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1 A METHOD OF FASTENI NG LAMELLAE OF A LAMELLAR
MATERI AL ON A SUI TABLE SUBSTRATE The i nvention
relates to a nethod of fastening of Ianellae of a

| anel lar material on a suitable substrate. 5
BACKGROUND OF THE | NVENTI ON Materials are known t hat
are suitable for presenting a special crystal

St MEStHOTR din podd TGN 1N TahvonTs e cone 1pnvefierentizaldRIAL ON

arranged in atom.cally thin plane 10 structures or
A 5¥§E\34§#E$é%ﬁch the atons are strongly bonded

toget ere whidre: waakerl dorvdscact neathweef tfees tafroinsy of £
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HESSEs of one or a tew monat om c ayers. Various
materials, e.g. sem conductor materials such 15 as

ek HoURD>: o@rﬂqﬁwﬁﬁﬁdmt erials, possibly
super conduct ors, such qraphlte NbSe2 TaS2, or

MyB2, Medraer it et kfkﬂwr}a 457y S itakee 40T presenting
o rdpd gL Wik a I eferenae-4roire mrdh aHeard o become

raphene, thods are nown for. a i.cal
S T e o T R 59 g1 2385 her
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eari e€h necessary to use
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graphite. I'n order to handle or process these graphene
| anel 't Lang et Pakd+eul 2rd t SR [Re ettt such

lraqci |I|r’|ﬂ©e Upr G4Ss) S%ﬁdl&ﬁbwplﬂ@rmﬁ@ria)lsf aS;ic&ﬂsil:EBy )
aneg ae on, a substrate e S n r N n t
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raem oslutt dob e afalr gree S notg sui tabt eldorstmassture.  With
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graphite, or in applying an adhesive tape to a piece of
graphite and tearing it off. It is then necessary to use
an optical microscope to search for any graphene lamellae
that might have become detached from the piece of
graphite. 1In order to handle or process these graphene
lamellae, and in particular to order to prevent them
rolling up, it is then appropriate to fasten the lamellae
on a substrate, e.g. using resin, and that is found to be
difficult. Those methods are poorly reproducible and are

not suitable for mass production.

OBJECT OF THE INVENTION

An object of the invention is to provide a method of
fastening lamellae on a suitable substrate, which method
is particularly adapted to lamellar materials that are

conductive or semiconductive.
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conductive or sem conductive. 2 BRI EF SUWARY CF THE
I NVENTI ON To achi eve this object, there is provided a
nmet hod of fastening lanellae of a lanellar naterial
that is at least partially conductive onto an

I nsul ating substrate 5 containing oxides that are
suitable for dissociating into nobile ions of given

HiaiEge s@immzatdgom meeTaion opposite charge, the

?ﬁéhfgﬁg% |S|n the zﬁggﬁg?qué%aC|ngo%uﬁﬁga method
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ectrlc means O
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RN lveﬂntéﬂ deh l;%nsmx%e They détsa%%ragﬂm&{s ter

oxides in the sﬁ%strate kes the substrate conduct
VRIS s g T Sentihe ﬂ@tf@ﬁﬂam%npaﬁwl%ﬂ&ttﬁec et to

be est.abiisde @etsm@jld her w@lectamdas wheit dil against
electtéc fig{ a Under the 20 effect of the

& etTiTT i éﬁﬁgﬁ ions migrate towards the

el ect r-odmdsimpnﬂmctoxmdehs tdfe tSubstutattenatd eavidigsdariate;
pl§§e the stationary ions of opposite charge, thereby
creatlng an electric charge at the interface between

t he substulatec by tthe saisiteca e tand tiHe damrls comn

fdeld has ﬂe&m %gplme%%g Ut yfedtdindength nddd®.with
| amel | ae of the sanple in contact with the substrate

bfét%n%l%sctrliﬂ@ w%r?dbcﬁlted:ttrwéi%uwsﬁ%@cfi e e
:%gﬁppﬁs to elimnate the major fraction of the

