{

10

(W]
(o]

)
in

30

5]
£

-1 METHOD OF CONTROLLING A SeOl DRAM MEMORY CELL
HAVING A SECOND CONTROL GATE BURIED UNDER THE
INSULATING LAYER. FIELD OF THE INVENTION The field of the
invention is that of semiconductor devices, and more particularly that of
memory devices 5 comprising a plurality of memory cells. The invention
relates morespartichtarty: o methed@f comrollinga:DRAM (Dynamics =
Random, fccess-Memory)-ypg, MEMOm ¢&lLoR: A:Semicondyetar o vy
insulator (ScOS) 10 substrate. BACKGROUND OF THE INVENTION A
conventional DRAM memory cell is formed by the L5 combination of a
trandister ahd’aleapddifdrie’store charges. More recently, a DRAM
memory cell consisting of Just a transistor has been proposed. This cell
utifizes & ;=G dloating channel effect 1o, store the, charges and, reguires.pg .
additional capacitor. Figure | shows a_(:rrc:)s,s?r ctional.view of sucha .
float 1719 channel DRAM fémary cel.. Fhe fioating channel 25 DRAM =2
celigRorried n a Sit-eédh-or instifaBRSTTY stbstrate comprising a thin
film of silicon 3 separated form the base substrate :;. by a buried insulating
layer. 2.(gengrally:a layer ot oxide-degignated "outied exide layerof o
BOX). A squrce rggégg Qﬁ&angaardgainﬁrem%%%@@ggc:m%%? thethin
film™3 on top of “the , a”fioating channel region 4 Separating the 2%
SOLFEEBNd dfdin redibns A gt dictBEiriciaysror and Yaté “electrods 8™
areseguentially deposited on top of the floating channel 4. The drain
_'egion. 6 is connected to 35 a .bit line BL, the source region 5 is

C%ﬂﬂ%ﬁ&%&&h% OF THE INVENTION

L conventionazl DRAM memory cell is ZIformed by  the
combination of a translstor and a capacltor toe store

charges.

Mors recently, a DRAM memory cell consisting of Jjust =
transistor has besen proposed. T

floating channel effect to store the charges and

(9]

regquires no additional capacitor.

191

DRAM cell 1s formed in a silicon~on-insulater 307
3

ing & thin film of =silicon 2 separated
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loating channel 4. The drain reglon & ls connected to

h

& kit Line BL, tThe source regiorn 5 is connected fo a
source line SL and the gate electrode 8 1s connected to

a2 word line Wi,



source line SL and. the gate electrode 8 Is connected to a word line ML.
The floating channel is electrically isolated by the BOX, the gate dielectric
layer, the source region and the drain region. Because of this isolation,

the floating channel can store an electric charge, 5 In a data write
operation in such a transistor, the floating body uses an impact ionization
phenomenon to store charges, therebyzmedifying the threshold voltage

of the transistor. In a data read operation, the 10 quantity of current

flowing between the sauseaand the drain:of the trapsistos therdepgndshe

0”§5%9U%Hgygéé@a&E%§§8§¥1@tﬂQJ@?ﬁ”%ﬁ@d%ﬁﬂ¥%a region and
abovementioned DRAM cells offer the advantage of 15 eXthItIn% a body

effect Which ie Bharatteridtic of “GE0ikaE or’SeOt And consists in &toring™ ¢
chdrgest therebyamotifying the threshvld Yokade b théaraitsistor. In
5 order to utilize this effect, it is necessary to apply an overvoltage to the

gate.plectrode 20 (viathe word line WL).Thug, imorder io-bgable to. - o

perft rm a logic i state write operation, a voltage greater than Vdd is

typically applied Wherd \idd 26rredpsiids A Aéminal poeF stppRr™ =°
voltdger6f thb=daviee, THIS BveYvoNagelinercases thecbuwentefthe btage
devige ang-resuits:ia the tmpactionizatiomsphenaomenon owhich-indurn the

10 cregtes the charges thatwill be,stored, undey Ihe chapnel jp,the flogting .,
body. it will [%e Jigéqderstood that the transistor is then 30 stressed b%/ this

OVérVoItage. It is thus¢oimon” practicé ¢ e fetatiVely (4rg & iR ststers” ©
ablehtd” Withstri- StichH A stfesst Loating body.

The abovementiocnad DRAM cells offer the advantage of

n

exhibiting a body effect which i1s characteristic of

[

devices on $e0I and consists in  storing charges,
thereby modifying the thresheold wvoltage of the
transistor. In order <tTo utilize this effect, it is
necessary to apply an overvoltage to The galte electrods
20 {(via the word line WL}. Thus, in order to be able to
perform a loglc 1 state write operaticn, a voltage
greater than Vdd 1s typically applied, where Vdd
corresponds o a nominal power supply voltage of the
device. This overvoltage increases the current of the
25  device and results in the impact ionization phenomenon
which in turn creates the charges that will be stored

under the channel, in the floating body.

It will be wunderstood that the transisteor iz  then

{2
]

stressed by this owverveltage. It is  thus common
practice to use relatively large fransistors able to

withstand such a stress.

Now, an ongolng obljective in the field of application

L

of the dinvention i1s that of minlaturization. It will

{at
[}

therefore be understood that there 1s & need for a
solution allowing for the use of smaller transisteors in

DRAM memory cells.



