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ABSTRACT 

The present invention corresponds to the use of p and n-type 
oxide semiconductors based on copper nickel 1OCu Ni, 
with 0&x&3; 0&y&3) or multicomponent Gallium-Tin-Zinc- 
Copper- Titanium oxide, designated here after as GSZTCO, in 
different molar compositions, having an amorphous or crys- 
talline structure and with the electrical characteristics of a 
donor or electron acceptor semiconductor, doped or not 
doped with impurities, such as, Zirconium or nickel or nitro- 

gen, as a way to control the semiconductor electronic behav- 
iour 1valence); including the manufacture process at room 
temperature or temperatures below 100' C. and their appli- 
cations in optoelectronic and electronic fields is to manufac- 
ture devices, such as, Complementary-Metal-Oxide-Semi- 
conductors, thin film transistors, pn heterojunctions, logic 
gates, 0-ring oscillators, using as substrate glass, metal foils, 
polymers or cellulose materials, in which a protection layer 
based on magnesium fluoride is used, together with a tanta- 
lum oxide matching layer of the active semiconductors to a 
dielectric, such as, silicon dioxide. 



Patent Application Publication Apr. 15, 2010 Sheet 1 of 6 US 2010/0090216 A1 



Patent Application Publication Apr. 15, 2010 Sheet 2 of 6 US 2010/0090216 A1 

Figure 3 

Figure 4 

Figure 5 



Patent Application Publication Apr. 15, 2010 Sheet 3 of 6 US 2010/0090216 A1 



Patent Application Publication Apr. 15, 2010 Sheet 4 of 6 US 2010/0090216 A1 

28 

25 

4, 

3D 



Patent Application Publication Apr. 15, 2010 Sheet 5 of 6 US 2010/0090216 A1 

19 20 

25 

Il 

oo8 0 o 
O, ~, QQ 

ao, , 
e oo 
0 0 

20 
19 

Fi. pure 11 



Patent Application Publication Apr. 15, 2010 Sheet 6 of 6 US 2010/0090216 A1 

R 
M 

OJ 

5 
U 

N 
o 
I 

(5 

Drain-Source Voltage, V [Vj 
DS 

8 
V 

o 
I 

A 

e 
I/I 

0 0 

Gate-Source Voltage, V [V] 

48 

Fibre. 13 



US 2010/0090216 A1 Apr. 15, 2010 

ELECTRONIC SEMICONDUCTOR DEVICE 
BASED ON COPPER NICKEL AND 

GALLIUM-TIN-ZINC-COPPER-TITANIUM P 
AND N-TYPE OXIDES, THEIR 

APPLICATIONS AND CORRESPONDING 
MANUFACTURE PROCESS 

FIELD OF INVENTION 

[0001] The present invent is related to the use of p and 
n-type oxide semiconductors of copper and nickel (OCu Ni- 
with 0&x&3; 0&y&3) or multicomponent Gallium-Tin-Zinc- 
Copper-Titanium, hereafter designated by GSZCTO in dif- 
ferent component compositions, having an amorphous or 
crystalline structure and with the electrical characteristics of 
a donor (designated by n-type) or electron acceptor (desig- 
nated by p-type) semiconductor, doped or not doped with 
impurities such as Zirconium or nickel or nitrogen, as a way 
to control of the semiconductor electronic behaviour (va- 
lence), including the fabrication process at room temperature 
or temperatures below 100' C. and their applications in opto- 
electronic and electronic fields to fabricate or produce devices 
such as Complementary-Metal-Oxide-Semiconductors, 
C-MOS (FIGS. 1-2), thin film transistors, TFT (FIGS. 3-5), 
p-n heterojunctions (FIG. 5), logic gates (FIG. 6), 0-ring 
oscillators (FIG. 7), using as substrate glass, metal foils, 
polymers or cellulose materials and where a protection layer 
based on magnesium fluoride is used, together with a tanta- 
lum oxide matching layer of the active semiconductors to a 
dielectric such as silicon dioxide and can be used in the 
electronics industry, semi-conductor industry, display indus- 

try, logic circuits industry, instrumentation and sensor indus- 

try, medical and biotechnology industry, optoelectronics 
industry, solar cells and micro and nano-electronics industry. 

Previewed of the Invention 

[0002] The use of oxides in electronics and optoelectronics 
is well known, namely for their applications as a passive 
semiconductor, such as transparent and conductive electrode 
[1], or just as an anti-reflecting coating used in several opto- 
electronic or optical devices [2] including its deposition at 
room temperature [3, 4]. However, its application as an active 
semiconductor material is mainly due to the initial work 
performed by H. Hosono [5], which was recently confirmed 
by its use in the fabrication of devices, namely thin film 
transistors, at low or high temperatures [6, 7, S] and their trans- 
port properties have been explored, namely concerning the 
behaviour of amorphous oxides [9]. Moreover, we have been 
witness the use of active oxide semi-conductors in the manu- 
facture of heterojunctions, namely light emitting diodes [10], 
and other luminescent applications [11], which have not been 
known till this day the full use o f oxides in the manufacture o f 
devices such as C-MOS. 

[0003] As far the use of OCu Ni and of GSZCTO is con- 
cerned in different electronics applications this is unknown. 

Up to now it has been reported the use of conductive oxides of 
different compositions, normally in binary form and n-type, 
as it is referred in the US2006152138, patent where it is 
referred its use of oxides as a conductive electrode, namely 
the use of indium and tin oxides and of gallium zinc oxides to 
coat phosphorous nanoparticles, applications which are not 
connected or are based in the same materials compositions as 
the ones envisaged by the present patent, for instance, con- 

cerning the use of GSZTCO as an active or passive semicon- 
ductor, the same happening for the copper tin oxides included 
in this patent. 

[0004] The patent US2006073092, referrers for instance to 
the pyrogenic preparation of zinc powder containing at least 
as a doping element one of the following elements/materials: 
aluminium, gallium, indium, germanium, tin, in percentages 
which vary between 0. 005 to 15 at %, where the oxide zinc 
particles can also be aggregated with diameters between 300 
and 400 nm. That is, this patent is more related to bulk 
ceramic materials syntherisation, nothing related to the resent 
invention. 

[0005] The patent JP2006002202 has to do with the previ- 
ous one, since it concerns the manufacture of ceramic targets 
by syntherisation of powders to be used in sputtering systems, 
using multiple mixtures of oxides that contain silicon, tita- 
nium, zinc, gallium, germanium, niobium, molybdenum, 
ruthenium, tin and tungsten, nothing related with the present 
invention, besides the eventual use of some of these targets for 
the conception of thin films stoichiometrical different of the 
original targets. 

[0006] The patent GB1293408 referrers to the epitaxial 
growing of n-type indium oxide doped with gallium and 
aluminium to make a p-n type junction in a gallium arsenide 
substrate in order to make an p-n like heterojunctions to be 
used in applications such as light emitting diodes or lasers, 
whose goals have nothing to do with the present event r they 
even do not refer to the new semiconductor oxide alloys 
proposed in this event. 

[0007] The patent WO2005081055, referrers to the manu- 
facture of a double transparent and conductive films for appli- 
cations in liquid crystal displays or organic light emitting 
diodes, respectively designated by LCD and OLED, besides 
to plasma displays, and ELD, including solar cells and other 
optoelectronic devices in which one of the layers is based on 
zinc oxide aluminium doped (AZO) or zinc oxide gallium 
doped GZO or zinc oxide Gallium and aluminium doped 
(AGZO) and the layer based on oxide highly etching selective 

, such as indium oxide tin doped (ITO), aiming to be used as 
a passive oxide semiconductor, that is as an electrode, a 
secondary application of the materials presented in this 
patent, including the p-type oxides. That is, this patent does 
not include any of the oxide semiconductors claimed in this 
patent but targets one of the possible applications of this 
invention, substituting in a positive way the present oxide 
materials based on high expensive indium. Therefore this 
patent is nothing to do with the claims of the patent now 
submitted. 

[0008] The patent US2004178725 referrers to the use of 
tandem oxide based thin film structures to be used as optical 
reflectors, namely tandem structures having up to 4 stacked 
layers, constituted by titanium oxide, titanium nitre or oxides 
based on titanium and tungsten alloys plus alloys based on 
indium tin oxides, or zinc gallium oxides, not including nor 
the materials and nor the applications claimed in the present 
patent. 

[0009] The patent JP2003324206 referrers to the manufac- 
ture of p-n junctions for photovoltaic applications in which 
the p-type is based on copper-aluminium oxide, copper-gal- 
lium oxide, indium-copper oxide and strontium-copper 
oxide, while the n-type semiconductor layer is selected from 
one of the following oxides: tin oxide, indium oxide, titanium 
oxide, gallium oxide, or from gallium nitride, different mate- 
rials compositions from the ones claimed in the present inven- 
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tion that includes the manufacture of C-MOS and TFT 
devices, besides p-n homojunctions and heterojunctions 
devices. 
[0010] The patent US2002028571, referrers to a new zinc 
oxide alloy incorporating gallium and hydrogen, obtained by 
co-deposition and processed at low temperatures to be used as 
transparent electrodes, not included in the claims of the 
present invention. 

[0011] The patent U. S. Pat. No. 6, 391, 462, referrers to thin 
films that can be used as optical filters and/or bathers to the 
impurity diffusion and are constituted by zinc oxide, titanium 
oxide, indium oxide, tin oxide and cadmium oxide, doped or 
not doped with gallium, aluminium, tin, antimony and silver, 
materials and applications not included in the claims of the 
present invention. 

[0012] The patent JP2000045063 referrers to the formation 
of transparent and conductive oxides indium based and con- 
taining tin, zinc or gallium with thicknesses between 50 nm 
and 500 nm to be deposited on polymeric substrates as elec- 
trodes, on single or tandem structures. Although it also con- 
siders the low temperature deposition process, this patent 
does not include the main objective of the present invention 
demands. 

[0013] The patent JP6338223 aims to develop transparent 
electrodes to be used on solar cells that can be corrosion 
resistant, namely oxides zinc based doped with gallium, as 
ohmic electrode in single or laminated staked structures, not 
including the objectives and claims o the present invention. 

[0014] The patent JP4367540 referrers to the manufacture 
of transparent and photo-conductive thin films by lamination 
of two species of metallic oxides, selected among zinc oxide, 
gallium oxide, indium oxide, and tin oxide, deposited in 
ceramic or glass substrates to be used as optical sensors, solar 
cells and other optoelectronic devices, not involving any of 
the main objectives of the present invention. 

[0015] The patent US2002135324 referrers to the use of 
MgF composites in insulating arc discharge lamp systems, 
not involving so the use of MgF, where x varies between I 
and 2, as encapsulating or passivating material for electronic 
devices. 
[0016] The patent US2006204766 referrers also to the use 
of MgF~ as an anti-humidity and anti-repellent film, namely 
to functionalize polymeric materials for different applica- 
tions, including the ophthalmic ones, applications not 
included in the claims of the present invention. 

[0017] The patent US20060202610AI referrers to the use 
multi-layer structures (up to 4) as anti-reflecting and trans- 
parent electrodes to be used namely in flat displays, using 
materials such as titanium nitride, or titanium tungsten alloys, 
and/or indium oxide, and/or indium tin oxide, and/or indium 
zinc oxides, or zinc gallium oxides, including also similar 
electronic applications as the ones of the present invention but 
not including any of the materials or structures claimed in the 
present invention demand. 

[0018] The patent US 1999/5, 910, 218 referrers to the use of 
materials of high dielectric constant to be used as dielectric 
materials or insulating materials in electronics, such as 
capacitors, where it is also included the use of pentoxide 
tantalum, not including the use of this materials as a matching 
material between two semiconductors or between an oxide 
semiconductor and a dielectric, as claimed in the objectives of 
the present invention demand. 

[0019] The same happens with the patent JP3041643, in 
which the tantalum pentoxide is used in the stoichiometric 

form(Ta~05) as a dielectric layer in information recording 
processes by another electronic material. In the present patent 
it is also referred to its fabrication process through RF sput- 
tering. 
[0020] Besides the set of patent mentioned before, the 
applications of active semi-conductors, namely in thin film 
transistors are known the applications concerning zinc oxide 
[7], indium doped with zinc [S], zinc doped with tin [12], to 
the gallium-zinc-indium-oxygen alloys [5, 13], for which are 
known already patents namely connected to Dupont and 
Hewlett Packard companies in USA and Canon in Japan. It is 
not known any patent connected to the use and manufacture o f 
OCu Ni or amorphous or crystalline GSZCTO and/or their 
possible doping set of films, including the low temperature 
process. In this field following patents are known: 
[0021] The patent WO2004/038757 (J. Wager/ Oregon 
State University), concerns the use of materials such as zinc 
oxide, (ZnO), tin oxide (SnO~) or indium oxide (In~03) as an 
active semiconductor (manufacture of the channel region of 
thin film transistors) involving as dielectric any insulating 
material, not involving any protection layer or matching layer 
to the dielectric, not covering so any of relevant claims of the 
present invention. On the other hand, it is emphasising in this 
patent the fabrication process that takes place at high tem- 
peratures. 

[0022] The patent US2003/0218221AI, corresponds to the 
patent WO2004/038757, and so, as already stated, different o f 
the present patent. Nevertheless we should notice the empha- 
sis given only to ZnO or SnO~ and the possibility to use other 
additives to these oxides of the periodic table such as Al, In, 
Ga, Bi, B, La, Sc, Y, Lu, Er, as well as to the temperature 
process that takes place in the temperature range from 500 to 
1000 Centigrade degrees. 

