10

15

20

WO 2007/ 136350 PCT/ S&G2007/000141 1 Organic Menory
Devi ce and Method of Its Manufacture Reference to

woRedoata3sAppl i cati on Reference is made to our BEI/BGHIN7/000141

United States provisional patent application nunber 5
60/ 802,167 filed My 22, 2006 for an invention titled
"Synt hesis, Design and Method of Form ng

Nanopa[ti cl based on or ic El [ e Menory
o o irenfistemory Degtee gnd e B of TsRdnptofiienea. and
the contents of which are hereby incorporated by

reference as if disclosed herein in their entirety. 10
Technical Field This invention relates to an organic
ReferencedioReatedrApplicatiphod of its manufacture and

refers particularly, though not exclusively, to a

Rafwpsice is inadetdoas edrlier Yaited Statsqirbvigiongglaeenteppdicyti@nehimber
nmet hod of its manufacture enpl oyi ng chemi cal

$0/80228% &l Ma@ngd, 2008 fBfarARERIdnURIAMSFnRBES, qjemgn and Method of
nano- part icles”as charge stor age conponents.

%ﬁ%ﬁﬁ%ﬂﬁg arRERE BAEH o k] %e{n?caﬁoﬁtn? §&§er M@b%gy Q@ﬁc&@?ﬁk priority

gai ni Ag I'NE reaS|ng In ent ‘year

ol P clafel AFe e Pate Bt e 88 e Beereigd by

smal | speci alized production runs, SU|tab|I|ty for
refexgacedsdh digelosrd harein im Higir eptiraly;, tabil i ty for mass
production. Organic nenory offers very attractive
alternative solutions in a nunber of niche
applications of electronics where | ow cost and
Mechnigaldfieldof di fferent functionalities are desirable.
Organic nenories have a sinple device design, offering

AR iRGdRih irélhte® fo M{T&%ﬂﬁk Infeh dbGiQ:@ Ghdh bttt 1§'rﬁﬂ?1lu9acture and
cell concepts with very small cell sizes. They are of

Ireqlé\fs(bgft cu 1@9&10[1@!“? Xotaé'x%ldg}{’%{}, f‘d QHWSHE&uMEE&SIIgHﬁlg floating

gate memory and method of its manufacture employing chemical self-assembly and

using nanostructures and/or nano-particles as charge storage components.

Background

Research in organic electronics has been gaining increasing interest in recent years due
to its potential in providing low-cost fabrication, compatibility with flexible substrates,
amenable to small specialized production runs, suitability for large-grea deposition and
suitability for mass production. Organic memory offers very attractive altemétive
solutions in a number of niche applications of electronics where low cost and inclusion
of different functionalities are desirable. Organic memories have a simple device
design, offering the potential of uncomplicated integration and simple cell concepts with

very small cell sizes. They are of low-cost since they are much simpler to manufacture
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WO 2007/ 136350 PCT/ S&007/000141 2 than silicon chips
and are easy to stack, packing bits at high density.

w@e@ansasirenori es al so have the extendi bilityPE€DSG2007/000141

sensing, radio frequency identification (RFID) and
passive or active matrix backplanes. 5 Under the
three main streans of sem conductor nenory

T e ol R
S b e BTN, AR BB dsgn R s

capabilities while SRAM has fast read/wite

98 ptHieR¥ES bagkplagssl d be advant ageous to be able to
conbi ne the benefits of these three types of inorganic
10 nmenories - non-volatility, high performance and

hi gh density. Organic nenories offer the potential to

&ddebitie tiiee Mhailegidand of bahrobdictGirh&BoryAbdHnoligies — Static Random
switching and nenory phenonena in organic materials

Aedanines RRUVD), PRAImIERMIRH Ab&Lss WRIrforly Qtﬁﬁpg@) and Flash

years, high performince organic nenory 1sS°s

[ ng hr.ee- ] ransi.stars, —usi.n
PR Ponty B PR M nphYBHH eBeRUPE gpog DRAM shows
evi ces, whi ex [ e.transfer between netal
Biehie e %%ﬁﬁ%%% B TagaRRQ/s PRTEHERREG gt would be
performance but are far frompractical applications in
AeYARaZeOus tediy abledecpmbing the benedity of theseithise el ofiinorganic
triple-layer structure consisting of two organic 20

ImzepmEriss amebnayolatiidy, drigh sarfomtniancecans] high dénsitgy@rganic memories offer

sandw ched between two net al el ectrodes, has been

fHeqRasiidl td dxhébityubh HesiRdBhGLREs@A! f or mance and can be
used as non-volatile nenory. However, its fabrication

is by thermal evaporation in a high vacuum and
stringent conditions are required to control the

A mddl e  discontinuous netal .layer.
AR et P afepme RER R EHE i sERrcing s have
evi ce 007/ 1363 PCT/ 007/ 000141
geen repor\t/é\% t%r more t%an %8 years, h?g% performance organic memory is still lacking.
Three-terminal transistors, using ferroelectric polymers, and two-terminal bistable

devices, which exploit charge transfer between metal atoms and organic compounds,

exhibit interesting performance but are far from practical applications in memory.

A new electronic bi-stable device with a triple-layer structure consisting of two organic
layers and a middle discontinuous metal layer, sandwiched between two metal
electrodes, has been proposed. It exhibits promising performance and can be used as
non-volatile memory. However, its fabrication is by thermal evaporation in a high
vacuum, and stringent conditions are required to control the morphology of the middle,

discontinuous metal layer. Additional addressing of the sandwich-type memory device
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3 and integration with other transistors is stil
needed. This will further increase the cost, making

wo@e@ansasnenori es not cost-effective. Floati ngpQES€2007/000141

type transi stor-based nenory devices that utilize

discrete traps as charge 5 stprage elenents may be

integrated as non-volatile nenory in |logic systens by

I C Do ced.i oL .

Y et O R e S 35 L e Sl Al¥fer increase thecost,

m c¢r.oel ect.roni cs. know how,. The di screte charge storage

&t QrEanie MemQriesngt CQsERITeqi¥Gi ces are usual Iy

isolated Si, Ge or nmetal nanocrystals. 10 Much

research has been conducted on nanostructure or

nano-particle formati on using high tenperature CMOS

ddogtingigdalecstype remssesbas@i gemiocy devitesythatevilicedisodetedaps ae charge

organi cal | y passivated nanoparticles as charge storage

stefRlanans nﬂ? bdepegiatedds abn-vbRED theMBE ial6Lie sysiidby

sinpl e chem cal self-assenbly, Langnuir-Bl odgett or

S e o o TR b R b Ay Bfl sitcon
.gani [ ture co tible wt he | ow

RERleE BREPLO TG, 28 oo FRRTAblEr Ssliohy gifd ucn

exanpl e, polymers. Kno organi ¢ nmenory devices

icﬁ%n?%e Pﬁ'@h]&§§ﬂ%tled gl’ldgn Qrin ﬁ‘ﬁfﬁté{éc h of pre-

synt hesi zi ng nano-particles that have a repul sive

interaction so that aggloneration wll 20 not occur

prior to enbedding the particles in an organic |ayer.

Mhich ressatdhdras beérl celdctby on hwestractureus laay-@asicle formation using

deposition process. This process is overly conpl ex.

Bignminygedire OVTOS 36mpaittEprocéssey) Urdaid fbmoty A6HEIsAIKIGh use

to a first exenplary enbodi nent there is provided an

Of Sl Yeddf¥ibGticlE iR e e Ny ;
I e%gt ojrq chgrege stor é%e {%e e(r:gor% [ %llélr%ﬁ%{l ?4 %g%fosgéd at
room temperature using simple chemical self-assembly, Langmuir-Blodgett or spin-
coating methods. Room temperature formation of nanostructures may find application

in future 3-D organic memory architectures, compatible with the low temperature

processable materials such as, for example, polymers.

Known organic memory devices involve the use of a multi-step approach of pre-
synthesizing nano-particles that have a repulsive interaction so that agglomeration will
not occur prior to embedding the particles in an organic layer. This is then followed by

the various layers deposition process. This process is overly complex.

Summary
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organic dielectric material, and nanostructures and/or
nano-particles of a charge-storing material on or in

wo ba7fidd3se of dielectric material, each of the PCT/SG2007/000141

nanostructures and/or nano 5 particles. being
separated fromthe others of tjie nanostructures and/or
nano-particles by the organic dielectric nmaterial of

B AN Crsll BRI SmbbltBen] e s IR0 Ged BB Bdnsy device
S|de .of the at | east one chg %e stor %ﬁglayer and, a
COMPHYPS| AR Fyer 2bleatiPne churEs storags Leyes cgprisipg a tilm of an
storage | ayer, the first side being opposite the
oegagiralieleetsic maﬁ@wémmﬂmnostwammxﬁ?m@anwe@mﬂs ofiiatcharge-storing
the at | east one charge storage layer. Additionally or
alateiahab oy &l the filhhef dielsvdd miategial, @yelr ofithy nlesirndtenps ahd/or nano-
with the at |east one charge storage layer. The film

phrtioled ®8ing sdh£ht08 FlohTthE kIR 6f thEBY¥nEsEBte3 @nd/or nano-particles by
sel f -assenbl ed copol yner 15 selected fromthe group

?1%”07 [ tiblock. The
11 m‘b"%#lb ﬁ%%%gr}ﬁ Igh%%lgjl%e?é]{l% |611§Q l#g?ﬁc&l?«%qg rf;lam} conprise a
sel f -assenbl ed nonol ayer that may consist of silane
derivatives. The nanostructures and/or nano-particles
&g have an affinity wth the self-assenbl ed

P T8RRI EROLde I RhiIrEer GRsMRISE pepIneBinglayesian tirst gde of
anot her exenpl ary aspect there is provided a nethod
therat fesst enetrhargstsiasagedfyeramndoa entiot layenon g sehonil sisle of ithe charge
nmet hod conprising formng a control |ayer on a gate
stoeage laybe, thé firsrkidg bainglppgdteshe sevgrd bidy €The duakrotiiager may be
nanostructures and/or nano-particles on the contro

kY& AL witl tHE of Geast drldARYgkisfiladcANRer. Rﬂdfftleﬁall:)h@l"aﬂ@matwely, the
storage | ayer, and formng an active |ayéer on

t he
7 141
bpEne LY W%&;%%WEQQ 4 3eBeol Tl %%983 B he
charge storage layer. Additionally or al ter natively,

the tunnelling |layer may be fornmed integrally with the

charge storage
The film of orgamc dielectric material may comprise a self-assembled copolymer

=l
-

selected from the group consisting of: diblock, triblock, and multiblock. The film of
organic dielectric material may comprise a self-assembled monolayer that may consist
of silane derivatives. The nanostructures and/or nano-particles may have an affinity

with the self-assembled copolymer or self-assembled monolayer.

