Calculation of polarization sheet charge density

This teaching module shows how to calculate the polarization sheet charge density at the
interface between AlGaN electron blocking layer and a GaN spacer layer, pseudomorphically
grown on relaxed AlGaN, GaN, and GalnN templates.

Basic equations for spontaneous polarization
The spontaneous polarization is determined by the material composition. The values of the
spontaneous polarization for the binary III-N materials are listed as follows [1]:

PSR, = —0.0898 C/m?
PSP\, = —0.0339 C/m?
PSR = —0.0413 C/m?

In the case of ternary and quaternary III-N materials, the spontaneous polarization is expressed
by using a second-order polynomial of the alloy composition [2].

PAslleGal_x_ylnyN =x Pay+ ¥y Pl + (1 — x — y)PEE + bagan x (1 —x — )

+ bgamn ¥ (1 —x — y)+ bamn Xy
The bowing parameters are listed as follows [3]:
bpigay = +0.0191 C/m?
beamn = +0.0378 C/m?
bpjimn = +0.0709 C/m?

Basic equations for piezoelectric polarization
The piezoelectric polarization is determined by the induced strain on the material. The strain in
an epitaxial layer pseudomorphically grown on a relaxed template is expressed as:

_ QAtemplate — Qepi

Qepi
The in-plane lattice constants of the relaxed binary III-N materials are listed as follows [4]:
asyy = 0.31095 nm
agay = 0.31986 nm
apn = 0.35848 nm

The in-plane lattice constants of the relaxed ternary and quaternary III-N materials can be
calculated by using Vegard’s law.

QAL Gay_p_yinyN = XdaIN + Yamn + (1 — X — ¥)agan
The piezoelectric polarizations in binary IlI-nitrides are expressed as follows [2]:
PY% () = —1.808 € + 5.624 £2 [C/m?], for £ < 0
Ta () = —1.808 £ — 7.888 £2 [C/m?], for £ > 0
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PE%(e) = —0.918 £ + 9.541 £2 [C/m?]
PFE () = —=1.373 £ + 7.559 €2 [C/m?]

In the case of ternary Ill-nitrides, the piezoelectric polarization is calculated from the
piezoelectric polarization of binary III-nitrides and Vegard’s law:

Pi% _ n(e) = x PEE(e) + (1 — x) Pii(e)

Basic equations for polarization sheet charge density
When an epitaxial layer, A, is pseudomorphically grown on a template, T, the polarization sheet
charge density between two different layers can be expressed as:

o= —(PK)ta] _ PrIt‘Otal) — _(PASP + PAPZ _ P'%P | PTPZ)

When an epitaxial layer, B, is inserted between layer A and template T, the polarization sheet
charge density between layer A and B can be expressed as:

— _(PAtotal _ P}gotal) — _(Plgotal _ Prﬂt‘otal) + (Péotal _ P%otal)

Figure 1 shows the polarization sheet charge density between the GaN QB and GalnN QW (left-
hand ordinate) and the AIGaN EBL and GaN spacer (right-hand ordinate) pseudomorphically
grown on ternary III-nitride templates (GalnN and AlGaN).
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Figure 1: Relation between the template composition and the calculated polarization sheet
charge densities at the interface between GaggolngoN QW and GaN QB and between GaN
spacer and Aly13Gagg;N EBL. The active-region (including the EBL) layers are grown
pseudomorphically on the templates and the templates are assumed to be relaxed.
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