retaining
electrons near the insulating layer using a positively charged insulating layer.

15 First embodiment — Charged BOX layer

In this embodiment, the charged zone is the insulating 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
20  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.
25 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

30 and the base wafer.



In this embodiment, the charged zone is the insulating 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 corRi3¢9/ibi38930such as chlorine or fluorine.  If the BOX layer PGI/MN8EH#W e
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 simifar to the density of charges. 25The 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

Se01 substrate (threwghEeHeRaIahBieR ha&ye Bresbardingopibedprrievaler Rawagdge base

wafer. 8  During the implantation step, ions are implanted inside the insulating layer. The skilled

person is able!&Y8judtenekiiad MeS oSk dRididivainiB, BRERRRIE SN RaNAERR) in order
to obtain an impaAE 'Oadﬁ’@fiﬁwi@héﬁ%ﬁwm GOResNHabRIbAld AHeImiRed Aenthtingde the

5insulating layer. Implant energies can be in the range of 1 key to 300 key, for example

10keV-100ke\P'RHIE dBE8 &M rSROESHARIIPR 1l @1 AalBrmingA2 dertiy dRSIfE o type of

species issimp|astgstimytapere than one can be used if specific chemical compounds are needed.

10Alternatively, a plasma treatment can be carried out on the insulating
Implant energies can be in the range of 1 keV to 300 keV, for example

10keV-100keV, and dose can be in the range of 10" to 10" atoms/cm?.
Typically one type of species is implanted, but more than one can be
used if specific chemical compounds are needed.
10 Alternatively, a plasma treatment can be carried out on the insulating
layer 2 before bonding the donor and the base wafer.
The conditions of such a plasma treatment are typically: a power
between 300 W and 1kW, for instance 535 W, a pressure between 10 and
500 mT, typically about 50 mT, a flow from 100 to 300 sccm, preferably
15 about 200 sccm, a temperature comprised between 23 and 30°C, preferably
27°C, and a process time from 3 to 60 seconds, typically about 30 seconds.
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.
20 Second embodiment — The charged zone is a charge confining layer

between diffusion barrier layer(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

25 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

30 particularly useful when the negative ions are fluorine, which diffuse in SiO..



layer 2 before bonding the donor and the base wafer.  The conditions of such a plasma treatment
are typically: a power between 300 W and 1kW, for instance 535 W, a pressure between 10 and 500
mT, typical YV&b¥WPAR2K3, a flow from 100 to 300 sccm, preferably 15 abofCAGBIEMS R mperature
comprised between 23 and 30C, preferably 27C, and a process time from 3 to 60 seconds, typically
about 30 seconds.  Alternatively, electron bombarfiment 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.
20Second embodiment - The charged zone is a charge confining layer between diffusion barrier

laver(s)  In refergnggiatvgh3haechaRjettiriR) tayerdyARIRRRONIY S OMBisSARitRgyIating layer

2 comprised of a charge confining layer 5, confined on one or both sides with diffusion barrier layers 6

made of a maRNAILAPRIABELS Brale Madte FHEEIN PSR or charges within the substrate.  To
prevent diffusion anglHie e, gigpiratinnyef Fhédé‘%g%oh@fFUEQFP]QQH@@H@P@@%&%Hﬁ%@é@éﬁ needed.

For instance, a charge confining layer 5 made of silicon oxide is between two barrier layers 6 made of

silicon nitride. THROERAGERYETE BoBEAIQ RN AEGH P RERGHE YLK RASRYE E luorine, which

diffuse in §i02. 9 ThEeRativiNgtheyehapoeoiiBeriayacemay fednagroiviieprbatiside and the
barrier layers 6 are made of silicon oxide.  This structure can be made by constructing the charge

confining layeP8NdiPparie IBRRFLIBIP FHFES BRIMBMg 2o TSinBR TR 0faNehabe Wie LT8R insulating

layer 2 can bemﬁirﬁgq@(}éwg aRPRRweksReleibprAiBgeby depositing successively a first barrier
layer 6, the charge confining layer 5, and the second barrier layer 6.  Alternatively, a first barrier

layer 6 and the chafg&eEBRRKY By EP SRR AT RiRRAIHS SO YOR CHLIRIY (¥ ¥erdibarrier
layer being depesiigsotitem dheopidest waterafes Wake seaem thearbiendegew it ebesgaepnfining

layers atlt(l)1 © ingﬁnjt%%ebther wafer. The wafers are then bonded with the charge confining
layer 5 at the interface.
The implication of either arrangement is the use of oxide-to-silicon
bonding versus oxide-to-oxide bonding.
The barrier layers 6 can be made by thin film deposition such as
15 LPCVD or PECVD with thicknesses in the range of 10 to 500 angstroms.
The charge confining layer 5 is preferably formed, prior to bonding, by
plasma activation of a layer deposited on a barrier layer.
Alternatively, the charge confining layer 5 can be formed by depositing
a doped layer of oxide or nitride on a wafer having a deposited insulating
20 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
25 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

30 1000 angstroms.



