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é University of Essex EffeCt Of N inCOrpOration

e Dilute N incorporation leads to a large red-shift in £,

e Bowing parameter b giant and composition dependent
1.6

Optical bowing:

AEg(x) =bx(x—1)

Eg of GaNcAsi« (eV)
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Energy gap of GaN As,_, [Tisch et al, 2002]
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é University of Essex Applications

e GalnNAs can be lattice-matched to GaAs

e Long wavelength VCSELs* for telecommunications!
e Efficient solar cells operating in infrared?

e Bipolar transistors
e Device performance will be affected by carrier mobility

e |Little work done to date but...

e ...work that has been done suggests intrinsic limits to mobility3

*Vertical Cavity Surface Emitting Laser
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Splitting of the conduction band according to the BAC
model for GaN,As, , using a = -1.45 eV, g = 2.45 eV and

E, = 1.65 eV.
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iumversityofEssex Scattering by nitrogen impurities

Momentum relaxation cross-section [Fahy and O’Reilly, 2003]
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E_ is the energy of the conduction band edge

a, is the lattice constant

Approximations suggest Nitrogen scattering is the dominant
mechanism limiting the mobility?.
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Solving the Boltzmann equation:

e
{ b The Ladder Method

e Energy relaxation by polar optical scattering
e No unigue momentum relaxation time

w0, @ Linearized Boltzmann equation solved by the Ladder method!?
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Momentum relaxation time for GaAs calculated via the ladder method using
the formula for scattering mechanisms from ref [2].
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e Uty sieese Results - parabolic approximation

Hall mobility (cm 2V's™) .
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Hall mobility calculated using the Fahy/O’Reilly model for N scattering,
other scattering mechanisms from ref [1] and GaAs material parameters

in ref [2]. The BAC parameters were £, = 1.65 eV, a = -1.45 eV and
B = 2.45 eV [Fahy & O'Reilly 2003].

[1] K. Fletcher and P.N. Butcher, J. Phys. C: Solid State Phys., 5, pp. 212-224, (1972)
[2] G.E. Stillman, C.M. Wolfe and J.O. Dimmock, J. Phys. Chem. Solids, 31, pp. 1199-1204 (1970)



e Results - non-parabolic
University of Essex .
{ (N scattering only)
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Hall mobility calculated using the Fahy/O’Reilly model for N scattering, and
the non-parabolicity due to the BAC model (the matrix semiconductor is
taken to have a parabolic energy band).
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e Mobility limited by nitrogen scattering (~103 cm?V-1s1)

e Non-parabolicity reduces the calculated mobility by about 10%
(around 200 K - 300 K)

e Calculated Hall mobilities an order of magnitude less than GaAs
e Most experimental results? (GalInNAs) of order 102 cm?V-ist...

e ...but best experimental results3 of order 103 cm?V-1s!
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