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FOR ELECTRICAL CHARGES IN SELF-SUSTAINING FIELD-EFFECT TRANSISTORS WITH 
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(57) The present invention refers to the use and cre-
ation of materials based on natural cellulose fibbers, syn-
thetic fibbers, or mixed fibbers as physical support and
storing medium or storage inducer of electrical and ionic
charges in self-sustaining discrete or complementary
field-effect transistors with non-volatile memory by using
organic or inorganic active semiconductors for the man-

ufacture of the channel regions that are deposited on the
fibbers of the paper material as well as metals or passive
semiconductors for manufacturing drain and source al-
lowing the interconnection of fibbers, in addition to the
gate electrode contact existing on the other side-face of
the paper, p or n type respectively, in monolithic or hybrid
forms.
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Description

Field of the Intention

[0001] The present invention refers, generally, to the
use of natural cellulose fibbers, synthetic fibbers, or
mixed together both physically and chemically by hydro-
gen bridges and resin usually designated paper in its
various forms and constitutions, to function both as phys-
ical support and constituent element of n type or p type
memory field effect transistors with the ability to store
electrical and ionic charges for a period longer than at
least 20 hours via stimulus of an electric field and delete
the information when an electric field of equal intensity
and opposite sign to that used for recording information
is applied. That is, the use of paper as an active constit-
uent of field-effect transistors with memory ability in which
the active region of the discrete channel (1) consists of
a multi-component oxide such as gallium indium zinc ox-
ide, indium zinc oxide, zinc tin oxide, gallium tin zinc ox-
ide, zinc nitrogen and arsenic oxides, silver oxide and
alumina or copper zinc aluminium oxide and in which the
components of the compounds varies between 0.1% and
99.9%, the dielectric (2) consisting of the bulk of the paper
based on cellulose fibbers on which the semiconductor
is deposited with the ability to immeasurably increase the
retention capacity of ionic and electrical charges to a stim-
ulus in the form of a discrete step voltage and to discharge
them almost entirely (delete the information) immediately
after application of an electrical stimulus with the same
intensity but opposite in sign to the one used to store the
information, in which the symmetrical regions of source
and drain (5) consist of a metal alloy of titanium and gold
or titanium and aluminium or chrome and aluminium or
silver and aluminium or via a degenerate oxide semicon-
ductor with high conductivity such as indium zinc oxide
and zinc gallium oxide, or tin oxide, in constituent pro-
portions that vary between 0.1% and 99.9%, which allow
the integration of fibber containing the semiconductor
where the corresponding interfaces between the layers
can contain a film with nanoscale thickness for the ad-
aptation of the same (4) and there is a continuous gate
electrode (3) in which the step voltage is applied for stor-
age or erasure of electrical charges made by any of the
materials that compose the drain or source regions, but
located on the other side-face of the sheet of paper.
[0002] The present invention is based on the use of
cellulose-based paper consisting of cellulose fibbers
chemically united by bridges of hydrogen or pressed with
different thicknesses (between 1 micrometer and 8000
micrometers), simultaneously as physical support of de-
vices and as their integral constituent element with the
capacity to provide the necessary electrical insulation be-
tween a metal and an active semiconductor discretely
deposited on the fibbers not allowing the movement of
electrical charges through the fibber in the absence of
any applied electric field, but rather the accumulation of
electrical charges in its two interfaces that make a phys-

ical contact with the gate electrode (3) and channel region
(3) consisting of a multi-component active oxide semi-
conductor discretely deposited on the fibbers, operable
to keep those charges after withdrawal of the originating
stimulus for a period that mediates a unit or various hun-
dreds of hours depending on the number of existing fib-
bers, their distribution, degree of compaction and form a
coating of their surfaces directly with the materials that
respectively constitute the continuous gate electrode or
discrete channel region or through a nano-layer of adap-
tation (4).
[0003] In the present invention for the processing of all
materials to be deposited on the paper consisting of cel-
lulose fibbers, from here onwards referred simply as pa-
per, it is necessary that the manufacturing technologies
of these films may occur at low temperatures, particularly
at temperatures below 200 degrees Celsius or that when
annealed, this temperature is not exceeded.
[0004] The transistors with memory effect thus pro-
duced can be used in optoelectronics and electronics
particularly in the provision of electronic circuits and sys-
tems with temporary non-volatile memory, shift register
recording circuits, logic circuits, digital circuits, in ring os-
cillators for memory rfid, among others taking the advan-
tage that the paper is the physical support itself, being
flexible and disposable.
[0005] The target devices of the present invention may
use a layer of protection or encapsulation such as mag-
nesium fluoride and can also have organic semiconduc-
tors as active semiconductor constituents of the channel
region, such as N, N’-diplienyl-N, N-bis[3-methylphenyl ]-
1,1’biphenyl-4, 4’diamine; tri- 8hydroxyguinolinolate.
[0006] In this disclosure the materials to be deposited
on the pamper in order to form the creation of the final
device can be made using physical, chemical and phys-
icochemical reactive or non reactive deposition technical
methods of thin films at an atomic scale range, held at
temperatures close to room temperature, comprising
namely:

• cathodic sputtering of direct current or radio frequen-
cy;

• resistive thermal deposition or by an electron gun,
under vacuum conditions;

• assisted or non-assisted chemical decomposition of
vapours by radio frequency plasma or ultra high fre-
quency;

• resistive heaving in vacuum;
• epitaxial atomic growth;
• deposition via ink-jet;
• chemical emulsion.

[0007] The techniques listed allow the controlled
growth of films with thicknesses between 1 nm and 50
Pm of organic and inorganic materials, without damaging
the paper or the electronic performance of the material
deposited.
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Summary

[0008] The present invention describes a process of
manufacturing electronic or optoelectronic device based
in active oxide semiconductor field-effect transistor with
non-volatile memory capability that incorporates a thin
film, designated paper (2) based on natural cellulose fib-
bers, synthetic or mixed fibbers as the dielectric of the
device.
[0009] In a preferred embodiment of the present inven-
tion, the said film (2) further acts as a substrate of the
device, making it self-sustainable.
[0010] Still a more preferred embodiment of the
present disclosure it has the feature to incorporate one
or more additional components, of organic or inorganic
origin, with electrical characteristics of a metal (3, 5),
semiconductor (1), insulator (6) or of passivation films
(4), in single structures, composite tandem structures or
multilayer structures, deposited in a discrete or continu-
ous fashion on both surface sides of the paper.
[0011] Another preferred embodiment of the present
invention incorporates components at temperatures
close to room temperature and they can be optionally
annealed up to 200 degrees Celsius.
[0012] Still another preferred embodiment of this in-
vention includes the placement of components by one or
more of the following methods: by resistive thermal evap-
oration or by the electron gun in vacuum; direct current
or radio frequency or ultra high frequency, sputtering,
assisted or non-assisted by magnetron; by chemical va-
pour decomposition assisted or non-assisted by radio
frequency or ultra highfrequency; by ink-jet printing; by
emulsion chemistry.
[0013] Still another preferred embodiment of the
present invention includes has the ability of depositing
conductive component(s) (3, 5) comprising conductive
organic or inorganic materials such as metal or oxide
semiconductors of high conductivity, with thicknesses up
to 30 Pm.
[0014] Still a more preferred embodiment of the
present invention includes depositing semiconductor
component(s) (1) comprising either a covalent inorganic
material, or single or multicomponent inorganic ionic ma-
terial, or organic material, with a thickness between 1 nm
and 50 Pm, preferably silicon alloys or multi-compound
zinc-based oxides.
[0015] Another preferred embodiment of the present
invention comprises includes the use of ionic oxide as a
degenerate semiconductor, whose function is to allow
the interconnection of the fibbers coated with the active
semiconductor oxide at the terminals of the channel re-
gion, and its use as drain and source regions (5), and
preferably based on oxide alloys of zinc and indium.
[0016] A further embodiment of this invention includes
structures based on metal electrode (3)- paper based on
fibbers (2) - semiconductor (1), wherein the paper of nat-
ural or synthetic or mixed cellulosic origin functions both
as dielectric and the element capable to induce and to