The implication of either arrangement is the use of oxide-to-silicon bonding versus oxide-to-oxide
bonding. The barrier layers 6 can be made by thin film deposition such as 15LPCVD or PECVD with
thicknessesWOtAYAAbf 10 to 500 angstroms. The charge confining layeRGIEB3A8EBRA formed,
prior to bonding, by plasma activation of a layer deposited on a barrier layer.  Alternatively, the
charge confining layer 5 can be formed by depositint0a doped layer of oxide or nitride on a wafer
having a deposited insulating 20 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 arpecaRstwagenwith afteRgnauiatingryeionamelythReeceokibarigtiaxer 6).

The charged doped layer 5 is thus embedded in the two insulating ZSI?ers 6. The dopantis

chosen amondH6N: plolhHBF, dMebaRECan3fdolhCaRiRNa tBSaRT cdicEREIRY h @ ethan

1010/cm2, for ‘@@N@’hi%%&ﬁ@w/@m@)), and Té‘l%éhiﬁkr\‘?éﬁ_-‘?f)ﬁb_ﬁl@hﬁ&% CaiiRingesyer can_be
on order of 10 to 301000 angstroms. 10  The stack 6, 5, 6 of Fig. 4 is also known as "ONO" ("Oxide
Nitride Oxide")MNEYEF iRstARceATSim S&ekirsiot BrotfiatkinsatingrayesesbRA@ERon on

ONO), and alsgdie nesulstiat ealjeshAeemierias: diargear in this case this stack is not a buried
insulating layer but a floating- 5gate insulating layer and it is not charged.  Thijrd embodiment - The
= = C ‘ ( ge

charged zone consis&§ 2l S PhRIRREHIGY
embodiment WwhgseHieisha@s is uniformly distributed in the charge confining layer 5, in this third

embodiment, the 10charge is localized in islands 7 embedded in the insulating layer 2, This
As compared to the second embodiment where the charge iS uniformly

distributed in the charge confining layer 5, in this third embodiment, the

10 charge is localized in islands 7 embedded in the insulating layer 2. This
configuration is shown in Fig. 4.

The islands 7 can be formed by implantation of the desired ion, such as
chlorine or fluorine, into the insulating layer 2 with some critical dose which
may be followed by anneal during which precipitation and formation of nuclei

15  of the Si-F (for example) phase is formed.

This implantation step can be carried out before or after bonding, and
implies the same doses as in the first embodiment.

Alternatively, silicon can be implanted in an insulating layer made of
SiO, or SisNg, thus forming charge trapping islands made of silicon.

20 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,

25 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

30 lead and zirconium and/or titan Pb(Zry, Ti1x)O3 with x between 0 and 1.



configuration is shown in Fig. 4.  The islands 7 can be formed by implantation of the desired ion,
such as chlorine or fluorine, into the insulating layer 2 with some critical dose which may be followed
by anneal dW{hgldMitEsPecipitation and formation of nuclei 150f the Si-F (B¢ EXBHAMIOS9Ase is
formed.  This implantation step can be carried out before or after bonding, and implies the same
doses as in the first embodiment.  Alternatively, siliton can be implanted in an insulating layer made
of 5i02 or Si3N4, thus forming charge trapping islands made of silicon. 20 Also, growth of a doped
charge layer followed by annealing is more suitable due to control of dopant concentration directly
through thin film dem@ﬁ%i\}éﬁﬁ,etﬁﬁaﬁgﬁlgtﬁfgf RYLEharaad avbilg Bigyiese Saenaerrbarsarie be
charged later. For example, it is possible to inject electrons in the islands, 25either applying a high
voltage to the BtRIBERS or bombarding it with electrons. Another possibility is to implant ions in the

islands. Fourth embipdigernt féresslaaEicriAtias havécaasdipeiserjousth ermasingend of the
invention, the insulating layer of the Se01 substrate comprises a ferroelectric material, such as oxides

of 30lead and SREBIANFPHAGIRARMBBEA a7 NeACRilA SBalRacPRIBAReN! giectriniglddively, the

insulating4ayethis B1asgrafca stack of such ferroelectric materials. Indeed, ferroelectric materials
have the property of exhibiting a spontaneous dipole moment and hence to create a permanent

electric field in 5the SiP&IERYIC figidausthRe ReianiriscHEDASHR Aty @ts helerrdidRenoles at
the interface bghwrandhrtardating |iﬂ)§@[a'3m@mé@%ll'@’ﬂfe top layer.

