N Kirova 
  

We consider properties of junctions for the FET geometry where molecular crystals or conducting polymers are used as semiconducting layers. In the molecular crystal Coulomb interaction of free electrons with surface polar phonons of the dielectric layer can lead to selftrapping of carriers and to the formation of a strongly coupled long-range surface polaron. The effect is further enhanced at presence of the bias electric field and strongly depends on the gate dielectric used. In conducting polymers instead of the usual band bending near the contact interface, new allowed electronic bands appear inside the band gap. As a result the bias electric field and the injected charge penetrate into the polymer via creation of the soliton lattice whose period changes with the distance from the contact surface. The current through the contact is performed via moving solitons.

Introduction

Increasing experimental activity is devoted to unconventional semiconductors: transition metal oxides and chalcogenides, molecular crystals, conjugated polymers. A new experimental dimension comes from the possibility to change carrier concentration under the applied gate at high electric field near the junction interface of the field effect transistors (FET). The main goal is to obtain the dielectric metal transition under the applied gate electric field. To avoid Wigner crystallization, one needs rather high electron concentration [1], i.e. to apply the highest possible gate voltage. And this leads us to polar dielectrics. Below in Table 1 we present the breakdown fields, dielectric susceptibilities and estimated surface charge densities for some traditional gate materials. The data are taken from Ref. 2. But with the polar gate dielectrics, we face another problem: the formation of the surface long range polaron, located near the interface between the semiconductor and the gate dielectrics [3,4]. Such an interface polaron can exist already for non-polar semiconductors, like molecular crystals, and it will be ultimately present in traditional oxides like SrTiO 3 . The polaron formation is endorsed by the bias electric field. Finally, the measured mobility of the FET is not only the property of the active semiconductor, but it intrinsically depends on the gate dielectric interface. The pronounced polaronic effects in conducting polymers [START_REF] Lu | Solitons and polarons in conducing polymers[END_REF][START_REF] Brazovskii | [END_REF] change the contact properties of these materials with respect to traditional semiconductors. Instead of the usual band bending near the contact interface, new allowed electronic bands appear inside the band gap.

The bias electric field and the injected charge penetrate into the polymer via creation of a soliton lattice, which period changes with the distance from the contact surface. Single electron carriers (polarons) are pulled to the contact area forming induced surface states. In time resolved experiments, e.g. in optically assistant junction formation, the charge injection (ii) slow kinetic process: majority carriers -polarons collide and are absorbed into the ground stateproviding one more period in the soliton lattice. The minority carriers (polarons of opposite sign) recombine with preexisting solitons reducing their number. The depletion layer is formed via reduction of soliton concentration.

Surface Long Range Polarons in Molecular Crystals.