[0023] The patent US2005/0017244AI (Hewllet Packard) 
deals with the use as active semiconductor, namely for appli- 
cations as thin film transistors of zinc tin oxides where it is not 
emphasised the process temperature or it is not indicated 
other relevant patent element that could collide with the 
objective of the present invention demand. 

[0024] The patent US2005/0199959 AI (J. Wager e Oregon 
State University, OSU) referrers to the use as active semicon- 
ductor of zinc indium oxide alloys, for different electronic 
applications, including thin film transistors, not colliding so 
with the objectives of the present invention demands. 

[0025] The patent US2006/0079034 Al (J. Wager e OSU) 
concerns the application as passivating layer in electronic 
circuits, namely thin film transistors of a layer based on SiO, 
SiN, SiO N, GeO TaO SiO C, YO, Mg and other mate- 
rials, not coincide so with the main claims of the present 
demand invention. 

[0026] The patent WO2005/088726 Al, (H. Hosono)refer- 
rers to the manufacture of thin film transistors based on amor- 
phous oxides where the materials used to fabricate the chan- 
nel has an electron concentration below 10' /cm, whose 
control of the materials performances is performed by con- 
trolling the oxygen partial pressure during the deposition 
process. The materials in which the oxides are based consists 
in Ga In Zn; In Ga Zn, Mg, or Ga Zn Sn 
alloys that constitute the basis of the ceramic targets used and 
the manufacture process can be performed at temperatures as 
high 1000' C. , supplying as example of the fabrication tech- 
nique the Pulsed Laser Deposition(PLD) technique and in 
their claims are considered the following compositions: 
In Ga, (0~x~ I), Ingn, (0. 2~x~ I), In Sn, (0. 
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8~x~1), In (Zn, Sn), (0. 15~x~1) or multicomposites of 
the type [(Sn, M4 )O~]a. [(in& yM3y)Q 3]b. [(Zn, M2 )O]c. 
[0~x~ I, O~y~ I, O~z~ I, O~a~O~b1, O~c~ I], where it 
is also mentioned as M4 type impurities the Si, Ge, Zr, impu- 
rities of M3 type as B, Al, Ga, Y, impurities of M2 type as Mg 
and Ca, and impurities of M5 type as V, Nb, Ta. This patent 
although targeting similar electronic applications based on 
oxide materials, namely the n-type ones, does not include the 
compositions or the materials claimed in the present patent 
and do not include the p-type devices or the C-MOS devices 
included in the objectives of the present invention. 
[0027] The patent JP2006165527A, is of the same inven- 
tors as the patent above and it corresponds to the upgraded of 
the previous one where it is included the low temperature 
processes as it is mentioned in the present invention. Never- 
theless, it does not include the main objectives of the resent 
invention. 
[0028] In terms of utilization of oxides in the manufacture 
of junctions, besides the works published, for instance by 
Hosono et al. as well as by the set of references already 
mentioned, nothing is known about the manufacture of p-n 
heterojunctions or junctions of OCu Ni and/or GSZCTO. 
[0029] In terms of use of tantalum pentoxide as a matching 
layer between two oxide semi-conductors or between a semi- 
conductor and an oxide, the research performed led us the use 
of this material mainly as dielectric. As revealed by 
JP3041643, where the material is applied in its stoichiometric 

composition(Ta~05) as dielectric layer in information record- 
ing applications through an electronic material. This patent 
also referrers to the fabrication method by RF sputtering. 
Nevertheless, nothing is known about its use as a matching 
layer. 
[0030] Concerning the use of magnesium fluoride films it 
exists a patent claim its use as a passivating layer, but nothing 
is mentioned concerning its use as encapsulating material in 
electronic devices fully based on oxide semiconductors. 
[0031] Concerning the use of crystalline silicon/oxide 
semiconductors heterojunctions are namely known the works 
concerning the manufacture of heterojunctions based on 
n-type crystalline silicon and indium tin oxide deposited by 
spray pyrolysis or by thermal evaporation a [14] (see also 
FIG. S) or by sputtering [15, 16], (see FIG. 9) or of hetero- 
junctions constituted by crystalline silicon, plus an amor- 
phous intrinsic silicon film, followed by the deposition of two 
oxide layers, one to give rise to the junction and another to 
make the front ohmic and transparent contact. This is the case 
of the fabrication process developed by Sanyo [17]. Never- 
theless this process differs from the one claimed in the present 
invention once it is not considered the use of multi component 
oxides of different types, which it is one of the main objec- 
tives claimed in the present invention. 

Applications 

[0032] The main industries that can come to use the GSZ- 
TCO and the OCu Ni are all electronic industries, the semi- 
conductor industry, the display industry, the logic circuit 
industry, the sensor and instrumentation industry, the medical 
and biotechnology industry the optoelectronic and solar cells 
industry, the micro and nanoelectronic industry, namely 
where OCu Ni and GSZTCO can be used in the conception 
of CMOS devices where there the OCu Ni constitute the 
p-type transistor component and the GSZTCO constitute the 
n-type transistor component, for direct application in all elec- 
tronics as a substitute of the conventional semiconductors, or 

can be used to produce TFT for switching applications, 
including or not their use in the manufacture of drivers for 
active matrices to address Liquid Crystal Displays (LCD) or 
organic light emitting diodes displays (OLEDs); conception 
of logic circuits, namely inverters, AND, OR logic gates, 
NAND and NOR logic gates; 0-Ring oscillators, to fabricate 
heterojunctions namely rectifying diodes, LED, photovoltaic 
devices and others; in the instrumentation industry, namely as 
UV and or gas sensor; in the medical and/or food industry as 
a switching key of control and alarm circuits; military defense 
industry to produce invisible displays. 
[0033] The present invention has as objective to develop a 
product or products using easy and not expensive processing 
techniques that allow to replace the conventional materials 
used to fabricate TFT, namely covalent semiconductors such 
as amorphous silicon due to its low carrier mobility or even 
the crystalline silicon since this material can not be processed 
at low temperatures and globally since the materials proposed 
are environmental friendly, not including in their processes 
the hazard and potential dangerous steps typically of micro- 
electronics dealing with silicon, namely their we have to deal 
with high explosive and poison gases such as phosphine, 
diborane and silane, which require special operation condi- 
tion, which does not happen with the materials and processes 
involved in the present invention. 

[0034] Besides, the fabrication steps used in the present 
invention, are compatible with the existing fabrication steps 
in the electronic or optoelectronic or semiconductor indus- 

tries, namely the sputtering techniques for large area pro- 
cesses or the thermal evaporation or the sol-gel, not needing 
so large investments concerning research and development 
concerning the matching of the laboratory technology pro- 
cesses to the industry since industries are already able to 
fabricate large area thin films based on passive oxide semi- 
conductors to produce conductive and transparent electrical 
contacts. 

DESCRIPTION OF THE FIGURES 

[0035] FIG. 1 Cross section view of an asymmetric 
CMOS device showing the channel, source, drain and dielec- 
tric regions, the matching layer from the dielectric to the 
oxide semiconductor used in the channel region, the metallic 
contacts, the encapsulating layer, resulting from the combi- 
nation of an n-type TFT working in the enhancement mode as 
a driver and a p-type TFT working also in the enhancement 
mode, and behaving as a dynamic load, according to the 
legend: 

1 Substrate 

[0036] 2~ate electrode (metal or oxide highly conduc- 
tive) 
3 Dielectric (for instance, silicon dioxide or silicon nitride) 
4 Matching layer of the dielectric-channel based on Ta 0 
5~hannel (n-type GSZTCO) 
6 Source (Metal or IZO or ZGO or GSZO or GSZTCO of 
high conductive) 

7 Drain/Source 

[0037] S External metal contact 
9 MgF encapsulating layer 
10 Channels of the p-type transistor based on OCu Ni or 
doped GSZTCO. 
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[0038] FIG. 2 Sketch of the same device depicted in FIG. 
1 showing the two transistors, according to the legend: 
11 p-type TFT Transistor 
12 n-type TFT Transistor 
13 Point of input voltage 
14 Point of the output voltage 
15 Reference voltage or ground 
16 Applied biased voltage. 

[0039] FIG. 3~ross section view of a staggered symmet- 
ric showing the TFT showing the channel, source, drain and 
dielectric regions, the matching layer from the dielectric to 
the oxide semiconductor used in the channel region, the 
metallic contacts, the encapsulating layer according to the 
comment numbers. 

[0040] FIG. 4~ross section view of non-staggered asym- 
metric showing the TFT showing the channel, source, drain 
and dielectric regions, the matching layer from the dielectric 
to the oxide semiconductor used in the channel region, the 
metallic contacts, the encapsulating layer according to the 
comment numbers. 

[0041] FIG. 5 Cross section view of a staggered asym- 
metric showing the TFT showing the channel, source, drain 
and dielectric regions, the matching layer from the dielectric 
to the oxide semiconductor used in the channel region, the 
metallic contacts, the encapsulating layer according to the 
comment numbers. 

[0042] FIG. 6 Perspective view of a NAND logic gate 
based on CMOS structures as depicted in FIG. 1 according to 
the comment numbers: 17 Second voltage input of the logic 
gate. 
[0043] FIG. 7 Electronic circuit sketch of an o-Ring 
oscillator based in three CMOS inverter circuits as referred in 
FIG. 1, according to the comment numbers: 

1S Electronic symbol of the inverter circuit shown in FIGS. 
1 and 2. 
[0044] FIG. S Sketch of a thin film manufacture system 

by resistive thermal evaporation showing features of the pro- 
cess chamber according to comment numbers: 

19 Substrate holder 

20 Substrate upon which the devices will be deposited 

21 Inside view of the chamber under a vacuum pressure in 
the range of 10 - le Pa, with or without the presence of an 
inert gas like Argon, according to the comment numbers: 

22 Flow of the evaporating material 

23 Process chamber 

24 Heating resistance element/boat that contains the mate- 
rial to be evaporated 
25~as inlet (oxygen, argon, hydrogen, nitrogen, . . . ) to the 
process chamber 

26~hamber disposal system outlet 
27 Power supply (energy, W) of the boat that contains the 
material to be evaporated 

2S UV light source to assist the deposition process. 
[0045] FIG. 9 Sketch of a thermal evaporation system by 
electron gun showing the details of the system according to 
the comment numbers: 
29 Boat that contains the material to be evaporated 

30 Focus of the electron beam 
31 Electron beam (source of electrons) 
32 Water Cooling system of the system that contains the 
boat 
33 Evaporating beam flow. 

[0046] FIG. 10 Sketch of a sputtering system used to 
process the present thin films, according to the comment 
numbers: 
34 Electrode where it is applied a dc or RF electrical power 
sign that contains the target (cathode) and that can be sur- 
round or containing below a confinement magnetic field 
35 Injector of reactive or sputtered gas such as argon placed 
close the target region and made of a non conductor material 
36 Ionized gas species such as argon 
37 Bias net/mesh 
3S Substrate bias. 
[0047] FIG. 11 Thin film deposition system by ink-jet 
according to the legend numbers: 
39 Inlet of the inert gas that will pressure chemical solution 
towards an atomizer 

40 Atomizer 

[0048] 41 Nano-drops of the atomized solutions 
42 Container of the ink-jet system that contains the atom- 
izer, the chemical solution to be controlled atomized upon a 
substrate and the heating system 
43 Heating resistance/bias. 

[0049] FIG. 12 representation of the output characteristic 
curve (drain current versus drain-source voltage using as a 
parameter the gate voltage) of an n-type GSZTCO TFT 
according to the comment numbers: 
44 Parameterized curves as a function of the gate voltage 
used, in steps of 2 V per curve, starting at 5V 
45 Drain current scale where each major division corre- 
sponds to 0, 5'10 A, and the origin is 0 A 
46 Drain-source voltage scale which major division corre- 
sponds to 2 Volts and the origin is 0 Volts. 
[0050] FIG. 13 Transfer curve of the drain-source current 
as a function of the gate-source voltage for a fixed drain 
voltage of 10 Volts of the same device as the one represented 
in FIG. 12, according to the comments: 
47 Drain current scale wherein each major division corre- 
sponds to a decade with the origin at 10' A 
4S Gate-source voltage scale wherein each major division 
corresponds to 2 Volts, with the origin at — 12 Volts 
49 Representation of the transfer curve whereupon the ratio 
between the two flat regions corresponding to the largest and 
the smallest current is 2, 3'10, the voltage corresponding to 
the transition of the off-state to the on-state is 0 Volts and 
saturation mobility is 48, 5 cm V s 

[0051] FIG. 14~ross section sketch of a pn junction 
based on n-type GSZTCO and p-type OCu Ni according to 
the comment numbers. 