Fifth embodiment — Electrically active defects in the insulating layer

Another possibility is to create electrically active defects in or at the
10  insulating layer, for instance defects resulting in a charge density of interface
traps (DIT) between the insulating layer and the adjacent layer.

Following the fabrication of the structure of the substrate, additional
electrical charge may be injected into the insulating layer — for instance, by

15 implantation, or by applying an electrical field by means of electrode plates
put into close contact with the substrate. The charge may thus be trapped by
the atomic species, which become ions according to the above example.
Such charge injection may, for instance, be applied in order to tune the
charge level.

20 In principle, such a SeOl substrate is expected to 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.

25 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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charged again, after the fabrication of the transistor. , ,
source and drain of the transistor are made in the top semiconductor layer,
whereas the gate is deposited on an insulating layer on the top
10  semiconductor layer.

If necessary, i.e. if the charges of the insulating layer have been
dissipating during the fabrication of the transistor, a step of charging again
the insulating layer can be carried out.

This 1T device then comprises an insulating layer whose density of

15 charges is substantially permanent during the whole lifetime of the device.

Also, the charged insulating layer and the SeOl substrate are generally
provided before the devices are formed in the top layer, but it is also
possible, for instance in case of 3D integration of devices, to first form the

20 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

25 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 substrate in order to form
electrical potential that will drive the photogenerated charges toward the

30 sensor itself. But the formation of appropriate boron concentration profile
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substrate to refXERShiIJRTENPE rdfiRe ' EMSY BRAALREC JANPh AR RRgINRTS sBife BV replacing

the boron dopigieeaes u et theatrsiseaddratenicePing ‘Hdbrsiae IRy Bsphbatiesd insylating layer
according to the invention. In that case, the tygﬁe of charge would be selected to drive away the

photogen@ratPShatfieTBhitReI6R | SbaHait bRy RS fRIGHeE I0/RGdBRSREIGR R Pents of the
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CLAIMS 1. Semiconductor structure comprising a 1 TRAM memory, comprising a floating body region
on an insulating layer (2) of a5 semiconductor on insulator substrate, characterized in that the insulating
layer (2) comprises a zone exhibiting a density of charges in absolute value higher than 1010
charges/cm2. 2. Semiconductor structure accordjng to claim 1, characterized in that the insulating
layer (2) is made of a material chosen among the group 10consisting of silicon oxide, silicon nitride or
high k materials. 3. Semiconductor structure according to claim 1, characterized in that the insulating
layer (2) comprises a charge confining layer (5) between two diffusion barrier layers (6), wherein the
charge confining layer (5) has a density of charges irbMRite value higher than 1010 charges/cm2. 15 4.
Semiconductor structure according to claim 3, characterized in that the charge confining layer (5) is made

of silico_n nitride or silicgp_o>%xje§nl no%g?{%tgirﬁuséif?ﬂcli)l?rgierég%errsls?rﬁ made ﬁg‘lﬁpn 91)% % rsilic_on nitr_ide,
respectively. 5. Sémiconductor structure according to claim 1, characterized in that 20the insulating
layer (2) comprisesothiiigiegrappifiggistandsods), v@eieainane ahaigsuleimsindatands) (Mfhave a total

density of chasgessihaasAUuigorabHE NSO aMLRAR CRAMGIENZed in PaPRRIGREGHRHY Structure

according to claim 5, characterized in that the insulating layer (2) is made of silicon oxide and the charge
trapping 25islandd35 @ RBRESIREANe eXNIBERYBAGNEI LiAFESIECBPERIY EBIE of claims 1 to
6, characterized irtiaé thieapherfashargeatdadst partially provided by negative ions, and the ions are
chosen among the grogp Cogg%;“c%%&jglgpg Pic Lﬂ% %Elc%rrigﬁgijotgsc'laim 1, characterized in that
the insulating layer (2) is made of a material chosen among the group
10 consisting of silicon oxide, silicon nitride or high k materials.
3. Semiconductor structure according to claim 1, characterized in that
the insulating layer (2) comprises a charge confining layer (5) between two
diffusion barrier layers (6), wherein the charge confining layer (5) has a
density of charges in absolute value higher than 10*° charges/cm?.
15 4.  Semiconductor structure according to claim 3, characterized in that
the charge confining layer (5) is made of silicon nitride or silicon oxide and
the diffusion barrier layers are made of silicon oxide or silicon nitride,
respectively.
5.  Semiconductor structure according to claim 1, characterized in that
20 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?.
6. Semiconductor structure according to claim 5, characterized in that
the insulating layer (2) is made of silicon oxide and the charge trapping
25 islands (7) are made of silicon.
7. Semiconductor structure according to one of claims 1 to 6,
characterized in that the charges are at least partially provided by negative
ions, and the ions are chosen among the group consisting of fluorine and