Now, an ongoing objective in the field of application 35 of the invention is
that of miniaturization. It will therefore be understood that there is a need
for a solution allowing for the use of smaller transistors in DRAM memory
cells. - 3 - BRIEF DESCRIPTION OF THE INVENTION The aim of the
invention is to meet this need, and, to 5 this end, provides a method of
controlling a DRAM memory cell consisting of an FET transistor on a
semiconductor-on-insulator substrate comprising a thin film of
semiconductor material separated from a base substrate by an insulating
laygrthe transistepPaving k0 aghanpgtanddyo control gates, a front
control gaté being arranged on top of the channel and separated from
the latter by a gate dielectric and a back control gate being arranged in
the'basedstibstrate dhd separatedfromi the éianel by the'iRtlatig: t©
5 layehicharacterized: invibithat, in acellbprogramming aperationgthes frobk 214
confeal-gate and the bagk cantialgatsareysedsigintly. by-applying a first
voltage to,the front contrgl.gate .and a second voltage to the back contrpl,_
gate. said’ first voltage being 1ower in amipiitude than the voltage 26°
neédéd to°prodgraht #R8 eaiFtvien RbWoltatk isSappiiett 10 thetbdck Tomtidle
gatesiSome tprefeyresh) butnondiniiting, laspects ofithis :methodrare asving
10 followgr25sdhe segond,voltage:is positiverin a eellhold-operation, a third
vollage s applied g the back canirol gate, the third yoltage Is negagve or,
zero; In a cellread operation, a fourt volfage IS
the latter by a gate dielectric and a back control gate

being arranged in the base substrate and separated from

the channel by the insulating laver, characterized in

o

[

that, in a cell programming operation, the front
control gate and the back control gate are used Jointly
by applying a first veltage to the fronmt control gate
and a second voltage to the back control gate, said
first veltage being lower in amplitude than the voltage
20 needed to program the cell when no voltage is applied

te the back control gate.

Some preferred, but non-limiting, aspects of this

method are as follows:

.
e

- the second volitags 1s positive;

- in & cell hold coperaticon, a third volitage is
applied to the back contrel gate;

- the third voltage is negative or zero;

- in a c<ell read opesration, a ZLfourth wvoltage is
30  applied to the back control gate;

- the fourth wvoltage is positive;

- the Iront control gate and the back control gate
are connected together and a voltage that is identical

to the wvoltage appliled to the back control gate is

{nd
o

applied to the front control gate.



30 applied to the back control gate; the fourth voltage is positive; the front
control gate and the back control gate are connected together and a
voltage that is identical to the voltage applied to the back control gate is
35 applied to the front control gate. - 4 - BRIEF DESCRIPTION OF THE
DRAWINGS Other aspects, aims and advantages of the present

invention will become more apparentfrom-reading the 5 following detailed

description of preferred embodiments of the latter, given as non-limiting
exanpes andwithe raferende toithelgppended drawings in which: Figure
1, already mentioned previously, represents a conventional floating body
DRAM cell; 10 - Figure 2a represents ajl{gating channel DRA%{I memor)%
& IEesSer
irst ﬁjspec

C TR O S G LI fyie] OV AN Tage I o
cell"on SeOfintended for tis&'in the mefho accOrdglng?o the

of theIRVéntidh; Eigure 2 Fépreséiits a floaling thannel DRANME Mdifory

T

e

5 cellforl Se@lnntended: for tise 4 the. methad 15 acedrding:to thefirsiments

aspect of thejipvention, on,a crass section perpendicularto kigurg, 2a;, ;
Figure 3 Jepresents éwa%féoaqt!ngﬁ(r:‘h%@neé?g%@\j\lﬂ memory, cell on SeOi of
BOAT type intended for use in the “method according t the first aspect of

h

the inventio¥ 20 - Figufed 2854k Migstrate differsrt StépSihy seqtBhEsSTore

forming:and:isalating a‘back contrélag#ite DRRthedsdse: substrate.

1o DETAILED:DESCRIPTIONQF-THEINVENTION - 25 Referring to-rigureny
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2a, a DRAM memory celljs represented that.consists of a floatng .,

mem cell ntended  for
channe?]f:SET : , R .
according to the first aspect of the invention:

d

- Flgure 2b represents a floating channel DRAM

memory <ell on SelI intendsd for usse in the metho
according to the first aspect of the invention, on
cross segbion perpendicular to Filgure Zay
- Figure 3 represents & ficating channel DRAM memor
cell on Se0I of RCAT type intended for use in th
a ageoording to the first aspect of the invention;
- Figures 4a-4k  illustrate different slteps i
seguences for forming and isclating a bhack control gat

in the base substrate.

DETATLED DESCRIPTION OF THE INVENTION

Referring to Figure Z2a, & DRAM memcory cell 1

represented tLhal consists of & flecating channel FE

transistor on a samiconductor-on~insulator substrat

€.

comprising & thin f£ilm of semiconductive materis
separated from a base substrate 1 by an insulatin

laver 2, typically a buried oxide layer BOX.

The semiconductor-on-insulator substrate isg, fo

example, a silicon-on-insulator 30T substrate.