SUMMARY OF THE INVENTION 

[0052] The present invention is related to the use of multi- 
component oxides having in their composition Copper and 
Nickel or Gallium, Tin, Zinc, Titanium, Copper, designated 
as OCu Ni and GSZTCO in the non-stoichiometric or sto- 
ichiometric form, where the amount of each element that 
composes the multicomponent oxide can vary 'between' 

0, 005 to 0, 995, that determines the optical and electronical 
functionalities of the final material manufactured or by add- 

ing other impurities, such as, Zirconium or Nitrogen in 
amounts that can go up to 0. 20 of the total composition and 
can even substitute one or two elements of the defined com- 
positions in order to allow a better control of the electrical 
conductivity and the number of free carriers and their nature 
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(electrons or holes, designated respectively by n-type and 
p-type), to be used in electronic and optoelectronic applica- 
tions as a passive electronic material, for instance, in n-and 
p-type ohmic-like contacts or as n-type or p-type active elec- 
tronic material, as for instance, to be one side of a p-n semi- 
conductor junction (see FIG. 14), in heterojunctions or 
C-MOS like devices or as a channel material in devices, such 
as, thin film transistors, designated by TFT. In all cases the 
devices are processed at temperatures below 100' C. using 
device thicknesses in the range of 10-10000 nm, when the 
material is used in the passive form or as element of a p-n 
junction or thicknesses in the range of 1-1000 nm, when it is 
used as an active semiconductor like in the channel of a TFT 
and wherein it is used magnesium fluoride based material to 
encapsulate the final device and a pentoxide tantalum thin 
film to match the active semiconductor to the dielectric. 

[0053] The new electronic materials designated by OCu- 
Ni and GSZTCO, with different compositions, containing or 
not other impurities like Zirconium or Nitrogen, can be 
deposited in any type of substrate such as glass, polymer or 
cellulosic paper, at temperatures below 100' C. Being highly 
compact/dense, with controlled electrical between 10 ' 
S. cm ' to 10 S. cm ', exhibiting a normal behaviour as 
p-type material, in the case of OCu Ni processed at tempera- 
tures 100' C. in the presence of a UV light source and n-type, 
in the case of GSZTCO, can also be converted to p-type by 
increasing the amount o f copper present in the composition or 
by adding impurities like nitrogen that can substitute one of 
the elements presents in the GSZTCO composition, such as, 
Tin or Gallium whose substitution does not bring an enhance- 
ment of gaps or interstices in the material allowing a better 
control concerning the origin of the free carriers, by impuri- 
ties and not by oxygen vacancies. 

[0054] The new electronic materials designated as OCu- 
Ni and GSZTCO, with different compositions, containing or 
not other impurities like Zirconium or Nitrogen, can be 
deposited in any type of substrate, such as, glass, polymer or 
cellulosic paper, using physics, chemical-physics or chemical 
like resistive thermal evaporation (see FIG. S) or electron gun 
(see FIG. 9), sputtering (see FIG. 10) or ink-jet (see FIG. 11), 
with or without the presence of UV light in order to manu- 
facture films with a controlled composition, amorphous or 
crystalline, like highly dense using growth rates between 0. 01 
nms ' to 20 nms ', function of the used energy power in the 
process, such as 0. 1 Wcm to 20 Wcm and the source 
distance between the that contains the material to be depos- 
ited and substrate, for instance, 2 cm to 50 cm, from the used 
atmosphere, for instance argon mixed in different proportions 
with oxygen or nitrogen and/or hydrogen, using process pres- 
sures between 10 Pa to 10 Pa, with oxygen partial pres- 
sures between 10 Pa to 10 Pa, with or without hydrogen or 
nitrogen or fluor in proportions that may go from 0. 00 to 0. 99 
of the oxygen amount and that after the device is processed, 
they are heated and treated at temperatures that can vary 
between 50' C. to 250' C. , type of substrate function used, 
during periods of time that can vary between 50 minutes to 6 
hours. 

[0055] The new electronic materials designated as OCu- 
Ni when p-type and GSZTCO; when n-type can be used in 
the passive form as high conductivity electrode and when the 
active form can be used in the manufacture of p-n heterojunc- 
tions; as for instance OCu Ni and GSZTCO or in CMOS 
devices (see FIG. I) or another, or in n-and p-types TFT with 
a geometric conventional symmetry (see FIGS. 3 and 4) or an 

asymmetric one (see FIG. 5) working in the enhancement 
(off-state without applied input voltage, as in the case of the 
devices depicted in FIGS. 12 and 13) or in the depletion 
modes (with current flow even when disconnected). 
[0056] The new electronic materials designated as OCu- 
Ni and GSZTCO, when n-type can be used to manufacture 
p-n heterojunctions, in which, the external contacts are made 

by depositing for instance in a covalent semiconductor like 
silicon and upon an active oxide semiconductor metal con- 
tacts, such as, aluminium, silver/aluminium, titanium-palla- 
dium-silver, tin-silver, gold/chromium, or another; through 
which an external circuit is connected and where the junction 
working mode is related to the capacity that it has of rectify- 
ing an applied electrical signal or to work as a photo-cell. 
[0057] The new electronic materials designated as OCu- 
Ni and GSZTCO, respectively p-type and n-type, can be 
combined to manufacture a C-MOS device (see FIGS. 1 e 2) 
or to manufacture logic circuits (see FIGS. 6 e 7), or sensor 
instruments or biodetectors where the encapsulating layer is 
based on magnesium fluoride. 
[005S] The new electronic materials designated as OCu- 
Ni and GSZTCO, when p-type or n-type can be used as active 
materials, respectively in p-type and n-type TFT channels, 
wherein the drain and source regions that behave simulta- 
neously as external contacts are made by depositing alu- 
minium, silver-aluminium, titanium-palladium-silver, tin-sil- 
ver, gold/chromium or another; for instance, highly 
conductive oxide, such as, indium oxide doped with zinc or 
zinc oxide gallium doped (see FIGS. 3 to 5), where the device 
working mode consists of having a drain below 10 A when 
the device is disconnected; when the device is connected, by 
a suitable gate voltage application, the drain current increases 
at least six orders of magnitude and it is highly stable irre- 
spective of the drain-source voltage used (always below the 
material breakdown voltage, see FIGS. 12 and 13). 
[0059] The new electronic materials designated by OCu- 
Ni and GSZTCO, when p-type or n-type can be used as active 
materials, respectively in p-type and n-type TFT channels, in 
which, the drain and source regions that behave simulta- 
neously as external contacts are made by depositing alu- 
minium, silver-aluminium, titanium-palladium-silver, tin-sil- 
ver, gold/chromium or another, for instance, highly 
conductive oxide as indium oxide doped with zinc or zinc 
oxide gallium doped, wherein the needed voltage to make the 
n-type devices in the enhancement mode to change the state is 
0-5 Volts and 0-( — )5V for p-type devices working in the 
enhancement mode. When the devices work in the depletion 
mode, the above values are therefore respectively negative for 
the n-type devices and positive for the p-type devices 
[0060] The new electronic material designated as GSZ- 
TCO, when p-type or n-type can be used as active material to 
manufacture p-type or n-type TFT channels or to manufacture 
p-n heterojunctions or C-MOS devices or logic gates or sen- 
sor instruments or biodetectors, in which, the stoichiometric 
or non-stoichiometric pentoxide tantalum layer is used to 
match GSZTCO to a dielectric as silicon dioxide; with or 
without heat treatment to temperatures up to 350' C. in a 
controlled atmosphere, function with the type of substrate 
used. 

General Description of the Invention 

[0061] The present invention is related to the use of OCu- 
Ni and GSZTCO as active n-type and p-type semiconductor 
materials doped or not doped with other impurities like zir- 
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conium, or nitrogen; manufacture process at low tempera- 
tures with or without the presence of UV light and all periph- 
eral inherent to their manufacture, in order to apply them in 
active devices, including the use of an encapsulating layer 
based on magnesium fluoride; the use of a tantalum pentoxide 
layer to match the active semi-conductor interface to a dielec- 
tric layer, namely in applications wherein the oxide active 
semiconductor is used in the TFT channel or to manufacture 
C-MOS or p-n heterojunctions, using just oxides or combin- 
ing them with other semiconductors, such as, covalent semi- 
conductors as p-and n-type silicon. 
[0062] The electronic devices based on these materials 
such as C-MOS, TFT or p-n heterojunctions present the fol- 
lowing advantages in comparison the conventional ones: 

[0063] The manufacture process of the transistor based 
devices or the p-n junctions takes place at room tempera- 
ture or temperatures below 100' C. ; 

[0064] The devices once manufactured may be annealed 
at a controlled atmosphere, normal temperatures and 
below 150' C. , a value slightly lower than that value 
used to improve the metal contact ohmicity in semicon- 
ductors; 

[0065] In the case of heterojunctions, the transparent 
oxide semiconductor can be used simultaneously as an 
ohmic electrode contact and the active element of the 
junction, avoiding the need to use another step in their 
manufacture procedures, such as, an extra layer to be 
used as the transparent contact; 

[0066] Use either n-or p-type OCu Ni or GSZTCO as 
active layer (channel) when manufacturing TFT; 

[0067] Use, for instance, in the case of TFT, the tantalum 
pentoxide as a matching layer of the channel material in 
order to stabilize the device; 

[006S] Use a thin film to encapsulate the devices based 
on magnesium fluoride, in order to enhance the device 
stability especially in TFT; 

[0069] The necessary equipments to the manufacture 
process are the same as the ones used today in the elec- 
tronic and optoelectronic industry, in order to manufac- 
ture oxides, as it is done in the sputtering technique, 
which has been used to manufacture large scale devices, 
but now will be used to manufacture the materials of the 
present invention at low substrate temperatures; 

[0070] Assure an identical or higher performance of the 
devices nowadays used in the manufacture of TFT, that 
is to say, in terms of comparison with the manufactured 
with TFT or p-n junctions; 

[0071] Manufacture highly stable devices; 
[0072] Manufacture fully transparent devices and logic 

gates, including C-MOS devices. 
[0073] Thus, by using OCu Ni or GSZTCO films in their 
different compositions, including or not impurities, as 
already mentioned, as well as the use of an encapsulating 
coating of magnesium fluoride and a matching layer as tan- 
talum pentoxide; the number of manu factering steps to manu- 
facture electronic devices are reduced and devices with high 
performances can be manufactured, that is to say, for TFT 
presenting on/off ratios larger than 10; On Voltages (to 
switch the TFT to the on-state) below 5 Volts for n-type 
transistors working in the enhancement mode, with leakage 
currents below 10 A, highly stable (above 90%) drain cur- 
rents (they are kept constant independent of the drain-source 
voltage applied, only for values above the voltage to connect 
the TFT; saturation mobility's (open channel) above 5 Vcm 

2s, stability above 10%, that is: hysteresis in the tensio 
transfer curves relating the input voltage (gate voltage) and 
the output current (drain-source current), using as parameter 
the drain-source voltage; firstly the instability due to the 
connecting and disconnecting of the device, secondly the 
device behaviour after being kept connected for longer then 
1000 hours, is negligible. In addition to that, these materials 
allow to manufacture logic circuits fully bases on oxides with 
the functionalities required by the industry, namely, working 
frequencies above 300 kHz, as it is the case of the 0-Ring 
oscillator circuits. 
[0074] The manufacture process of the materials men- 
tioned above, namely OCu Ni, the 
[0075] GSZTCO, the magnesium fluoride and the tantalum 
pentoxide in their amorphous or crystalline structures, sto- 
ichiometric or not, are based in chemical, physics or physical- 
chemical techniques such as resistive or electron gun thermal 
evaporation (see FIGS. S and 9, dc or rf sputtering, assisted or 
not by a magnetic field (see FIG. 10); or by ink-jet (see FIG. 
11), with or without the presence of a UV light to assist all the 
deposition process. 
[0076] The above mentioned techniques are also used to 
manufacture other materials and structures, such as, to manu- 
facture the metallic contacts and the dielectrics in unipolar 
transistors; these tools are necessary to manufacture the mate- 
rials and devices claimed in this invention such as TFT, or 
heterojunctions or logic gates or C-MOS circuits. 
[0077] The manufacture process temperatures, used to 
manufacture the materials and devices claimed in this inven- 

tion, vary between 20' C. and 100' C. , the desired device 
function's design and of the type of substrate used. 
[007S] In conformity with the above, the OCuPli and the 
GSZTCO can be manufactured in any type of substrate, 
namely glass, polymer, metal or cellulosic paper. 
[0079] To take out the electrical signal of the devices manu- 
factured, using OCuPli and/or GSZTCO, it is done by using 
a metal electrode contacts show very high conductivity, such 
as, Cr or Ag, connected or not to high transparent and con- 
ductive oxide amorphous or crystalline films (charge collec- 
tor) such as zinc oxide gallium doped, ZGO, or indium oxide 
zinc doped, IZO. 
[00SO] In conformity with the above, the devices based on 
OCu Ni and/or GSZTCO in their different compositions, 
including or not other impurities, as well as, one encapsulat- 
ing layer based on magnesium fluoride, and in one matching 
layer based on tantalum pentoxide; can be reheated or not in 
a controlled post-manufacture atmosphere of temperatures 
that go up to 250' C. ; using times that vary between 50 
minutes to 6 hours, the substrate function type used and the 
type of device manufactered. 

[00S1] In conformity with the above, the devices based on 
OCu Ni and/or GSZTCO, in their different compositions, 
including or not other impurities as already mentioned, p-type 
or n-type, when used in the conception of the TFT channels, 
in micro or nanodevices exhibiting thicknesses that vary 
between I nm and 1000 nm. 