store charges in the fibber, in the active semiconductor
or in the interface between the semiconductor and the
paper.
[0017] Still another preferred embodiment of the
present invention provides paper of natural or synthetic
or mixed cellulose origin, a layer (4) of passivation or
adaptation prior to depositing any other component be-
longing to the final device.
[0018] Still in another preferred embodiment of the
present invention the provides the passivation or adap-
tation to be applied to be based either on a covalent di-
electric material or ionic one both of high electrical resis-
tivity, exhibiting thicknesses in the range from 1 nm to
500 nm, more than two orders of magnitude less than
the thickness of the fibbers forming the paper.
[0019] Another embodiment of the present invention
has the particularity to encapsulate the final device via a
dielectric (6) with a thickness up to 30 Pm.
[0020] Still in another preferred embodiment of the
present Invention the film (2) comprises natural cellulose
fibbers or synthetic fibbers produced by regeneration,
dissolution or mixed techniques or mixed synthetic and
natural fibbers with the ability to have spontaneous elec-
tric polarization in which the dielectric has quasi - perma-
nent charges stored independently of any electric field
applied, in a manner similar to electrets.
[0021] Still in another preferred embodiment of the
present invention the cellulose fibbers of the paper (2)
are embedded in a resin or ionic glue whose electro-
negativity is controlled, preferably by adding cationic spe-
cies such as aluminium.
[0022] This disclosure also describes an electronic or
optoelectronic device based on active semiconductor
field-effect transistors with non-volatile memory compris-
ing a thin film, designated paper (2) based on natural
cellulose fibbers, synthetic or mixed fibbers as the die-
lectric of the device.
[0023] As a further embodiment of this disclosure, the
film (2) acts additionally as a substrate of the device,
making it self-sustainable.
[0024] Still another preferred embodiment of the
present invention further comprises one or more addi-
tional components of organic or inorganic origin, with
electrical characteristics of a metal (3, 5), semiconductor
(1), insulator (6) and of adaptation layer (4) in single or
discrete structures, tandem compounds or multilayer
structures, deposited in a discrete or continuous manner
on both surface sides of the paper.
[0025] Still in another preferred embodiment of the
present invention the conductor component(s) (3, 5) in-
cludes organic or inorganic conductive material, metal or
semiconductor oxide of high conductivity, with thickness-
es up to 30 Pm.
[0026] Still in another preferred embodiment of the
present invention the semiconductor component(s) (1)
comprise(s) inorganic covalent material or simple inor-
ganic ionic material or inorganic ionic compound mate-
rial, or organic material, with a thickness between 1 nm
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and 30 Pm, preferably oxides or silicon alloys or multi-
components zinc based oxides.
[0027] Still another preferred embodiment of the
present invention includes ionic oxide as a degenerated
semiconductor, whose function is to allow the intercon-
nection of fibbers coated with the active semiconductor
in the terminals of the channel region, and its use as
regions of source and drain (5), and preferably based on
oxide alloys of zinc and indium.
[0028] Still another preferred embodiment of the
present invention includes structures of metallic elec-
trode type (3) - paper composed of fibbers (2) - semicon-
ductor (1), where the paper of natural, synthetic or mixed
cellulosic origin works simultaneously as dielectric and
element capable of inducing and storing charges in the
fibber, in the active semiconductor or in the semiconduc-
tor-paper interface.
[0029] Still another preferred embodiment of the
present invention comprises an adaptation or passivation
layer (4) includes a layer (4) of adaptation or passivation
deposited directly on paper (2), before depositing any
other component element of the final device.
[0030] Still another preferred embodiment of this in-
vention consists in the fact that the layer (4) of passivation
or adaptation is applied in a covalent or ionic dielectric
material of high electrical resistivity, particularly with
thicknesses up to 500 nm, more than two orders of mag-
nitude lower than the thickness of the fibbers forming the
paper.
[0031] Still in another preferred embodiment of the
present invention the final device is encapsulated by a
dielectric (6) with a thickness up to 30 Pm.
[0032] Still in another preferred embodiment of the
present invention the devices have the form of an n or p
type transistor capable of storing electrical and ionic
charges along the fibbers forming the paper (2) according
to their electro negativity when subject to positive or neg-
ative step voltage, respectively, applied to the gate elec-
trode (3) and maintaining the charges loaded after dis-
connecting the applied gate voltage, operating in the so
called floating gate mode.
[0033] Still in another preferred embodiment of the
present invention the information stored along the fibbers
of the paper can be completely removed or deleted with
the application of a voltage of opposite signal to that used
to store the information and with the same or higher in-
tensity to the one used to store the information.
[0034] Still another preferred embodiment of the
present invention has the particularity to turn the device
operable to store in the same area different written infor-
mation with different amplitude voltage steps, being the
device able to recognize it, selectively.
[0035] Still in another preferred embodiment of the
present invention the stored information can be continu-
ously accumulated by applying step voltages of different
amplitudes to the gate electrode (3), continuous or not,
located on the face of the paper (2) opposite to the face
containing the active semiconductor (1).

[0036] Still in another preferred embodiment of the
present invention the information stored is not completely
erased if the applied voltage of opposite signal has a
lower value than the voltage used to write the information.
[0037] Still another preferred embodiment of the
present invention provides includes on the semiconduc-
tor layer (1) of the devices, two materials deposited of
high conductivity perfectly equal in terms of electronic
conductivity and separated from each other by distances
that can go from 10 nm to 500 Pm, respectively desig-
nated the drain region and the source region (5) and al-
lowing the interconnection of the fibbers of the paper (2)
that contain the active semiconductor, oxide or non oxide
based, on each side of the channel region.
[0038] Still in another preferred embodiment of the
present invention, the source and drain regions include
between them, a continuous organic or inorganic ionic
semiconductor, with conductivities of at least three orders
of magnitude higher than that of the active semiconductor
material placed on the fibbers of the paper, and on which
were deposited, called the channel region (1), with thick-
nesses depending on the thickness of fibbers of the paper
containing the active semiconductor constituting the ac-
tive channel region, and preferably ranging between 1
nm and 500 nm.
[0039] Still in another preferred embodiment of the
present invention, the active semiconductor deposited
on the fibbers of the paper is replaced by two discrete
semiconductors (1, 7) of complementary electronic na-
ture, that is p type and n type, or vice versa, juxtaposed
and separated from each other by distances between 50
nm to 10 Pm, forming a system called complementary
device, hereafter just designated as complementary.
[0040] Still in another preferred embodiment of the
present invention both semiconductors (1, 7) are con-
nected together by respectively the same material used
as drain and source, acting as common electrode and
comprising two additional terminals (5) independently
deposited and identical electronically in each of the ends
of the channel regions, which form the interconnection
between the fibbers (2) containing the respective active
semiconductors (1, 7), known as source or drain or vice-
versa.
[0041] Another embodiment of this invention has the
additional feature of the two transistors that constitute
the complimentary device never being simultaneously
connected in the ON state.
[0042] Another embodiment of this disclosure provides
the additional feature that the stored information is
erased by applying a voltage of opposite sign and with
the same intensity or amplitude used to store information
in the gate electrode (3).
[0043] Still in another preferred embodiment of the
present invention the said paper (2) includes natural cel-
lulose fibbers, synthetic or mixed fibbers produced by
techniques of regeneration, dissolution or mixed with the
ability to have spontaneous electric polarization where it
is claimed that the dielectric has quasi-permanent stored
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charges, independently of any applied electric field, in a
manner similar to electrets.
[0044] Still in another preferred embodiment of the
present invention the cellulose fibbers of the paper (2)
are embedded in an ionic resin or glue whose electro-
negativity is controlled, preferably by the addition of cat-
ionic species such as aluminium.