According to another exemplary aspect there is provided a method for the fabrication of
an organic memory device, the method comprising forming a control layer on a gate
electrode, forming a charge storage layer including nanostructures and/or nano-particles
on the control layer, forming a tunnelling layer on the charge storage layer, and forming

an active layer on the tunnelling layer.
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| ayer. The charge storage |ayer may conprise a
sel f-assenbl ed copolyner filmand the nanostructures

w@ea708638@mno- parti cl es. The nanostruct ures andP@r/SG2007/000141

nano-particles may be 5 fornmed on the filmby at |east
one of. spin-coating, screen-pgyinting, and
inkjet-printing. The charge storage |ayer may include

RSB0 5 R A DB AR L ity

n trecursor fqr. the nanpstructures and/or
0 A B e o ling 5B PP e e charge storage
i%rfg[{;hm ng a 10 reduction in the single solution; and
ehiskbergasge piosagsslpysy meay qomprise p self-epsembledgappbimeaniilm and the
deposition processes. The single solution nmay be cast
aanestrupiures guilide nhzoyparticles. flie mandatructingsrayd/os managarticles may be
| ayer. The control layer and the tunnelling |ayer may
borttedenrthe file by as Rhit-oas € spinecbalibg MoReh Py@iking, Thd inkjet-printing.
nanostructures and/or nano-particles may be forned
between the two |ayers of self-assenbl ed nonol ayer.
The nanostructures and/ or nano-particles my have an

e TR R R—
OHER pluAGh Hh soloeesiplon Bgadtins flutind Bammper e

nonol ayer and the other of the two layers of self 20
BnOsHBFtaes 3BH 8T B3Rerpartgles. Aap methadapas %tr’é@r eemptisg performing a
nanostructures and/ or nano- particles. The
wdpetionsiodhdsinglesolutibynand adpgtiea vidbdsityadf the saliticacior diferent
mul ti bl ock. For both exenplary aspects, each of the

depossion peodesses. Hitiingle PeliorPRBY b L& o YhiB®xide layer to form the
electrically isolated. The charge storage | ayer may

&%ggt&g @lagbf]gl e layer. The WO 2007/ 136350
P SG007/ 000141 6 nanostructures and/or

nano-particles may be wthin the single |ayer.
Alternatively, the charge storage |ayer nay conprise
ructures and/ or nano-particles

’ﬁé\@cclt@yo‘f Iﬂ?}'ﬁ%%}%ﬁt@? ag)ggﬁpg Ve gay comprise a self-assembled

monolayer. The nanostructures and/or nano-particles may be formed between the two
layers of self-assembled monolayer. The nanostructures and/or nano-particles may have
an affinity to the self-assembled monolayers. The affinity may be physical and/or
chemical. The nanostructures and/or nano-particles may be deposited on a first of the
two layers of self-assembled monolayer and the other of the two layers of self-
assembled monolayer may then be deposited on the nanostructures and/or nano-

particles. The self-assembled copolymer may be: diblock, triblock, or multiblock.

For both exemplary aspects, each of the nanostructures and/or nano-particles may be

electrically isolated. The charge storage layer may comprise a single layer. The
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5 The sel f-assenbl ed copol yner may be of a materi al
consi sting of. vinylene-based, nethacryl ate-based,

w@nw7pad3yet hyl ene oxi de- based nononmers. The  PCT/SG2007/000141

nanost ructures and/ or nano-particles may have an
affinity with the self-assenblged copolyner. The
affinity may be at | east one of. physical, and

. .an . - s
A e P of BB e Gy SRy P Ry, e
sem conductor, ceram c, senjconducting nano-particles, .
RBR8E FIQRASEMRyeT AN SPBPSISe T3PS p BResIangRiaNHe esl/er nano-particles
full erene, and derivatives of fullerene. The guantum
gy derfaymedizetween Goltwo lasketsver , copper, titani um
di oxi de, zinc dioxide, cadm um sel eni des, and/ or
cadm um sul phides. 15 A charge storage capability may
be able to be adjusted by adjusting a concentration of

trine sQIRARS b b8 iR a9 be A AGn A& dlicoh@stidg ot PRyRheBhed,
solution. The organic ménory device may conprisé a

PR RELIABr STl LB o 20

el ectrode, and a gate electrode. The active |ayer may
conprise a sem conductor. The thin filmtransistor may
further conprise a suppaorting substrate selected

flhg panQgiryetyres gndior pano-parkicley mapdaye ag #ffinity yrithype gelf-assembled
silicon and heavily doped silicon. WO 2007/ 136350

PopolBae0 0¢ afdyimayrberitdedstiomedt: phypi¢ahyead chemticab Mheol

| ayer may conprise a floating gate dielectric. The
hhostrucigreg ahd/otl halosparticles may be anfeastae ofti rattel; bkide ©f a metal,
and/ or a copol yner-based dielectric. The

SERIceANEHE! QrartiRY sé?ﬁicé‘ﬂddcﬁé? haRPSarBéles, Haf8thers, nanorods,
i norgani c, hybrids, and m xtures thereof. The

ing ol . v )
FARTR gty B LTSS ISR BRI gy g o
%eta 0 :eg%fcf, si?xpe?, csolplpgrr,] %ta%?urr}l \é?c}xlic}é? zinc dioxide, cadmium selenides, and/or

cadmium sulphides.

A charge storage capability may be able to be adjusted by adjusting a concentration of

the nanostructures and/or nano-particles in the single solution.

The organic memory device may comprise a thin film transistor. The thin film transistor
may further comprise a source electrode, a drain electrode, and a gate electrode. The
active layer may comprise a semiconductor. The thin film transistor may further
comprise a supporting substrate selected from: glass, plastic, quartz, metal foil, undoped

silicon and heavily doped silicon.
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The filmof organic dielectric material nmay conprise a
sel f-assenbl ed copol yner. The bl ock copolynmer film

woregn7hss3s0 r st processed using a sinple sol ventPCT/SG2007/000141

extraction nmethod to renove any ionic inpurities
before the synthesis of the nanostructures is carried
out 10 in the film Brief Description of the Draw ngs

. ' ' [v.. under st paod.

1R Sl bl b ReP Bl BmBflsd § MR FRRAc, Tpe

e descrihed by way of non-Jinitative exanp]e onl ) i
Sfpaiita G DetecllBaT raneioen elefisics andlna CORp A BAtec diglectric
description being with reference to the acconpanying
iTjhe semicapducsorgpaypamadeast pne ofe oxganis; ingsganic gmrﬁ)sstanchmaﬁures
illustration of a conventional ONO design; 20 Figure 2
therend. Thedleatiig gate Hietecfrid maybe g otlftassamblgdanonaihyes. The self-
enbedded i n pol ystyrene- poly(4-vinyl pyridine)
assefbRAMRONGlayer @ity ompkiSe ailedst bhsilaak ideAvaivean
exenpl ary organic nenory device with the self-
assenbl ed charge storage | ayer between organic control
and tunnelling layers; Figure 4 is an illustration of

dhe dilmnd] cxganio digdaviree meteoialy mdp womprise & lselffassearbldd @fpolymer. The
senbl ed | ayer actin s both the char storage .

PR ETonAmen S afor b Bred peaetssph oo EbIG SV aieetion method

Retdhgbvefan i%iﬁfiﬁg&@ﬁes%féi@&ﬁé SyiRdsRY dfethe nWkdstructures is carried out

2007/ 136350 PCT/ SG2007/ 000141 " 8 Figure 5 is an

i1 thaddmat i on of an exenpl ary organi c menory device

wth the self- assenbled |ayer acting as the charge

storage, the tunnelling layer and the control |ayer.

[ e 6,is an illustration of an exenplary
ngbﬁ?‘éﬁ’mpﬁﬂ“%ﬂﬁﬁw design; Figure 7 is an
illustration of an exenplary reaction schene for
Feendes thatthe finvggtien may pbsfully understood and readily put into practical effect

there shall now be described by way of non-limitative example only exemplary
embodiments of the present invention, the description being with reference to the

accompanying illustrative drawings.

In the drawings:

Figure 1 is an illustration of a conventional ONO design;

Figure 2 is an image of a thin film of gold nano-particles embedded in polystyrene-
poly(4-vinyl pyridine) (“PS-P4VP”);

Figure 3 is an illustration of an exemplary organic memory device with the self-
assembled charge storage layer between organic control and tunnelling layers;
Figure 4 is an illustration of an exemplary organic memory device with the self-
assembled layer acting as both the charge storage layer and the control layer, the

tunnelling layer being of a different polymeric material;
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5 PAVP; Figure 8 is a graph of absorbance of the
PyHAuC14" ions; Figure 9 is an illustration of
w@apaasdsamce vs vol tage of Metal / PS- PAVP / 1. 4nP@T/SG2007/000141
Si 2/ Si  substrate before and after annealing at 150C
for 30mns, the gate voltage keing swept from-5V to
+5V; 10 Figure 10 is an illustration of capacitance vs
oltage of..Meta /PS-PAVP-Au /1. 4nm S 02§ [.SI . he self
(LS 7 1 istption g gm sy ablay (raaRc msTeEY dere ish the selt
30m ns, the gate voltage being sweep from-5V to +5YV,
pesgmblediaysr aCkingas the gargastowge, the tnapliag dayse and,the control layer.
voltage for: (a) Metal/PS- P4VP/ 4.5nnGi Q2 / Si
Figvse 0 it an, illastoativptod laPSxEmpRry/self4asSmblsil opnplyer design;
substrate; (b) G 15 V curves of MS structure with Au
FaguepAkd dncillastraion 1 @n kkEmplary dadtfoarseéme fur @edviceion of gold in PS-
sweeps. The start/stop gate voltage is (A) -2V/+3V,
PByp: 3V/ +4V and (C) -4V/+5V. The hysteresis w ndow
for {A) is 1.66V, (B) is 2.75V and (C) is 3.45V;

or [A) is 1.6V _
FLL 811225 Bl LUSEL 8 B, At ARG OpfianCE VS

U nano- par ; i'gure 13: a TEM

i_mage. of 3-5nm synthesi zed Au nano-part | A0 .
it & Syon IO ORAGRe ek ARTIHRE 0 DSl S 4YP /1. 4nim SIO/Si
deposited on an APTES-nodi fied substrate; Figure 15
sabsiatehefare epd afterpnaealing abt a0ns] for Yommssthsgateckoltage bepeg swept
2007/ 136350 PCT/ S&2007/000141 9 Figure 16 is a graph
dfonc-dpawitAfice and conduct ance vs voltage of a

net al / pent acene/ Au nano-particl es/ APTES- nodi fi ed

Fighed [@isandhbatatiof of¥apmoraite Ve vbliregdNetyIPS-RIVP-Au /1.4nm

bet ween +5V and -5V; Figure 17 is a graph of

SROAGST aibcRard BeforO A At ARARe YA %01 3078FoPB0 ins, the gate voltage
being sweep from -5V to +5V;