[00S2] In conformity with the above, the devices based on 
OCu Ni and/or GSZTCO in their different compositions, 
including or not other impurities as already mentioned n-type 
or p-type, when used in the conception of TFT as channel 
layer display the thicknesses above referred and using as 
matching layer of the active oxide film to the dielectric, for 
instance silicon dioxide or silicon nitride, a tantalum pentox- 
ide film with thicknesses ranging from I nm to 1000 nm. 
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[00S3] In conformity with the above, the devices based on 
OCu Ni and/or GSZTCO usage, in their different composi- 
tions, including or not other impurities as mentioned before 
n-type or p-type, when used in the conception of TFT as 
channel layer, displaying the thicknesses above referred and 
are used as matching layer of the active dielectric oxide film 
conductor, a tantalum pentoxide film and an encapsulating 
film based on magnesium fluoride with thicknesses ranging 
from 10 nm to 1000 nm. 
[00S4] In conformity with the above, the devices based on 
OCu Ni and/or GSZTCO in their different compositions, 
including or not other impurities as already mentioned n-type 
or p-type, when used in the conception of p-n heterojunctions 
or C-MOS devices, the n-type and/or the p-type layers have 
thicknesses that vary between 5 nm to 10000 nm, the charac- 
teristic function of the semiconductor, to which, the oxide 
semi-conductor will be connected, in cases where there is 
simultaneous use of both oxides to make a junction the thick- 
est oxide, it corresponds to the material with less free carriers, 
for instance, with the same performances as the material used 
to manufacture the channel layer in TFT; the thinnest oxide 
has a thickness of about one order of magnitude, thinner than 
the thicker oxide; but with having free carriers with more than 
one to two orders of magnitude than the previous oxide, such 
as the oxides used to manufacture electric contacts, and des- 
ignated by passive semiconductors. 
[00S5] In conformity with the above, the devices based on 
OCu Ni and/or GSZTCO in their varied compositions, 
including or not other previously mentioned impurities 
n-type or p-type, as well as when it is used a tantalum pen- 
toxide matching layer of the active oxide to the dielectric 
semiconductor, as well as when a magnesium fluoride encap- 
sulating layer is used; the end device where these materials 
are included, as well as, others like the metal electrodes and 
the dielectrics may or not undertake a thermal treatment in a 
controlled atmosphere using temperatures and times that 
depend on the type of device manufactured; and of the sub- 
strate used where the temperatures may vary between 50' C. 
and 350' C. , with times that vary between 50 minutes to 6 
hours. 

DETAILED DESCRIPTION OF THE INVENTION 

[00S6] As previously referred, the main components of the 
invention are the OCu N, see FIGS. 1 and 14, (10), and the 
GSZTCO, see FIGS. 3, 4 and 14 (4), in their different com- 
positions, including or not impurities, such as, zirconium or 
nitrogen or molybdenum, according to the percentages 
already mentioned, p-type and/or n-type; including the use of 
a tantalum pentoxide matching layer of the active oxide semi- 
conductor to the dielectric, see for instance, FIGS. 3 and 14 
(4) and the encapsulating material, the magnesium fluoride, 
see FIG. 1, (9). 
[00S7] The present invention is related to the use of new 
semiconductors based on multi-component copper and nickel 
and gallium-tin-zinc-titanium-copper oxides alloy; which is 
designated as OCu Ni and GSZTCO; where their compo- 
nent the oxide elements have different compositions as, x 
which represents the copper molar content, y represents the 
nickel molar content, m represents the gallium molar con- 
tents, n represents the tin molar content, w represents the zinc 
molar content, z represents the titanium molar content, p the 
copper molar content and where the x:y or m:n:w:z:p com- 
positions can be respectively of: I:I, I:2, I:3, 3: I, 100:I or 
I:I:I:I:I, I:10:10:10:10; 10:I:I:I:I; I:I:I:5:10; I:5:10:0, 5: 

0, 1; 5:5:10:0, 1:0, 5; or other compositions where the mini- 
mum percentage of a component in the mixture is 0. 005 and 
the maximum is 0. 995, processed at temperatures below 100' 
C. ; with or without the presence of UV light, see FIG. S, (2S), 
and that can be annealed after device manufacture. 

[00SS] The present invention is related to the use of multi- 

component oxides designated by OCu Ni and GSZTCO, in 
different percentage compositions o f their components trans- 

lated by x:y and m:n:w:z:p; that may also contain another 

impurity to control the majority of the carrier types in the 
semiconductor, such as, zirconium or nitrogen in amounts 
that can go up to 0. 20 of the molar composition and can even 
substitute one or two elements of the oxides composition of 
the present invention, and processed at room temperature or 
temperatures below 100' C. ; using physics, physics-chemical 
or chemical deposition techniques, such as, thermal evapora- 
tion using multiple evaporation sources distributed along the 
opposite plain, to the one that is in the static form or in 
movement (roll on) substrate where the films will be depos- 
ited, function of the growth rate envisaged, see FIGS. S and 9, 
(24) and (29); the de or rf sputtering, assisted or not magne- 
tron assisted with a gas injection performed close to the 
cathode region, see FIG. 10, (27) e (35); the ink-jet process 
where nanodrops of a chemical solution are atomized and 
heated, see FIGS. 11, (40) and (43); using a load lock system 
to introduce the sub strates in the processing/deposition cham- 
ber with a reference base pressure as low as le Pa; and evapo- 
rating source to substrate distances which are the final dimen- 
sions of the substrate to be used, wherein all processes can be 
taken in a reactive or not reactive, that is, in an environment 
that contains or not contains an oxidant element like oxygen 
with partial pressures that vary between 10 Pa to 10 a or not 
oxidant, like Argon, Helium or Xenon, or reactive like hydro- 
gen or fluor or nitrogen; in their single, basic or acid forms in 
proportions that may vary between 10 Pa to 10 Pa and 
growthrates that can varybetween 0. 1nms ' to 10nms ', by 
varying the applied current to the resistive element (thermal 
evaporation) or the applied power density between 0. 01 
Wcm to 20 Wcm; (sputtering) with different target to 
substrate distances, where the deposition process can occur 
either using a target alloy or a ceramic target that contains all 
elements predefined or by co-evaporation or co-sputtering of 
alloys that contains all elements required for the final film 
composition. For instance, for substrates with 10 cmx10 cm 
dimensions, the source to substrate distance may vary 
between 2 to 30 cm, and can be as high as 150 cm, for 
substrates 1 mx1 m size. 

[00S9] The present invention is related to the use of multi- 
component oxides alloys designated as OCu Ni and GSZ- 
TCO, in which their components have compositions of dif- 
ferent proportions, translated by the proportion's 
compositions: x:y and m:n:w:z:p, that may also contain 
another impurity to control major carrier types using metallic 
composites of: Cu and Ni and of Ga, Sn, Zn, Ti and Cu, in a 
reactive atmosphere in the presence of UV light or ceramic 
materials containing the desired elements to reach the films 
composition wanted results, such as, [Cu 0, corn I ~a~2]+ 
[NI~O, with l~b~3] or [Ga~03] +[SnO 0 z)] +[ZnO] + 
[T10 ( & z)]+[Cu 0, I ~a~2], plus the impurity previously 
established, in a reactive or not reactive atmosphere, as pre- 
viously defined and in which the doping elements can be in 
the metallic solid form, such as, Zr or ceramic, for instance, 
ZrO or in the gas form, such as nitrogen. 
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[0090] The present invention is related to the use of multi- 

component oxides designated as OCuPli and GSZTCO, in 
which their constituents's proportions have different compo- 
sitions, translated by the composition proportions x:y and 
m:n:w:z:p; manufactered in conditions already referred and 
the deposition conditions, namely the presence of reactive 
gases like oxygen or hydrogen, using partial pressures in a 
range of values already mentioned: allows to control the 
electrical and optical performances of materials manufac- 
tured, concerning free carriers (electrons or holes, respec- 
tively for n-type or p-type materials), electrical conductivity 
(from10 ' Scm 'to10 S. cm '), carrlersmobility, degreeof 
films compactness (should be high), films' roughness (should 
be as flat as possible), the dielectric constant, the optical 
absorption and their reflectivity, for films with thicknesses in 
the range from I nm to 10000 nm, deposited in metallic, 

glassy, polymeric or cellulosic paper substrates, with an 
amorphous or crystalline structure, to be applied in electron- 
ics or optoelectronic devices as a passive electronic material, 
for instance, as an ohmic transparent or not transparent elec- 
trode contact or as a dielectric material with a high resistivity 
or to make blocking layers or matching layers in electronic 
and optoelectronic devices based, namely, in heterojunctions, 
that is, the junction of two materials with different electronic 
affinities. 

[0091] The present invention is related to the use of multi- 
components oxides designated as OCu Nipnd GSZTCO, in 
proportions of different compositions of their components 
translated as xy and m n w: zp;that may also contain another 
impurity to control the majority of carrier types in the semi- 
conductor, manufactured using the process conditions 
already described for electronic and optoelectronic applica- 
tions; as a passive or active electronic material, as it is the 
case, when manufacturing heterojunctions, see FIGS. 14, (4) 
and (10) and the transistor devices, namely the CMOS (see 
FIG. I), the TFT, see FIG. 3, (5), logic gates, see FIG. 6 (5), 
(10); with thicknesses 5 nm or as thick as 1000 nm, deposited 
in any type of substrate, namely glassy, metallic, polymeric or 
cellulosic paper, at temperatures below 100' C. , that can be 
encapsulating by using stable composites or alloys, such as, 
magnesium fluoride, see FIGS. 1, 3, 4 and 5, (9) wherein the 
drain and source regions can be based on metallic like con- 
tacts, such as, titanium, chromium or gold, see FIGS. 1, 3, 4, 5, 
6 and 14, (6), (7), or highly conductive oxides, namely, doped 
GSZTCO or another one oxide semiconductor such as the 
indium oxide zinc doped or the zinc oxide gallium doped. 

[0092] The present invention is related to the use of multi- 
component oxides designated as OCu Ni and GSZTCO, in 
which their constituents have proportions of different com- 
positions translated as x:y and m:n:w:z:p; and that may also 
contain another impurity to control the major carrier types in 
the semiconductor manufectured and used in the conditions 
already mentioned; whereupon the dielectric material to be 
used in the conception of devices can be an organic material, 
for instance in TFT can be an inorganic material, like silicon 
dioxide or a high dielectric material, such as tantalum oxide 
or hafnia, zirconia, yttrium oxide, alumina or composites like 
hafnia/ tantalum oxide, alumina/tantalum oxide, zirconia/ 
tantalum oxide, tantalum pentoxide/silicon dioxide, Alu- 
mina/titania, or an organic material such as polymers of low 
molecular weight with electrical above 10' 0 cm; such as 
PMMA, POMA or Mylar, but where the matching between 
the dielectric and the active semiconductor is made by a 

tantalum pentoxide film with thicknesses between I nm to 
1000 nm, see FIGS. 1, 3, 4, 5 and 6, (4). 
[0093] The present invention is related to the use of multi- 
component oxide alloys designated as OCu Ni and GSZ- 
TCO, constituents have proportions of different compositions 
translated by x:y and m:n:w:z:p, and that may also contain 
another impurity to control the major carrier types in the 
semiconductor manufactured and applied in the conditions 
already described; wherein, after the device manufacture or 
between manufacture device steps, namely, the channel 
region and the drain and source regions the device structure as 
it is, can be or not annealed in a controlled atmosphere (con- 
taining a gas like a mixture of 95% nitrogen and 5% hydro- 

gen, or using an argon atmosphere), at temperatures as high as 
250' C. , during times that can vary between 50 minutes and 6 
hours, function of the type of substrate used. 

1. Preparation of OCu Ni 

[0094] In order to process the OCu Ni films we must, 
firstly select the desired y:x composition, as already referred, 
in order to obtain a p-type material, wherein the minimum 
percentage of each element in the mixture is 0. 005 and the 
highest one is 0, 995, processed at temperatures below 100' 
C. , with or without heat treatment performed after the manu- 
facture process of the material, in a controlled or not con- 
trolled atmosphere. 
[0095] Once selected the OCu Ni, composition the next 
step is to know if one wants to introduce impurities to control 
the major carrier types in the semiconductor, such as, zirco- 
nium or nitrogen, where the maximum proportion of one of 
them or both impurities is 0. 20 of the OCuPli~, molar com- 
position and can even replace one of the elements of the initial 
composition. 
[0096] After selecting the required composition and the 
impurities to be added, it is selected the way how the materials 
will be deposited: as a composite or set of metallic or ceramic 
composites or a chemical solution or solutions; depending on 
the deposition technique to be selected and if we want to grow 
films using only one evaporation/target source or several, 
using vacuum systems and an inert or reactive atmosphere, 
ionize or not, to transfer the decomposed species towards the 
substrate, such as, argon and/or oxygen or another gas or if we 
use an aqueous basic, neutral or acid solution but, whatever 
the technique selected, with or without the presence of UV 
light to assist the growing process on the selected substrate for 
that matter. 

[0097] Concerning the deposition process, containing or 
not impurities, we can select a physical, chemical-physical or 
chemical technique, using a load lock chamber to introduce 
the substrates in the deposition chamber with a reference 
pressure as low as 10 Pa and substrate to evaporation source 
distance function of the substrate size. For instance, for sub- 
strates with sizes 10 cmx10 cm, the distances may vary 
between 2 cm-30 cm and, can be as high as 150 cm, for I mxl 
m substrates size. 
[009S] For instance, if the selected deposition technique is 
the resistive or electron gun thermal evaporation, (see FIGS. 
S and 9) with a reference base pressure as low as 10 Pa, we 
can use multiple evaporation sources distributed along the 
opposite plan to that that contains the substrate face wherein 
the deposition will take place, under a static way, FIGS. S and 

9, (23) or a roll to roll way, function of the growth rate desired. 
If the deposition sources are metallic, as already referred, the 
elements can be in one or more alloys' composition, for 



US 2010/0090216 A1 Apr. 15, 2010 

instance, Cu Ni one evaporation source and distributed 
alternately with another containing the desired impurities and 
whereupon the process atmosphere should be oxidant, that is, 
we must introduce oxygento the process chamber, see FIG. S, 
(25), in order to have an oxygen partial pressure between 10 
Pa and 10 Pa, see FIG. S, (22): in which the control of the 
deposition pressure is performed by controlling the filament 
current used, see FIGS. S and 9, (27) wherein the case of 
resistive thermal evaporation a low power voltage (below 50 
V) and high current (up to 500 A) source is used, for a given 
growth rate (from 0. 01 nms ' to 20 nms '), function of the 
substrate size used and, of the substrate evaporation source 
distance and of the number of evaporation sources used. 