Background of the Invention

[0045] In terms of applications the use of paper with
simultaneous functions of physical support and electron-
ic component of active devices namely field-effect non-
volatile memory transistor are not known beyond their
applications as support or passive dielectric in electric
capacitors.
[0046] The present invention implements the use of
paper of natural, synthetic or mixed cellulose origin be-
yond static functions or simple substrate to other active
and dynamic functions thus rehabilitating paper as a
high-tech solution to low cost electronic applications and,
eventually, for disposable electronic applications.
[0047] This development allows providing the paper
with further applicability in addition to drawing / writing in
it.
[0048] In order to achieve such object, it is then nec-
essary to combine dispersed technologies so that depos-
ited material fulfils adhesion, mechanical elasticity,
chemical stability, and electronic and optical quality pa-
rameters by adjusting them to 3 requirements levels:
Manufacturing processes; Material and device function-
ality; Integration thereof in fibres, resin and glue that sus-
tain and which form the key memory element.
[0049] In the manufacturing process, paper is pre-
pared in order to determine the distribution of fibres em-
bedded in resin or ionic glue whose electro-negativity is
preferably controlled by adding cationic species such as
aluminium and its compaction degree that determines
the value of its dielectric constant and consequently the
final capacity of the device wherein it will be incorporated.
Moreover, during paper manufacturing process, one
must control the nature of static charges stored inde-
pendently from any electrical field applied emerging from
the ionic nature of the resin and glue in use, which trans-
form the set, giving it a similar feature to that of electrets
as far as static charge retention is concerned.
[0050] Furthermore, it may be necessary to prepare
the two surfaces of the paper in order to receive the de-
posits of materials needed to complete the final device.
This treatment may be a simple oxygen plasma treatment
on the surface of the paper, followed or not by the dep-
osition of a small nanoscale dielectric-type film depend-
ing on the compaction capacity of the paper and charge
storage effect intended.
[0051] In order to obtain the above-mentioned fea-
tures, the material meant to be deposited on both paper
faces will be either organic or inorganic materials with
metal, semiconductor and dielectric characteristics.

[0052] The metals meant to be used and being proc-
essed by one of the aforesaid technologies (3) such as
silver, aluminium, copper, titanium, gold, chromium and
platinum, or any other metal alloy from the aforemen-
tioned elements or its deposition in stacked layers are
used in processing of continuous or discrete electrical
contacts called gate electrode or in the manufacture of
drain and source regions (5) by depositing upon discrete
or continuous active semiconductors used as channel
layer, such as multi-compound oxide semiconductor, a
film that shows resistivity in the range or less than
10-4Ωcm. In addition to the metals it is also included, for
the same function (3), or (5) any degenerated semicon-
ductor oxides such as tin oxide, zinc oxide and indium
oxide, indium doped with tin, zinc oxide doped with gal-
lium, zinc oxide doped with aluminium with resistivity less
than 10-3Ωcm or organic semiconductor with a metal con-
ductive characteristics as the P-dot.
[0053] The n type or p type active semiconductors
used in the processing of the discrete or continuous re-
gions of the channel (1) may be organic or inorganic ionic
active materials. In terms of organic semiconductor ma-
terials are to be highlighted the following: tetracene, pen-
tacene, copper phthalocyanine, titanium phthalocyanine
oxide and phthalocyanine zinc, among others, with re-
sistivity ranging from 1012-10-4 Ωcm.
[0054] In the case of ionic inorganic semiconductors
for use as discrete or continuous active semiconductor
in the channel layer of the device, these should be mainly
based on nanocomposite oxides or multi-compound ox-
ides such as zinc oxide, tin oxide, indium oxide, titanium
oxide, copper oxide, aluminium oxide, copper and alu-
minium oxide, nickel oxide, ruthenium oxide, cadmium
oxide, tantalum, multi-compound oxides of indium and
zinc, multi-compound oxides of gallium, indium and zinc,
multi-compound oxides of gallium, zinc and tin, multi-
compound oxides of copper and aluminium, multi-com-
pound oxides of silver and copper, multi-compound ox-
ides of titanium, multicomponent oxides of indium and
gallium, multicomponent oxides of tin and gallium, mul-
ticomponent oxides of copper, zinc, tin and silver, what-
ever the percentages of compositions of the elements of
which may vary among themselves by 0.1% and 99.9%
with resistivity ranging between 1014 -10-4 Ω and thick-
nesses, which can be up to 500 nm.
[0055] In terms of materials of very high resistivity used
as material for passivation of the interfaces or adaptation
between materials to deposit and fibbers’ (4) they are
essentially oxides or nitride-based compounds with thick-
nesses between 1 nm and 1000 nm such as silicon di-
oxide or silicon nitride, or magnesium fluoride, or mix-
tures of hafnia and alumina or silicon dioxide, or organic
material or another single or multilayer material, such as
tantalum oxide, hafnia, zirconia, yttria, alumina or oxide
compounds such as hafnium/tantalum oxide, alumina/
tantalum oxide, hafnia/alumina; silicon dioxide/ tantalum
pentoxide, tantalum yttrium; zirconium/ tantalum pentox-
ide /silicon dioxide, alumina/titanium oxide or PMMA, or
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POMA, or mylar, all processed at temperatures ranging
from -20 degrees Celsius to 200 degrees Celsius, intend-
ing that in addition to highly compact and extremely flat
surfaces, the structures of the materials are amorphous
or nano-structured.
[0056] The selection of the most adequate material or
materials will depend on the time required to store charg-
es and whether these show the desired operating effi-
ciency towards the material forming the channel, so as
to achieve the desired electrical insulation and wherein
the spatial definition and geometry of said device con-
stituent is carried out using a standard lithography tech-
nique, or by mask or lithographic technique known as lift-
ofn.
[0057] In terms of devices, it is intended to:

1. Manufacture Metal Insulator Semiconductor (MIS)
structures such as capacitors with the ability to store
electrical charges during times that mediate between
one hour and hundreds of hours and wherein the
insulation / inductive material of the process of elec-
trical charges storage and simultaneously support
of the device is a sheet of paper composed of dis-
crete fibbers’ containing the metal like gate electrode
(3) on one side of the paper surface and on the other
side the active organic or inorganic semiconductor
deposited using any of the technologies mentioned
above ((1), (2), (3), (3));
2. manufacture of n and p types field-effect transis-
tors with non-volatile memory effect (Figures 3 to 5)
wherein the dielectric and storage medium or charg-
es storage inductor is the paper that is composed of
layers of fibbers distributed along different layers me-
chanically compact and connected by resins and ad-
hesives (2); the active semiconductor forming the
channel region is an ionic inorganic semiconductor
or an organic semiconductor (1) discretely deposited
on the fibre surface and the source and drain regions
are respectively based on a highly conductive oxide
or on a metal or a highly conductive organic semi-
conductor (4) through which integration is made.
These devices are composed as shown in Figure 2,
wherein the channel (1) is directly deposited on the
paper composed by agglomerating fibres (2) or on
an adaptation layer of interfaces previously depos-
ited on the paper (4) together with films forming the
source and drain regions (5) and on the other face
of the paper (2) the continuous gate electrode (3) is
deposited either the continuous or discrete gate elec-
trode (3) directly or by means of an adaptation layer
consisting of a metal or highly conductive oxide or
highly conductive organic material such as tet-
racene, pentacene, copper phthalocyanine, titanium
phthalocyanine oxide and zinc phthalocyanine,
among others. These devices have mobilities ex-
ceeding 0.5 cm2V-1s-1, or/off ratios above or equal
to 104, storage periods exceeding one hour, positive
operational voltage threshold for n type transistors