Figure 11 is two illustrations of capacitance vs voltage for: (a) Metal/PS-
P4VP/4.5nmSi0, /Si substrate, and Metal/PS-P4VP-Au/4.5nm SiO; /Si substrate; (b) C-
V curves of MIS structure with Au nanoparticles at 100 kHz for different gate bias
sweeps. The start/stop gate voltage is (A) -2V/+3V, (B) -3V/+4V and (C) -4V/+5V. The
hysteresis window for (A) is 1.66V, (B) is 2.75V and (C) is 3.45V;

Figure 12 is an illustration of absorbance vs wavelength of Au nano-particles;

Figure 13: a TEM image of 3-5nm synthesized Au nano-particles;

Figure 14 is an AFM image of Au nano-particles deposited on an APTES-modified

substrate;

Figure 15 is an illustration of an exemplary MPIS structure;
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5 met al / Pent acene/ APTES nodi fi ed substrate obtai ned by
sweepi ng the gate voltage between +5V and -5V; Figure

wadora3@sgr aph of capacitance and conduct ance RGI/SG2007/000141
_voltage of netal/pentacene/ Au

nano- particl es/ APTES-nodi fied gt 100 KHz for different
gate bias sweep ranges; and Figure 19 is a graph of

T PR 8 T B B brRterR AT bR BRET Sy 2@{&5‘%‘ at %w%avgspt&cenemu
AN BR e e S b éck)ﬁ%g&mptl@éwﬁa@?t@pvo%%e

devi ces are based on silicon oxide-silicon

REEYGea Sy adcaN; oxi de (ONO) where the nitride layer is
the charge storage |ayer. One of 15 the oxide |ayers
dtguze 4% ist hgraphinhedpacitanox aod camidctahes ot Witagaof s as t he
control oxide. The nitride |layer can be replaced by a

meotal/Pehrad€ieARPTES inhodific sibsthas gBtaliet by sWiRepias meSgdtélvoltage
the nanostructures. As shown in Figures 2 and 3, and

@e@@@gqggra{ng 8. exenpl ary enbodi nent, there is 20
provi ded a char ge storage film12 for use in an

10.a has .t her

PARACHS E R o Rl GRofd B et Bitee SRl o gy entacencrau
stora ampl e, a self-assenbl ed
BPRYER Ffe%)A?&% Vﬁé&*b egﬁr @%5&% fagglfﬁeﬁﬁnt 835 piAssweep ranges; and
PS- PAVP. which has therein the nanostructures and/or

higvae pAistd grapls of quirens g voltags ofibicentrdl|semple afapol yner s

may be |inear macronol ecul es that consist of different

ietad fpsnigodnetAP TS -20dTHclimB Sitht&ad SR QoK RmM0phiticldd

i nconpatible) of different types of nonomers. These

sel f -assenbl ed bl ock copolynmers can be di bl ock
triblock or nmultiblock and may be vinyl ene-based,

i‘)%idiﬁﬁ@és@hﬁti@ﬂ?ﬁgn\&Efé}ﬂéﬁg%Eﬁ&%,%,?,%}.&ne oxi de- based

nonomner s e sel f-assenbl ed
As %ﬁ&!vﬁ 1r]; Flgurezﬁ p?reasgntbmer%gll'y]c defices ng%l bacsjed on silicon oxide-silicon

nitride-silicon oxide (ONO) where the nitride layer is the charge storage layer. One of
the oxide layers acts as the tunneling oxide and the other acts as the control oxide. The
nitride layer can be replaced by a nano-structured film. The charge build up occurs in
the nanostructures.

\\
As shown in Figures 2 and 3, and according to an exemplary embodiment, there is
provided a charge storage film 12 for use in an organic memory device 10 and which
has therein nanostructures and/or nano-particles 26. The charge storage film 12 may be,
for example, a self-assembled block of a copolymer film such as, for example, PS-P4VP
which has therein the nanostructures and/or nano-particles. The self-assembled block

copolymers may be linear macromolecules that consist of different blocks (often
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nonol ayers. Sel f-assenbl ed nonol ayers are the
spont aneous organi zati on of nol ecules, nolecul ar

webkwgtai3s) and aggregate structures into PCT/SG2007/000141

t wo- di nensi onal arrays and three- dinmensional networks
by attractive forces or chem gal bond fornation.
Sel f-assenbl ed nonol ayers may be silane derivative

nol ecul, The nanost ruct ures.and/ nano- ticle
SO} HENef LIPS DB OLPRIGers LRt oS PR Pipe ¥8°P51-‘fmefs
t he sel f-assenbl ed nonol ayers 32. The nanostructure
strdveodibleskdriplockios nudtideckand ey Rnvigyeaerbase awythacrylate-based

vi nyl ene-based, 15 nethacryl at e-based, or
pnd/yepdiyétbylenmwtide—b@denbrbmcd( copolyners that are
capabl e of self-assenbly and provide a phase for the
reduction of the precursor to nanostructures and/or
nano-particles 26. The sel f-assenbled organic filns 24

g:g%g&m kryﬁ%uf?@‘?ﬁé AN RBled eﬁgaﬁfc A2 RAY bk S1LasseRBled

ceram c, sem conducti ng

gﬁ)glﬁ{ g%rsg.ﬁqﬁé assb la(%ﬁ(!)rg)%{y% Ls dre Pl%ré %)I?tgéﬁous g%ﬁ aﬁgﬁ Sf molecules,
silver, per, tltanlun1 di oxi zi.nc di oxi

el i Gl i S g e 5 (b g PioB aiays apthree-
fullerene derivatives. The nanostructures and/or

dinensisagk netwerks by/agrctine firepsms chemaicplbang forpationy Selfrassembled
each other. This nmeans that there can be many charge
stonohgers meayt eesilane derivatise niddecdl®s.7/ 136350

PCT/ S&G2007/ 000141 11 centres will not short. The

nanostruct ures and/or nano-particles 26/ 30 used in
block copol yners or self-assenbl ed nonolayers may be

Ofh e odTRicRlres 8?8/(91%1 Qr artRfR130 phb&@taiR@d/or chemical

potentl al to store ges The charge s?or age
[ n_b t he concentration of
?ﬁﬁ‘%ﬁ gg%/sre&aa[sa% leﬁ?ﬂﬂl %pol ymer film 12 or on
the 5 self-assenbled nDnoIayers 32.
The nanostructures and/or nano-particles 26 may be embedded in any vinylene-based,
methacrylate-based, or polyethylene oxide-based block copolymers that are capable of

self-assembly and provide a phase for the reduction of the precursor to nanostructures

and/or nano-particles 26.

The self-assembled organic films 24 may include nanostructures and/or naro-particles
26/30 of metal, ceramic, semiconducting nano-particles, nanoclusters, nanorods,
nanofibers, quantum dots such as, but not limited to, gold, silver, copper, titanium
dioxide, zinc dioxide, cadmium selenides, cadmium sulphides, fullerene, and fullerene
derivatives. The nanostructures and/or nano-particles 26/30 shoﬁld not be in contact

with each other. This means that there can be many charge storage centres and these
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The device 10 may be a thin filmtransistor and may
have a supporting substrate of glass, plastic,

wa@eartzedsiet al foil, undoped silicon or heavi | PCUSEEN7/000141

silicon. The device nmay also include a sem conductor

| ayer that is organic, inorgapjc, hybrids, or mxtures

10 thereof. The device 10 is shown in Figure 3 and has

a source 14 rajn 16 an ate.18. The .tu ing .

Py w3l o ot EhEutosERctp S afuaBonP ot A0 bk in plock
and may be formed of an _inorganjc, organi c or

eapelymers ofelf-assembled magnolaysrs may he akanyigetab oxids1 & a
polymeric 15 dielectric material such as pol yvinyl
sdngiobrduc(or Ehadh)s potentia) tosthesrchprgey.ihei aharggtstorgd capapility can be
a reasonabl e dielectric constant. The charge storage

hdjusted Byt tieaRa¢Sation of the nahest@etursstiabagk copblymb? filihdl or on the
has el ectrically isol ated nanostructures and/or

8 RssPRblel thdlaRrs 32Thi s nmeans that there can be many
charge storage centers and these centers will not
short due to them bei ng separated by the copol yner
film12. An active layer 28 is used 20 and to which

e . squr 14_and drgin 16, el ectrodes are_ connected.
Hheaied [Emexnpen top e trsiskos i Fpy BRvah Sy SubStrae of
sem conductor such as, for exanple, pentacene_or )
glessy plastp igupdz, mial fads wadepedigitiporper hegyily appdasilicons The device
supporting substrate. W 2007/ 136350 PCT/ SG007/ 000141
iy Alsoshaiwde 4 senkicopduetot layieh thatlsvdrganid, Gnorggnibabybritlher mixtures
sel f-assenbl ed charge storage film1l2 wth
RSt ructures and/ or nano-particles 26 acting as both
the charge storage layer 24 as well as the contro
| ayer 22. Alternatively, the self-assenbled charge
storage film1l2 wth nanostructures and/or

- | cl bo,

FAE 85410 8558w FRT hnd BndironS. ARGL IS 531 4B 96, The
Fi e 5 the se|f-assemhl ed gharge. storage film LS
bl lige Tyer 2 %%@Fg@ngéﬁ%@? 3y Both dkigle<res m?yléezf%ed of an
wel | as the tunnelling |ayer 20. )
inorganic, organic or plastics dielectric material such as, for example, a polymeric

dielectric material such as polyvinyl alcohol (“PVA”) or any other polymeric material
with a reasonable dielectric constant. The charge storage layer 24 consists of the charge
storage film 12 that has electrically isolated nanostructures and/or nano-particles 26.
This means that there can be many charge storage centers and these centers will not
short due to them being separated by the copolymer film 12. An active layer 28 is used
and to which the source 14 and drain 16 electrodes are connected. The active layer 28 is
preferably of an organic semiconductor such as, for example, pentacene or

polythiophene. The active layer 28 may also act as a supporting substrate.
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10 The charge storage film 24 may be nmade using one of
two different self-assenbly nethods each of which are

w@Riog/18635be used with plastic substrates at PCT/SG2007/000141

tenperatures below 100 C. In the first nmethod the
charge storage film24 is a spjf-assenbled copol ymer
filmvvith 15 in-situ synthesized nanostructures

&33bun SRR e orvins @mﬂ%ﬁﬁ? o 15 PHPIEN <Biped S film 12

film A single solution na repared with both the

Wb FlRpeRtuC g SARE{ T Rapgrgattisles aa ﬁéﬁb%& 35 bottlp thecharge starage layer 24
Reduction may also be carried out in the solution.