[0099] In case the starting materials used in the evaporation 
are in the ceramic form, that is, in the oxide form, the based 
constituted elements can be in the form of one or more 
ceramic compounds, containing the desired Cu Ni compo- 
sition, working as an evaporating source that will be distrib- 
uted alternately with another ceramic composite source con- 
taining the desired impurities to be used in the film/final 

layers, using or not an oxidant atmosphere by having an 
partial oxygen pressure that varies between 10 Pa and 10 
Pa, in which the control of the deposition pressure is per- 
formed by controlling the filament currently used, wherein 
the case of resistive thermal evaporation a low power voltage 
(below 50 V) and high current (up to 500 A) and, in the case 
of an electrode canon (see FIG. 9), the filament current can be 
as high as 7A; function of the substrate size used and, of the 
substrate evaporation source distance and of the number of 
evaporation sources used as well as the expected growth that 
can be as low as 0. 01 nms ' to 20 nms '. 
[0100] In case that the starting materials used for the evapo- 
ration are in the ceramic form, that is, in the oxide form, the 
based constituted elements can be in the form of one or more 
ceramic compounds, containing the desired Cu Ni compo- 
sition, working as the evaporation source that will be distrib- 
uted alternately with another ceramic composite source con- 
taining the desired impurities to be used, using or not an 
oxidant atmo sphere by having an partial oxygen pressure that 
varies between 10 Pa and 10 Pa, for deposition pressures 
that may vary between 10 ' Pa and 10 Pa. 

[0101] Whatever the manufacture condition selected to 
manufacture Cu Ni by thermal evaporation from the ones 
above described, we can use zirconium impurities in the 
metallic or ceramic form, included or not in the alloys com- 
positions that contain the main Cu Ni composition to be 
deposited directly or by co-deposition, that is, using more 
than one evaporation sources containing OCu Ni . wherein 
the percentage of the impurity to be incorporated in the thin 
films to be manufactured (between 0. 005 and 0. 20), is made 
through the energy used (electrical current); that also controls 
the growth rate and the final state of the films' at deposition 
temperatures that may vary between room temperature (20' 
C. ) and 100' C. , function of the type of substrate used (glass, 
polymer, metal or cellulosic paper). 
[0102] In addition to the thermal evaporation, we may use 
the dc or rf sputtering deposition technique, with or without 
the presence o f a magnetron to confine the deposition process, 
whereupon the targets to be used can be metallic containing 
the required Cu Ni composition, see FIGS. 10, (34), (35), 
(37) and (3S), under an oxidant atmosphere or the annealing 
process takes place under an oxidant atmosphere or by using 
ceramic evaporation sources with the initial selected OCu- 
Ni composition, [Cu 0, with 1 K a K 2]+[NITRO, corn 1 Kb K3] 

that can contain one or more metallic or ceramic or gas 
impurities, such as, Zr, ZrO, or N~ wherein the final film 
composition depends on the energy used in each target 
(evaporation source now) or by simultaneous co-sputtering of 
targets containing the required components to be incorpo- 
rated in the final thin film, by proper control of the energy and 
sputtering times of each one. 

[0103] In the case where the deposition processes, it is 
performed by sputtering the inlet gas can be common or 
different for the set of gases used whereupon, the reactive 
gases (oxygen and/or hydrogen, and/or fluor) are introduced 
as close as possible of the surface region that contains the 
substrate; in which, the film will be deposited and where the 
inert gas (argon, helium or xenon) is introduced close to a 
cavity containing the targets (' hollow cathode'), and where 
the partial pressures may vary between Sx10 Pa to 10 Pa, 
for a total deposition pres sure that may vary between 5 x10 Pa 
to 10 Pa, using growth that can vary between 0. 01 nms ' to 
20 nms ', function of the power density used that can vary 
between 0. 01 Wcm to 20 Wcm depending on the substrate 
size, number of targets, substrate target distance and if the 
structure of the film manufactured is amorphous or crystal- 
line, using process temperatures below 100' C. , see FIGS. 10 
(25 and 35), (27), (37 and 3S), (33 and 36), and where the 
percentage of impurities incorporated in the film is made by 
controlling the power density (between 0. 01 Wcm to I 
Wcm ), applied to the target that contains the impurities 
(co-sputtering), that is, the growth rate of the impurities, 
when compared to that of the main target, can vary to match 
the required result, thin film composition, concerning impu- 
rities introduced, between 0. 005 to 0. 20 and using tempera- 
tures that may vary between room temperature (20' C. ) and 
100' C. , function of the type of substrate used (glass, poly- 
mer, metal or cellulosic paper), see FIG. 10, (20). 
[0104] In addition to the two techniques described above, 
the OCu Ni thin films can be grown by other physics, physi- 
cal-chemical or chemical methods such as thermal evapora- 
tion by pulsed laser, atomic layer epitaxial, or molecular 
epitaxial or sol-gel or electrodeposition or spray atomized 
pyrolysis, or by ink-jet, see FIG. 11, or spin coating, all those 
techniques should be used with or without the presence of UV 
light and an oxidant atmosphere like oxygen or a non reactive 
atmosphere like argon, helium or xenon or a reactive atmo- 
sphere like, hydrogen or fluor or nitrogen, in their gas, acid or 
basic forms. 

[0105] If the deposition method selected is the ink-jet, the 
elements to be deposited are in the form of a basic, neutral or 
acid chemical compound that is diluted in an aqueous solu- 
tion containing an alcohol (ethyl, methyl or propanol); 
another stabilizing element of the solution, being the deposi- 
tion performed by spraying the heated or not heated atomized 
solution over the substrate that can be heated to temperatures 

up to 400' C. (function of the solvent and substrate selected), 
see FIGS. 11, (19), (20), (40), (41) and (43). 
[0106] Whatever the chemical deposition method selected, 
the films to be deposited are based in unique solutions con- 
taining the elements to be deposited; including the impurities 
at growth rates that can vary between 0. 01 nms' and 10 nms ', 
for instance, it is a dissociation rate function of the species, 
dimensions of the nano-drops, of the injector, or of the atom- 
izer used. 

[0107] Whatever the chemical deposition method selected, 
the films have thicknesses between I nm and 1000 nm, func- 
tion of the application envisaged, as semiconductor in nano- 
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electronics, microelectronics, using insulating substrates, 
such as, glass or polymer or cellulosic paper or conductive 
substrates like, metal stainless steel or molybdenum or semi- 
conductor sub strates like crystalline or polycrystalline silicon 
or using other oxides as substrates, p-or n-type, function of 
the envisaged application. 
[0108] Whatever the deposition method selected the films 
can be processed under a static (substrate stopped during the 
deposition process) or dynamic (the substrate is moving dur- 

ing the deposition process), in order to allow a homogeneous 
and uniform film deposition over the entire substrate area, 
either the films have an amorphous or crystalline structure. 
[0109] Once the films with the desired thickness are pro- 
cessed on the substrates previously selected, as single layer or 
as layers of a desired device, they are annealed at tempera- 
tures ranging from 60' c to 300' C. , using times that can vary 
between 50 minutes to 6 hours, using a controlled atmosphere 
that may contain oxygen, or nitrogen or a mixture of hydro- 
gen and nitrogen, or nitrogen and fluor or nitrogen and oxy- 
gen, in proportions that can vary between 0. 1:99. 9 to 0. 1:0. 
I:9. 8 of the gas composition previously mentioned and 
performed at atmospheric pressure or under vacuum (10 Pa 
to 1000 Pa). 
[0110] Depending on the composition and deposition con- 
ditions selected, including the annealing process, there will 
be the electrical, electronic and optical properties of the films 
manufactured, concerning the nature of free transport carriers 
(electrons or holes, that is the material is n-type or p-type), 
electrical conductivity, mobility carriers, degree of films 
compactness, dielectric constant, optical absorption, materi- 
als reflectivity. Theses properties can be varied by changing 
the films composition or the oxygen containing, that is to say, 
the conductivity can be by this varied between 10 ' S. cm ' 
to 10 S. cm ', for films with the thicknesses that can vary 
between I nm to 10000 nm, presenting an amorphous or 
crystalline structure, highly compact and low surface rough- 
ness, to be applied in electronic and optoelectronic applica- 
tions as a passive material, like, for highly conductive ohmic 
contacts, with or without transparency associated, or as a 
dielectric material with high electrical resistivity, or to make 
blocking layers or matching layers in electronic and optoelec- 
tronic devices, namely, in heterojunctions, that is, the union of 
two materials with different electronic affinities and that need 
an extra thin layer to make the match between them or as an 
active electronic material, to be used to manufacture p-n 
heterojunctions, unipolar transistors like, TFT or C-MOS and 
other devices, using any type of substrate, such as, glass, 
polymer, metal or cellulosic paper. 

2. GSZTCO Preparation 

[0111] In order to manufacture GSZTCO films, the m:n:w: 
z:p film compositions must be first selected, as already 
referred, to obtain a n-type material, wherein the minimum 
percentage of each element in the mixture is of 0. 005 and the 
highest one 0. 995, processed at temperatures below 100' C. , 
with or without heat treatment after the fabrication process of 
the material, in a controlled or not controlled atmosphere. 
[0112] Once the GSZTCO composition is selected, the next 
step is to know if one wants to introduce impurities to control 
the type of majority carriers in the semiconductor, such as 
zirconium or nitrogen, wherein the maximum proportion of 
impurities is up to 0. 20 of the GSZTCO molar composition 
being the substitution of one or two elements of the initial 
composition possible. 

[0113] After selecting the required composition and the 
impurities to be added, one must select the way in which the 
materials will be deposited: either by means of a composite, 
set of metallic or ceramic composites, or a chemical solution 
or solutions, deposition technique to be selected and, if we 
want to grow films from a single or several evaporation/target 

source(s), using vacuum systems and an inert or reactive 
atmosphere, be it ionized or not, to transfer the decomposed 
species towards the substrate, such as argon, oxygen or 
another gas or if we use an aqueous basic, neutral or acid 
solution but, whatever the technique selected, with or without 
the presence of UV light to assist the growing process on the 
selected substrate. 

[0114] As far as the deposition process is concerned, either 
containing impurities or not, we can select a physical, chemi- 
cal or chemical-physical technique, using a load lock cham- 
ber to introduce the substrates in the deposition chamber with 
a reference pressure, that can be as low as 10 Pa, and 
substrate to evaporate the source distance function of the 
substrate size. For instance, for substrates measuring 10 
cmx10 cm, the distances may vary between 2 cm-30 cm and 

they can be as high as 150 cm, for substrates measuring I 
mxl m. 

[0115] For instance, if the deposition technique is the resis- 
tive or electron gun thermal evaporation, (see FIGS. S and 9) 
with a reference base pressure down to 10 Pa, one can use 
one or multiple evaporation sources multi-distributed along 
the opposite plan to the substrate face where the deposition 
will takes place, under a static way, FIGS. S and 9, reference 
(23) or a roll to roll way, function of the growth rate desired. 
As previously referred, if the deposition sources are metallic, 
the elements can already be in one or more alloys' composi- 
tion, such as one evaporation source containing Ga Sn 
Zn TI~Cu, operating as an evaporation source which will 
be alternately distributed with a source containing the impu- 
rities to be introduced in the final film, wherein the process 
atmosphere should be oxidant, that is, oxygen must be intro- 
duced into the process chamber, see FIG. S, (25), in order to 
obtain an oxygen partial pressure rating between 10 Pa and 

10 Pa, see FIG. S, (22), where the deposition pressure is 

performed by controlling the filament current used, see FIGS. 
S and 9, (27) which in a case of resistive thermal evapora- 
tion includes a low power voltage (up to 50 V) and high 
current (up to 500 A) source, for a given growth rate (from 
0. 01 nms ' 

up to 20 nms '), function of the substrate size 
used and so, of the substrate evaporation source distance and 
of the number of evaporation sources used. 

[0116] When the starting materials used for the evaporation 
are in the ceramic form, that is, in the oxide form, the based 
constituted elements can be can be in the form of one or more 
ceramic containing the desired Ga Sn Zn TI~Cu com- 
position, working as the evaporation source that will be dis- 
tributed alternately with another ceramic composite source 
containing the desired impurities to be used, using or not an 
oxidant atmo sphere by having an partial oxygen pres sure that 
varies between 10 Pa and 10 Pa, for deposition pressures 
that may vary between 10 ' Pa and 10 Pa and where the 
control of the deposition pressure is performed by controlling 
the filament current used, see FIGS. S and 9, (27) where for 
the case of resistive thermal evaporation a low power voltage 
(below 50V) and high current (up to 500A) source is used, for 
a given growth rate (from 0. 01 nms ' to 20 nms '), function 



US 2010/0090216 A1 Apr. 15, 2010 

of the substrate size used and so, of the substrate evaporation 
source distance and of the number of evaporation sources 
used. 