SATPLSGR0 Eopkh RS D80 08, omb e, L e, Bopged
Imﬂmﬁdznhetdubstm&tertqnnuennwawklyxr&uﬁiMEmemnkyewm
Ao Ay AT s, SOLSd A cne
stbstlreades athereadie electric field is apploled Under the
effect of the electric field, the mobile ions migrate
towards the electrode in contact with the substrate,
leaving in place the stationary ions of opposite charge,
thereby creating an electric charge at the interface
between the substrate and the sample. After the electric
field has been applied for a certain length of time,
lamellae of the sample in contact with the substrate
become strongly bonded to the substrate.

It then suffices to eliminate the major fraction of
the sample so as to leave behind only a thin layer bonded
to the substrate. This thin layer contains some lamellae
that are in contact with the substrate and that are
strongly bonded thereto, and other lamellae that cover
the lamellae that are bonded to the substrate, at least
in part, and that, being less strongly bonded to the
substrate, are suitable for being eliminated, e.g. by

being peeled off. This leaves behind on the surface of
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in part, and that, being |less strongly bonded to the
35 substrate, are suitable for being elimnated, e.g.
by being peeled off. This | eaves behind on the
surface of 3 the substrate athin layer having a

thi ckness of a few atonms or even of only one atom
This fastening is obtained in a few m nutes w t hout

Wsbng, 8acadhesiven it 1y cvenk vingXRensiivanard easil ¥y
industrialized. This nethod is in conpetition with

RESWN OFaSVEm R WotNo@Se &t§™-adhesi ve bonding with a
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e SUbSt rate epen s to alar ge ext ent
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fihQma Bt efdtdlodef ofg%‘}%mﬁn)éﬁtc&l ys@uals oy, t@edsudface of
nmonocrystalline materi al The | anel |l ae fastened.in

thies RS 1t R Ut reé’taémrr?&;}%]e“%& cgdregEcular
lbietalto gleaplticss ,t rleatere nips: trerr itnhe meiropies e .of.

i ncor ati.n el ectro Vi C .I
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kiéotet @mbusrtd@'tﬁ cpantis He |ad dtrgeofextipantf oinl GWiengraterial
%h%%%f | ptfion Gi Ve Jyﬂgdﬁeau%f ecroergct%rtto f%% f'n%l%re%aqf of

e acconmpanyi ng drawi ng, in whic is a
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the i wtﬂa%ltlcaebefas’ﬁ&r@mrﬂrﬁebmsz&a@ndmﬂa @wfee A& rate
a greatl ranmmati c. view  of

nI arg d d|
SRS 1At St Roge Bt gy dred! fa edie
frastened. oBOLrBBTzAddﬂ IDESCERIRTIEN eCI%cTEJ-ﬂErijJWEMﬁImSThe
met hod of the invention is explained in the context
of “obtai ni ng graphene | anellae. As shown in Figure 1,
BRIEF IDESTRIETIN (QF ITHE DRAWING

The invention can be better understood in the light
of the following description given with reference to the
figures of the accompanying drawing, in which:

Figure 1 is a diagrammatic view of a device
enabling the method of the invention to be implemented;
and

Figure 2 is a greatly enlarged diagrammatic view
of a glass substrate on which lamellae of graphene have

been fastened.

DETAILED DESCRIPTION OF THE INVENTION

The method of the invention is explained in the
context of obtaining graphene lamellae.