According to a preferred embodiment, the insulatin

layer is a laver of 8i0.. According t
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transistor on a semiconductor-on-insulator substrate comprising a thin
film of semicond.uctive material 30 separated from a base substrate | by
an insulating layer 2, typically a buried oxide layer BOX. The
semiconductor-on-insulator substrate is, for example, a
silicon-on-insulator SOI substrate. 35 According t:0 a preferred
embodiment, the insulating layer is alayer of SiO2. According to an
advantageous variant, the insulating layer comprises a dielectric layer (for
examplerof siiconsnitridel Si3N4 xwhichocam bersatkdwithedbetweertwosa:
layers of 5IQ2. Fheitrapsistercamprises;dn dhe thigsfiln, a source 5
region 5, a drain region 6 and a floating channel 9 separating the source
region from the drain region. In this figure 2a, the drain D and the source
S aléfh Contatt Withithe BiffiedSGade lalerBOX 'sdithat the™10 Bodyof- <2
StheRET tranSistor isdotally isodatédrfrom thedadjacéinteelissand:zhannel £
consegquentlyfloating. 1he,source $can thusbe shared between Hwo
adjacent memory cells. Such sharing makes it possible to reduce 15 the
surface area occupied by a memory cell. Figure 2b shows a cross section
perpendictifarto Eigtire? 2a al6fg thetaxis fIbaM in-Efyufe 285 While Figfure ™
2a aeptesentsy fahexampleyacross-sectionallviewonz20. dine ofithe the
10 Mepnry askay; figure:2b yeprasentsa cress-sectionak Wew-along @-cm the
column_of the me ogyaaggaydogigéjé% 2b illustrates the isolation of the body
of the” tréi‘ﬁéiétd’r"(?rlo“m The transistors along the same ¢olumn) 25 via
lateral isolation trenches (using the STI, shallow trench isolation,
teclihguepextendifig depthwise from theasurface of thesubstate:dtileast:t
as fanasthecelis. Such sharing makes it possible to reduce

1% the surface area occuplied by 2 memory ceil.

Figure Zb shows a cross section perpendicular to Figurse
2a& along the axis ITb-ITb in Figure 2a. While figure Za
represents, for example, & cross-sectional wview on &
20, Yine of the memory array, figure Zb represents & cross-—

sectional view along a column of the memory array.

Figure Zb illustrates the isclation cof the body of the
trangistor (from the transistors along the same column)
25 via lateral isolation trenches {(using the STI, shallow
trench isclation, ftechnigue) extending depthwise from

the surface of the substrate at least as far as the

&)

insulating laver ; even  passing through this
insulating layer =s0 as to separate the wells, which
30 will be described later and in which the back control

gates are formed.

It will be understood that the invention is not limited
to a fully depleted memory cell but also extends to a
35 partially-depleted memory cell on SeC0I. In a manner
that is ceonventionaslly known psr se, 1t iz then also
necessary to 1sclate the c¢ells =2long a line of the

memory array in order fto dsclate the channels of



insulating layer 2, even passing through this insulating layer so as to
separate the wells, which 30 will be described later and in which the back
control gates are formed. It w_II be understood that the inventi.o is not
limited to a fully depleted memory cell but also extends to <. 35
partially-depleted memory cell on SeOl. In a, manner that is
conventionally known per se, it is then alse necessary to isolate the cells
along a line the memory array in order to isoi-ate the channels of adjacent
cellsdffemcone arother.fThis iscenventionally dene usingdaterahisotation: v
trepches of STh type, sxtending depthwise from,the surfaceof thep: -,
substrate at Ieas&pag_fag as the msula% n I%ygy,;or passing gthrqu h this’
instlAting1ayer so°Rs 10 $&Farate the “Wells? WHiEH WilPbe deScribed ated -
and in wWiigR the® badléontrd| gdtés dresformedThe merhory ¢ell asasing
5 comprisegia front.eontrot gate: 8140 exteading on the susfaceobthece the
substrate on.fopof the chappel 4. Jhe; front control gate 8 is.isqlated fram..
th?éoq\;mﬁg@gﬁqﬂn&el b%trgean§ of a gate dielectric layer 7. 15 The memory
cell'also comprises d'back (?‘o“n?ro‘l%a?é: "arranged in the base substrate
1 and separated from the floating channel 4 by the insulating layer 2. The
menaryceldhys has iwa centralgates:sthe front 2theontral gate 8 thatds
10 conventionally used:and the-back. contro},gate 9 which is provided by-the, .
invention and jis n%aablyfcljrflég‘r_%deg {;‘Iolg use jointly with the frpgt ?C,Oﬁér/g)l gate
to pertorm a cell programming operation. 25 Asa purély illustrafvé® =
exéﬁﬁﬂeﬁ%@%ﬁ&ﬂ%es%qﬁQH@ by mesns of a gate dielectric
layer 7.

15 The memory cell alsc comprises a back control gate &8
arranged in the base substrate 1 and separated from the

floating channel 4 by the insulating laver Z.

The memory cell thus has two control gates: the front
20 control gate 8§ that is conventionally used and the back
control gate % which i3 provided by the invention and
is notably intended for use SJeointly with the front

control gate to perform a cell programming cperation,

25  As a purely illustrative axample, the thickness of the
thin film of the semiconductor-on-insulator substrate
{(pbody of the transistcr) is between 1.5 nm and 50 nm,
and the thickness of the insulating laver (BOX) is
petween 1.5 nm and 50 nm.