and negative operational voltage for p type transis-
tors and to operate in either on enhancement mode
or depletion mode, and to be encapsulated or not
(6). That is, in order to be in the ON state a voltage
needs to be applied unless the device is already in
the ON state without application of any voltage. In
these devices the writing of information (retention of
electrical charges due to electrons or negative ions
close to the gate electrode or near the channel re-
gion, which is a function of the type of semiconductor
of the channel, respectively p type or n type, as well
as on the nature of the resin used) is made by ap-
plying an absolute amplitude voltage higher than the
threshold operational voltage of the device, the
amount of stored charges being proportional to the
value of the applied voltage that varies on a contin-
uous manner between a minimum value equal to the
threshold voltage and a maximum voltage corre-
sponding to the electrical region of the transfer char-
acteristic of the device where the drain current in the
channel region saturates and therefore, the maxi-
mum of induced and accumulated charges (both,
electrons and ionic charges) by the device. To delete
all the stored information (translated into stored elec-
trical and ionic charges), it is necessary to apply a
voltage of equal magnitude but opposite in sign to
the voltage used to write (store charges) the infor-
mation. This will allow storing and writing in the same
space of distinct information by using different step
voltages or applying gate voltages that the device is
able to recognize in a selective manner.
3. manufacture CMOS or C-MESFET type devices
with non-volatile memory-ability in which the material
used both as substrate and dielectric with the ability
to store or to induce the storage of electrical and
ionic charges is the paper composed of discrete fib-
bers and wherein the complementary n type and p
type semiconductors incorporated in the device will
either be inorganic ionic semiconductor or organic
semiconductors, or any of its possible hybrid com-
binations deposited on the fibbers forming the paper
as shown in Figure 6. That is, a device based on two
field-effect transistors, one of a p type other of n type
with a common gate and wherein at the output ter-
minals (source and drain or vice versa) is common
and the other two output terminals are independent
and that with the application of a positive voltage the
n type transistor (1) is in ON state and writing while
the p type transistor (7) is on OFF state deleting the
information, the reverse happening when applying a
negative voltage.

[0058] The present invention intends to generate a
new concept for the application of the cellulose-based
paper and new ionic inorganic semiconductors and or-
ganic semiconductors, or by the combination of both
semiconductors designated by the hybrid form for appli-
cations of non-volatile memory in which any patent is
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unknown in the state of the art or the features. In other
words, it refers to a structure of MIS capacitors for appli-
cation in non-volatile memory or field-effect transistors
with non-volatile memory effect or CMOS devices with
non-volatile memory effect wherein the paper is both the
support and active element promoting charge storage
and their combinations with inorganic semiconductors,
based on multi-compound oxides, or organic semicon-
ductors or the combination of both semiconductors.
[0059] The research made in several patent records
databases showed that none of the processes, products
and systems functionality of the paper which is subjects
in the present disclosure were published or submitted for
patent.
[0060] The concept behind the present invention is
new and, although its embodiments are sustained by
known technologies, its novelty lies within the scope of
a new set of purposes.

Background of the Invention

[0061] The state of the art of the present invention, as
well as patent documents prior to the present disclosure,
that might be related thereto, will be hereinafter de-
scribed.
[0062] In terms of industry, design or application, any
activity related or corresponding to the subject of the
present disclosure is unknown, in its aspects of integrat-
ed process, products and systems.
[0063] The research undertaken resulted in the follow-
ing patents and prior art references, although not con-
sidering the use of a cellulose support for simultaneous
functioning of substrate and electronic component pre-
senting memory effects.

1. the national patent application No. 103951 filed in
2008 refers to the use of cellulose-based or bio-or-
ganic paper as a physical support for the processing
of electronic devices and systems and not to its in-
tegration in manufacturing and supporting of the
electronic devices and systems with memory effect.
Therefore, in national patent 103951, paper is a sim-
ple physical support of electronic devices that are
produced by any conventional technology using cov-
alent semiconductor or organic and inorganic ionic
semiconductors, comprising respective metal con-
nections. The only point of convergence of the
present invention to the previously mentioned inven-
tion is that the devices are based on the same ma-
terial processing technologies. On the other hand,
the memory effect claimed in national patent No.
103951 refers to electrochromic materials which are
deposited on the paper and maintain their oxidation
state (oxidized or reduced) after withdrawing the
electrical stimulus that originated them. This effect
is reversible. This memory effect has nothing to do
with the present invention wherein the non-volatile
memory effect is associated with an intrinsic char-

acteristic in the paper and with the innovation asso-
ciated with creating new electronic devices based
on different cellulose fibber integration on which ac-
tive semiconductors are deposited and whose sur-
face integration is carried out by means of contact
with metal features that allow interconnecting all fib-
bers and respective active semiconductors in the
same face of the paper and wherein the control al-
lowing the induction of charges is based on a con-
tinuous gate electrode deposited on the other face
of the paper on which an electrical step pulse is ap-
plied which allows writing, reading, re-writing or de-
leting the information stored and collected in the set
of fibbers thus resulting in the existence or inexist-
ence of current circulating in the channel region
formed by the active semiconductor.
2. U.S. Patent No 3,617,372 filed in 1967, refers to
electroconductive paper for producing electrostatic
images, wherein action takes place in the manufac-
ture region of paper in volume, allowing it to contain
polymer chains from hydroxyethyl and hydroxypro-
pyl group in order to adequate paper to image cap-
ture functions, and provide non contact printing. The
patent is not in force. It was related to the paper in
volume constituent in image capture and recording
not being related whatsoever to the object of the
present invention.
3. Japanese Patent JP2003123559, "Forming meth-
od and its device for transparent conductive film,
transparent conductive film and electronic paper" -
aims the production of transparent and conductive
films at low temperatures, named Indium Tin Oxide,
ITO (or zinc oxide, ZnO), via chemical vapour de-
composition assisted by a plasma using gaseous
forms of indium iodide and tin chloride (zinc nitrate
(Zn(NO3)2.6H2O)) in an oxygen atmosphere, with
or without an inert gas such as Argon, deposited on
polythiophene polymer membranes or other organic-
based material, in order to use in the so-called elec-
tronic paper (e-paper). That is, the possibility to re-
write alphanumeric characters or images on a flexi-
ble film based on a transparent conductive oxide de-
posited on an organic substrate. In this case, for ex-
ample, the transparent conductive oxide is intended
to serve as an electrode for the application of elec-
trical fields to control image hue, for example those
formed from the orientation of liquid crystals. This
patent is about a process for obtaining films, system
thereof, and physical - mechanical characteristics of
the films thus obtained, such as adhesion. That is,
the object of the invention is to provide the production
of organic substrates of conductive oxides to be sim-
ply used as electrodes, not comprising in the patent
the use of cellulose-based paper, simultaneously,
as electronic component with memory capability and
the support of the device that incorporates.
4. U.S. patent U.S.2006/0132894 - discloses the
deposition of transparent conductive oxides on both
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faces of the electronic paper having as main target
applications similar to those described in
JP2003123559. In other words, it is directed to ad-
aptation technologies used in displays namely liquid
crystal for new flexible displays produced on organic
media. Thus, the claims of this patent are included
in the scope of equipments used and of how to proc-
ess and retain an image on organic flexible sub-
strates, comprising the control of non conductive par-
ticles placed within the paper itself or under the ox-
ides produced, with the capability to change their
degree of transmittance by applying an electrical
field. This is not within the scope of the present dis-
closure.
5. Canadian patent CA682814 "Electrically conduc-
tive paper, and method of masking it" - relates to the
volume processing of conductive paper, in particular
to the inclusion of conductive fibres in its volume
coated or not by metal, randomly dispersed in a cel-
lulose matrix. This is not within the scope of the
present disclosure, which does not include manipu-
lating the paper structure.
6. U.S. Patent US2003/0192664Al "Use of vinyl
amine polymers with ionic, cross-linked Polymeric
microbeads in paper making" refers to a method of
paper manufacture and its constituents, namely in
the use of organic ionic additives to facilitate fluid
drainage and retention in the paper. This patent not
within the scope of the present disclosure.
7. The U.S. Patent US2004/0249055Al, "Paper coat-
ing latex using ionic monomer"’ refers to a paper
coating containing co-polymer ionic monomers or
the inclusion of the said monomers in the paper vol-
ume in order to optimize the fluid stability and reten-
tion features, not being within the scope of the
present invention.
8. The Canadian patent CA767053 "Electrically con-
ductive paper" - refers to coating of cellulosic paper
in conductive volume, coated with an insulation pho-
toconductor material, associated with the incorpora-
tion of zeolites, able to ensure a resistivity inferior to
1012 Ωcm, aiming for the development and mainte-
nance of electrostatic charges for information print-
ing. This is not within the scope of the present dis-
closure wherein the paper is intended to function as
a dielectric capable of storing charge loads and si-
multaneously serve as support element to the vari-
ous components forming the device on both faces
of the paper.
9. Canadian patent CA898082 "Polymeric quater-
nary derivatives of 4-vinyl pyridine in electrically con-
ductive paper" - refers to the use the quaternary pol-
ymers capable of receiving photoconductor coatings
capable of producing electrostatic copying paper.
This is not the scope of the present invention.
10. Canadian patent CA922140 "Electro-conductive
paper" - deals with the electro-conductive paper with
polymers with at least 75% of its constitution useful