As shown in Figure 1, a sample of graphite 1 is
placed on a glass substrate 2, here a borosilicate glass
known under the trade name "Pyrex 7740". In this

example, a substrate 2 is used having an area of about
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pl aced on a gl ass substrate 2, here a borosilicate

gl ass 35 known under the trade nane "Pyrex 7740". In
this exanple, a substrate 2 is used having an area of
about 4 four square centineters, and the sanple 1 has
an area of about one square centineter. In order to
ensure good contact between the sanple 1 and the

st rhe R dde isrmeie, 1 dns elheaveldle expRse 40 afea of
_the substrate 2 a surface that is clean and free of
iR t9%6s, SAAI% e 9n'4ce of the substrate 2 is

cl eane[ch \Mrtd’éarso:ld/@zl’ﬂi&mr(et rdoctl arcetthyd tenestvaeset oriey semdble 1
rret 5t raet e UfAtC% o Lo B %%%d a%ag aceﬂe‘%j TP¥pose to

whi’l € an "an i'sp agal ns
tﬂm gnécmﬁnaé:esm esur.fackhd hedt Nodee 1 andncthe mavode 4

%%fm Hi0 AN & %Gltrrﬂacaet ¥ S L B s ke assendl y

|s p er a press to press the graphite
féeci gl rﬁeﬂlﬁwsgl(éé%lc%%trha}tl@@ Predsiite gind
tnl{@cygg&elr of 106 pascals is 15 applied in order to

ensur e uni for cont act. bet th | a bst rat.e
and t He SHhst lﬁé)]saf%é%/\een ecl stq}eau%sje%u% 25 e 2,
tvetpier adruraenafe aﬁbonﬂ p12: < degriees: C’aeﬂesm_usap(kc)te esagnple 1.
ut t.i.n t
b‘%r:hé)enc k%)nguere %ég{%c{aﬂéc&z i eﬁe(r}? %eu(?néjo ;Ldeda '
k@l@vmxcslt(xk\gours:@p?pl i dehe cﬁﬁtsr@nblasssle?rmlyacaxi wHier a
L af utf@ pides alkald-rides Nagh Of1 thea i @Sthe glass

substrate d| ssociates into sodium cati Na+ and

0]
OXYYER A ohs o2ces PhgReroh Hé efdetar git t]h%Gséiaéé:latll S¢ 155
figbdied hﬁn NpRid © 150 i EN At ronSo 1 gE @i ea d O ViBs e dhethe

Cc ode eaV| n t he stationary oxygen anions in
p‘i?]a%%s s eaarﬁ(i1 ngd'% SrFé@pa]tyef v% charge at the
i nt er fBice sxﬂ@ﬁt/mtretmemglzasss@mbm ratee@Randtthe of about
gr @ pl i i I r

@F %curren %%B@oneegais?%ﬁ w#] e?lgé égs?(ril
an@ltmam eachessits apl dresii val e |¢P%1¢%W%ec seleCtrlC
WAl Ehy Vet U bt tYPi el 1 dvolts (kv) is applied to the

assembly.

At this temperature, the alkali oxides Na,0 of the
glass substrate 2 dissociates into sodium cations Na* and
oxygen anions 0%2-. Under the effect of the electric
field, the mobile sodium cations migrate towards the
cathode 3 leaving the stationary oxygen anions in place,
thereby creating a negative charge at the interface
between the glass substrate 2 and the graphite sample 1.

On application of the electric field, a current
becomes established very quickly, and it reaches its
plateau value in a few seconds, which value is typically
of the order of a few tens to a few hundreds of microamps
(this value depends in particular on the contact area
between the sample and the substrate). The graphite
sample 1 begins to adhere to the glass substrate 2 as
soon as current passes, and adhesion is considered to be

complete when the current returns to a low value (a few
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of the order of a fewtens to a few hundreds of

m croanps (this value depends in particular on the
contact area between the sanple and the substrate).
The graphite 35 sanple 1 begims to adhere to the glass
substrate 2 as soon as current passes, and adhesion
is considered to be conplete when the current returns

tp%lr%éncﬁwo\fmt%% (gﬁaft@é(llﬁ vaefeoent; roft Hihke e}?ﬂaﬂﬁﬁt i au oarer a]c
val ue [ npl e over a. period o er, o
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GUIMENSAL & HOT 7 A8 ARASE Jd M Rfed I"c%a&arlac”qtserp%s@ible

i'ncreasi ng the ot her paraneter, in order to obtain the
SenEgpeadadie st e%ﬂfﬁfrer@a%% aril RS © ot rPédeaﬁpﬁstterfo by
qLurccrieaxslf tu»@w@wrgesraar&eaj ecit icrddrelds dk:i’tailrﬁrt@le