ThweN asthesontyoldaydrl?e. Atbmati vy, thy sdifasacinbletietiarge storage film 12
di fferent deposition processes. This provides

RathGrafédtiuc flr&Sand/ R thafle-pardiclea 26 lce attes BOtH the ehdrgs storuge layer 24
negat es the need for tﬁe nano-particles to be soluble
bOwENgs AR YR lidd 1 g?@r 22Thi's is useable for _
nanostructures nano-particles of any suitable
materi al such as, for exanple, gold, silver,

alum nium cobalt, iron-cobalt alloy, and so forth. By

e B TS ool 5l B o wo s Wage, e

PCT/ SG2007/ 000141 13 prepare the organic charge

sewsrdl tayer 33 ay well as thedugnedlingdaverdOage | ayer 24 may be
manufactured with the control |ayer 22 and/or
tunnelling layer 20 in a one step process. An organic
thin-filmtransistor ("OIFT")-based nenory device

TROERE3E 6t6fgh FOBSASMASESmade dischie GasoHfednCRIdsydrably
conposite filmas a floating gate dielectric |ayer for

HRARY e ARl vRat ngsabté)’to iR usdd With %F%ts}@ ﬂt&rg%s at tem ratures below

nanostruct ures and/ or nano-parti edded | t he
i@% assenbl ed copol yner conposite film In an

éﬁlary enbodi nent: The control |ayer 22 of a
material such as, for exanple, polyvinyl alcohol, is
spin 10 coated on the gate el ectrode 18. The gate

el ectrode 18 is of any suitable materi al )
In the first method the charge storage film 24 is a self-assembled copolymer film with

in-situ synthesized nanostructures and/or nano-particles that may be, for example, spin-
coated, screen-printed and/or inkjet-printed onto the film. A single solution may be
prepared with both the copolymer thin film and the naﬁoparticle precursor. Reduction
may also be carried out in the solution. The viscosity of the solution may be adjusted
for different deposition processes. This provides nano-particles that do not aggregate
together and negates the need for the nano-particles to be soluble in the polymer film.
This is useable for nanostructures and/or nano-particles of any suitable material such as,
for example, gold, silver, aluminium, cobalt, iron-cobalt alloy, and so forth. By using

this method, a one step preparation, mixing and deposition process can be used to
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such as, for exanple, gold. The nenory |ayer 24
consi sting of the nanostructures and/ or nano-particles

WO 8000h84350 spi n coated on the control |ayer 22.pPCiTk&2007/000141

tunnelling |layer 20 of a material such as, for

exanpl e, pol yvinyl al cohol, i 15 then spin coated on

the nmenory |ayer 24. The active |ayer 28 of an

organi ¢ sem conduct or. such i O exanpl e e cen

SrEIRE e Rpame e g i o TedhoFei R HESTAEER B

by one or npre of. thermal evaporation, spin-coating,
Frmugactused With gheepntroriayersey gndéor tunnelipedaysr01p apng step process.
t hen generated by using patterning. 20 The second

method is illustrated in Figure 6. Here,

nanostructures 30 are manufactured that are held by

| Aay@rzanid thiafidm3daneistop €O TEE Y eubd e monodevyceerfabrication process uses
("SAM's). In one exenplary formof the nethod, the

@5k Bisd MBI Scopblythd ebmpdsitd Bint £ ARz DMtd AYIBESic 3&/er for
and 34 of the sélf-assénbl ed nonol ayer.” The

I o . .
3ROy s R o RSy BRe T bt Ripirhtpel indB pang-parcites
nmonol.ayers 32.. 34 d,are .deposited. op t first Jayer
SBe4dhl T el ghdoribiea ROg BB Rtk Bira B i Fiag by
then deposited on the nanostructures 30. The active
CEWPAISPE i s then applied. If required or desired,
| ayer 34 may be deleted. 5 Figure 7 shows the
r edudhé oonted leyere22 of a mater sitches| for efample giol yvasyd etdoheld is spin
copol ynmer conposite filmas a floating gate
di el eedt¢d on thapate dlevtrode n®r Pheagnd ele@tdders.is bbsr suitable material
particles are synthesized in-situ in copolyneric

sol ukicpnisaleetdigplbidolai s then deposited as the active
| ayer in an organi c nmenory device. The nanoparticle

prec ?‘hg‘ R{eﬁ%{) C?&ygliqﬂg ?Jn?ﬁ[éﬁ% Sfible Mah e QPR MR ngl%-ﬂglritiglrés is then

and ere recursor to

spin coated on the control layer 22.

o The tunnelling layer 20 of a material such as, for example, polyvinyl alcohol, is
then spin coated on the memory layer 24.

» The active layer 28 of an organic semiconductor such as, for example, pentacene
or polythiophene is applied to the tunnelling layer 20 by one or more of: thermal
evaporation, spin-coating, and being printed.

o The source 14 and drain 16 are then generated by using patterning.

The second method is illustrated in Figure 6. Here, nanostructures 30 are manufactured
that are held by layers 32 and 34 of self-assembled monolayers (“SAM”s). In one
exemplary form of the method, the oxide layers of Figure 1 are replaced by layers 32

and 34 of the self-assembled monolayer. The nanostructures 30 have an affinity to the
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10 nanoparticles is carried out in the solution.
Followi ng that, the filmis cast on a thin oxide

wo a90en3d3so f orm t he active [ ayer for one of. che€meG2007/000141
storage, both charge storage and control dielectric,
or charge storage and both t control and tunneling
dielectric. 15 This nethod preparing the active
| ayer reduces the need to nodify the surface of_ .t
%@Hyrﬁs%ﬁl?lﬁ‘il goaelagens §2. $hand arp 4gpasites op He tist 3% 5%? Riher
particles will not aggregate together. Aggregation of
laper danftseifiassembded monagysrtis than depnsited gn e napesiruckaes 30. The
particles. The organic nenory device will be highly
dckie¥ rddliéh 2818 thdioapplisg I6fequirad opdesited) lager3d minobd deletod.
occur, even when bent. This nmethod can be perfornmed at
tenperatures bel ow 100C. The exenplary nmethod for the
in-situ synthesis of the self-assenbled copolyner film

; .
BRI, SPY B i rorle SRR R B cilod qpotymmer
copol was first di.ssolv in toluene and a

st Tlinds & SoptRe gbHBLEm ok REHH aeatvs Naye
ionic inpurities. This is done by washing the PS-P4YP
pasticles arm syrtbomizeskin-sity dn Cmﬁé?le%%%m%mdﬁéﬁ fijrg jpthey deposited
and the tol uene phase containing the PS-P4VP can 5 now
dsethp petbiedayeatirean drganiciiecraony.deVice. PBe pangpatticle precursors are

re-di ssolved in toluene (concentration being in the

moo@eradd ihtAdcilyther splvgibarad e leeanpnofgiaprpcursdk to
stoichionetric equivalent of tetrachloroauric acid was

ﬁﬂl@@ﬂﬁkﬁs fderid £&ltliRtheSBlution OPo1MWilg (€ thétiliR is cast on a thin
HAuC14: 4- VP being in the range of 1720 to 1:1,
8)&8@ Elrygxbéo)%orm the active layer for one of:

charge storage,

both charge storage and control dielectric, or

charge storage and both the control and tunneling dielectric.

This method of preparing the active layer reduces the need to modify the surface of the
nano-particles prior to mixing with the polymer so the particles will not aggregate
together. Aggregation of the particles could result in shorting between the particles.
The organic memory device will be highly flexible and shorting of nano-particles
should not occur, even when bent. This method can be performed at temperatures

below 100°C.

The exemplary method for the in-situ synthesis of the self-assembled copolymer film

comprises:
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being 1:5. Protonation of the 4-VP units resulted in

the formation of a poly-ionic 10 block. The solution
woR®7ikes treated wit h hydrazi ne nonohydrat e. BeDsGHO7/000141

of its polar character, in the core of the micelles

t he hydrazine is preferentialgy taken up where it

reduces Au 3+ to Au. The excéss of hydrazi ne (if any)

was renoved directly after reductjon. addi ng aquequs

hy d PebyistyseriecPalpdavinylpyridng) (BS-PIYP) @HP CPRQlVRieE Was frst

hydrazi ne and precipitation of N2H5Cl assists in the

| onglisselved it tahiché ayd @folvéns exwhdtion dadcegs is paplaintpd, to Tepeove any

preci pitated hydrazi nium chloride was renoved by

centigdié uapuiities.Ties Gafiak pievashing tid PS-PdyPmoligiongn twaer. The

charge storage |layer 24, a control layer 22 and 20

the J10n8bld i8 thend¥Mbvedand Y tddeend PRhdctbntAnig B BPP4VP can

silicon‘substrate (as gate 18) by spin coating at a

For e iRed oo BRERE RIS SIS hedd Rus

per ne on secon

pref erably 60seconds. After n-coatin t.-he .

c opdFSAsERITation Remg n the Lapscof ]Z'Eb H%gg eprlpge%télyggmf&g}gé%)

C, preferably at 150C in a vacuum The annealin th?

i s iAstolebiongige eativaentsf faitahlofeaurio aﬁédf{@,adﬂ?fb@ég%ﬂl‘? lar
for 72 WD 2007/ 136350 PCT/ S&007/000141 16 hours.

Af t eplutioa wdtythe rticdiAo€l,cle¥BIbgingrin thd 1anghoich2@ end i preferably
t he nanostructures and/or nanoparticles 26 of gold,

t he REld M8 PravRhtidBoef thourvRudid eadtedriaite fbfimavumeof a poly-ionic
formed by subsequent thernmal evaporation. Figure 3 is

a sgljggmtic illustration of the device structure. 5

As shown in Figure 8, there is a shift in the

o RS A B SHE P e Wt g1 ot
o nsch\zir%gtieiqg gheaclorrrg (S)% the micelles the hydrazine is preferentially taken up where
it reduces Au>* to Au’. The excess of hydrazine (if any) was removed dire;:tly

after reduction by adding aqueous hydrochloric acid.
« Neutralization of the excess hydrazine and precipitation of N,HsCl assists in the

long-term stability of the colloidal dispersion. The precipitated hydrazinium

chloride was removed by centrifuging.