The influence of surface phonons on the electron polaronic state inside the ionic crystal has been studied long time ago [7]. Here we address the opposite situation when the electron resides in the non-polar media (e.g. a molecular crystal) and the polaron is formed by the interaction with the surface phonons of the polar dielectrics. Since the electron is confined within the molecular crystal z>0, its wave function is distributed near the interface. The only dipole active excitations of the polar dielectrics, to which the electron is coupled, are the surface phonon modes. The electron-phonon interaction can be divided into two parts. The first one comes from the interaction with high frequency phonons which is reduced to the classical limit of the image charge potential. Another part comes from the interaction with low frequency phonons and it results in polaron formation. The total energy of such a surface polaron is W p =W 0 w, where W 0 = Ry(m/m e ):
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m e is the bare electron mass, m is the effective band mass, ε b is the dielectric susceptibility of the molecular crystal, ε ∞ and ε 0 are the high and the low frequency dielectric susceptibilities of the gate dielectric and ρ q (z) is the in-plane Fourier component of the charge density, q=(q x ,q y ), r=(x,y) The polaron effective mass can be estimated as: So the gate electric field makes the polaron wave function distribution more two-dimensional. Notice the existence of the crossover bias electric field when the polaron energy and effective mass start drastically to increase. Experimentally it should manifest itself in a decrease of the charge carrier mobility. Moreover, at the very high gate electric fields the polaron can undergo from the long to the short range one. Correspondingly, the mobility regime changes from the band to the hopping one. The effect should be more pronounced in polar semiconducting oxides like SrTiO 3 . The polaron effective mass (14) and hence the measured mobility of the charge carriers in FET geometry strongly depends on the dielectric properties of the gate dielectrics. At Fig. 4 we present the comparison of the model predictions with the experimental data taken from Ref. [8]. Is should be mentioned that in spite we didn't take into account the variation of the surface phonon energies for various dielectrics, the agreement between theoretical curve and experimental points looks quite reasonable. In common semiconductors the band bending near the metal-semiconductor interface brings the chemical potential of the semiconductor to the metal Fermi level. But in conducting polymers the deep self-trapping of free charge carriers results in the formation of soliton (bipolaron) lattice. This originates the band branching in addition to the band bending [9,10].
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The new allowed band grows inside the original gap, which also expands in its turn. The equilibrium between the metal and the polymer is defined now with respect to pairs of particles forming a lattice of solitons, rather then with respect to the single electron. The single-electron levels are not matched at the junction interface. The tunneling injection between electronic levels occurs instantaneously at a given lattice configuration, hence the activation energy will be required. To estimate the possible charge carrier concentration and the electric field near the interface we have to use the selfconsistent theory of screening by soliton (bipolaron) lattice [11]. As before, we deal with the Eqs. ( 2), but now the injected charge carriers cannot be described as a Fermi electron gas. Instead for the carriers energy density w(n) we have to use the expression derived for the periodic lattice of solitons
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Here ∆ is the gap in the the undoped polymer, ξ 0 is the soliton size. K(r), E(r) are complete elliptic integrals of the first and the second kind [START_REF] Abramovitz | Stegun Handbook of mathematical functions[END_REF], 0<r<1. The electronic bands boundaries are given as:
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The parameter r is related to the soliton density n as:
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The energy of the single electron excitation (polaron level) is defined as: The corresponding band structure is presented at Fig. 5. Depending on the metal and polymer, we estimate l~20-60A, C~10pF , and the built-in contact electric field E~10 5 -10 6 V/cm. The detailed analysis gives us that single-electron excitations created by charge injection or by interband absorption are attracted to the junction surface (see the polaron level at Fig. 5). The polymer may not have the surface states like those coming from dangling bonds in traditional covalent semiconductors, but the charge injection produces these states selfconsistently. Being injected, the majority carriers require an additional energy to escape into the volume. Otherwise, after pair collisions they disappear in the ground state providing one more period in the soliton (bipolaron) lattice. The minority carriers reverse their charge via recombination with preexisting solitons reducing their number. The depletion layer will be formed via reduction of the numbers of solitons as indicated at Fig. 5, left.
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Conclusions

The usual choice of a gate material with a high dielectric constant brings to life the interface polaronic effects which can take place even for non-polar semiconductors. Coulomb interaction of free electrons in molecular crystals with polar phonons of the gate dielectric results in selftrapping of carriers and in formation of the surface polaron. A bias electric field drastically enhanced the effect. Even for its typical values ~10 6 eV/cm, it profoundly stabilizes the surface long range polarons. The existence of polarons will show up in enhanced effective mass, lowering of the mobility, appearance of the mid-gap states and in pseudo-gap regime in case of tunneling experiments. The mobility measured in organic FET is not only the property of specific organic molecule used, but it intrinsically depends on the organic/gate dielectric interface. Following special effects take place for the metal-polymer junction: band branching instead of usual band bending; non homogeneous soliton lattice formation; transformation of the injected minority carriers into the majority ones, the soliton current.
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 2 via two steps: (i) fast dynamic process: charge injection and polaron formation;
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 3 Fig.1. Energy for the surface polaron normalized on its value at zero bias electric field Fig.2. Effective mass for the surface polaron normalized on its value at zero bias electric field

Fig. 4 .

 4 Fig.4. Single parameter fit of presented theory (solid line) for mobility as a function of the dielectric susceptibility of the gate dielectrics. The experimental points are taken from Ref.[8].
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 3 Junction with conducting polymer.

  0 are the Zeta function of Jacobi and Lambda function of Heuman correspondingly[START_REF] Abramovitz | Stegun Handbook of mathematical functions[END_REF]. And we obtain in parametric form:

Fig. 5 .

 5 Fig.5. Band structure near the metal-polymer junction for major (left) and minor (right) carriers' injection. Here M and P indicate the area of metal and polymer, VB and CB are the valence and conducting bands, S(BP) denotes the new soliton band, FL-Fermi energy of the metal, PL -polaronic level (color on-line).We can determine the injected charge surface density σ, the junction area capacitance C and the penetration depth l:

Table 1 .

 1 Dielectric properties of various gate dielectrics.

	Dielectrics	10 6	Eg cm V /	ε	g	ε Eg g cm V / 10 7	13 10	n cm	2 -
	SiO 2		6	4-10	2.4-6	1.3 -3.3
	Al 2 O 3		3	10-11	4 -4.5	2.2 -2.5
	Y 2 O 3		5	9-13	4.5 -6.5	2.5-3.6
	HfO 2		50	15	75	41.4	
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