30

Figure 3 illustrates another possible embodiment of a
fully depleted DRAM memory cell in accordance with the
invention, in which the front control gate i1s not

chiannel. The

arranged on the surface of the substrate, bhut is, on
35  the contrary, embedded in the floating

& trench

3

front control gate 11 in this case 113
formed 1in the thickness of the channel 4, a gsate

dielectric layer 10 being arranged on the walls of the



thin film of the semiconductor-on insulator substrate (body of the
transistor) is between 1.5 nm and 50 nm, and the thickness of the
insulating layer (BOX) is between 1.5 nra and 50 nm. 30 Figure 3
illustrates another possible embodiment of a fully depleted DRAM
memory cell in accordance with the invention, in which the front control
gate is not arranged on the surface of the-substrate, but is, on 35 the
contrary, embedded in the floating channel. The front control gate __in
this:case:fillssa treac'i: forted. in:the thickness:-of the ehannealks agate+ ing
dielectric layer, 10 being-arfanged.on the walls of the 5 7. trench so as to,, .,
|solgte the gate 11 grom the jlgqgngh %hannel 4. An MCAT (Recessed
Chanhel Array Transistor) type tra RfstBF i thus defined. 5 This second
embodiment is advantageous in that the apparent width of the floating
5channet is thervrincreasest] making it possibiesin:-particular toncounteract he
thendesirable glegtrical effects kpown:by .the acronym SCE (Shart ¢y,
Channel Effects). 10 In ihe above, the example of a floating channel
DRAM “C&ii 6n 'SeOf has been takenPTHE mvention does® ‘Howéver® also ©°
exteéfd 6 A DRAMR&Il BASEOF produced byt tHeeombinatioh<of aown by
transistar @ndhacapatitars Lhrkigures: 4a-4koiftdstrate) different steps in the
10 Sequences for forming and isolating a back control gate in the base

suistrate, In these figures, the cases of & P lype and n-type back contol
gate are représented. @

call on  5e0l hes been  tal

=

2ri. The invention does,

¥

however, also extend to a DRAM cell on 3e0I produced by

the combination of a transister and a capacitor.

15
Figures 4a-4k illustrate different steps in  the
sequences for forming and isolating a back control gate
in the base subsirate. In these figures, the cases of a
p-type and n-tvpe back contrcl gate are represanted.

20

Figure 4a represents an Se0I substrate comprising a
thin film of semiconduciive matesriazl 2 separated from a

base substrate 1 by an insulating laver 2.

25 In a first step, alignment marks are defined in the
5e0l substrate sc as to provide the necessary alignment

n subssaguent pattern masking and formation steps

[N

(formation of wells, back control gates, isoclating

poi}

structures, etc.).

30
This first substrate marking step thus consists in
forming in the substrate a groove, a trench, a mesa or
any other sign (such as a cross for example).

35 Figure 4b iliustrates tc this end the formation of

mesas by etching of the surface laver. In order to do

this, standard CMOS fabrication processes can be used.
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20 Figure 4a represents an SeOl substrate comprising a thin film of
semiconductive material 3 separated from a base substrate 1 by an
insulating layer 2. 25 In a first step, alignment marks are defined in the
SeOT substrate so as to provide the necessary alignment in subsequent
pa-.tern masking and formation. steps (formation of wells, back control
gates, isolating structures, etc.). 30 Fhis first substrate marking steep

thus consists in forming in the substrate a groove, a trench, a mesa or
anyrether signy (such as a.cress for example). 35 Figure 4biilustrates ta b1«
this- g the formatipn of fesas by jching of the sutaga iayer. 190081 15

to do_this, standard CMOS fabrication processes can be used, ) .
Ref&fring to figlires 4¢dd ahdae %‘Pi%us‘ﬁ%%&bl%@apprb%%hé’ég are’"® ©*
représeéhted for the forhiaticrt 6 Wellks: butied GRaér tha tnsalatifig feyeloack
BOX;the purpese:of avhich is 1o ukimatelyrensurelihatoneof mare=back
5 control gates are isolated from the base substrate 1. In each of figures
4C,I4d and 4e, @eggase?suvbsgrate!} is go}ge Isoasto thibit, inatop = _
lay&F'the-iatter Tan natype condactivity™ The doping 1evelis typicaty 10-°
betiveeAdRG Catel 5x10B-cri:lifigure 4e, & phype wellels fasbeéefter,
produced, dyn clopantimplantation, helew dhe isolatingdayer:zindtheically
n-type hase substrate.l. The priype.well 15 is thus 15 isolated from the
n-type substrate by a ph junction. In figure 4d, both a p-type well 15 and
an n-type well 14 have been produced. The wells 14, 15 are isolated
In figure 4o, a p-ifype well 15 has been produced, by
dopant implantation, bslow the isclating layer 2 in the
n~-type base substrate 1. The p-type well 15 1s thus

isclated from the n-type substrate by a pn Jjunction.

In figure 4d, both 2 p-tvpe well 15 and an n-type well

o]

14 have bheen produced. The wells 14, 15 are z1solated

from one another by a pn Junction.

In figure 4e, both a p-type well 15 and an n-type well
14 have been produced, as in figure 4d. An BTI-type
iscolating trench 16 has also been producsd, extending
depthwise, from the surface of the Se0l substrate,
under the insulating layer BOX, intc the base substrate

31, this trench providing isclation between the wells

14, 15.