. Prefer d
e, PrEsto B e an Bt o e e She
I‘qin]gﬂd[yl fbﬂ(\ten@aé@ﬂtuﬂds tdreh slfdticies ﬂlcelaiaaﬂr@tt kere

ﬁﬁqﬁhe %%é%%%a avetéﬁ%é¥gt f% fE'hééW?fJ_%ggffy =

glass su 'rate Thown di agra
ﬁragu_:ree Dl5Q°ﬁb I%fy]erc beiany redes lagr wifc |THmeld de/igfg in the

g% n?L:Jhbﬁ tjnwvlayer has a thickness of not nore
than ew at ons, y observation using a mcroscope or

a Ramght Zopetthlogiaphto i #1937 Hdsst bieRls ey iy itPave

tder M rthlrﬁﬂ%fye&orﬁﬁerﬂlaﬂﬁﬁiﬂrgﬂ&)riocﬁ&ajlaaise fasitenatt 2 as
drrectl to the strate,_and ot |l ae .11 t hat

AT 0 g e e A v Y i Hade
alpb QE@llarﬁd’ﬂl]ﬁ@]&Sf’S gﬁa{ﬂlérﬁw atmss ﬂfhlm | oot desla

altckal{esgl JJ %ﬁé 8% E?Cfév?l é'@OT&J‘e substrate can

be recovere ed easi by peeling
of f uﬁm@@ﬁe@mzs@welsxra@ea mfrrrrsofrcémﬁesolbrﬁtﬁ@égr ass

é’rpéétfﬁécfra?pﬁnlﬂt a 4 %sé%@élr«:ﬂ@ ofey phene {ateane
strongly’ fastened to
layer some lamellae 1O that are fastened directly to the
substrate, and other lamellae 11 that overlie the
lamellae 10 and that give the thin layer a local
thickness of a few atoms. The lamellae 11 that are not
fastened directly to the substrate can be recovered or
eliminated easily, e.g. by peeling off using an adhesive
tape. This leaves on the glass substrate 2 only a few
lamellae of graphene that are strongly fastened to the
substrate, and that present thicknesses lying in the
range a single layer of atoms to a few layers of atoms.

The graphene lamellae bonded in this way to the
substrate naturally have no tendency to roll up and they
are therefore easily manipulated. They may be subjected
to various treatments directly on the substrate,
including lithographic treatments.

Experiments carried out on highly oriented pyrolitic

graphite (HOPG) and with natural graphite have made it
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substrate, and that present thicknesses lying in the
30 range a single layer of atons to a few | ayers of
atons. The graphene | anellae bonded in this way to
the substrate naturally havesno tendency to roll up
and they are therefore easily mani pul ated. They nmay
be subjected to various treatnents directly on the

%X%%tl%qtee £ 03 DHRG U G Henth @qn—;@g@@ (fatsFt%@lte@E S .the
erlmsnts carried out on hi orlﬁrllee rolitic

ﬁr‘%&ﬁﬁ 19 S PGP &hd it et a IS t

@OSD@(&S:&’QJH@H@%S)M aion gﬁmlmn@aefrlsakeadf astened vt 0 t he
substrat.e to _be that of | | e_si
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néat Ur a b|gc¥ra ! NG £% Yo Ao MMRA ¥t Aldd N6,