[0117] Should the ceramic materials be selected for thermal 
evaporation, meaning that they are already in oxide form, the 
elements the based constituted elements can already be in the 
one or more ceramic forms, containing for example the 
desired Ga Sn Zn TI~Cu composition, working as an 
evaporation source that will be alternately distributed with a 
source containing the impurity(ies) to be introduced in the 
film, in another ceramic composition, in an oxidant or non- 
oxidant atmosphere, meaning by introducing oxygen into the 
chamber, in order to obtain a partial oxygen pressure, besides 
inert gas, such as argon, which might vary between 10 Pa 
and 10 Pa, for a total deposition pressure that might vary 
between 10 ' Pa and 10 Pa. 

[0118] Whatever the production condition selected to 
manufacture GSZTCO by thermal evaporation, we can use 
zirconium impurities in the metallic or ceramic form, whether 
or not included in the alloy compositions that contain the 
main Ga Sn Zn TI~Cu compositionto be depositedby 
co-deposition, that is using more than one evaporation 
sources containing Ga Sn Zn TI~Cu elements and 
where the percentage of the impurity to be incorporated in the 
thin films to be produce (between 0. 005 and 0. 20) is made 
through the energy used (electrical current), that also controls 
the growth rate and the final state of the films at deposition 
temperatures that can vary between room temperature (20' 
C. ) and 100' C. , function of the type of substrate used (glass, 
polymer, metal or cellulosic paper). 
[0119] Besides the thermal evaporation we may use the de 
or rf sputtering deposition technique, with or without the 
presence ofamagnetronto 

confinethe�depositionprocess 

an 
where the targets to be used can be metallic containing the 
required Ga Sn Zn TI~Cu composition, see FIGS. 10, 
(34), (35), (37) and (3S), under an oxidant atmosphere or the 
annealing process takes place under an oxidant atmosphere or 
by using ceramic evaporation sources with the initial selected 
GSZTCO composition, [Ga~03] +[SnO 0 z)] +[XnO] + 
[TiO &, ~]+[Cu 0, 1~a~2] that can contain one or more 
metallic or ceramic or gas impurities such as Zr, ZrO, or N~ 
and where the final film composition depends on the energy 
used in each target (evaporation source now) or by simulta- 
neous co-sputtering of targets containing the required com- 
ponents to be incorporated in the final thin film, by proper 
control of the energy and sputtering times of each one. 

[0120] In the case where the deposition process is per- 
formed by sputtering the inlet gas through a common or 
different way-in, in which the reactive gases (oxygen and/or 

hydrogen, and/or fluor) are introduced as close as possible of 
the surface region that contains the substrate upon which the 
film will be deposited, and in which the inert gas (argon, 
helium or xenon) is introduced close to a cavity containing the 
targets (hollow cathode'), and in which the partial pressures 
may vary between Sx10 Pa to 10 Pa, for a total deposition 
pressure that may vary between Sx10 Pa to 10 Pa, using 
growth that can varybetween 0. 01 nms ' to 20nms ', func- 
tion of the power density used that can vary between 0. 01 
Wcm to 20 Wcm depending on the substrate size, number 
of targets, substrate target distance and if the structure of the 
film produced is amorphous or crystalline, using process 
temperatures below 100' C. , see FIGS. 10 (25 and 35), (27), 
(37 and 3S), (33 and 36), and where the percentage of impu- 
rities incorporated in the film is made by controlling the 

power density (between 0. 01 Wcm to I Wcm ), applied to 
the target that contains the impurities (co-sputtering) that is, 
the growth rate o f the impurities, when compared to that of the 
main target, can vary to match the required final thin film 
composition concerning impurities introduced, between 
0. 005 to 0. 20 and using temperatures that may vary between 
room temperature (20' C. ) and 100' C. , function of the type of 
substrate used (glass, polymer, metal or cellulosic paper), see 
FIG. 10, (20). 
[0121] Besides the two techniques described above, the 
GSZTCO thin films can be grown by other physics, physical- 
chemical or chemical methods such as thermal evaporation 

by pulsed laser; atomic layer epitaxial, or molecular epitaxial; 
sol-gel or electrodeposition or spray atomized pyrolysis, or 
by ink-jet (see FIG. 11), spin coating, being all these tech- 
niques possible to be used with or without the presence of UV 
light and an oxidant atmosphere such as oxygen, or a non 
reactive atmosphere such as argon, helium or xenon, or a 
reactive atmosphere such as hydrogen or fluor or nitrogen, in 

gas, acid or basic forms. 
[0122] If the ink-jet is selected for deposition method, the 
elements to be deposited are in the form of a basic, neutral or 
acid chemical compound that is diluted in an aqueous solu- 
tion containing an alcohol (ethyl, methyl or propanol), and a 
stabilizer of the solution, being the deposition performed by 
spraying the heated or non-heated atomized solution over the 
substrate that can be heated to temperatures up to 400' C. 
(function o f the solvent and substrate selected), see FIGS. 11, 
(19), (20), (40), (41) and (43). 
[0123] Whatever the chemical deposition method selected, 
the films to be deposited are based in unique solutions con- 
taining the elements to be deposited, including the impurities 
at growth rates that can vary between 0. 01 nms ' and 10 
nms ', function for instance of the dissociation rate of the 
species, dimensions of the nano-drops, of the injector, or of 
the atomizer used. 

[0124] Whatever the deposition method selected, the films 
comprise thicknesses between I nm and 1000 nm, function of 
the application envisaged, as semiconductor in nano-elec- 
tronics, microelectronics, using insulating substrates such as 
glass or polymer or cellulosic paper or conductive substrates 
such as metal stainless steel or molybdenum or semiconduc- 
tor substrates such as crystalline or polycrystalline silicon or 
using other oxides as substrates, p-or n-type, function of the 
envisaged application. 

[0125] Whatever the deposition method selected the films 
can be processed under a static (substrate stopped during the 
deposition process) or dynamic (the substrate is moving dur- 

ing the deposition process) procedure, in order to allow a 
homogeneous and uniform coating over the entire substrate 
area, either the films being amorphous or crystalline. 

[0126] Once the films are processed with the the desired 
thickness, over the equality substrates previously selected, 
the films, as single layer or as layers of a desired device, are 
annealed at temperatures in from 60' c to 300' C. , using times 
that can vary between 50 minutes to six hours, under a con- 
trolled atmosphere that may contain oxygen, nitrogen or a 
mixture of hydrogen and nitrogen, or nitrogen and fluor or 
nitrogen and oxygen in proportions that can vary between 
0. 1:99. 9 to 0. 1:0. 1:9. 8 of the gas composition mentioned 
above and performed at atmospheric pressure or under 
vacuum (10 Pa to 1000 Pa). 
[0127] Depending on the composition and deposition con- 
ditions selected, including the annealing process, there will 
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be the electrical, electronic and optical properties of the films 
produced, concerning the nature of free transport carriers 
(electrons or holes, that is the material is n-type or p-type), 
electrical conductivity, carriers mobility, degree of films com- 
pactness, dielectric constant, optical absorption, materials 
reflectivity. These properties can be altered by changing the 
film compositions or the oxygen content between 10 ' 
S. cm ' 

up to 10 S. cm ', for films including a thicknesses 
between I nm to 10000 nm, presenting an amorphous or 
crystalline structure, highly compact and low surface rough- 
ness, to be applied in electronic and optoelectronic applica- 
tions as a passive material, such as the highly conductive 
ohmic contacts, with or without transparency associated, or 
as a dielectric material with high electrical resistivity, or to 
obtain blocking layers or matching layers in electronic and 
optoelectronic devices, namely in heterojunctions, that is, the 
union of two materials with different electronic affinities 
which require an extra thin layer to adapt to each other or as 
an active electronic material, to be used to manufacture p-n 
heterojunctions, unipolar transistors such as TFT or C-MOS 
and other devices, using any type of substrate, namely glass, 
polymer, metal or cellulosic paper. 

3. Preparation of Magnesium Fluoride 
(Encapsulating Layer) 

[012S] To process the magnesium fluoride required as 
encapsulating layer in devices, see FIGS. 1, 3, 4, 5 e 6, (9), 
namely the one in contact with the environment of the device 
in which it will be applied, can be stoichiometric or non 
stoichiometric used and it is processed at temperatures under 
100' C. , with or without heat treatment in a controlled or 
non-controlled atmosphere. 

[0129] To process the stoichiometric or non-stoichiometric 
magnesium fluoride, hereafter designated as MgF on a sur- 
face of any active electronic device, as encapsulating layer of 
electronic or optoelectronic devices, in order to avoid the 
device degradation when exposed to the environment, which 
induces surface and shallow defect states, allows the in-dif- 
fusion of gas species such as oxygen, through structural 
defects or interstices of the amorphous or crystalline film, 
such as GSZTCO, that will lead to deep changes on the 
physical properties of the materials that constitute the device, 
namely the electrical and electronic properties, this material 
can be processed using any physical, physical-chemical or 
chemical technique, (see FIGS. S, 9, 10 e 11), whether or not 
using a load lock chamber to introduce the substrates in the 
process chamber with a reference base pressure of that can 
decrease down to 10 Pa and distances between the evapo- 
ration source and the substrate which are function of the 
substrate size to be used, which are between 2 cm-30 cm for 
substrates 10 cmx10 cm in size, or above 150 cm for sub- 
strates I mx1 m in size and, can be deposited in the static or 
dynamic mode (rotation or roll to roll), followed by heating 
treatment in a controlled or not controlled atmosphere at 
temperatures under 350' C. , function of the application and 
substrate selected. 

[0130] Once selected the MgF composition, the next step 
will comprise knowing the deposition technique to be used, 
whether the materials to be used are in the form of an alloy to 
be evaporated from a boat source, or in the form of a sintered 
target with the required proportions, followed by the tempera- 
ture selection for the heating treatment and related annealing 
environment/atmo sphere, when required. 

[0131] For instance, if the selected deposition technique is 
the resistive or electron gun thermal evaporation, (see FIGS. 
S and 9) with a reference base pressure as low as 10 Pa, we 
can use one or multiple evaporation sources distributed along 
the opposite plan to the substrate face where the deposition 
will take place, under a static way, FIGS. S and 9, (23) or a roll 
to roll method, function of the growth rate desired. If the 
deposition sources are in the single or sintered powder form 
or in the form of pellets or foils, where besides that the process 
atmosphere must be hydrogenated and/or fluorinated, that is, 
hydrogen and/or fluor must be introduced to the process 
chamber, where the gas' partial pressure of these reactive 
gases should be between 10 Pa to 10 Pa controlling the 
filament current used, whereas for the case of resistive ther- 
mal evaporation a low power voltage (below 50 V) and high 
current (up to 500A) source is used, while for the electron gun 
case the current in the gun filament can be as high as 7A, 
depending on the substrate size used and so, from the source 
to substrate distance and the number of evaporation sources to 
be used, using growth rates that can vary between 0. 01 nms ' 
to 20nms '. 
[0132] Besides the thermal evaporation we may use the dc 
or RF sputtering deposition technique, with or without the 
presence of a magnetron to confine the deposition process 
(see FIG. 10) and where the targets to be used contain the 
selected MgF and where the deposition process takes place 
under the possible presence of a reactive gas such as hydrogen 
and/or fluor and/or nitrogen and or oxygen, besides the inert 
carrier gas such as argon using partial gas pressures that vary 
Sx10 Pa to 10 Pa, for a total deposition pressure between 
Sx10 Pa to 10 Pa, using growth rates in the range of 0. 01 
nms ' to 20 nms ', function of the power density used that 
vary between 0. 01 Wcm to 20 Wcm, depending on the 
substrate or devices sizes to be coated, the number of targets 
used and the nature of the structure of the film grown (amor- 
phous or crystalline) at process temperatures that may vary 
between 20' C. to 350' C. 
[0133] Besides the two techniques above described, the 
MgF thin films can be grown by other physics, physical- 
chemical or chemical methods such as thermal evaporation 

by pulsed laser; atomic layer epitaxial or molecular epitaxial; 
sol-gel or electrodeposition; sprayed atomized pyrolysis, ink- 

jet, (see FIG. 11), or spin coating, taken that all these tech- 
niques should be used with or without the presence of UV 
light and under an oxidant atmosphere such as oxygen or a 
non-reactive atmosphere such as argon, helium or xenon or a 
reactive atmosphere such as hydrogen, fluor or nitrogen, in 
their gas, acid or basic forms. 

[0134] If the deposition method selected is chemical, the 
elements to be deposited are in the form of a basic, neutral or 
acid chemical solution that is placed in an aqueous solution 
containing an alcohol (ethyl, methyl or propanol), and a sta- 
bilizer of the solution, being the deposition performed by 
spraying the heated or non-heated solution, whether by elec- 
trolysis or not, over the substrate that can be heated to tem- 
peratures up to 400' C. (function of the solvent selected), or 
by atomization of the solution over the heated substrate or via 
heated atmosphere or ink jet, containing the solution, by local 
heating of the substrate or environment through which the 
substrate has to go through. 