The doping level in the wells of figurss 4c, 4d and 4e

is typically between 5x10'® and 5x10%® cm

It will be noted that the steps needed to fabricate the
structures represented in figures 4dc, 4d and 4e are

based on sgtandard CMOS fabrication processes.

Starting from the structurse represented in figure 4
for figure 4d and figure 4e), & dopant ilmplantation is
o0

nern dImplemented in order to form +the pack contro



from one another by a pn junction. 20 In figure 4e, both a p-type well 15
and an n-type well. 14 have been produced, as in figure 4d, An STT-type
isolating trench 16 has also been produced., extending depthwise, from
the surface of the SeOS substrate, 25 under the insulating layer BOX, into
the base substrate 31, this trench providing isolation between the wells
14, 15. The doping level in the wells of figures 4c, 4d and 4e 30 is
typically between 5Q0" and 5x1078 cm". It will be noted that the steps
neeged:to fabricate thet sfructaresepresentediinfiguses 4g, 4d.and 4e =
are. based on slandard ¢HOS fabrication progesses. AR Startngfrom he
structure represented in figure 4c¢ (or figure 4d and figure 4e), a dopant
implantation is then implemented in order to form the back control - 9
gaté§42 93, 17, 18aitider fig inStiatinig et 2oas feprésehted indigiec]
s 4f (gk figure: 4gant-figure 4t wkhe:deping levelfostherférmation of a
back control 5 gate is typically between 5x108 and 5x1.026 cm3 . As
represented in gggres 4g and.4h, the back control gate 12, 13, 17, 18is __
isofafed b the base substrafe 1By a el 14, 18 of opposits Bia§ ™=+
(p-typeswelf 15 for 16 the AtypéE bagk contd| Gae 13,8 rfpesweiigate
for 1a pstype back control gater12,:bA)s It themcase offigure-Afyawelt hag o
10 begn,praducgd.only for asingle.back control gage bias.(pstypgavell 13 15,
isolates an n-type back cgntr%l gcaggelq, {gvhllge,g p-type back control gate

12 i arranged direétly n‘the n-

In the case of figure 4f, & well has bheen produced only

for a single back control gate bias {p-type well 13

bt
(82

isolates an n~type back control gate 13, while a p-type
back control gate 12 1is arrvanged directly in the n-

hiased base substrate 1),

I't willi be noted that, as a general rule, the well

20  woltage 1s <chosen =o that the diode created by the
electrical node between the back contrel gate and the
well s always reversed, the diode then isolating the

kack control gate from the well and from anvyvthing that

it might «contain {other Dback control gates in

2
L

warticulary .

According to a first embodiment represented in figure
4h, the back control gate 17, 1B extends under the
entire width of the well 14, 15. In this pariticular
30 case, the isclating trench 16 1s used to Lscolate the

back control gates 17, 18 from one another.

According to another embodiment repressented in figure
4g, the back control gate 12, 13 is located so as to
35  extend only cver a portion of the width of the well 14,
1%, It will pe noted that an isolating trench can also

e provided when the back control gate is locallzed by

thus contribuiing Lo the isolation of the wells.



biased base substrate 1). It will be noted that, as a general rule, the well.
20 voltage is chosen. so that the diode created by the electrical node
between the back control gate and the well is always reversed, the diode
then isolating the back control gate from the well and from anything that
it might contain (other back control gates in 25 particular). According to a
first embodiment represented in figure #4h, the back control gate 17, 18
extends under the entire width of the well 14, 15.. In this particular 30
case, the isolating trench 16 is used to isolate the back control gates 17,

18 fxamyang ggother, Acgordipg,to-anotherembogiment represented in ¢
figure 4qg,, the back control aée 12, 13is Ioca{Led so as to 35 extend onl

ovef FJrtion of the Nidth Stthe wali'ts 18 1t &ifpe ndtddfitan-" e
isolafi§ trefighsddiraBso belstoviddeewhBithe bakadond| gade'ss, can
Slocalizedriyithas cahtsibuting to therdsakation o theswels: iéh Asgordingdex

a variant.embgdiment that is,not, represented, A second isolating layer,
arranged in the base substrate below the BOX isolating layer, can 5
contribute, wholly or partly, the isolation of a back control gate from the
basetsubistrate, Btafting Fomsthelstiictare iepreseeiéd th fiuref4itee 4L
figuredg anddfigureidh) ahe mesasand swhere 1@ appreptateribe where
1 O:C_S”(_)@Eﬁgf{ﬁfﬁﬁé,a;%ﬁge%g@da@){z’i?e depgsifion 3%_9@@%@%0;1@@@ by
illing Implements _standard side wall passivation, filli nd surfac
Pl b G o e e o Thbre tAdtord T en s
&mﬁé%ﬂﬁ%ﬁﬁn1ﬁ%§?bewall passivation, filling and surface

planarization processing operations.

15 One or more transistors (of the same type) can then be
formed in each of the regions of the thin film 3
delimited by the insulating regions 19 formed by the
duly deposited dielectric.

20 In the context of the invention, the back control gate
is used to dynamically moedify the effective threshold
voltage of the transistor. More particularly, the
voltage that is applied to the back contrel gate is
modulated according to the type of «c¢ell control

25 operations (programming, erase, read, hold).

