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The study of Correlated oxide compounds has been an active area of research for sometime. The main scientific drivers are the multiplicity of new effects like high Tc Superconductivity and “colossal” magnetoresistance. A generic feature of correlated electron systems is the close competition of two or more electronic phases with small changes in chemical composition.
For Oxides with complex electronic properties that are embedded in heterostructures, new issues of physics, chemistry, and materials science also arise. The presence of the interface is known to affect the chemical and electronic environment strongly [2],  that can change basic electronic bandwidths, or the exchange energies. In this paper, we are going to discuss resent studies with show that interesting levels of electrostatic doping are achievable in high-temperature superconductors and colossal magnetoresistive materials.

Metallic Interfaces between Insulators
Ohtomo et al. (2002) have demonstrated the fabrication of atomically precise ((LaTiO3)3 (SrTiO3)m ) multilayer comprised of a controllable number n=1,2,3 of (001) layers of the nearly ferroelectric material SrTiO3 . FIG. 1 shows the annular dark field (ADF) image of a super-lattice sample obtained by scanning transmission electron microscopy (JEOL 2010F) of a 30-nm-thick cross-section along a substrate [100] zone axis. In this imaging mode, the intensity of scattering scales with the atomic number Z as Z1.7, so the brightest features are columns of La ions, the next brightest features are columns of Sr ions, and the Ti ions are weakly visible in between. The quality of the interfaces does not degrade with continued deposition, and the atomic step and terrace structure of the growing surface is maintained for hundreds of nanometers. The magnified view at the top of FIG. 1 shows a higher-resolution image, which visibly demonstrates the ability to grow a single layer of La ions. Because the layer is viewed in projection, roughness along the beam—particularly on length scales thinner than the sample—leads to apparent broadening. Thus these results represent an upper limit to the actual width of the layers.
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FIG.1. The view is down the [100] zone axis of the SrTiO3 substrate, which is on the right. After depositing initial calibration layers, the growth sequence is 5 
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n (that is, 5 layers of SrTiO3 and n layers of LaTiO3), 20 n, n [image: image2.png]


n, and finally a LaTiO3 capping layer. The numbers in the image indicate the number of LaTiO3 unit cells in each layer. Field of view, 400 nm. Top, a magnified view of the 5 [image: image3.png]


1 series. The raw images have been convolved with a 0.05-nm-wide gaussian to reduce noise. [4]
The experiment show that the structures are metallic for m<7, and have used TEM and EELS techniques to investigate the variation of the Ti d-electron density across the structures (see FIG.2 and FIG.3)
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(FIG. 2) Left, the ADF image for the layer (layer '2' in Fig. 2); centre, the experimental Ti L2,3 edge (grey lines), with the left side of the spectra aligned to the ADF image. The electron beam position for these data is denoted by the dashed line in the ADF image. Reference spectra for Ti4+ (red) and Ti3+ (blue) are shown at the bottom, taken from thick sections of SrTiO3 and LaTiO3. Coloured lines show fits to the position-dependent spectra colour-coded by the fractional contribution of Ti4+ and Ti3+. Right, the La M5 edge, aligned to the ADF image. Note that scanning along the Ti sites broadens the La signal beyond the intrinsic resolution function. Bottom panel, detailed view of the decomposition of the Ti L2,3 edge for the Ti site in the middle of the layer. Experimental data are shown as black dots, fitted (violet) by the addition of the reference spectra shown in red (Ti4+) and blue (Ti3+). The residual to the fit is given by the black line at the bottom.( Ohtomo et al. (2002))
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(FIG. 3) a, EELS profiles for La and Ti recorded across a LaTiO3 monolayer. Inset, the ADF image for the monolayer. The La M edge is recorded simultaneously with the Ti L edge, yet the Ti3+ signal is considerably wider than that of the La. The absolute fractions of La and Ti3+ were calibrated from bulk LaTiO3 and SrTiO3. b, The decay of the Ti3+ signal away from the LaTiO3 monolayer of a as well as the bilayer of Fig. 2. The tails of the Ti3+ signal for both structures fit an exponential decay with a decay length of [image: image5.png]
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0.2 nm. [4]
High Tc Superconductor

To understand the prospects for electrostatic doping of high-Tc superconductors it is necessary to understand the chemical doping of these compounds and certain aspects of their structure. Their carrier concentrations can be changed by chemical substation of an insulating parent compound such as La2CuO4, Which on doping with Sr Becomes La2-x SrxCuO4,  Or in compounds such as (Re) Ba2 Cu3O6+x, for which the doping level and carrier concentration are determined by the oxygen content x (Re is one of the rare-earth elements). At low doping levels, the compounds are ant ferromagnetic insulators; at higher doping levels, they become super conductors.
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(FIG. 4) Crucially, the relevant range of carrier concentrations is small(see picture above), roughly 0<x<0.2 carrier per unit cell corresponding to an area density o<n2d<10^14/cm^2 so that large changes in carrier concentration are not needed. The second attractive feature of high-temperature superconductors is the layered crystal structure, in which the key ingredient is believed to be the CuO4 plane.

 Colossal magnetoresistance(CMR)
Colossal magnetoresistance (CMR) is a property of some materials, mostly manganese-based perovskite oxides, that enables them to dramatically change their electrical resistance in the presence of a magnetic field.The magnetoresistance of conventional materials enables changes in resistance of up to 5%, but materials featuring CMR may demonstrate resistance changes by orders of magnitude.

La1-xCaxMnO3 is a oxide hetero magnetic material. Its crystal structure is cubic perovskite with a lattice constant of approx. 0,386 nm.

[image: image17.jpg]<
3
¢
8 150
£
Q




Its magnetic properties change with temperature. They can be controlled by changing the Ca-concentration. 