The copolymer solution comprising the charge storage layer 24, a control layer 22 and
the tunnelling layer 20, may be applied to a p-type silicon substrate (as gate 18) by spin
coating at a speed in the range 500 to 6000rpm, preferably 2000 rpm for a period of
time on the range 10 to 120seconds, preferably 60seconds. After spin-coating, the
copolymer film may be annealed at the range of 100-200 °C, preferably at 150°C in a

vacuum. The annealing time is in the range of 30 minutes to 72 hours, preferably for 72



i nstant aneously. The absorption band at 525 nmis
characteristic of the surface plasnon resonance of
wo b@74s@bd Au nanocrystal s that appear (curve BYT/SGDOA000141

nmet al -i nsul at or-sem conductor ("M S") heterostructure
after anneal i ng was fabricat?g to investigate the
charging effect. A p-type sil'Fcon substrate is used
with a thermally grown 1.4nm silicon dioxjde on top.
hotws. Bfterthe depesitionsdt copokypien filiparhieh epmprass the pajosEhetiyres and/or
by deposition of the top gold el ectrode by thernal
neneRoticies 2hoft guld ulghaciive Jayeh 28.0wurmssié 2ol 3@o 1§rvere formed by
di aneter size. The annealing tenperature for the
s@bRgho Bhermil dvipoReon.| ﬁﬁ@b BVi€ atsbigengdtizsiHudtrasios iof therdevice
tenperature of the block copolynmer (110-150 C) for at
shf@Ste. 30 m nutes. The capacitance-vol tage (G V)
neasur enents were obtai ned using an HP 4284A 20

5 Precision LCR Meter at a frequency ranging fromlkH to
IMHz. Figure 9 shows the C V neasurenents at a
frequency._. of MHz.. An . ljtyde of 15 was .
A peviontp Suue S otiea geTiin sbe AbaDroR SBRIHHEh PL b Frduction of
carried out at roomtenperature and_ i.n apgbient
therpiurpoeaveser. Thagbsadzncedewse apofithsEyihAubhoiong vagished almost
There is a negative flat-band voltage shift (AVi a)
iastiostancvnsigalhaabsofptiph dand poi A5men if ¢Hamacteriftic of theghdaeegdasmon
that there is less electron trapping in the anneal ed
rbddnfhcd $MAEE smhll At iahScristald dsed iaPpdair (aured b). educi ng t he
defects, and charge trapping sites, in the copol yner

10 filmby the annealing process. The decrease in
capacitance in the accunul ation takes place as 5 the

rocess of anneal i h r . .

B3R B SR AR lg e i
t hrough the charge-trapping sites wll be |imted.
(PRSTEh e RETE CiRsack PATRSS Bovy psYS rpsed g thermally
portion of the mcelle (P4VP core) will contract_ upon
grown 1.4nm silicon dioxide on top. The block copolymer is spin-coated on top,
followed by deposition of the top gold electrode by thermal evaporation through a

15  shadow mask of 300 pm diameter size. The annealing temperature for the copolymer

film used is above the glass transition temperature of the block copolymer (110-150 °C)

for at least 30 minutes.

The capacitance-voltage (C-V) measurements were obtained using an HP 4284A

20 Precision LCR Meter at a frequency ranging from 1kH to IMHz. Figure 9 shows the C-
V measurements at a frequency of 1 MHz. An amplitude of 15 mV was superimposed
on the DC bias. All experiments were carried out at room temperature and in ambient

environment.
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annealing. Wth the smaller extension of the polar
portion, there will be reduction of charge density

W@ poog/13688mker el ectrostatic repul sions) aroundPCTieGRIVR0141
core. This will 10 nean a snaller hysteresis |oop
(fewer electrons or holes mAHQ be induced in the MS
structure) or shift in the flat-band voltage. But it

is also possible that the difference in _capgcjtanc

There ise2 negativadlaithapd voliagerl (A Ve Attenanneal e hespopglymer film.
and annealed sanples is due to the difference in the

Hhie inslicatdschas shere éaless eéctiondrappingdm tecanagaled §lm Jence) thgre is a
copolymer. 15 The stability of the mcelles is

oskidii ¢ df tedocing e dedeuds, agd cfiardeitragpingsites| inl the copmilyroer film by

the polar portion is converted to an iononer bl ock.

hBGnARfHE broebsst Thé décte A8 dVhpaditdncd if e HocumvIbesLrakéieplace as
Is little or negligible flat-band vol tage change for

t?%)ﬁ)gos\'l\(g"”ﬁpﬁgﬁﬁrg%ag Ruc@f the 5],11?13918@1] d.flﬁxt%?-e@%'pgig%’ﬂ@ ajd thus the

cdpacl tance-voltage o structure

usi PS- PAVP as .th dielectric | r..at K 0
diiest oy meeh oSty e Bansr b gt st B iad deate.ane

MS structure is using a n-type siljcon substrate with
egpaciinge deqreasen 1he oRlad eomn@% E‘?e miggHe %YR/%O%XYE?CQ@&“ upon
then spin-coated on top, followed by deposition of the
armpealipg. IV i0Oh2 (61l lE363SB10RCT HSGrda7p@iot 4here 18ll be reduction of
el ectrode by thermal evaporation through a shadow mask

eHar@Oenbitgl (iR e iter slecRosttin repiilbionsyarvendiint PAVP cére. This will
nano-particles, there is negligible hysteresis

RBSES ViadidrigseakisnSop BOFEM&Rhs bf RABSWHiIERAaSd i thd®IIS
fabricated Structure. The hysteresis is defined to be

§t1hu%tur£)l o%tshﬁ?ﬁqhg ﬁlai-ﬁ‘ﬁl%l V%ﬂhéé BuPit is also possible that the difference in

capacitance in the accumulation regime between the non-annealed and annealed
samples is due to the difference in the dielectric constants of the non-annealed and

annealed copolymer.

The stability of the micelles is enhanced upon the loading of Au nanoparticles, since the
polar portion is converted to an ionomer block. The result of this is shown in Figure 10,
where there is little or negligible flat-band voltage change for PS-P4VP-Au before and

after annealing. “

Figure 11 (a) shows the capacitance-voltage of the MIS structure using PS-P4VP as the
dielectric layer at 100 kHz on MIS structures with and without Au nano-particles. The
MIS structure is using a n-type silicon substrate with a 4.5nm silicon dioxide on top.

The active layer is then spin-coated on top, followed by deposition of the top gold
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Figure 11 (b) shows the capacitance-voltage curves of
the MS structure with Au nano- particles at 100 kHz

wo 2007d3d36@r ent gate bi as sweeps. The start/ st opCHsGE07/000141

voltage is (A - 2V/+3V, (B) -3V/+4V and (C) -4V/ +5V.
The hysteresis wi ndow for (A) és 1.66V, (B) is 2.75V
and (C) is 3.45V. 10 An anti c]r ockw se hysteresis
i ndow in a range of 0.4 to 3.45Y is obseryed fqr the .
FHME o oA <R aReSEAT ek 2 SHagRarRg oS0 W Rl size. Fo
of operating voltage used, indicating a net hole o
theapisyenyyitheyted namhparticlghetherehis I@gbglhi% Iigteyesis elpsrvedHadicating
bigger is the 15 hysteresis wi ndow. At the influence
aisenegefitrappedyeliaggesah tlagiabiicydql stedture.drhethyptermsisab defined to be the
el ectrode), holes may be injected fromthe substrate
flaMsngiveRadeahgt, and may be stored in the Au
nanoparticles by a direct tunnelling process through
the ultra thin oxide. Wien the voltage is swept to
positive value, the stored holes in the Au _
Fanophl th)chewss el daphatanéd-vslieed comtes of ¢euMi$ sigudtwretvith Au nano-
shift in capacitance characteristics. 20 A higher

patiERE bt 200 RAz Tor digfertab gmariAsCdvaeps. MHehgart/stop gate voltage is (A) -
sel f-assenbl ed copolynmer filmmay result in a better

ggﬁﬁﬁ (B? qwlgﬁv%ﬁai‘gb -4\’/¥5V}"f{&ﬁ§y§éﬁ@s§%}ﬁﬁw foff\‘éAm 1966V, (B) is

e pafticles contro arge storag
kb L .t rgani ¢ nmenory. WO 2007/ 136350
z%$&§@§6ggﬁdgg?§1 19 Anot her exenpl ary process for
the fabrication of OTFT-based nenory devices with
sel f -assenbl ed nonol ayers and nanostructures as a
floating gate dielectric |layer may be inplenented by:
Depositing a self-assenbl ed nonol ayer 32 on a

substrate. 5 Depositing nanostructures 30 with an
Ahf amictocktvizet hystesesis wastosrid edrangmof &yeto 325V is observed for the

sample with Au nanoparticles, depending on the range of operating voltage used,
indicating a net hole trapping effect. The higher the operating voltage, the bigger is the
hysteresis window. At the influence of negative gate voltage (applied from top metal
electrode), holes may be injected from the substrate inversion layer and may be stored
in the Au nanoparticles by a direct tunnelling process through the ultra thin oxide. When
the voltage is swept to positive value, the stored holes in the Au nanoparticles will be

flushed out, resulting in the shift in capacitance characteristics.

A higher concentration of Au nanoparticles in the self-assembled copolymer film may
result in a better charge storage capability. Hence the concentration of noble particles

may control the charge storage ability of the organic memory.
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on the self-assenbl ed nonol ayer 32. Depositing
anot her | ayer of the self-assenbl ed nonol ayer 34 on

wo b@7/18@sst ruct ures 30. The organi ¢ seni condeCT/862007/000141

| ayer 28, such as pentacene or pol ythi ophene, is 10
applied to the other |ayer 3419f the sel f-assenbl ed
nmonol ayer by at |east one of. “thermal evaporation,

pi n-coating, and bei i.nt ed sel f-assenpl ed |
?éeﬁﬂneawmﬂ r@%af@%ﬁ%&ﬁw&@%ﬁ@bﬁw TRETROTY g uigPE With
menory is then deposited on the sem conductor |ayer
scif-assemibled monnlaesy andgrangyiugtranis pleating| sate dislpctpie layer may be
carried out by the use of a nodified Turkevich method
whplelmeneddyt ri sodi um citrate (Na3C6H507. 2H20) as the
stabilising agent and sodi um borohydri de (NaBH4) as

tke D@ﬁ&%@a S isembled MbnOkSBPR6Y a bebstate. 0. 5 m  of
0. 01M hydr ogen tetrachl oroaurate (I111) (HAuCl4. 3H20)

s B o | of M A h
The Depaildhottrnfih ) vifhan AN ST B S o1 Hhrotaver 32
1:1. _The spluti s diluted with 18 ml of deionised

wat eP™ Qﬁ&egﬁﬁelngng?d/\%pg&ﬁwré?. 0. 1M NaBH4 aqueous

sol uti on was added drop-by-drop and the sol uti on was

Sei r PeResitE ang %gdsmﬁhe ?ﬂg-agssnﬁhddﬁ%@w gfton the

undi sturbed for two hours. WD 2007/ 136350

PCT/ S@@809teee341 20 As shown in Figure 12, the Au
nano-particles were characterized using UV-Vis and

skowEhe argpeialsemicoadytadayat28] such@9 péntacend e pblythibphene, is
presence of spherical Au nanoparticles, produced by

the fgalidetd @i dPher MYeE34 of teRBIF QMBI DRLAGM S tat dast one of:

the Treducing agent. The size of the Au nanoparticles

can fenfQesh50resh, (58 Pobdifs, tidbeing printed on the self-assembled

monolayer.
o The source 14 and drain 16 for the organic memory is then deposited on the

semiconductor layer 28.