[0135] Whatever the chemical deposition method selected, 
the films to be deposited are based in unique solutions con- 
taining the elements/compositions to be deposited, the 
growth rates can vary between 0. 01 nms ' to 10 nms ', func- 
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tion of an electrical current which goes through the solution 
(electrolysis)or the dissociation rate of the species and its 
deposition without any sort of passage through the current or 
the way in which the atomization occurs, (for dimensions of 
the nano-drops, of the injector, the atomizer, or other infor- 
mation, see FIG. 11 (40)). 
[0136] Whatever the chemical deposition method selected, 
the films may be between 0. 5 nm and 1000 nm thick, function 
of the application envisaged and surface conditions where the 
film will be deposited to perform the encapsulation. 
[0137] Whatever the deposition method selected the films 
can be processed under a static (substrate stopped during the 
deposition process) or dynamic procedure (the substrate is 
moving during the deposition process), in order to allow a 
homogeneous and uniform deposition of the films over the 
entire substrate area, be it either of amorphous or crystalline 
structure. 
[0138] Once the films are processed with the desired thick- 
ness(es) on the sub strates previously selected, the films, either 
in a singular way or according to the structure of the desired 
device, are annealed at temperatures in the range from 60' c to 
300' C. , using times that can vary between 50 minutes to six 
hours, function of the substrate and desired application, an 
atmo sphere that may contain oxygen, nitrogen or a mixture o f 
hydrogen and nitrogen, or oxygen and nitrogen, or nitrogen 
and fluor or a mixture of oxygen, hydrogen and nitrogen in 
proportions that can vary between 0. 1:99. 9 and 0. 1:0. 1:9. 8 of 
the gas composition previously mentioned and performed at 
atmospheric pressure or under vacuum (10 Pa to 1000 Pa). 

4. Tantalum Pentoxide Preparation (Matching Layer) 

[0139] To process the stoichiometric or non-stoichiometric 
tantalum pentoxide, hereafter designated by Ta 0 as match- 
ing layer of an oxide semiconductor to another oxide or 
dielectric such as silicon dioxide or silicon nitride or other, 
see FIGS. 1, 3, 4 e 5, (4) and (3), in order to guarantee the 
electronic stability of the interface, thus avoiding the insta- 
bilities promoted by sorption or diffusion of impurity con- 
taminates in the gaseous or not gaseous form, processed at 
temperatures below 100' C. , using a physical, physical- 
chemical, or chemical deposition technique, with or without 
a load locking system to introduce the sub strates in the depo- 
sition chamber, at a reference pressure as low as 10 Pa and 
the distance substrate source, which the ultimate function of 
the substrate size, to vary between I cm-30 cm, for substrates 
10 cmx10 cm in size, or up to 150 cm, for substrates I mx1 
m in size, which can be deposited in the static or dynamic 
mode (rotation or roll to roll), followed by a heat treatment in 
a controlled atmosphere up to 350' C. , function of the appli- 
cation and nature of selected substrate. 
[0140] In order to manufacture Ta 0 as a matching layer 
between two other semi-conductors or between a semicon- 
ductor and a dielectric, or a semiconductor and an encapsu- 
lating layer, the material to be deposited must be selected, 
such as the metal Ta, deposited in an oxidant atmosphere or 
from a ceramic target containing the desired Ta 0 composi- 
tion, followed by the selection of the adequate process and 
annealing temperatures and related environment/atmosphere, 
when required. 
[0141] For instance, if the selected deposition technique is 
the resistive or electron gun thermal evaporation, with a ref- 
erence base pressure as low as 10 Pa(see FIGS. 8 and 9), one 
might use one or multiple evaporation sources distributed 
along the opposite plan of the substrate face, where the depo- 

sition will take place, under a static way, FIGS. S and 9, (23) 
or a roll to roll method, function of the growth rate desired. In 
such cases where the evaporation sources are in the single or 
sintered powder form, or aggregated, or in the form of pellets 
or foils, where the process atmosphere must nonetheless be 
hydrogenating, containing or not other gas elements such as 
hydrogen, fluorine or nitrogene, thus obtaining a partial pres- 
sure of these reactive gases between 10 Pa to 10 Pa con- 
trolling the filament current used, where for the case of resis- 
tive thermal evaporation a low power voltage (below 50 V) 
and high current (up to 500 A) source is used, while for the 
electron gun case the current in the gun filament can be up to 
7A, besides using an accelerating voltage usually superior to 
1500-2000 V, (see FIGS. 9, (27), (2S), (29), (30) and (31)), 
function of substrate dimension and therefore source to sub- 
strate distance and the number of evaporation sources to be 
used, comprising growth rates that can vary from 0. 01 nms ' 
to 20nms '. 
[0142] Besides the thermal evaporation the dc or RF sput- 
tering deposition technique may be used(see FIG. 10), with or 
without the presence o f a magnetron to confine the deposition 
process and where the targets to be used contain the selected 
Ta 0 composition, in the metallic (Ta) or ceramic (Ta 0 ) 
form and where the deposition process takes place under the 
presence or absence of a reactive gas such as hydrogen and/or 
fluoride and/or nitrogen and or oxygen, besides the inert 
carrier gas such as argon using partial gas pressures that vary 
Sx10 Pa to 10 Pa, for a total deposition pressure between 
Sx10 Pa to 10 Pa, using growth rates in the range of 0. 01 
nms ' to 20 nms ', function of the power density used that 
varies between 0. 01 Wcm to 20 Wcm, depending on the 
substrate or devices sizes to be coated, the number of targets 
used and the nature of the structure of the film grown (amor- 
phous or crystalline) at process temperatures that may vary 
between 20' C. to 350' C. 
[0143] Besides the above-described techniques, the Ta— 
0 thin films can be grown by other physics, physical-chemi- 
cal or chemical methods such as thermal evaporation by 
pulsed laser; atomic layer epitaxial or molecular epitaxial; 
sol-gel or electrodeposition, spray atomized pyrolysis, by 
ink-jet, spin coating, taken that all these techniques can be 
used with or without the presence of UV light and an oxidant 
atmosphere such as oxygen or a non-reactive atmosphere 
such as argon, helium or xenon or a reactive atmosphere such 
as hydrogen or fluor or nitrogen, in their gas, acid or basic 
forms. 

[0144] If the deposition method selected is chemical, such 
as the ink-jet method, the elements to be deposited are in the 
form of a basic, neutral or acid chemical solution that is 
diluted in an aqueous solution containing an alcohol (ethyl, 
methyl or propanol), and a stabilizer of the solution, being the 
deposition performed by dipping or spraying the heated or 
non-heated atomized solution over the substrate, be it elec- 
trolysis or not, at temperatures that can rise up to 400' C. 
(function of the solvent and selected), or by atomization of the 
solution over the heated substrate or via heated atmo sphere or 
ink jet, containing the solution, by local heating of the sub- 
strate or environment through which the substrate has to go 
through (see FIG. 11). 
[0145] Whatever the chemical deposition method selected, 
the films to be deposited are based in unique solutions con- 
taining the elements/compositions to be deposited, the 
growth rates can vary between 0. 01 nms ' to 10 nms ', func- 
tion of an electrical current which goes through the solution 
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(electrolysis)or the dissociation rate of species and its depo- 
sition without any sort of passage through the current or the 
way in which the atomization is occurs, (for dimensions of the 
nano-drops, of the injector, the atomizer, or other informa- 
tion, see FIG. 11 (40)). 
[0146] Whatever the deposition method selected the films 
may be between 0. 5 nm and 1000 nm thick, function of the 
application and material where the film will be deposited to 
perform the matching of the layers and the stabilization of the 
corresponding interface. 
[0147] Whatever the deposition method selected the films 
can be processed under a static (substrate stopped during the 
deposition process) or dynamic procedure(the substrate is 
moving during the deposition process), in order to allow a 
homogeneous and uniform coating over the entire substrate 
area, either the films are amorphous or crystalline. 

[0148] Once the films are processed with the desired thick- 
ness(es), matching layers and desired device structures, these 
can be annealed at temperatures in the range from 60' c to 
300' C. , using times that can vary between 50 minutes to six 
hours, function of the substrate and desired application, an 
atmo sphere that may contain oxygen, nitrogen or a mixture o f 
nitrogen and hydrogen, or oxygen and nitrogen, or nitrogen 
and fluoride or a mixture of oxygen, hydrogen and nitrogen in 
proportions that can vary between 0. 1:99. 9 and 0. 1:0. 1:9. 8 of 
the gas composition previously mentioned and performed at 
atmospheric pressure or under vacuum (10 Pa to 1000 Pa). 

DESCRIPTION OF THE PREFERRED 
REPRESENTATION OF THE INVENTION 

[0149] Example of the preparation of one electronic device 
that contains the elements/components claimed in this patent, 
namely OCuPli~, the GSZTCO, the Ta 0 and the encapsu- 
lating layer based on MgF . 
[0150] The present patent aims to give an example of the 
production of an active device such as an unipolar transistor, 
a p-n heterojunctions, or a logic gate, using the components 
claimed in this patent, namely the OCu Ni to be used prefer- 
entially as a p-type semiconductor, the GSZTCO as a n-type 
semiconductor; the MgF as one encapsulating material, and 
the Ta 0 as a matching layerbetweentwo semiconductors or 
a semiconductor ad a dielectric or the semiconductor and the 
encapsulating layer, using one or any combinations of the 
fabrication processes already described for the production of 
materials in which the devices are based, besides other mate- 
rials and substrates required for the final device, either in the 
amorphous or crystalline forms or the combination of both to 
be used in electronic and optoelectronic applications, show- 

ing a thickness ranging from 0. 1 nm to 1000 nm, processed at 
temperatures below 100' C. , using in its process the direct 
lithography patterning or the 'lift-off' technique. 

a) Production of TFT 

[0151] To manufacture a n-type TFT working in the deple- 
tion (current on without applied voltage) or enhancement 
modes (current off without voltage applied), the first opera- 
tion consists in selecting the type of substrate to be used that 
can be either a glass, a polymer, a metal or a cellulosic paper, 
followed by the selection of the type of configuration and 
geometry of the device components, which are the locations 
of the gate electrode that should be a good conductor; the 
dielectric that should be a material exhibiting a high resistiv- 
ity (higher than 10' Q. cm) and with the required band gap to 

lead to the required of voltage with the active channel layer; 
the matching layer between the dielectric and the channel 
layer based on GSZTCO, containing or not other impurities, 
for a n-type TFT or on OCu Ni, containing or not other 
impurities, for a p-type TFT, working as an active semicon- 
ductor, (resistivity higher than 10 Q. cm and smaller than 10 
Q. cm); the electrical symmetric drain and source region, that 
is, with equal composition and performances, constituted by 
OCu Ni or GSZTCO of low resistivity (below 10 Q. cm), 
respectively, to be used upon the p-type and the n-type semi- 
conductors, in order to guarantee a good ohmic contact or a 
metallic material such as titanium, gold or another highly- 
conductive oxide such as the ZGO or the IZO, in their amor- 
phous or crystalline forms, followed by the physical connec- 
tion to the external electrodes or to other devices (matrix form 
where each TFT constitute a pixel where the number of TFT 
required is above or of the order of 10 ), using conventional 
processes such as soldering or conductive glue and involving 
adequate lithography steps, followed or not by one annealing 
step in a controlled or non-controlled atmosphere. 

[0152] The selection process of the geometry and configu- 
ration of the final device (see FIGS. 3, 4 and 5), consists in 
knowing if the gate electrode is deposited on the substrate, 
constituting the first fabrication step of the device or if its 
deposit as the last step, being the first configuration desig- 
nated as bottom gate and the second one as top gate or if the 
drain and source regions are deposited before or after the 
channel layer, designated respectively as inverted or stag- 
gered and finally if we have to use an asymmetric structure as 
shown in FIGS. 5, (4), (6) and (7), to guarantee an effective 
intense electrical field associated to the source region, thus 

improving, or not, the electrical stability of the devices. 

[0153] Whatever the configuration selected, (see FIGS. 3 to 
5), the different TFT components are subject to be encapsu- 
lated by means of a removal lithographic or 'lift-off' tech- 
nique, meaning the deposition of a highly resistant, compact 
but soluble resin with a proper solvent, adequately cured to 
temperatures below 80' C. , to eliminate volatile elements in 
the resin, with the desired design and dimensions of gate 
electrode opening upon which the electrode will be deposited 
(designated as mask) and which is then soluble in a revealing 
chemical solution, allowing the resin removal as well as the 
material deposited, except for the areas in which the resin is 
not present. 