in the techniques for image reproduction. The patent
protects all compositions containing radical struc-
tures of the type:

[0064] This is not the scope of the present invention.
[0065] From de above-description, one might con-
clude that in terms of the product and method disclosed
in the present invention, no publication or patent appli-
cation related thereto.
[0066] The patents and references mentioned corre-
spond to the state of the art wherein the present disclo-
sure might be found, there being some peripheral points
in common, in terms of process and materials used as
conductors, on plasticized surfaces and the processes
take place in some cases at room temperature. However,
the existence of work and patents or patent applications
that focus on using cellulose-based paper simultaneous-
ly as a component in active devices with memory effect
and physical core of these devices, their derivatives or
compounds are unknown.
[0067] The present invention consists of integrating
different technologies, seeking the creation of self-sus-
tainable field-effect electronic devices with non-volatile
memory effect consisting of cellulose paper, its com-
pounds or derivatives that determine the final function-
ality of these products and systems with the ability to
electrically isolate a gate electrode consisting of a film
with metallic characteristics to which the control voltage
is applied or to which information from another semicon-
ductor electrode is written being designated channel
where charges are induced and others are trapped on
the coated fibbers with the active semiconductor, such
as ionic charge, to be retained or withdrawn and where
their circulation emerges from the polarization on two
symmetrical terminals designated source and drain re-
spectively, being deposited upon the edges of the chan-
nel length of the later semiconductor and wherein the
deletion of stored information requires applying a voltage
presenting the same absolute value but opposite signal
to that which provides the device with a selectivity ability
concerning writing or erasing information. The manufac-
ture of such devices, whether in lab performance or at-
tempt, is unknown. This is the central object of the present
invention, from which a hybrid device emerges that pro-
duces new effects and adds a new value in the application
of the disclosure, which is not present in the state of the
art of existing systems.

Brief Description of the Drawings

[0068]
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Figure 1 is a schematic view of the basic structure
of a non-encapsulated condenser consisting of Met-
al, Insulator and Semiconductor or designated MIS
condenser according to the figure caption:

1. p or n type organic or inorganic ionic active
semiconductor to deposit on the fibbers;
2. natural or synthetic cellulose-based paper or
combinations thereof chemically (resin and
glue) or mechanically linked together operating
both as charge storage discrete dielectric and
as physical support for the electronic compo-
nent;
3. Gate electrode operating as continuous elec-
trical contact, also serving as an electrode made
of a metal or metal alloy or of successive depo-
sition of two metals or a high conductivity sem-
iconductor oxide or a high conductivity organic
material.
4. Interface passivation or adaptation layer ex-
isting in one or both interfaces in the paper.

Figure 2 is a schematic view of a type n or p junction
field-effect transistor with non-volatile memory effect
with or without the adaptation layer of deposited ma-
terials and both surfaces of the paper used as a di-
electric with memory effect and wherein the drain
and source regions are deposited on the active sem-
iconductor deposited on the fibbers and which pro-
motes the integration and connection of different fib-
bers, according to the figure caption:

5 - drain and source Region of junction field-
effect transistor consisting of a high conductivity
organic semiconductor such as the P-dot or a
metal or a high conductivity semiconductor ox-
ide in the single, composite or multi-compound
forms.
6 - Encapsulation Layer, surface passivation.

Figure 3 is a schematic view of a non-encapsulated
field-effect CMOS device with non-volatile memory
effect comprising adaptation layers between the de-
posited materials and both surfaces of the paper
used as dielectric and wherein the active p and n
semiconductors or vice versa overlap the drain and
source regions, according to the figure caption:

7- Channel region whose semiconductor type is
complementary to semiconductor channel cor-
responding to figure caption 1 which being of
the n type, the complementary shall be of the p
type and vice-versa.

Detained description of the preferred implementa-
tion of the present invention

[0069] The present invention provides the use of cel-

lulose-based paper or cellulose compounds with different
grammage and compositions in the creation of non-vol-
atile memories wherein the paper and its fibbers act si-
multaneously as physical support for singular or integrat-
ed electronic and optoelectronic devices and as a die-
lectric able to store or induce electrical and ionic charges
in field-effect devices based on multi-compound semi-
conductor oxides or organic semiconductors in single or
hybrid form for manufacturing the gate electrode, channel
region, discrete drain and source regions of p or n type
devices or in a complementary form of p and n type op-
erating in enhancement or depletion modes and adapting
compatible procedures to the present process, so as not
to damage the paper to the remaining constituents of the
non-electronic memory. To this end, all processes take
place at temperatures below 200 °C, especially those
occurring on the paper surface being also obtainable at
temperatures as low as -20 °C.
[0070] According to the aforementioned, the present
disclosure proposes a set of functions and techniques
which, by means of new innovative processes, enable
new products and systems involving paper both as phys-
ical support and as an electronic component capable of
retaining or inducing electrical charge storage in single
or complementary p type or n type field-effect devices
with non-volatile memory effect. That is, the complemen-
tary device consists in using simultaneously two devices,
one of being of the p type and the other of the n type,
both operating under the influence of the same gate elec-
trode but with different channel regions (one being based
on a p type semiconductor and the other based on a n
type semiconductor) and common source and drain re-
gions or vice versa and a separate source and drain,
associated to each region, and presenting dimensions
of up to 925 Pm.