Phasediagram of La1-xCaxMnO3
(from: J. Klein, Dissertation, Köln (2001)

(FIG. 5) Our main interest is in the ferromagnetic region of Ca-content between 20% and 50%. With increasing temperature the material changes its phase from a ferromagnetic metal to a paramagnetic insulator. In external magnetic fields the material exhibits a very large change in the electric resistance (up to 25000%), called the CMR (colossal magnetoresistance) effect. 
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The chemical pressure modifies local structural parameters such as the Mn–O bond distance and Mn–O–Mn bond angle, which directly influence the case of electron hopping between Mn ions (that is, the electronic bandwidth). But these effects cannot satisfactorily explain the dependence of magnetoresistance on T C. Here we demonstrate, using electron microscopy data, that the prototypical (La,Ca)MnO3 system is electronically phase-separated into a sub-micrometre-scale mixture of insulating regions (with a particular type of charge-ordering) and metallic, ferromagnetic domains. We find that the colossal magnetoresistive effect in low-T C systems can be explained by percolative transport through the ferromagnetic domains; this depends sensitively on the relative spin orientation of adjacent ferromagnetic domains which can be controlled by applied magnetic fields.

In mixed-valent manganites, ferromagnetic coupling between localized Mn t 2g spins is mediated by the hopping of e g electrons which enables the avoidance of the Hund's-rule energy (the so-called double-exchange mechanism)
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(FIG. 6) For example; consider the 180 degree interaction of Mn-O-Mn in which the Mn "eg" orbitals are directly interacting with the O "2p" orbitals.

Ferromagnetic/Superconducting Oxide Interfaces

Before the developments mentioned above, ferromagnetic/superconducting heterostructures had already received considerable attention. Experimental results suggest a strong FM/SC interplay resulting in the injection of spin polarized carriers into the SC layers. Of particular importance for the purposes of our investigations, the transfer of charge from the LCMO ferromagnet to the YBCO superconductor has being observed in recent experiments. [3]
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perlattices with 0, 10, and 20 (from bottom to top) atomic percent
interdiffusion of PBCO into the YBCO layer. Dots are experimental
data. The depression of the intensity of high order satellites is out-
lined (dotted ellipses).

this value is very similar to the one obtained for the
[YBCO, /PBCO; 10005 superlatiices. Our samples, how-
ever, showed negligible interdiffusion, less than 5% in the
first layer. The SUPREX software is sensitive o interdiffu-
sion, which is accounted for taking a weighted average of the
scattering powers of the constituent materials **** Simula-
tions of the effect of increasing such chemical disorder up to
25% in the first layer are depicted in Fig. 6, showing how the
intensity of high order satellites is substantially depressed.
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FIG. 7. Changes in the main YBCO intracell distances along the
¢ axis when varying YBCO layer thickness. (a) Distance from
planes to chains. (b) Distance between neighboring CuO, planes
(c) Plane to barium. (d) Barium to the chain. Dotted lines are the
corresponding bulk values after Ref. 10

C..=138 GPa). If we again assume that for the 1 unit cell
YBCO sample €, and e, are those expected from the laftice
mismatch to the PBCO. a value for the c lattice parameter of
1151 A is obtained, which is close enough to the 1149 A
obtained from the x ray fits, if one keeps in mind that films
show shorter c lattice parameters than bulk samples. It turms

Thus, mterdiffusion should be discarded as a source for 7, out that although the Poisson effect may hold for - 2=~ 2
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In the picture below, a 3 nm YBCO layer at the interface shows a significantly reduced hole concentration, while the LCMO layers show a corresponding increase in hole doping. The situation is similar to modulation doped semiconductors except the screening length is much shorter.
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Fig 8: Amount of excess electrons per formula within the YBCO(LCMO) layers as a function of distance. 

Oxide Hetrostructure Devices
Now people are thinking of making FET with new material other than Silicon semiconductor. Changing chemical composition (chemical doping and the order of structure)  is one way to modify the electronic properties of the material. 

It is now becoming possible to electro statically add carriers to materials other than conventional semiconductors ar a level that can have a significant effect on material properties. [1]. Recent experiments [14] have demonstrated changes in electronic properties corresponding to modulations of mobile carrier density of ~10^14 charges/cm^2.
a) High-temperature Superconductor FET
Emperimental physicists already make lots of progress in it.

Here is a FET made of YBa2Cu 3O7-x  film.   
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Figure 7. An illustration of a cross-sectional cut through a
superconducting field-effect transistor (after [212]). =
spectral density of S, = 2 x 10717 V2 Hz~! measured at
50 K and 1 kHz for a six-junction device. TK)
Compared to other types of high-T, three-terminal §
devices, JVFTs are the most developed. Current gain as  19ure 8. The temperature dependence of the
el o vol P, e T g drain-source resistance of an YBa;Cu;Or.. DS channel
well as voltage gain have been achieved for current and ~8 nm thick with a gate insulator ~300 nm thick for three
voltage levels of milliamperes and millivolts, respectively.  gate voltages of Vi = +34 V/ (depletion), Vs =0 V and
A and the devices hold promise for high-frequency operation. Ve = 2.8 V (enhancement) [87]
& The devices, which are true nonlatching and inverting
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The structure of it is very similar with the conventional FET. See the picture below, the changing with the gate voltage.
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Figure 7. An illustration of a cross-sectional cut through a
superconducting field-effect transistor (after [212])
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b) CMR-FET

Field-effect experiments have shown reversible modulation of colossal magnetoresistance, revealing that charge modulation at fixed disorder influences the CMR effect [12]. In CMR materials, the resistance was found to change substantially upon gating [13].

People already made FET that are entirely oxides.
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