Ite, it appears to be possible to obtain

grapane fflakes aes flastaned on (e Sstrate (Hat mresent 2
ang% z& dhats sy vergieater. The nethod of the

i nventi o h t b f h th h
wher o> ”ae%t&“qqdw&%&eiﬁ?&” e hetitady Bomed e
Mrmlﬂhe:art@:kgjcasmwdby sdmbwrt itve  nerefraranh sareodd ¢
bonding: ofy Sidlcon. 4N 288 by figaldng and + ARl Wi o

e rmnner simla
aescira e chradsbive . bdﬂowerv;erqf aﬁrﬂdduqorbmmqi@%elkm deatolng and

r%sﬁeﬁ}g{ alr{keei ﬂliﬁ?nfltélaci i eseni2dr similar to that

nS|on crystal structure, presenting

sleurg e exhrie borfie iy AAdighiRe n%a@%%%ﬁes to

f@ﬁ@ﬁﬂa@lﬁgf%mﬁcb%n d@@t Prddent |anttﬂfrfe%>ejdiM1ér’ﬂsi(dtQal
ass 0 0ose pbonds are ver st.r It

THPERLA bl & 1o S e T T 6113750 Bora. (o 1y 2nd

gé@s@abﬂ@efdmlmefsomn@obxmq hmnd/mysﬁﬂﬂei hais the

m Cr Os ei 1d i Mo t r :

viHT SR S now%/\% 1—Er:}genp lrggo% e {Egl hoe§me Qﬁénd% S very

|s1tme<mq oand Ot tih% owmsaryle the st ofthghgnaterial

rgcgén%o%% ?ﬁp% 'fﬁas@ toh@ | el s MPtRidddq and seeksiay
are thus mlcroscoplc, being of millimeter or Jgreater

order, which is no way comparable to the method of the
invention.

On the contrary, the method of the invention applies
to a lamellar material and seeks to bond only lamellae
that are directly in contact with the substrate, i.e.
over a thickness of a few atoms at most. It also remains
possible to separate the lamellae that are not in direct
contact with the substrate.

It should also be observed that the method of the
invention is not mere electrostatic deposition, but is
indeed a fastening method. The lamellae in contact with
the substrate are firmly bonded to the substrate.

This method opens up new possibilities, and would
appear to be suitable for use in a variety of

applications, such as, for example, making field effect
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that are directly in contact wwth the substrate, i.e.
over a thickness of a few atons at nost. It also
remai ns possible to separate the lanellae that are
not in direct contact with the substrate. 30 It
shoul d al so be observed that the nethod of the
invention is not nere electrostatic deposition, but is
iﬂﬂhﬂﬁiﬁid&&ﬁt&ﬁﬂﬁg ﬁﬁth@daiﬂukﬂdyn@d ad liir: oo IfEIcY

trate,are fir nded to the
N&%FF@E@ %%ﬁ% &ét#@& opéﬁ% 6%%EMIDOSSIbI|ItIeS and
vvoul d ThH35 iappedrd ono ilse i tlaldig dfdbrt auddiel @l weari ety
Yes ARl AL ] NS SUTRAT t%'ar%)(qrg)lc%ve'@"arﬂﬂ/ fldl e

transistors (F nmetal oxi de on silicon

RS ng m@e;FtEvs)theh@ﬁnbarte Cb Yyraphéneinthe

I nventi P& QL1 dd, Matieth duyH henabaueodescrdHat ii@fsent ion
but on the contrary it covers a varl a t cam
it S T Sshidint adeAiRkdd By AT gehene
Iatnhﬂtlﬁas t he net Imctu)ffa]ﬂhe pd’!_%eﬂi]leorto I@pdqsdfhebedmemtion
ac? tl on S kl n Qctlovbt % Jb%%c%ﬁx%el qnellar

S nart ural 9% y p055| e 1 nven T0

oteterr tadres dfhuﬁondllr@tlmefmtos@mwmmqm@bmq arse the
useﬂ?c{qae%fa' e lnuﬁenttlhﬁ inyentors, haye hegn ablig,d o

of the Invention to fasten | anel | ae of

t&@nl%ﬁ%ﬁd{&tmwwlerﬁ@e 1875t e dfel 9 fad s afellic
g&‘rtc@:éu | rmlwefecmt ﬁla@bm f &F.i Ial NbSe?2. .
im | ar rate may be o as
deSCHQﬁﬁé %ﬁi 1%&? %wﬂqyﬁg ° Ot PSS dting
I’ﬂﬁsﬁfﬂlaiect,artabllet Orfa}preﬁgaﬁrﬂt]ly}g/v@lbdﬁet avth aanpuintswifating
duct t der r t  of
X:ltdegs | Vi a rh f%}a%easentl u?t b &%a%% aan[[oelf‘rw oLD

eco (o] ng are s or separ ati ng
m:mro:lucmmrzltej i thave migp ian g el thergea sard statd fora y