The synthesis of gold nano-particles may be carried out by the use of a modified
Turkevich method which used trisodium citrate (Na;CsHs07.2H,0) as the stabilising
agent and sodium borohydride (NaBHy,) as the reducing agent. In an exemplary form,
0.5 ml of 0.01M hydrogen tetrachloroaurate (IIT) (HAuCls.3H,0) was mixed with 0.5
ml of 0.01M trisodium citrate. The mole ratio of HAuCls.3H;0 to NasCsHs07.2H,0
was 1:1. The solution was diluted with 18 ml of deionised water and stirred. 0.5 ml of
0.1IM NaBH, aqueous solution was added drop-by-drop and the solution was stirred for

30 seconds. The solution was left undisturbed for two hours.
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5 image of Figure 13. Droplets of the gold colloids
wer e dropped onto a copper grid with holey carbon

WO pdom13a360 dri ed in vacuum Figure 13 shows PCT/SG2007/000141

nonodi spersed Au nano- particles of approximtely 3-5
nmin dianeter. For the renngﬁj of possible organic
contam nants fromthe substrdte as vveII as the 10

assware_used faor solution osSi t nha
3&8@9%}4 Rigure 12ofedh %&%W%g@&ere e u%%UV -Vis and
enpl oyed, followed by RCA clean (HCl: HQOZ H20 = 1:1:10
Medmakm’zomteﬂy 30914 By, duate ghe presencecaf spherienl Alh e
silicon substrate surface is rich in hydroxyl groups,
nériophrtiates, proéutetl dylthenkedtitteon of HAuCly using sodium borohydride as the
3-am nopropyl -triethoxysilane ("APTES') nol ecul es.

Eaaamﬁglag&ntmemli@éﬂ A AORRESpa8@i1és undR et thinvarTedma Yiey TEM

formed on a 15 silicon surface by imrersing the

A ey
ﬁt%ég PRSP T DBl oring BpldCct bl e aiBpcaontd o copper grid with
S nse cessivel . d_dei oni zed
iR pAtBen FLA30E oBHS F BttR, Mahl 1730 A hrRE B pSt SR -
dried with nitrogen gas. Finally, the substrates were
pakieles PhanpsRimaiely &1 R imdigmetebr 30 - 60 i nutes to
conplete the Si-O bond formation. 20 A nonol ayer of
am no-substituted silane on the silicon was confirnmed

by ellipsonetry, which revealed a filmthickness of

Pothe lemdiag of possibiesiganit coltemBiadtd fray elie sbstrateransall @slthe
separately on an unnodified substrate first and

1adwAChRd fbF wﬁdd}ﬁdeg?ehﬁbn | AR WRRS00H ﬂ&ﬁﬁé&rated H,S04: 30%
CT/ SG2007/ 000141 t hi ckness determ ned for the

$E5S, SRR AONRESY 9 CBLS, EHORHE0 T1s 10 0
RFEERH St TS0 ARATRORERLE B URLA GRS »g& o i

I nmersing the substrates into a colloidal solutjon of
Birexyl repsawhich agssused to link the 3-aminopropyl-triethoxysilane (“APTES”)

molecules. The amino-terminating APTES self-assembled monolayer was formed on a
silicon surface by immersing the silicon substrate in 5-10 % volume of APTES in
absolute ethanol for 1-2 hour. The modified substrate was then rinsed successively in
ethanol and deionized water to remove any loosely bound molecules and blow dried
with nitrogen gas. Finally, the substrates were baked in vacuum oven at 120°C for 30 —

60 minutes to complete the Si-O bond formation.

A monolayer of amino-substituted silane on the silicon was confirmed by ellipsometry,
which revealed a film thickness of 0.9 nm. The thickness of the SiO, layer was

measured separately on an unmodified substrate first and subtracted from the total layer
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6-12 hours. The pH of the gold colloid solution was
adjusted to around 5-6. Since the solution of the

w@eiod/1sa@no- particles was slightly acidic, addi Pgr/sGime7/000141

solution to the amno- silylated substrates led to the
protonation of the amno groufjs on the surface. Such
positively charged substrate surfaces enabl ed

el ectrostatic attraction of at i veI 10 char ged
@ickpess detsrmpiedifonige @&E&@ﬁ@fﬂs? tcoreied S zégls%lbgtﬁt%ﬂé@
were renmoved fromthe solution, rinsed with deionised
differenceiindthiskoess gidlésthaithipkness efge ARJES layere AFM i mage
of Figure 14 shows a densel y-packed | ayer of gold
nano-particles. A netal -pentacene-insulator-silicon
("MPIS") structure is shown in Figure 15, where 15

PRAS ﬁﬁl?o bartitRE wafd ds¥EnBIRI oA AathinB tein@n@ed Sicod Bbstrate
n-type silicon substrate 36 is used as the gate

GG} Bt E“E"A“‘?EQ AT TRen BARARe | ot o
GRanoER ot bt 1l 3 RO SR8 e

| ayer 28 is thermal Iy evaporated, at a. deposition
sokitioniihp geld mano-pertisles was shghflvAdfieadding tg\S sglu§ign &o the amino-
10"6 -10-7 torn, to form 20 a 455-nmthick film The
dilyfaterbsubistratee et to the protophtiqrudfidheamins groeppamthe gurface. Such
deposited by thermal evaporation through a shadow

Poilvedf clbgtdgibsttadrBirticesém®led MR 2064t 3HAbEon of negatively

PCT/ S&007/ 000141 22 The capacitance-voltage

éfﬁ?gcédrc@ﬁrﬁ@-tsﬁabﬂﬁéﬁ 8ld BnbpLEHEHN The sabdRtRIweke kdioved From the
and an anpl |§ude of* 15 nV was superinposed on the

i%ﬁltp séﬁ! \JV% ABHEEHAEP a P 1B w (ﬁ?erd ﬁ‘?m%%%r?éas gﬁénAFM image

& artie I'n" vacuum envi ronmen
16 sho he c i tance-.vol t age and

%fﬁﬁa%fst@ﬁg@ Sensl prsra e PERT B P dRancy of 100
kHz i s used) of the MPIS structure with deposited gold
nanoparticles, where the conductance peak corresponds
to the flat-band voltage. The conductance peak may be
Assaialimneend-tisulatversiicoh IPIRIR structtteds slapyuineFigwe 15, where
em ssion of electrons by the
pentacene is the active semiconductor layer 28. The n-type silicon substrate 36 is used
as the gate electrode 18, with 4.5-nm thermally grown silicon dioxide 38 above it. The
gold nano-particle layer 30 was deposited on the SiO; layer 38 at room temperature and
pressure by chemical self-assembly. The pentacene layer 28 is thermally evaporated, at
a deposition rate between 0.1 — 0.5 nm/s and a pressure of around 10 -107 torr, to form

a 455-nm-thick film. The top metal electrode 40 of gold was subsequently deposited

by thermal evaporation through a shadow mask of 300 um diameter size.
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gol d nano-particles or the pentacene/gold
nano-particle interface; but not to the 10

w@enrassne/ APTES i nterface states. This is froP@CESG2007/000141

conpari son with the observation of the control sanple
wi t hout gol d nano-particles ok,Figure 17 as it has no
conductance peak. As shown in Figure 16, a cl ockw se
steresi s w ndow of 1.25V occurs on_doubl e
8 srerny g arasratents REE & AP ARes ot i - 1 Mk an
the influence of a negative gate voltage, holes can
38 ampligidead 10 m¥ vas éuwr@pqﬁa%en HherPE biass Adlaeasreenents were
pent acene accunul ati on |ayer. Mst of the holes that
semied pueaitrodmi temperatiee ewshigluatiusn ebvinehnagnt (H)™ gl dorr).
nano-particles are collected by the gate or the
substrate, leading to a gate current or a substrate
current, respectively. Upon applying a positive gate

e 96 sh&?@th@ eRpRtar@- N8Rl édﬁdﬁ&ﬁn&%cﬂta}g? characteristics

nanoparticles are forced olUt, resulting in at - ban

| t i f . teresi s kn .
{BHARy S10d i B0 RO SR iR A BEER! St Hanoparices,
pgsitions in conductance-valtage are apoyt 1.25V. The
BRin & Condibenan cesames o b DB Rk tres e mdictance peak
means that only single-electron or single-hole
mayhsiasepoaied wethepergpilerg dag knths copipee andsarssen ofiglecitpnl by the
t he peak in conductance around the flat band WO
20li1ah 3 §RBE1RCT/IBPOMe0OSdd han@Batiskedinterfane;ibut hotad dise
that a trap event had occurred where an el ectron or

Ipohtecdns/ SR TES thidi€ice s@sATHIR BRI tal lnfparidfiewth Gieobservation of
these hysteresis and peak shifts may be attributed to

ARl @itrof £ARAE FithBui JHq ﬁ%%ﬁc%l@sdoﬁqg?rerl@% PRstdodofifuctance

or at the i'nterface of the gold nan particles.

%&t es at the APTES or at the APTES-oxide interface
y not be responsible 5 for such behaviour. Figure

18 shows that the increnent of the maxi mum operation

bias from5V to 10V increases the hysteresis w ndow

of the GV curve from1.25 V to 2.05V. This indicates
As shown in Figure 16, a clockwise hysteresis window of 1.25V occurs upon double

sweeping. This indicates a net hole trapping. Under the influence of a negative gate
voltage, holes can be injected into the gold nano-particles from the pentacene
accumulation layer. Most of the holes that are injected into the conduction band of the
gold nano-particles are collected by the gate or the substrate, leading to a gate current or
a substrate current, respectively. Upon applying a positive gate voltage, the stored
charges in the gold nanoparticles are forced out, resulting in flat-band voltage shift.
Both the magnitude of hysteresis in capacitance-voltage and the shift in the peak
positions in conductance-voltage are about 1.25V. The single conductance peak
observed in two directions means that only single-electron or single-hole trapping and

de-trapping events were observed. As such the peak in conductance around the flat band
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that nore and nore holes are being trapped by
i ncreasing the gate voltage. 10 As shown in Figure 19,

WO omen3@en rent t hrough the whol e device i s obseewea2000000141

the sanple with Au nanoparticles. The current
obtained fromthe control sa %e
(pent acene/ APTES/ Si 02) was at “feast two orders of

magni.tude_ higher. This m ght be due to charges being
§@I@%@p mdsqa@é thaka trap enandigd OFFHTedvhigke an gleplshrhale s tored per
effective 15 electric gate field, resulting in |ower
gblidernppasticlol Thegeforg ficse lysierasi antbpeak|shifisrmasibe astributed to holes
During voltage sweeping fromO to -4.5V, the applied
ehpeddrin chd daatidichad gokdumaopamiclHsg at the dntdifachafite pojd @tno-
some Au nanoparticles, leading to the breaking or
DRHORE] Dte®ht thE WP TEROGCH ¢itd mmﬁieqmrtﬁéwfﬁaﬁ 6t tRA8Eponsible
or 1increase of current respectively. 20 The nenory

&%h&?b be a non-volatile nenory device that can

e repea y witten, read and erased having at

| east one of IOM/operating voltage (e.g. less than

10V), current ratio between the on and off state of at

| east two orders in magnitude, a |ow processing
Figwie t Sshows thatdhe imssument of theraaximgm operagiop, bwérfaora SVto 10V
swtching speed in the range of 100s -100ns. WD

POOHSEBB HPsterETis SEROHT HDMO LAY cupve il 1s25 Vite 2®OSNasThis indicates
been described in the foregoing description exenplary

e atreeid Soffholéshie Béiag eappdd Bicinticading tHe gatd vollage.
under st ood by those skilled in the technol ogy

concerned that nmany variations in details of design,
construction and/or operation may be made 5 w t hout

ASRALLS AIET:AM RSB ERAN iR R SRole WRRONTUASRER or the

sample with Au nanoparticles. The current obtained from the control sample

(pentacene/APTES/SiO;) was at least two orders of magnitude higher. This might be
due to charges being stored inside the Au nanoparticles and “screens” the effective
electric gate field, resulting in lower effective voltage applied and hence, lower current.
During voltage sweeping from O to -4.5V, the applied electric field can cause charging
and discharging of some Au nanoparticles, leading to the breaking or formation of some

conductive paths and thus decrease or increase of current respectively.