[0154] On the specific case in which a substrate glass is 
selected, and being afterwards the gate electrode deposited, 
see FIG. 3 (2), using a conductive oxide such as ITO or IZO 
or a metal, such as gold, using for instance the lift-off tech- 
nique (mask ¹I), with the desired geometry and a well-de- 
fined separation between electrodes, as well as their connec- 
tion to the pad contacts, including also the allowable 
tolerances, processed at temperatures below 100' C. 
[0155] After depositing the gate electrode, it follows the 
deposition of the dielectric material with the adequate thick- 
ness, in the range from 10 nm to 2000 nm, see FIG. 3, (3), 
using an inorganic material such as silicon dioxide or silicon 
nitride or an organic material such as Mylar or another single 
or multi-stacked structures as for instance tantalum oxide, 
hafnia, zirconia, ytria, alumina, or composites of hafnia/tan- 
talum oxide, alumina/tantalum oxide, ha fnia/alumina; silicon 
dioxide/tantalum pentoxide, tantalum oxide/Ytrla; zirconia- 
tantalumm pentoxide /silicon dioxide, Alumina/titanium 
oxide or PMMA, or POMA, or Mylar, at temperatures below 
100' C. , where the layer deposited should also be highly 
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compact to reduce leakage of current as much as possible, 
with the desired work function to get the required off-voltage, 
when connected by direct deposition to the channel layer, that 
can be amorphous or crystalline, but showing a surface as 
smooth as possible, followed by the definition of its geometry 
and configuration, using a standard lithographic process, as 
already described, or a lift-off technique. In the present 
example, the deposition over the dielectric of a positive 
photo-resist (resin) will now protect the regions that will not 
be removed and the others, to be selective removed and 
exposed by the developer to the wet or dry etching agent, that 
is, the dielectric material is removed from the non-protected 
regions, without removing the conductive electrode that nor- 
mally has dimensions larger than that of the gate dielectric 
(mask ¹2). 
[0156] Once the dielectric deposited, the deposition of the 
matching Ta 0 layer is followed, see FIG. 3, (4), with a 
thicknesses from 0. 5 nm to 1000 nm, depending its surface 
geometry from the one selected for the dielectric, with a size 
tolerance below 0. 15% of the previous selected dimensions, 
function of the dielectric used, using the same mask as before. 
[0157] Afterwards, the deposition of the channel layer is 
followed, comprising OCu Ni or 
[015S] GSZTCO, respectively for p-and n-type TFT, see 
FIG. 3, (5), with or without impurities incorporated and 
whose mask size is slightly smaller than the previous one 
(dielectric), having channel lengths that may vary between 10 
nmto10 nmandwidthsthatvarybetween10nmto10 nm, 
with channel thicknesses that vary in the range of I nm to 
10000 nm, function of the envisaged application, respectively 
in the nano-electronics, or microelectronics fields or other, 
processed at temperatures below 100' C. , and where the final 

geometry is obtained either by using the 'lift-off technique, 
or direct electron writing on the substrate technique or the 
conventional lithography process (mask ¹3) followed by the 
etching process as described above for the dielectric layer, but 
now using different chemical etchings and times of process 
that allow the aimed selectivity, that is to etch the channel 
material in defined non-protected regions without affecting 
the dielectric or matching layers, followed or not by an 
annealing treatment at temperatures between 60' C. to 350' 
C. , function of the envisaged application and substrate mate- 
rial selected, in a controlled or not controlled atmosphere. 

[0159] Once the dielectric deposited and the channel geom- 
etry defined, the deposition of the drain and source regions 
take place, using the most adequate fabrication tolerances, 
compatible with the developing systems used, which can be 
respectively OCu Ni and GSZTCO highly conductive (con- 
ductivities above 10 S. cm '), respectively for the p- and 
n-type TFT or a generated oxide such as IZO, ZGO or a metal 
such as titanium or gold or chromium, see FIG. 3, (6) e (7). 
[0160] The geometry of the drain and source regions, see 
FIGS. 3 to 5, (6) and (7) and corresponding metal pad con- 
tacts to the external connections, whose width is a function of 
that one established for the channel layer and can have dimen- 
sions that can vary between 3x10 nm to 3x10 nm in size and 
whose final design (mask ¹4) is obtaining either by using the 
'lift-off', or direct electron writing on the substrate technique 
or the conventional lithography process, followed by the etch- 
ing process as described for the channel layer, but now using 
different etching and times of process that allow the aimed 
selectivity that is, to etch the drain and source materials in 
defined non-protected regions without affecting the channel 
and the dielectric or matching layers, followed or not by an 

annealing treatment at temperatures between 60' C. to 350' 
C. , function of the envisaged application and substrate mate- 
rial selected, in a in a controlled or not controlled atmo sphere. 
[0161] Once the TFT deposited with the pre-defined struc- 
tures, its encapsulating takes place, with or without using 
again a matching layer, which consists in depositing a MgF, 
layer with a thickness between I nm to 1000 nm, see FIG. 3, 
(9), using one of the techniques already described to deposit 
this material, where in normal situations the films deposited 
have thicknesses in the range of 100-300 nm, leaving the 
needed windows open thus allowing to perform the needed 
connections to the metal pad contacts, (mask ¹ 5), by means 
of a lithographic technique such as the 'lift-off', followed or 
not by an annealing treatment in controlled atmosphere, at 
temperatures up to 350' C. , for times that can vary between 50 
minutes and six hours, function of the substrate used. 
[0162] In the case where the annealed treatment is per- 
formed either to the layers, structured or to the final device, 
the controlled atmosphere might contain an inert gas such as 
95% nitrogen with 5% hydrogen, or an argon atmosphere, or 
a reactive gas like oxygen, hydrogen or fluor. 

[0163] Besides the configurations already described, where 
the first step consists in the deposition of the gate electrode, 
the other configuration starts with the depositing of the drain 
and source regions using a conventional or lift-off litho- 
graphic process, followed by the deposition of the channel 
region that will overlap the previous ones at the edges, see 
FIG. 4, followed by the deposition of the matching layer and 
of the dielectric, separately or individually configurated by 
lithography, being followed by the deposition of the electrode 
gate and finally the encapsulating step, with the required 
opened windows to allow the connections to the pad contacts 
of the gate, drain and source regions. 
[0164] As previously described, the above-mentioned step 
is followed by annealing procedures. 
[0165] FIGS. 12 and 13 represent respectively the output 
and the transfer characteristics recorded on a typical n-type 
TFT based on GSZTCO, with the proportions I:2:2:0. 02:0. 
01, working in enhancement mode. 

b) Processing of a p-n Heterojunction 

[0166] When processing heterojunctions, these can be 
manufactured with two different types of material, such as 
n-type GSTZO of low resistivity, see FIG. 14, (5) with a 
300-500 nm thickness, followed by the deposition of a thinner 
matching layer of Ta 0 with a thickness inferior to I nm, see 
FIG. 14 (4), followed by the deposition of the p-type OCu- 
Ni layer, see FIG. 14, (10), with a 10-20 nm thickness, in 
order to obtain the required rectifying diode effect, followed, 
or not, by an annealing treatment as already described before, 
and whose final device design is in-line with the expected 
application, using the same type of fabrication lithographic 
steps as already described. 

c) Processing an Inverter Logic Gate 

[0167] The example given consists in using two TFT, one 
n-type working in the enhancement mode as shown in FIGS. 
1 and 2, (12) and a p-type, working in the enhancement or 
depletion mode and behaving as a dynamic load of the first 
TFT (driver), whose fabrication process corresponds to the 
one already described concerning a C-MOS device. 

[016S] One should stress the fact that the examples given do 
not correspond to all possible device applications, just illus- 



US 2010/0090216 A1 
16 

Apr. 15, 2010 

trating practical examples of the patent applications for a 
clear understanding of the contents of the invention. Varia- 
tions and alterations might be applied without deviating the 
contents described in the present patent. Such modifications 
and variations must be included in the present document and 
protected by the following claims. 
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1. An electronic semiconductor device based on OCu Ni 
and Gallium-Tin-Zinc-Titanium-Copper multicomponent 
p-type and n-type oxides, with or without doping, compris- 
ing: multicomponent amorphous or crystalline oxides based 
on the configuration mentioned above, where each element 
composition may vary between 0. 005 to 0. 995 of the total 
molar composition, designated respectively by OCu Ni and 
GSZTCO, stoichiometric or non-stoichiometric, where the 
electronic and optical functionalities are controlled by chang- 
ing their composition or by adding other impurities such as 
zirconium or nitrogen in amounts that can go up to 0. 20 of the 
total composition, and can even substitute one or two ele- 
ments of the compositions given before, in order to allow a 

better control on the electrical conductivity, number of free 
carriers, its nature, electrons or holes, respectively designated 
as p- and n-type. 

2. The electronic semiconductor device according to claim 
1, wherein the materials are applied to produce CMOS 
devices, thin film transistors, heterojunctions logic gates, 
including an encapsulating layer based on magnesium fluo- 
ride and a matching layer between active semiconductor or 
between the oxide semiconductor and the dielectric based on 
tantalum pentoxide. 

3. The electronic semiconductor device according to claim 
1 wherein the device is applied as an electronic and optoelec- 
tronic device as passive electronic material, for instance as 
ohmic contacts; as active p- and n-type semiconductor mate- 
rial, for instance material constituting each side of the p-n 
semiconductor junction, in heterojunctions; or oxide p-n 
homojunctions, for instance light emitting diodes or optic 
sensors; as p- (OCu Ni ) and n(GSZTCO) -type semiconduc- 
tors to be applied in C-MOS devices; to be applied as active 
channel layers (5) of devices such as thin film transistors (10, 
11, 12), including their applications in source (6) and drain (7) 
regions; to build/produce logic circuits totally based the 
industry required functionalities namely working at frequen- 
cies above 300 kHz. 

4. The electronic semiconductor device according to claim 
1 wherein the material designated by OCu Ni, to be pro- 
cessed at temperatures below 100' C. , under the influence of 
UV light radiation and ozone, using thicknesses in the range 
of 10-10000 nm, when the material is used as ohmic contact 
or as a p-n semiconductor junctions element; or using thick- 
nesses in the range 1-1000 nm when the material is used as an 
active semiconductor element, as channel layer (5) material 
in thin film transistors, (10, 11, 12) for nanoelectronics and 
microelectronic applications. 

5. The electronic semiconductor device according to claim 
1, characterized by wherein the material designated by GSZ- 
TCO, to be processed at temperatures below 100' C. , with or 
without the presence of UV light radiation, using thicknesses 
in the range of 10-10000 nm, when the material is used as 
ohmic contact or as a p-n semiconductor junctions element; 
or using thicknesses in the range of 1-1000 nm when the 
material is used as active semiconductor element as channel 
layer (5) material in thin film transistors, (10, 11, 12) for 
nanoelectronics and microelectronic applications. 

6. The electronic semiconductor device, according to 
claims 1, 4 and 5 claim 1, characterized by wherein the 
materials being possible to be processed in any type of sub- 
strate (1), namely, metal, glass, polymer or cellulosic paper, 
processed at temperatures below, 100' C. , highly compact 
and with electrical conductivities that can be controlled from 
10 ' S. cm ' to 10 S. cm ': presentingtheOCu Ni anormal 
p-type electrical behaviour, while the material designated by 
GSZTCO, presents normally a n-type electrical behaviour; 
but which can be reverted to p-type, by changing their com- 
positions, by increasing the amount of impurities such as 
nitrogen that do not lead to an increase on the number of 
present vacancies or interstices or voids, allowing to control 
the origin of free carriers, function of the impurities intro- 
duced, oxygen vacancies independent. 

7. The electronic semiconductor device according to claim 
1, wherein, the materials used to be processed by a physical, 
or physical-chemical or chemical technique, using or not 
vacuum based technologies such as the thermal evaporation, 
dcorrfsputtering, ink jet, inordertomanufactureamorphous 
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or crystalline films with composition controlled at growth 
rates between 0. 01 nms ' to 20 nms ', process pressures 
between 10 Pa to 10 Pa, in atmospheres containing pref- 
erably argon, using partial pressures that vary between 10 Pa 
to 10 Pa, with or without oxygen or nitrogen, or fluorine 
where the proportion o f this gas can vary between 0. 00 to 0. 99 
of the oxygen proportion, function of the process energy, 
preferably between 0. 1 Wcm to 20 Wcm and the distance 
of the source that contains the material to be evaporated to the 
substrate (1), to be preferably between 2 cm to 50 cm, of the 
used atmosphere, preferably containing argon. 

S. The electronic semiconductor device according to claim 
1 claims 1, 4, 5, 6 and 7, characterized by wherein after the 
fabrication of the devices device where the materials are 
introduced, preferably p n heterojunctions or TFT, to be 
annealed at temperatures between 50' C. to 250' C. , for times 
that vary between 50 minutes to 6 hours and function of the 
type of the substrate used and the application envisaged. 

9. The electronic semiconductor device according to claim 
S, wherein the used layers thickness to vary varies between 
0. 5 nm to 1000 nm when used as channel layer (5) material for 
nano- electronics and microelectronic applications. 

10. The electronic semiconductor device according to 
claims 1, 4 and 5 characterized by wherein the materials, 
respectively the OCuPli p-type and the GSZTCO, n-type, to 
be used, in his passive form, as ohmic contact of high con- 
ductivity and, in his active form, used in the production of p-n 
heterojunctions, preferably crystalline silicon p-type and 
n-type oxide or in TFT n-type, working in enrichment mode, 

in disconnected mode without voltage (13, 14), or depletion 
with current even when disconnected. 

11. The electronic semiconductor device according to 
claims 1, 4 and 5, characterized by wherein the materials, 
respectively OCu Ni p-type and GSZTCO, n- type, to be 
used as blocking electronic or hole layers when their conduc- 
tivities are below 10 S. cm '. 

12. The electronic semiconductor device according to 
claim 6, characterized by further comprising using a match- 
ing layer (4) from the semiconductor active oxide to the 
dielectric, preferably silicon dioxide or silicon nitride, a tan- 
talum pentoxide and having thicknesses ranging from 1 nm to 
1000 nm. 

13. The electronic semiconductor device according to 
claim 6, further comprising and 13 characterized by using an 
encapsulating layer based on magnesium fluoride stoichio- 
metric or non-stoichiometric with thicknesses ranging from 
10 nm to 1000 nm. 

14. The electronic semiconductor device according to 
claim 1, further comprising using in the conception of passive 
or active OCu Ni and GSZTCO semiconductors, namely to 
manufacture p-n, or C-MOS devices or logic gates, or in 
sensor or biodetectors instruments. 

15. The electronic semiconductor device according to 
claim 14 wherein the manufacture takes place at temperatures 
below 100' C. , with or without the presence of UV light to 
assist the deposition process. 
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