%@ J%V M & PRROSI t&&%ﬂ@ab@%ﬁ%@éﬁmﬂrﬁ@r‘lnto

alned by heating, as in the exanp
d@%kéﬂ%e?dm%rh%‘ym%rﬁl DY TS stid aﬁ@%%a%%ws@%
StGY ke C&%ééﬁb cHdrar t | Swdiardeddmpss Possi by tige
Lﬁ%%algg e hﬁ&ﬁPQag'in the example described, or by
any other means suitable for causing such decomposition.
In particular, it is possible to use a substrate having a
thin layer of borosilicate glass deposited on a mass of
doped silicon, e.g. by radiofrequency magnetron
sputtering. That type of substrate serves to reduce the
magnetic field needed for fastening the lamellae on the

substrate.
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thin layer of borosilicate glass deposited on a nass

of 25 doped silicon, e.g. by radi ofrequency magnetron

sputtering. That type of substrate serves to reduce

the magnetic field needed faor fastening the | anell ae

on the substrate. 8 CLAIMS 1. A nethod of fastening

| amel l ae of a lanellar material that is at |east

panth@l |y conductive onto an insulating substrate (2)

cont ai ni ng oxi des that are sui_table for 5 dissociating

ilnt & mEBNCE iodnd a5t egilvien leRgldecard astlafiedrary ma&ﬁsr

thafﬂp F@S atre 1¢hang %)a rthe 1&!«;@ %d@%@ﬁz}eﬁ oRgo the l$1tS@1Fl%.t ing
acin 0 e ar

§§§|E§Ft§ qﬁﬁfé§§1 n&ﬁé'gﬁﬂgﬁﬁaﬁ 1§r@a5§|%§%ﬁﬁefor

@&s@eS1@ﬁ1khﬁJsuhstmﬁuuid(1dmsssdcmaWen cama gsubjnect i ng

the. su Lr t | e L.ec fi

R R e

ame @lte@lse@tfrode in contact W|th the 15 sanple. 2. A

met hod aa¢RrANG, tQnflal M1, phereiinmR 19uhS iaals il
connect ed nade of bor03|I|cate gl ass containing al kal i

GHPAES N2 G S tHA%DhIY O FS§6dPatSing into nobile Na*

20 cat.i eusAndy sirad ionales @2 tani e stnder tthe cdffeetiate;
of tenperature, and wherein the substrate is heated

ause said dissociation. 3. A nethod according to
clain1ZSuMﬁﬂaﬁﬂngiuhenﬂunsuﬂaie 25d s hireataagh lteo tap an

t 'gh% qtcurf% gq% 'H{E trhse JANGE e[l]e%ocq’%dh inc]corfltaﬁ with

accor alm1, wherein
ftihed dsubSetSfatre taed raahg%le[cﬁ@da/lr;z deyitac3o w5.tha thet hod
aceding to claim1, wherein the lanellar materi al
IS graphite.
2. A method according to,claim 1, wherein a substrate is
connected made of borosilicate glass containing alkali
oxides Na,0 suitable for dissociating into mobile Na*
cations and stationary 0?° anions under the effect of
temperature, and wherein the substrate is heated to cause

said dissociation.

3. A method according to claim 2, wherein the substrate
is heated to a temperature lying in the range [150°C,
350°C].

4. A method according to claim 1, wherein the electric
field lies in the range [1.2 kV, 2 kV].

5. A method according to claim 1, wherein the lamellar

material is graphite.