The memory device 10 may be a non-volatile memory device that can be repeatedly
written, read and erased having at least one of: low operating voltage (e.g. less than
10V), current ratio between the on and off state of at least two orders in magnitude, a
low processing temperature from about 50 °C to about 225 °C, and a switching speed in

the range of 100us — 100ns.



1. An organic nenory device conprising: an active
| ayer; at |east one charge storage |ayer conprising a

w0 pdomiaf3s@n organi c dielectric material, and PCT/SG2007/000141
nanostructures and/or nano-particles of a
charge-storing material on or_jn the 5 film of
dielectric material, each of %%e nanostructures and/ or
nano-particles being separated fromthe others of the
nanostructures and/or nano-particles by the organic
dielectric material of the organic dielectric film 2.
Whilst tharei s reerdsscrbad ipghaforegadn gidwsciiptian exemplary gmbediments of
conprising a tunnelling layer on a first side of the
the pr&sant inoaitionhA g bs uadageod By eiose akitled irctho ttechihology eoncerned
10 on a second side of the charge storage |ayer, the

ftaf Shny vaiatRAk ﬁgd&ﬁmﬁ' cfeﬁgh %ns@tﬁ:@i@ﬁ%@loﬂ Sgergtlorﬁﬁlay be made
organic nenory device as Cclainmed in claim?2, wherein

PRk e NP e glencl BRI D ramry devi ce as

claimed in cIa|n12 or claim3, wherein the 15
tunnelling layer is integral with the at | east one
charge storage layer. 5. An organic nenory device as
claimed in any one of clains 1 to 4, wherein each of
t he nanostructures and/ or nano-particles is
electrically isolated. 6. An organic nmenory device as
clainmed in any one of clainms 1 to 5, wherein the at

| east one charge storage |ayer conprises a single

| ayer with the nanostructures 20 and/or
nano-particles being within the single layer. 7. An
organi c nenory device as clainmed in any one of clains
1to5 wherein the at |east one charge storage |ayer
conprises at |least two layers wwth the nanostructures
and/ or nano-particles being between the two | ayers. WO
2007/ 136350 PCT/ S&2007/000141 26
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8. An organic nmenory device as clainmed in any one of
clains 1 to 7, wherein the filmof organic dielectric

woraioensaso conpri ses a sel f-assenbl ed copol ynmerPCT/SG2007/000141

sel ected fromthe group consisting of: diblock,
triblock, and multibl ock. 9. ﬁ? organi c nenory device
as clainmed in claim8, wherei4’ the self-assenbled 5
copol ymer is of a material selected fromthe group
TheLlaimsng of . vinyl ene-based, nethacryl at e- based,

and pol yet hyl ene oxi de-based nononers. 10. An organic
mentor jndeyginiemasmory dévieetompriamg: amactvk layeaj atdeast ong charge
wherein the filmof organic dielectric materi al

conpr iisRge dayeLtdmpssesh Figd offem efgayierdielddiric Ahtetafamiic
nenory deV|ce as clainmed in claim 10, wherein the

sel f - |
deri vat | ves tﬁ%ia&%ﬁ or gmlm evﬁ?éﬁg:\lggtgngll med in the

in cl claim.l1 el n r

and/ o np,gﬁgle%g}r G refugga gt\lfglhz r}apl ct&@pgrﬁotl(?r%&p%ﬁlcles being
sel f-assenb] ed copol yner or self-assenpl ed nonol

the afqﬂa’fﬁt‘t‘%/f%thﬁgoféﬁfs{Lgﬁanaaﬂ%r@&r%w@or TRRGRRLIGLES by the

group consisting of: physical, and chem cal. 15 13. An

or ganprgamisdinlgctde wiagasiahof e argaaie dieleetrip fdme of cl ai s

1 to 12, wherein the nanostructures and/ or

nar®- pardrgaliememoey ddvitceasfaimeé irselhine i ddrtlier comiphising a tunnelling
group consisting of. netal, oxide of a netal,

sem CoREUGT Ptirst SRIE JFtHe at 3BT iR HMGE isttiage layer, and a control layer
nano- particles, nanoclusters, nanorods, nanofibers,

t I )
Ao Bl sl Ao I B TS5 g oproic

in clalnwé wherein the quantun1dots are sel ected
fr om £7&™ Flgﬁp consi sting of. gold, silver, copper,
titanium di oxide, zinc dioxid cadm u J eni des,

andP- c ARATEAR G BPPIOTYdayiceras cl %ﬂleg inglAiR 2 KRgER the Gontipl Jayer is
claimed in any one of clainms 1 to 14, mhereln a

char gintegrarwigietheap kst dneehirge storagetleyse adj justed by

adj usting a concentration of

4. An organic memory device as claimed in claim 2 or claim 3, wherein the
tunnelling layer is integral with the at least one charge storage layer.

5. An organic memory device as claimed in any one of claims 1 to 4, wherein each
of the nanostructures and/or nano-particles is electrically isolated.

6. An organic memory device as claimed in any one of claims 1 to 5, wherein the
at least one charge storage layer comprises a single layer with the nanostructures
and/or nano-particles being within the single layer.

7. An organic memory device as claimed in any one of claims 1 to 5, wherein the

at least one charge storage layer comprises at least two layers with the

nanostructures and/or nano-particles being between the two layers.
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WD 2007/ 136350 PCT/ S&007/000141 27 the
nanostructures and/ or nano-particles on or in the film

wo@Rooan3asgani c dielectric material. 16. An orBEmB62007/000141

menory device as clainmed in any one of clains 1 to 15,
wherein the organic nenory ice conprises a thin
filmtransistor, the thin filmtransistor 5 further

conprising a source electrpde, ,a drain electrode, and .

O ghtAt bt RS TR 6 B SR st 0962, Fhétein the
clainmed in claim116, wherein the active |ayer

conpriilsrel erganiaielsinicmateriaberaunrises & peliragsembpled copolymer
transi stor further conprises a supporting substrate

sel ectebudtedfoom theegrgupagnsisting o€t dibigckftriblgtlaswd mpiliblorle,
quartz, netal foil, undoped silicon and heavily doped

si b| cAn orghfickBeméry duvipanis ¢laimed inyclaiey 8 oehasinthasdiassembled
any one of claims 2 to 4, or any one of <clains 5 to

17 R : i ; bl
%ﬁﬁgﬁ% RSN mAR W1 Bém eheddBlp dodsistihg ohAARAERE-based,

t he ing layer and control layer conprise a

floatjn |ehectr] f {9
i of pPeEStale SRR Achyeudibhe AR b0 nfRbhes.
copQl yner-based dielectric, .19..An organi ¢.nmenor .
o o0 QeI rBG Jrvide s leiiod it g SO LR o 1 wherein the
dependent 15 on claim 17, wherein the sem conductor

i s atfilmafergarie digdgciiie materiaberaprisey & self-assephladsmppgjayer.

of . organic, inorganic, hybrids, and m xtures thereof.

20.11 Ad\ncorganic eenmeny dyvidess daingd iockind@®, whereinathensdl§-assembled
wherein the floating gate dielectric is a

s_eI f-ﬁgﬁ@a@rwn@jﬁ@@@mﬁédﬁwﬁﬁwégﬂ ng at |east one
silane derivative. 20 21. An organic nenory device as

cl 3bMgf of i e MBS Rvice a@icfﬁmléd tPcldim YO'6F Slain | NSwhdrkinthe

of organi c ielectric materi a conpri ses a

| f- nb| ) i
o SRR SERELR e eSSBS i et

extraction
copoi)ymer or self-assembled monolayer, the affinity being at least one selected

from the group consisting of: physical, and chemical.

13. An organic memory device as claimed in any one of claims 1 to 12, wherein the
nanostructures and/or nano-particles are at least one selected from the group
consisting of: metal, oxide of a metal, semiconductor, ceramic, semiconducting
nano-particles, nanoclusters, nanorods, nanofibers, quantum dots, fullerene, and
derivatives of fullerene.

14. An organic memory device as claimed in claim 13, wherein the quantum dots
are selected from the group consisting of: gold, silver, copper, titanium dioxide,
zinc dioxide, cadmium selenides, and cadmium sulphides.

15. An organic memory device as claimed in any one of claims 1 to 14, wherein a

charge storage capability is able to be adjusted by adjusting a concentration of
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method to renmove any ionic inpurities before the
synthesis of the nanostructures is carried out in the

wo pdom136350 22. A nethod for the fabrication of BEI/SG2007/000141

organi c nenory device, the nethod conprising form ng

a control layer on a gate elggtrode, formng a charge
§t0{age WO 2007/ 136350 PCT/ S&007/000141 28 | ayer

i ncl udi ng nanostructures and/.or nano-part.icles on the.. .
cont rOF Mg ERORIES GRAIeh G0 PaiAg PR g B B of & Ageehit diclectric
charge storage layer, and form ng an active |ayer on

the tmAERLi ng | ayer. 23. A nethod as claimed in claim

22, wherein the control layer is forned integrally 5

Wi 1. Aherganir memstyodevipe as alagmed iany/ongwf kldmad te 1 3 wikatein the
in claim22 or claim23, wherein the tunnelling |ayer

is f&pame mdMidgidalicy comptises Aehialfimgeansiswrage thiafidm. transistor
25. A method as clainmed 1n any one of clains 22 to 24,

wher eﬁﬁh&%ﬂi{%ﬁg%% F&lﬂ&@&@gﬁ&d@}’@&aﬁm&oﬂﬁm a gate electrode.

sel f-asse ynmer filmand the nanostructures

andLor 10 nano-particles. ' L
o1 ai vt eRRERRRY dfoe R slod o TR 6 s MR Ryer
particles are forne

the fil. ] )
D & CEaumbriSE S PISOBUS: ARALhe (i i EsisGR st Comprises 2

screen-printing, and inkjet-printing. 27. A nmethod as

cl ai nspppriingrsybsirace %ﬁﬂec(ﬁdaﬁm thepgroup oansisfjng ofi glagspplastic, quartz,
charge storage 15 layer including nanostructures

and/ ometah fusil, paddped|séon ang hepdyeldpedisiicai. ngl e

solution for a self-assenbled copolyner filmand a

Pr aQUASR drgdn@t m%ﬁh@gy AeR@sdsIcliiingd @sardshe® claims 2 to 4, or any one of
nano-particles. 28. A nethod as clainmed in claim?27

furt hgn; O AR @&feﬁ@ﬁfn%ﬂ dnRohEHQANR™D toh, wherein the
tunnelling layer and control layer comprise a floating gate dielectric, the floating
gate dielectric comprising one of: dielectrics, and a copolymer-based dielectric. |
19. An organic memory device as claimed in claim 17, or claim 18 when dependent
on claim 17, wherein the semiconductor is at least one selected from the group
consisting of: organic, inorganic, hybrids, and mixtures thereof.

