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The physics, the theory and the engineering formulas of 1/f noise in ErAs-based all-epitaxial Schottky diodes are presented in a way related to the general pn junction quantum 1/f noise formulas developed by the author and van der Ziel earlier, but with inclusion of the image force contribution of an electron at the metal-semiconductor interface.  On this base the phase noise introduced by mixers constructed with the ErAs Schottky diodes was also studied and can now be calculated analytically with the Quantum 1/f effect formulas.

MBE-grown ErAs:InAlGaAs metal-semiconductor Schottky diodes are best suited for use in focal plane arrays for millimeter and sub-millimeter wavelength imaging.  The present paper applies the quantum theory of 1/f noise to individual diodes of this type, to back-to-back ErAs contacted diodes without sidewalls, and also to similar diodes fabricated with sidewalls.

Schottky barrier diodes have a characteristic 


I=Io[exp(eV/AkT)-1]. 








(1)

Here Io is the electron current flowing in both directions at zero bias. By series expansion for V=Vo+v, this yields a response Id and a NEP


Id=Pa[d2I/dV2][2dI/dV]-1;  NEP=[2dI/dV][d2I/dV2]-1[SI(f) Df]1/2=(2AkT/e) [SI(f) Df]1/2
(2)

where Pa is the available power of the signal source or antenna assumed to be matched to the detector, R=2kT/e is the responsivity, 1<A<2 the ideality, and SI(f) is the power spectral density of noise


SI(f)= 2e(2Io+Id) +(e3aHIo/3kTf)[vrvd/(vr+vd)][2Nd(Vdif-V)/ee]1/2.



(3)

This expression takes into account the image force and is valid both in the diffusion-limited (vr>>vd) and thermionic-limited (vd>>vr) limiting regimes and in between.  Here Vdif-V is the Schottky barrier height, Df the bandwidth, Nd the concentration of donors, e the elementary charge, aH the Hooge constant, and  the permittivity of the semiconductor. The first term in Eq. (3) is the (white) shot noise.  The second term is the quantum 1/f noise term.  For a small, heavily doped semiconductor, our conventional collisional quantum 1/f expression of aH is


aH=(4a/3p)(6kT/m*c2)=10-9Tm/(4m*100K), 





(4)

with vr=(kT/m*)1/2, vd=m[2eNd(Vdif-V)/e]1/2.  For larger semiconductor contacts the capacitance of the diode increases, and a coherent quantum 1/f contribution, shown e.g. in Eq, (2.30) of [2], may yield a much larger quantum 1/f coefficient aH.  Here a is the fine structure constant 1/137, m the electron’s mass and m* its effective mass.  Substituting Eq. (4) into Eq. (3), we obtain 


SI(f)=2e(2Io+Id)+(((Ie(/(pm*c2f)[vrvd/(vr+vd)][2Nd(Vdif-V)/ee]1/2. 


(5)

We notice the absence of any direct temperature dependence.  These parameters can be used to optimize the Schottky diodes according to whatever other characteristics are deemed important. This is accomplished analytically, by constructing an appropriate figure of merit, and maximizing or minimizing it by setting its derivative to be zero, w.r.t. any independent  parameter present in the figure of merit.  For mutually dependent parameters the conditional extremum must be found by elementary calculus means.  This has become possible because now we have analytical formulas for the 1/f noise for the first time.  Quantum 1/f noise is a property of physical cross sections, a new aspect of quantum mechanics.
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