A - MIS Capacitor presenting electrical charge storage 
ability

[0071] Figure 1 illustrates a Metal Insulator Semicon-
ductor- type capacitor, designated MIS structure wherein
the interfaces of both paper surfaces (2) might or might
not be passivated by specific treatment in oxygen plasma
or by deposition of a highly insulating film with dimensions
in nanometre range (4) scope. In Figure 1, the gate elec-
trode (3) can be a continuous or not metal- or metal alloy-
based on degenerate semiconductor oxides. Whatever
the case, the active semiconductor may be an organic
or inorganic ionic semiconductor (1) deposited on the
fibbers forming the paper. Zany component forming the
device can be manufactured by conventional physical,
chemical or physical-chemical deposition techniques,
such as the ones to be below described.
[0072] The operation principle of the device is based
on the so-called field effect wherein collected charges
and / or stored along the fibbers and surrounding resins
depend on how the fibbers are associated along the lay-
ers building the thickness of the paper; the electro-neg-
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ativity of the paper and the electrical field applied to the
gate electrode. The voltage required to store the infor-
mation (electrical charges) is higher than the minimum
voltage required for inducing electrical charges through
the paper to the active semiconductor, this value ranging
from 0.2 Volts to 100 Volts, depending essentially on the
thickness of the paper and compaction degree of cellu-
lose fibbers. The storage or retention times of the elec-
trical charges can vary from 30 minutes to hundreds of
hours, according to the electrical field applied, thickness
of the paper, number of cellulose fibres forming the paper,
semiconductor resistivity, electro-negativity of the fibres,
static ionic charges present in the paper and whether the
surface finishing have been passivated and the device
has been submitted or not to encapsulation.

B - Process for manufacturing MIS capacitor presenting 
electrical charge storage ability

[0073] As a first step, regardless of paper type and
grammage used, it is necessary to prepare and to con-
dition the surface, taking its texture and intention to man-
ufacture continuous films into account. This is achieved
by means of:

a) Either by treating, both paper surfaces through
UV for 10 minutes;
b) Or by subjecting both paper surfaces to a radiof-
requency plasma or direct current plasma in oxygen,
argon or nitrogen or xenon atmosphere or nitrogen
and hydrogen atmosphere up co 95:5 ratios and at
pressures ranging 1-10-2 Pa, for 5-15 minutes using
power densities between 0.01-3 Wcm-2;
c) Or by depositing a passivation thin film - which
may be a ceramic or nanocomposite or multicom-
pound film, oxidized or nitro compound - with a thick-
ness ranging from 2 -200nmn;
d) Or by clearing the surface with a nitrogen/hydro-
gen jet flow, in order to withdraw free nanoparticles
and activate the surface (this being the function of
hydrogen when mixed with nitrogen).

[0074] Once the paper or substrate surface has been
prepared, it is transferred to the environment where the
various stages will be performed, according to the pur-
pose intended.

i) For processing the metal electrode, shown in Fig-
ure 1 with the reference number (3) it consists of a
deposit of an inorganic metal material or conductive
oxide or organic material such as P-dot with electrical
resistivity below to 10-3Ωcm produced by any tech-
nique so as to form a continuous film as follows:

I) Resistive vacuum thermal evaporation, or by
electron gun thermal evaporation using a vacu-
um atmosphere below 10-3 Pa and systems
wherein the substrate temperature is controlled

by cooling from -20 °C to 200 °C. The minimum
thickness to be used is of about 10 nm. This
process can be implemented and carried out
continuously (roll to roll) and the distances be-
tween the substrate and heated filament de-
pends on the size of the sheet of paper intended
to use, ranging preferably from 25 cm to 50 cm.
II) Magnetron-assisted cathodic sputtering (di-
rect current or radio frequency or ultra high radio
frequency designated respectively by DC, RF or
UHF), under argon atmosphere, either with or
without the addition of oxygen during the man-
ufacturing process and wherein the substrate
temperature is controlled (cooling) under a vac-
uum pressure from 1 Pa to 10-1 Pa and wherein
the metal target substrate distances vary from
5cm to 15cm, depending on the dimensions of
the target intended to use and the size of the
paper intended to deposit.
III) The ink-jet printing from a chemical solution
containing organic or inorganic components in-
tended to deposit and wherein the minimum
thickness of materials deposited is of 10 nm.
IV) by rapid spread of chemical emulsion of a
chemical solution containing the elements in-
tended to deposit with thicknesses up to 400 nm.

ii) For processing the organic or inorganic ionic active
semiconductor referred to with reference number 1
in Figures 1 and 2 and intended to deposit on the
fibbers forming the paper by means of one of the
following techniques:

V) Magnetron-assisted cathodic sputtering (DC
or RF or UHF) under reactive oxidizing atmos-
phere and metallic or ceramic substrates, with
different compositions and purity grades. The
vacuum pressure to be used may range from 1
Pa to 10-1 Pa; and wherein the target substrate
distances range from 5cm to 15cm, depending
on the dimensions of the target to be used and
the dimensions of the sheet of paper intended
to deposit. The thickness is of about 1nm-500
nm.
VI) Vacuum thermal evaporation, either resistive
or by electron gun, from ceramic/oxides contain-
ing metal elements to be deposited and whose
process is carried out at vacuum pressures be-
low 10-3 Pa, following the procedures previously
described, for this technique.
VII) Assisted chemical vapour decomposition by
radio frequency plasma or UHF. In this case, the
elements to be deposited are gaseous, process
using vacuum pressures of 10-200 Pa, power
densities between 0.03-2 Wcm-2 and excitation
frequency between 13.56 MHz and 60 MHz. The
useful thickness for the active semiconductor
are of about 10-800 nm.
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VII) Ink-jet printing from a chemical solution con-
taining organic or inorganic components, where-
in the minimum thickness of deposited materials
is of 1nm-500 nm.
IX) By rapid spread of a chemical solution con-
taining elements to be deposited and wherein
the thickness of the deposited materials is of
1-500 nm.

iii) For processing of the adaptation layer referred to
in Figure 1 with reference number 4 or the encapsu-
lation layer referred to as 6, the manufacturing proc-
ess to be used is that of item ii), using the same type
of material but now with electrical resistivity of at least
3 orders of magnitude higher than that of any active
semiconductor.

C - Processing and creation of junction field-effect tran-
sistors with non-volatile memory effect

[0075] The present section discloses the processing
of n or p type junction field-effect transistors with non-
volatile memory effect encapsulated or non-encapsulat-
ed with or without adaptation layer at the paper interfaces
as shown in figure 2 by means of an example operating
in enhancement or depletion mode, that is, depending
on whether a voltage is applied or not to the gate elec-
trode so that they might be able to be in the switching
ON stated or information writing mode. The function of
the paper associated with the field-effect device is to
guarantee the necessary electrical insulation required for
the induction process of electrical charges on the semi-
conductor paper interface and to store them or retain
charges in the absence of any gate voltage applied until
another voltage of equal amplitude but of opposite signal
is again applied to the gate electrode. Should another
voltage be applied, which is not adequate to delete the
stored information, either the process of electrical charg-
es accumulation increases (if to the gate electrode is ap-
plied voltages of the same signal of that which is used to
store the information, either of higher or lower intensity)
or decreases (if to the gate electrode is applied voltages
of opposite signal from that which is used to store elec-
trical charges, but now the absolute value being inferior
to the voltage intensity applied to the gate electrode to
store electrical charges) or ceases to exist (if to the gate
electrode is applied voltages of opposite signal from that
which is used to store electrical charges , but now the
absolute value being equal or higher than that of the volt-
age applied to the gate electrode used to store electrical
charges). Figure 2 is a schematic view of a junction field-
effect transistor with non-volatile memory effect wherein
the fibbers are distributed by various layers and sub-
merged into a resin and glue, and wherein the passivation
or adaptation of interfaces is also included.
[0076] The materials to be used as active ionic p type
or n type semiconductor for processing the channel re-
gion to be deposited on the fibres, referred as reference