20. An organic memory device as claimed in claim 18, wherein the floating gate
dielectric is a self-assembled monolayer comprising at least one silane
derivative.

21. An organic memory device as claimed in any one of claims 1 to 7, wherein the
film of organic dielectric material comprises a self-assembled copolymer, the
block copolymer film being first processed using a simple solvent extraction
method to remove any ionic impurities before the synthesis of the nanostructures
is carried out in the film.

22. A method for the fabrication of an organic memory device, the method

comprising forming a control layer on a gate electrode, forming a charge storage
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the single solution; and adjusting a viscosity of the
solution for different 20 deposition processes. 29. A

woredohosh3as clained in claim27 or claim?28, wheCESG200E00141

single solution is cast on a thin oxide layer to form
the charge storage | ayer. 30. met hod as clained in
any one of clains 22 to 24, erein the control |ayer

ggldf ) gg'g{ewgfg] i Bglta gJ[rr?SbOt OYCO%IGE}y%B?g@ggBe control layer,

PCT/ SG2007/ 000141 29 nanostructures and/or . )
nano- farming? Banelling dayen PR dharsrairraglayerwend fpyming agractive
sel f -assenbl ed nonol ayer. 31. A nethod as clained in

cl ai ma3er omthe twinellingdaysnost r uct ures and/ or nano-
particles have an affinity to the self-assenbl ed

noys, ay@etod bielamidd ificlaimIE, RGieftin the cbat@sitlayprés fokmed integrally
physical, and chem cal. 32. A nethod as clained in

cl ai n\&@ltﬁédpa!r%lrgtal) % Afgerei n the nanostructures

and/ or  nano-p es are deposited on a first of the

o 83kl RSO 2 NI O R eris

bei ng _depaqsited on nanost r uct yres and/ or
nano- (s égalliﬁ’lt%lstgeﬂ‘%? POtREE 2% -ai med in any one
of clainms 22 to 32, wherein each of the

naris ty methad asclaivydon ansene phelpinay 2ktoi 24, whevein theghange storage
isolated. 34. A nethod as clained in any one of clains

22 t 0ld38r contymrises a selfiassehdilgiecopblynsy dilmlaay ¢he tamopricsiess and/or
a single layer wth the nanostructures and/or

nano- paid-psiti€les. bei ng within the single layer. 15 35.

A nethod as clainmed in any one of clainms 22 to 34,

mheihee Nmb{ABd G0AL SR ShU AR ds/, T ﬁerﬁaﬁe)s‘ﬁ%m&agoanw ShSo-

e nanostructures an nano- partl cl es bel ng

particles are formed on the film by at least one selected from the group
consisting of: spin-coating, screen-printing, and inkjet-printing.

27. A method as claimed in any one of claims 22 to 24, wherein the charge storage
layer including nanostructures and/or nano-particles is prepared in a single
solution for a self-assembled copolymer film and a precursor for the
nanostructures and/or nano-particles.

28. A method as claimed in claim 27 further comprising performing a reduction in
the single solution; and adjusting a viscosity of the solution for different
deposition processes.

29. A method as claimed in claim 27 or claim 28, wherein the single solution is cast
on a thin oxide layer to form the charge storage layer.

30. A method as claimed in any one of claims 22 to 24, wherein the control layer

and the tunnelling layer both comprise a self-assembled monolayer; the
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formed between the two | ayers. 36. A nethod as cl ai ned
in any one of clains 25 to 28, wherein the

wa@edofAzassenbl ed copol yner is selected from t heC862007/000141

consi sting of. diblock, triblock, and 20 rul ti bl ock.
37. A nethod as clained in agg one of clainms 25 to 28
or claim 36, wherein the sel f assenbl ed copolyner is

of a material selected fromthe grou onsi stjng of:

vi ny NaRRsiiyaRiERs anf{or RARG-PRHEIES E%g égrr%q@eb%ﬁpetbﬁ 31’ %Lf‘é( ers of
oxi de- based mononers. WO 2007/ 136350 PCT/ SG2007/ 000141
30 38elf-asseobdeahiinonoteyesr y device as clained in any one

of clains 25 to 28, 36 or 37, wherein the

NagnHA féftiodrae slanmed o claian?o, yeetdin khesnanastencarreniffd/er napo-
with the self- assenbl ed copolyner, the affinity being

at | easlc1Qfve &h 8AIRY b R BelMBs@ile@ mononge:s] the gffufity being at
physical, and chemical. 5 39. A nmethod as clained in

any g&%tgﬂa&égbﬂﬁ%%%mh%héﬁmawherein t he nanostructures

and/ ofF "hano-p es are at |east one selected from

t he_ group consi st f. t al [

i o caepam Sxim Bt Samat a8 BEPimgryes andor
nanocl usters, nanorods,_ nangqfibers, 8 antu dE:IsS bled

f ul | evapprpartising asedenpaited/esa Hst of thetw iﬂ@.fsﬁ CAPSSANDIC

nmet hod as clainmed in claim39, wherein the quantum

dot s racmlsyer end e dthesof therwodayarpotsshsissemblgd srongkiygr then
silver, copper, titanium dioxide, zinc dioxide,

cadni yeias@ipesikadias thaaghasadoiutenandiophamtepartidles. A met hod

as clained in any one of clains 25 to 28, wherein a

chas g I PBL12iARR ALY S6 diciaRk 0216 3Dewhsbinshacll obthe
adjusting a concentrati'on of the 15 nanostructures
and/ of, DANRA! Sl FbSRinb battlifesTh BRESCAP) HblaRid:

34. A method as claimed in any one of claims 22 to 33, wherein the charge storage
layer comprises a single layer with the nanostructures and/or nano-particles
being within the single layer.

35. A method as claimed in any one of claims 22 to 34, wherein the charge storage
layer comprises two layers with the nanostructures and/or nano-particles being
formed between the two layers.

36. A method as claimed in any one of claims 25 to 28, wherein the self-assembled
copolymer is selected from the group consisting of: diblock, triblock, and
multiblock.

37. A method as claimed in any one of claims 25 to 28 or claim 36, wherein the self-

assembled copolymer is of a material selected from the group consisting of:

vinylene-based, methacrylate-based, and polyethylene oxide-based monomers.
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42. A nethod as clainmed in any one of clains 22 to 41,
wherein the organic nenory device conprises a thin

w0 pdomisa3amsi stor, the thin filmtransi stor furedE8G2007/000141
conprising a source electrode, a drain electrode, and
a gate electrode. 43. A nethqg)as claimed in claimd42,
wherein the active |ayer conprises a. 20
serd_ conductor; and the thin.filmtransistor f h
c o RBCEEUG SRR Fiee TP fLAGAMEA ClPPs R R 36 or 37
group consisting of. glass, plastic, quartz, netal
foi |, wheisifoibe aaBostuewFes 4ne/oR BaRA-Particlsh Bavesin affipiy withthe self-
2007/ 136350 PCT/ S&2007/000141 31 44. A method as
cl ai mestembledreppalymenfthehffinity beidg ablead onplseleeied frohethe group
tunnelling layer and control |ayer conprise a
f | oat bagistiak of:digkiesl idchettiealf | oating gate diel ectric
conprising one of: dielectrics, and a copol yner-based

di ejeal ﬁl.blﬁod 49 clafindEhRAY 0fS oFHIFEL toB8Slvkf@ifiBe nanostructures

wherein the sem conductor 1s at | east one 5 sel ected

fromth roup _consi sti f i [ [ : g .
hybr | BRTOEEAROHRAEc]F g i Has oaf S fomfip i cbnsising of.
claimed in ¢laima45, wherein the floating. gate.. .

di el eBetlconide of ametal, semIcQRECLeF: %ﬁ@f%?@ﬁ‘."g%iﬂcuﬁg nano-particles,
met hod as clainmed in claim46, wherein the o

sel f - assashisicss) nanerotls panofibers, gusRivmglets, Atllerengsandypgivatives of
silane derivative. 48. A nethod as clained in any one

of cl fulkseniz2 to 28, wherein the film of organic

dielectric material conprises a self-assenbl ed

Cop). WiRktholl A€ chlBékKineRRml 30N Rihereid the\qagitag dots &t selected from
processed using a sinple solvent extraction nethod to

o s A kB SR (Y i i
cadmium selenides, and cadmium sulphides.

41. A method as claimed in any one of claims 25 to 28, wherein a charge storage
capability is able to be adjusted by adjusting a concentration of the
nanostructures and/or nano-particles in the single solution.

42. A method as claimed in any one of claims 22 to 41, wherein the organic memory
device comprises a thin film transistor, the thin film transistor further comprising
a source electrode, a drain electrode, and a gate electrode.

43. A method as claimed in claim 42, wherein the active layer comprises a-
semiconductor; and the thin film transistor further comprises a supporting

substrate selected from the group consisting of: glass, plastic, quartz, metal foil,

undoped silicon and heavily doped silicon.



10

15

WO 2007/136350 PCT/SG2007/000141

44.

45.

46.

47.

48.

31
A method as claimed in any one of claims 23 to 25, wherein the tunnelling layer
and control layer comprise a floating gate dielectric, the floating gate dielectric
comprising one of: dielectrics, and a copolymer-based dielectric.
A method as claimed in claim 43, wherein the semiconductor is at least one
selected from the group consisting of: organic, inorganic, hybrids, and mixtures
thereof.
A method as claimed in claim 45, wherein the floating gate dielectric is a self-
assembled monolayer.
A method as claimed in claim 46, wherein the self-assembled monolayer
comprises at least one silane derivative.

A method as claimed in any one of claims 22 to 28, wherein the film of organic
dielectric material comprises a self-assembled copolymer, the block copolymer
film being first processed using a simple solvent extraction method to remove
any ionic impurities before the synthesis of the nanostructures is carried out in

the film.