chlorine ions.



15 8. Semiconductor structure according to one of claims 1 to 6, characterized in that the charges are
at least partially provided by positive ions, in particular boron or phosphorions. 9. Process for
manufacturing a semiconductor structure comprising a 51 TRAM memory on a semiconductor on insulator
substrate, characterized in that it includes manufacturjng a semiconductor on insulator substrate
comprising successively a base wafer (1), an insulating layer (2) and a top layer (3), the manufacturing of
said semiconductor on insulator substrate comprising the step of charging at least a zone of the insulating
layer (2) so 10that said zone exhibits a density of charges in absolute value higher than 101 charges/cm2,

10. Process according $o clafC R SIAe R IH th AYHY YREr dih 28 pHo FiFER sl dPiry the insulating
layer (2) or implantingraetsgitethinitsatlatioclayge 2t raughsh @ dainbe miooviddchyr pawiies). 1511.

Process accord|ngotrgsf:lla|maﬁicﬁrllarrg FSHZoerd no%?)%t |t.comprises: forming the insulating layer (2) on the_
base wafer (1) or on & dohor warer (4) comprising the top semiconductor layer to be transferred, bonding

the base wafer (1) and%he dviRsessifer ANURCIHENthErRe Migen(RICIiAtjUstthe ¢arepigieg20- transferring
the top semicgnductRiARY RTcAbE dneaRasriAlRIH AR dDIHET §U§s‘ibﬂét?1i&ga$5%ﬁéﬁ£@driﬁd out before
in.

the bonding step.  12. Process according to claim 11, characterized at the charging step comprises
an electron bomb&P8dnt'BF!HES S NRRHGAMEIY 25 0P SMPERINCIRE afRe MBHARY iri SR 1ayer (2).

comprising successively a base wafer (1), an insulating layer (2) and a top
layer (3), the manufacturing of said semiconductor on insulator substrate
comprising the step of charging at least a zone of the insulating layer (2) so

10 that said zone exhibits a density of charges in absolute value higher than
10'° charges/cm?,

10. Process according to claim 9, characterized in that the charging
step comprises doping the insulating layer (2) or implanting ions in the
insulating layer (2) through the top semiconductor layer (3).

15 11. Process according to claim 9, characterized in that it comprises:

- forming the insulating layer (2) on the base wafer (1) or on a donor
wafer (4) comprising the top semiconductor layer to be transferred,

- bonding the base wafer (1) and the donor wafer (4), the insulating
layer (2) being at the interface,

20 - transferring the top semiconductor layer (3) to the base wafer (1),
and in that the charging step is carried out before the bonding step.

12. Process according to claim 11, characterized in that the charging
step comprises an electron bombardment of the insulating layer (2) or a
plasma treatment of the insulating layer (2).

25 13. Process according to claim 11, characterized in that the step of
forming the insulating layer (2) comprises forming a first diffusion barrier
layer (6), a charge confining layer (5) and a second diffusion barrier layers
(6).

14. Process according to claim 13, characterized in that the charging

30 step comprises a plasma activation of the charge confining layer (5) or



2513. Process according to claim 11, characterized in that the step of forming the insulating layer (2)
comprises forming a first diffusion barrier layer (6), a charge confining layer (5) and a second diffusion
barrier layers (6). 16 growing a doped charge confining layer (5), wherein the dopant is chosen among
the group consisting of boron, phosphor, chlorine and f(%uorine, and the concentration of the dopant is
higher than 1010/cm2. 15. Process according to daim 11, characterized in that it comprises, 5prior

to the bonding step, forming charge trapping islands (7), in particular made of silicon, in the insulating
layer (2).
yer (2) growing a doped charge confining layer (5), 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?.
15. Process according to claim 11, characterized in that it comprises,
5 prior to the bonding step, forming charge trapping islands (7), in particular
made of silicon, in the insulating layer (2).