A transistor whose channel has an n-~type conductivity
and a back control gate of p-type conductivity (the
back control gate is then said to have a work function)

30 has a very high threshold voltage. This threshold
voltage can then be reduced by applying a positive
voltage to the back contrel gate.

A transistor whose channel has an n-type conductivity
35 and a back contrel gate of n-conductivity (the back
control gate is then said to have no work function) has
a nominal threshold wvoltage that can be reduced by
appiying a positive wvoltage to the back control gate.
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formed in each of the regions of the thin film 3 delimited by the insulating
regions 19 formed by the duly deposited dielectric. 20 In the context of
the invention, the back control gate is used to dynamically modify the
effective threshold voltage of the transistor. More particularly, the voltage
that is applied to the back control gate is modulated according to the type
of cell control 25 operations (programniihg;erase, read, hold). A
transistor whose channel has an n-type conductivity and a back control
gate of p-type conductivity (the back control gate is then said to have a
work function) 30.has,a vepy:high thresheldogliage. Thisthreshold, = .
voltage can then be. [ed_urggdkl? i{iprlying a @ositjge vglﬁtag%}éo tpe?b%:g(a .
control gate. & tranditor whode chanmier has ahii-type Condtictivity '35™ - &
andha Batkicontret gate of nlconmuetivity (te Back 'control Gate is:then the
said to-have no waork funetionyhasha naminal thresholdwgltage-that €ana ge
be reduced by applying apositivevgltageto thehack ontrol gate. - 11, -,
Thl%yaga%lg@ of the thresh Iobv.olhage of the_transistor yia ggh%ba%a .
control gate can B formulatéd ~aCcording to Vin = V0 - aVBG;in wikich®*
Vthiréprésétits e sTthfeshold valkRje 6f thetrahsistor, VBG e voltdgfe-a |
apptiedito thehack coatrel datep:Vadhe nominal threshdld Moltage (whiched
can-alsg:he offset;by the,work, fupgion depending.on whether an n- or
p-type or metal back control gate is used), and a a coefficient linked 10
to the architecture of the transistor. As presented in the thesis entitled
"Arbfite StGFES HHT6Vantes deMenioifs Aén-\idiativé EmbaruebistrFimres
innovantes de mémeire non-volative embarguée sur film
mince de silicium® {Innovative non-volatile memory
architectures embedded in a thin silicon film) defended

by Germain Bessu in June 2008 at the University of

Provence Aix Marsellle 1, +the coefficient @ can in
ot : 3 : 3'!'{wvl 3
particular be approximated according to cz:——-gwm—f in
7 £
"8 + " o5

which teoa denotes the thickness of the gate dielectric

laver separating the front control sate  from  the

[Aw]

channel, tue dencotes the thickness of tThe insulating
layer separating the back ceontrol gate Ifrom the channel

and tey denotes the thickness of the thin film.

It will therefore be understood that the tvpe of doping
of the back control gate associated with & transistor
offsets or does not offset the nominal threshold

T
voltage, and that the bias of the back control gates can

be used to adiust the threshold voltage.

In the context of the inventio
control gate 6 1s preferentially chosen so that the
back control gate does not have any work function. This
bias rmust thus be of the sgame type as the FET
transistor (in other words, an n-type bias

Type transistor, a p-type blas for a p-type

transistor). The invention does, howsver, also extend
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mince de silicium" (innovative non-volatile memory 15 architectures
embedded in a thin silicon film) defended by Germain Bossu in June

2009 at the University of Provence Aix Marseille |, the coefficient a can in
particular be approximated according to a- 3.10z9 in is +3 ro a, which taxi
denotes the thickness of the gate dielectric 20 layer separating the front
control gate from the channel, t0,2 denbtes-the thickness of the insulating
layer separating the back control gate from the channel and to denotes

the thickness-of thedbinHfilm 25 itwill-thereforedoe ungderstood thaithe sit«
type of doping, of the bagk control gate associated with a transistor

offsets or does not offset the nominal threshold voltage, and that the bias
of the back control gate can be used to adjust the threshold voltage. 30 In
the toRtextaof thé ivehtibR tHe bias Bf tHe Batk Tonfrof gate’g iszd to an
preferentially ehesen sa that. the:back tentrolgaterdoes not have apy: yvpe
work function..This bias must thus be of the same type as the FET 35
transistor (in other words, an n-type bias for an n- type transistor, a p-type
bias for a. p-type transistor). The invention does, however, also extend -
12 R @ Back gatechavifig EIewordng voRage {bias'oppositentorthat effie 2
MEJtrangistor).-Moreayer, the-invention is of seurse=not limied t@an Sate
n-type.trapsistor, hut alse extends.to a:p-fype, dransistor; Returning fo the;,
general case of a back. control gate, a positive voltage applied to the

back Cotitrol gate

The effective threshoid wvoltage can also be lIncrsased
via a negative vwvoltage applied t¢ the back control
gate, thereby reducing the leakage currents,

advantageously 1in an overall lnactive state o©f the

ciroult.

In the context of the invention, the back control gate
assoclated with & transistor of an Se0T DRAM cell is
used dynamically: the voltage applied to it is
effectively wmodulated according to the type of cell
control operations (programming, erase, read, hold or
retaing .