number 1 in Figure 2 are essentially multi-compounds
such as zinc oxide, zinc oxide bound to aluminium, tin
oxide bound to fluoride, or copper oxide, or cadmium
oxide or silver oxide, or compound alloys of indium mo-
lybdenum, or compound alloys of tin and indium, or com-
pound alloys of indium and zinc, or compound alloys of
zinc and gallium, or compound alloys of indium zinc and
gallium, or compound alloys of indium zinc and silver, or
compound alloys of indium zinc and zirconium, or com-
pound alloys of indium zinc and copper, or compound
alloys of indium zinc and cadmium, or compound alloys
of indium zinc and tin or compound alloys of gallium zinc
and tin, or compound alloys of indium zinc and molybde-
num, or compound alloys of hafnium or titanium or alu-
mina or tantalum oxide and in compositions that may vary
from 0.1% to 99.9% of its constituents, showing resistivity
from 1011 -100Ωcm, depending on the composition and
partial oxygen pressure used during the manufacturing
process. The technologies to be used are all described
in A ii). The useful thickness of channel regions range
1-500 nm and are well below those of the fibbers forming
the paper, at least by one order of magnitude.
[0077] For processing the source and drain regions of
referenced as 5 in Figure 2, separated from each other
between 10 nm to 500 Pm, the same semiconductor pre-
viously mentioned are used but now presenting a lower
resistivity from 5 -10 6Ωcm, or metals with metal alloys
or multilayer or stacked structures, involving the following
materials: titanium, aluminium, gold, silver, chromium, or
molybdenum showing resistivity lower than 5 Ωcm, using
the same technologies allowing the interconnection and
connection of fibres containing the active semiconductor.
The useful thickness of drain and source regions range
from 1nm-30000 nm, depending on whether the integra-
tion into a single fibber or the integration and connection
of various fibbers containing the active semiconductor in
the same layer is intended.
[0078] The adaptation or passivation- or encapsulation
layers to be used are the same as those mentioned in A.

D - Processing non-volatile CMOS memory devices

[0079] The present example provides for the simulta-
neous use of two junction field-effect transistors, one n
type operating in enhancement mode, as shown in ref-
erence number (1) in Figure 3, and the other being of a
p type transistor operating as dynamic charge also in
enhancement mode, or a n type transistor operating in
depletion mode as indicated by reference number (7),
manufactured according to the previously described, with
or without passivation layer of one or either paper surface
sides, which corresponds to the manufacture of a device
designated non-volatile memory C-MOS device. In this
type of circuit both transistors are never simultaneously
actuated, allowing its use in the design of digital circuits
and design of logic gates with the ability to store electrical
charges. The manufacturing process to be used and the
thickness of its various constituents are the same as
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those mentioned for the case of manufacturing junction
field-effect transistor with non-volatile memory effect.
[0080] It should be clear that the embodiments of the
present devices and semiconductor circuits and applica-
tions thereof described above, are simply possible im-
plementation examples merely set to a clear understand-
ing of the principles of the disclosure involving the crea-
tion of new devices with sew memory functions in which
the paper fibbers constitute its main component. Varia-
tions and modifications can be made to the above em-
bodiments without substantially deviating from the spirit
and principles of the invention. All such modifications and
variations must be included within the scope of this dis-
closure and present invention and be protected by the
claims of the disclosure.

Implementations

[0081] The main industries that currently might come
to use the devices and integrated circuits resulting from
the use of the present invention innovation are the entire
electronics industry, the semiconductor industry, the
memory industry and similar industries, the logic circuits
industry, the instrumentation and sensors industry, the
medical and biotechnology industry, the optoelectronics,
the micro and nanoelectronics industry. The devices
based on this invention are designed for direct application
in all electronic based on field-effect devices with memory
effect, and it may include circuits of information conduc-
tion and storage (record shift register, dynamic RAM),
design of logic circuits, namely the buffer and counter
type circuits; capacitors presenting high charge retention
capacity among others.
[0082] The present invention aims for developing and
creating a product or products using simple and cost-
effective processing techniques, which involves the use
of processing techniques that stay in line with the
processing of thin films on both sides of the cellulose-
based paper at low temperatures leading to the creation
of paper-e thus resulting in the green electronics of the
future.
[0083] On the other hand, the required manufacture
technological processes are compatible to those existing
in electronics industry, optoelectronics industry, the sem-
iconductor industry, namely those processes of large ar-
ea cathodic sputtering, or thermal evaporation or sol-gel
or ink-jet, hence no need for high investments in terms
of research and matching technology.
[0084] The technical advantages provided by the
present invention allow the active use of paper in a dy-
namic way, not only in a static way, serving so simulta-
neously as a substrate and active component of the elec-
tronic devices with non-volatile memory that are pro-
duced upon it.
[0085] Although the preferred embodiment has been
described in detail, it should be understood that many
variations, substitutions and changes may be made with-
out departing from the scope of this invention, even

though all advantages identified above are not present.
The achievements presented herein illustrate the present
disclosure that can be implemented and incorporated into
a variety of different method fashions, which fall under
the same scope. Moreover, the techniques, construc-
tions, elements, and processes described and illustrated
in the preferred embodiment as distinct or separate, may
be combined or integrated with others techniques, con-
structions, elements, or processes, without departing
from the scope of this invention. Although the present
invention has been described in several embodiments,
these may still be modified according to the scope of
application of the present invention. Other examples of
variations, substitutions, and alterations are easily deter-
mined by those skilled in the art and could be implement-
ed without departing from the spirit and scope of the
present invention.

Claims

1. Process for manufacturing a field-effect semicon-
ductor active electronic or optoelectronic device with
non-volatile memory characterized, in that it com-
prises a thin film, designated paper (2), based on
natural cellulose-based fibbers, synthetic fibbers or
combinations thereof in the said device dielectrics.

2. Process according to the preceding claim charac-
terized in that the said film (2) further acts as a sub-
strate of the said device turning it into a self-sustain-
able device.

3. Process according to claim 1 or 2 characterized, in
that it includes one or more additional components
of organic or inorganic origin with electrical charac-
teristics of a metal (3, 5), semiconductor (1), insulator
(6) or of adaptation (4) in single, composed or multi-
stacked tandem structures, deposited in a discrete
or continuous way on both surfaces of the paper.

4. Process according to claim 3, characterized in that
it includes said components processed at tempera-
tures close to room temperature and in that these
components can be optionally annealed to 200 de-
grees Celsius.

5. Process according to claim 3 characterized in that
it comprises component deposition by means cf one
or more of the following methods: resistive thermal
evaporation or by means of electron gun in vacuum,
magnetron assisted or non-assisted cathodic sput-
tering of continuous current or radiofrequency or ul-
trahigh frequency, by assisted or non-assisted
chemical vapour decomposition by radiofrequency
or ultra high frequency, by ink-jet printing, by chem-
ical emulsion.
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6. Process according to claim 3, characterized in that
it deposits conductive components or components
(3, 5) comprising organic or inorganic material, high-
conductivity metal or semiconductor oxide up to 30
Pm.

7. Process according to claim 3 characterized in that
it deposits semiconductor component or compo-
nents (1) comprising a covalent inorganic material,
or a single or compound ionic material, or organic
material between 1 nm and 5 Pm, preferably silicon
alloys or zinc-based multicompound oxides.