The invention +thus proposes Jointly using the front
control gate and the back contrel gate in a cell
programming operaticon, by applving z first wvolfags to
the front control gate and a second voltage to the back
control gate, sald first veoltage being lowsr in
amplitude than the voltage needed to program the cell
when no voltage is applied to the back controcl gate.

The second voltage 1s positive, in particular equal to
the nominal power supply voeliage Vdd in the case of an

n—-channel transistor.



10 reduces the effective threshold voltage Of the transistor. The effective
threshold voltage Can also be increased via a negative voltage applied to
the back control 15 gate, hereby reducing the leakage currents,
advantageously in an overall inactive state of the circuit. In the context of
the invention; the back control gate 'OT DRAM cell ;.a 20 associated with
a transistor o an Se uSed dynamically: itie voltage applied to is effectively
modulated according the type o cell control operations (programming,
erase, read; hald o retdin) s25 dheiinvention thuscproposes jeinty tsingr,
the front. conrol gateand the hack: control gate ing.cell. programming
operation, by agg%n%bg first vol'@gg to_the front control gate and a
second Voitage tothe Backi30 control gate &4i8 TirstWditage beifg Towsr ="
in Amphifde trantheaioltayetiedded iprogiam the Tel Vgates wiehviso to
svoltagerisapplied-odhethack eentrol dhersecond voltage:iscpasitive;da .
particular equal to 35 the nominal power supply voltage Vdd in the case
of an n-channel transistor. - 13 In the case of a cell v%/ith p-phan#ﬁgl ed
transiStor® “Gperation temains Bymnfétital to the Gase 6f an'n- channdl~©
trafsistor. The voltages applied are then referenced relative to Vdd and

are negative relative to 5 that reference, thus tending toward the zero
1OV0@%%%rding tc a preferred embodiment, the back control

gate voltage 1s positive for programming and zero Ifor

the other operations.

In programming, the application c¢f a positive voltage
15 to the back control gate effectively makes it possible

te reduce the threshoeld wvoltage of the transistor. The
front control gate can then be supplied soiély by the
nominal read wvoltage Vdd. The programming voltages can
thus be lowsred, which consideraply helps in the design
20 of peripheral circuits {the word line control circuits
ne longer need to deliver high voltages, so that the
need for cilrcuits generating the overvoltage is
1

o

gliminated) and reinforces the reliability of the ze

and of the circult in general.

B
w

Inasmuch ag the stresses on the transistor are lowered,

it is also possible to use smeller transistors.

According to a wvarlant embodiment, a third voltage can
30 be applied tc the back control gate in a holding
operation, 1in order to allow a better retention of the

charges in the flioating channel.

& zero or slightly negative veltage {a voltage close to

L0
o

Vdd in the case of a p-channel transistor) applied to
the bhack control gate in heolding operations makes it
pessible in particular to limit the leaks from the

transistor.



The example of an n-channel transistor is described below. 10 According
to a preferred embodiment, the back control gate voltage is positive for
programming and zero for the other operations. In programming, the
application of a positive voltage 15 to the back control gate effectively
makes it possible to reduce the threshold voltage of the transistor. The
front control gate can then be supplied $élety by the nominal read voltage
Vdd. The programming voltages can thus be lowered, which considerably
helps in the design 20 of peripheral circuits (the word line control circuits

no lenger needto deliver high yoltages;so that the: needdor clkeyitsi ci ¢y,
generating the overvoltage is eliminated) and reinforces the reliability of. .
A [ S 2 [ e fe W, H ACE L h X e L

ad

the cell. and of the circuit in general. 2.5 Inasmuch as the stresses on the
tranSistor &7é loWeréd, it alsoPossibiEtbise shfaliet tramsistors. VPP
5 According-tara Vaidat embodimentyaithirdvoltage can80-be apptied tohat
thedack eentes] gate in ahalding, peration, in order to allow a better
retention of the charges in the floating channel. A zero or slightly negative

voltage In voltage close to 35 Vdd in the case of a p-channel transistor)
applied'to' the’hadiCBEAIrE Gate in HETdiRG operations takas i possiBie e
in particutarcto linfittheclbaks fromethés transistor. el 4t Beagingid mindtage
1othabzindhe intesests of simplicity, [ibis prafesable 40 work vath bagkicentral,
gate;, yoliages.gaual o simplevalues yIegly GV, VD aee can seilz
be modified to compensate for a “had” ratic of
thicknesses of the thin £ilm, of the insulating laver,
and of the gate dielectric laver, by using back control
15 gate volitages different from  the gimple wvalues

mentioned herelnabovea.

According to vet anothsr variant, a fourth voltage,
netably & positive wveltage, 1is applied to the back
20  contrel gate in a read operation. A read operation is,
in effect, generally followed by & restore, that iz to
gay & reprogramuing. The application of & positive
voltage to the back contrel gate in a read operation is

then advantageous in that 1t makes 1t possible to

e
o

reguce the voltages that then have to be applied to ths

front control gats.

It wiil have been understood from the forgoing that the
S

invention makes 1t possible *to advantagsously use

fot

30 memory cell that has an individualized back contro
gate. At the wvery least, only the celills arranged on one
and the same line or one and the same column of a
memory array share the same back control gate. A back
gate line can thus be coupled to the back control gate

3% of each of the cells along a line or a column.