8. Process according to claim 3 characterized in that
it comprises as semiconductor an ionic oxide, re-
sponsible for allowing the interconnection between
the coated fibres and the active semiconductor oxide
at the end areas of the channel region, its use being
made as drain and source (5) regions, preferably
being made of zinc and indium alloys.

9. Process according to claim 3 characterized in that
it incorporates a metal electrode (3), fibre paper (2),
semiconductor (1) structures, wherein natural or
synthetic cellulose-based paper or combinations
thereof acts simultaneously as dielectric and ele-
ment capable of allowing charge storage induction
within the fibre, the active semiconductor or paper
semiconductor interface.

10. Process according to claim 3, characterized in that
the said natural or synthetic cellulose-based paper
or combinations thereof is provided with a passiva-
tion or adaptation layer (4) before depositing any oth-
er component of the final device.

11. Process according to the preceding claim charac-
terized in that the said passivation or adaptation
layer (4) comprises covalent dielectric material or
high electrical resistance ionic material, in particular
comprising a thickness between 1 nm to 500 nm,
over two orders of magnitude lower than the fibre
thickness composing the paper.

12. Process according to claim 3 characterized in that
the final device is housed by a dielectric (6) of up to
30 Pm.

13. Process according to claim 1 or 2 characterized in
that the said film (2) comprises natural or synthetic
cellulose fibres produced by regeneration, dissolu-
tion or combinations thereof with the ability of spon-
taneous electrical polarization, wherein the dielectric
has quasi-permanent charges independently stored
from any electrical field applied, performing similarly
to electrets.

14. Process according to the preceding claim charac-

terized in that cellulose fibres of said paper (2) are
embedded in a resin or ionic glue with controlled
electro-negativity, preferably by adding cationic spe-
cies as aluminium.

15. Field-effect semiconductor active electronic or opto-
electronic device comprising a non-volatile memory
characterized in that it comprises a thin film, des-
ignated paper (2) based on natural or synthetic cel-
lulose fibres, or combinations thereof in the dielectric
of the said device.

16. Device according to the preceding claim character-
ized in that the said film (2) acts further as substrate
of the said device, turning it into auto-sustainable.

17. Device according to claim 15 or 16 characterized
in that it further comprises one or more components
of organic or inorganic origin, with electrical features
of a semiconductor (1), an insulator (6) or adaptation
(4) metal in composed or multilayer tandem struc-
tures, the components being discretely or continu-
ously deposited on both paper surfaces.

18. Device according to claim 17, characterized in that
the conductive component or components (3,5)
comprise organic or inorganic material, metal or
high-conductivity semiconductor oxide up to 30 Pm.

19. Device according to claim 17, characterized in that
the semiconductor component or components (1)
comprise covalent inorganic material or single or
compound or organic ionic material between 1 nm
and 30 Pm, preferably silicon alloys or zinc-based
multicompound oxides.

20. device according to claim 17, characterized in that
it comprises as semiconductor an ionic oxide, func-
tioning as to allow the interconnection of coated fi-
bres with active semiconductor oxide at the ends of
the channel region, its use being made as drain and
source region, (5), preferably based on zinc and in-
dium alloys.

21. Device according to claim 17 characterized in that
it comprises electrode-type structures (3) - fibre pa-
per (2) - semiconductor (1), wherein natural or syn-
thetic cellulose-based paper or combinations thereof
acts simultaneously as a dielectric and an element
capable of allowing charge induction and storage
within the fibre, in the active semiconductor or paper
semiconductor interface.

22. Device according to claim 17 characterized in that
it comprises a passivation or adaptation layer (4) di-
rectly placed on the paper (2), before any other com-
ponent of the final device is deposited.
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23. Device according to the preceding claim character-
ized in that the said passivation or adaptation layer
(4) comprises covalent dielectric material or high
electrical resistance ionic material, in particular up
to 500 nm, over two orders of magnitude lower than
the fibre thickness composing the paper.

24. Device according to claim 17, characterized in that
the final device is housed by an electrode (6) up to
30 Pm.

25. Device according to claim 17 characterized in that
the devices are of the transistor-type, of the n or p
type, being able to store electrical and ionic charges
through the fibres composing the paper (2) depend-
ing on electro-negativity when subject to a positive
or negative step voltage which is applied to the gate
electrode (3), and being capable of maintaining
charges subsequently to the voltage withdrawal,
thus operating in floating gate mode.

26. Device according to claim 25 characterized in that
the information stored throughout the paper fibres
may be totally withdrawn provided that a voltage is
applied presenting an opposite signal to that which
is used for storing information and whose intensity
is equal or superior to that which is used for storing
information.

27. Device according to claim 25 characterized in that
it is able to store multiple information within the same
space, the information being written with different
potential thus enabling the device to recognize it se-
lectively.

28. Device according to claim 25 characterized in that
the information stored can be continuously accumu-
lated by applying step voltages presenting different
amplitudes from the gate electrode (3), whether con-
tinuous or not, which is placed at the opposite paper
face (2) to that containing the active semiconductor
(1).

29. Device according to claim 25 characterized in that
the information stored is not completely deleted,
should the opposite-signal voltage applied have an
intensity which is inferior to the voltage used to write
the information.

30. Device according to claim 25 characterized in that
it comprises over the device semiconductor layer (1),
two high-conductive deposited materials which are
perfectly equal in terms of conductivity and separat-
ed from each other between 10 nm and 500 Pm,
being designated drain region and source region re-
spectively (5) and which enable interconnecting the
paper fibres (2) containing the active semiconductor
oxide from each channel region end.

31. Device according to the preceding claim character-
ized in that the drain and source regions comprise
therebetween a continuous organic semiconductor
or an inorganic ionic semiconductor presenting con-
ductivities of at least three orders of magnitude su-
perior to that of the semiconductor material which is
placed on the paper fibre and on which have been
deposited, designated channel region (1), present-
ing thicknesses depending on the paper fibre thick-
ness containing the active semiconductor forming
the channel region and which vary preferably be-
tween 1 nm and 500 nm.

32. Device according to claim 24 characterized in that
the active semiconductor placed on paper fibre in
discrete manner is substituted by two semiconduc-
tors (1, 7) of complementary electronic nature of p
and n type, or the opposite, being juxtaposed and
separated from each other at distances between 50
nm and 10 Pm, thus forming a known complemen-
tary device.

33. Device according to the preceding claim character-
ized in that both semiconductors (1, 7) are connect-
ed to each other by the same material meant to be
used respectively as drain and source of each one,
acting as a common electrode and further compris-
ing two deposited independent terminals (5) and
electronically identical at each end of complementa-
ry channel regions interconnecting the fibres (2) con-
taining the respective active semiconductors (1, 7),
designated source or drain or vice-versa.

34. Device according to the preceding claim, character-
ized in that in the complementary device, both tran-
sistors are never simultaneously actuated.

35. Device according to the previous claim character-
ised in that in the complementary device, the infor-
mation stored is merely deleted by applying a voltage
with an opposite signal and presenting the same in-
tensity as the one used to store information in the
gate electrode (3).

36. Device according to claim 15 or 16 characterized
in that the said paper (2) comprises natural or syn-
thetic cellulose fibres or combinations thereof which
are manufactured by regeneration or dissolution
techniques allowing spontaneous electrical polariza-
tion wherein the dielectric has with quasi-permanent
charges being independently stored from any ap-
plied electrical field, thus performing similarly to elec-
trets.

37. Device according to the previous claim character-
ized in that cellulose fibres of said paper (2) are
embedded in a resin or ionic glue whose electro-
negativity is controlled, preferably by adding cationic

25 26 



EP 2 282 359 A2

15

5

10

15

20

25

30

35

40

45

50

55

species such as aluminium.
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