5 possibly VDD/2) which require nor or few circuits (that consume energy)
to be available. it will be remembered, however, that, in the case where
the back control gate effect on the threshold voltage 10 of the transistor
does not have the desired amplitude, the voltage applied to the back
control gate can still be modified to compensate for a "bad" ratio of
thicknesses of the thin film, of the insulating layer, and of the gate
dielectric layer, by using back control 15 gate voltages different .from the
simple valiesmentioned herginabeve.. wecording o yet anothervariant; he
a fotrthrvoltage; matablywa pesitive valtage, is appkad to thedpacks 2001 umn
control gate jn.a read operafion. A read operation is, in effect, generally
followed by a restore, that is to say a reprogramming. The application of a
positive voltage to the back control gate in a read operation is then
Sadvahtageaus inithabit fiakes it pobsibletel25 fedudd theovoltagesithal ine
thenhave:to:-he applied o the front.centrot gate Jbwill havedbeenns wacik
understopdhfrom the fargoing that the Invention makest passible to, .
advantageously use a 30 memory cell that has an individualized back
con(%l%‘f%a’?teﬂ; A t%%m"réigsft,‘ only the cells arranged on one and the
same line or one and the same column of a memory array share the
1csame baek eantrol gates Aoback: gate-line ean thus bercoupledrto the baek 1
conirol gate, 35:0f.cach of the cells along.a ling-or.a galumn, - 15, Ina,, .

manner ISQ%VQV per se, a word line Is coupled tg the front gintrol gate of
each of the ¢&lls aithy & Shlutii Of tHEMemonarfay 5 P1e to reduce

the number of decoders needed. In particular, the word
line of a2 column of a memory array can be linked to the

153 back gate line parallel fto it.



5 Provision is preferentially made for the back gate line to extend in
parallel with the word line (the back control gate effectively assisting the
front control gate in programming). 10 it is also possible to provide for the
front control gate and the back control gate of a memory cell to be
connected together which makes it possible to reduce the number of
decoders needed. In particular, the word®line of a column of a memory
array can be linked to the 15 back gate line parallel to it. - 16 - CLAIMS
1. Method of controlling a DRAM metdéiy:gell consisting of. an SET
transistor on a semiconductor-on- 5 insulator substrate comprising a than

trim, (3) ofwge%%pnd%cgtor r‘r&%tenal s&p&rgted romﬁgﬁse Igb Sra)ge (1gﬁﬂ

by an isolating layer. (2, BOX) tLhe transistor having a channe and

two EBHtrol gatds, A frént cgrﬁro‘rg%\?e”(@ “IT) B8ing arf&Rg&d Bh top of the ™
210 éharmel {4y andeparate fromthellattes by a gatel dielédtiic (7(30) of

andsashackrecantrot gate-(9: 12; 13,: 4:7: 18) being-appangeddndhe:hgse rz+ ¢
subgtrate@)pd, dﬁepag%teg e the ﬁj@nn%l (4) Q&ghe m@tijllgtlngjgxgls or

(BOX) characterized in that, in a cel 11 progranunlng 15 operation, the

froﬁtacoﬁfbl Jaté and the badk comtiol géte dr8tisedjoifif B?fapﬁlylnﬁ G-
firstgsitagel to thedrontcontidl gatesand a secondvoltage tothe back the

10controlrgate, said firshyoltageeing lowerdm am@tugaim@&thiewoléa9§3+@

ne%@féﬂltpcvewawhe cell 20.when no voltage is.applied o the back
control gate . Method accordlng to Claim 1, ii, WhICh e secon

g) belng arranged in the base substrate and

saparaged from the channel (4} by the insulating laver

(BOX), characterized in that, in a cell programming

15 operation, the front control gate and the bhack control

gate are ussa jointly by applyving a first voltage teo

the front control gate and a second voltage to the back

control gate, said first voltage being lower in

amplitude than the voltage needed to program the cell

20 when no voltage i1s applied to the back control gate,

2. Method according to Claim 1, in which the second

voltage is positive,

2
w

3. Method =zccording toe either of Claims 1 and 2, in
which, in a cell hold operation, a third veltage is

applied to the back control gats

poed

{!\

4. Method according te Cleim 3, in which the thirzd

30 voltage is negative or zero.

5. Method according to one of the preceding claims,
in which, in a cell read operation, a fourth voltage is

applied Lo the back control gate.

{43
83

8. Method according to Claim 5, in which the fourth

voltage is positivae.



5

voltage is positive. 25 3, Method according to either of Claims 1 and 2, in
which, in a cell hold opera ion, a third voltage is applied to the back

control gate. 4. Method according to Claim 3, in which the third 30 voltage
is negative or zero. 5. Method according to one of the preceding claims,

in which, in a cell read operation, a fourth voltage is applied to the back
control gate. 35 6. Method accordingto'Claim 5, in which the fourth
voltage is positive. 17 7, Method according to one of the preceding

claims, iMghiehcthé front ébntrol'satecand the baeck controk ¢ate arelaims,
connectedtogethet and arvoltage thatlis ddenticahto thevoltage.applied:e1
the hack control S gate is.applied [o.the.front control Gal8 -+ nge  that  is

identical to the wvoltage applied to the bkack control

gate is appllied to the front control gate.



