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Short-period intrinsic Stark GaN/AlGaN superlattice as a Bloch oscillator
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We discuss the properties of AlGaN/GaN superlatti&) related to the feasibility of a
terahertz-range oscillator. The distortion of the conduction-band profile by the polarization fields has
been taken into account. We have calculated the conduction-band offset between the pseudomorphic
AlGaN barrier and the GaN quantum well, the first miniband width and energy dispersion, as
functions of Al content in the barrier. As the short-period SL miniband energy dispersion contains
contributions from next to nearest neighbors, it causes anharmonic electron oscillations at the
multiples of the fundamental Bloch frequency. The Al content and SL period that favor
high-frequency oscillations have been determined20®4 American Institute of Physics
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Negative differential conductivity NDC) in semicon- miniband in the intrinsic Stark GaN-based SL and discuss the
ductor superlattice€SLs)* is at the origin of various propos- results related to feasibility of a submillimeter wave source.
als for compact submillimeter wave sources. The NDC in  The dynamic properties of the SL depend on the
dc-biased SLs results in traveling electrical domain forma-conduction-band profile as determined by the conduction-
tion that has been used in a 147 GHz microwave sourcband offset. We assume that the band gap in the relaxed
made of the InGaAE/GaAs St Another type of SL source, AlGa N alloy layer is described as follows:
the Bloch oscillator, is projected to oscillate at the Bloch
frequency (terahertz regionand exploits the existence of Eg() = xEg™ + (1 -x)Eg™ - bx(1 -x), 1)
high-frequency NDC. At the moment, no live example of thewhereEAN =6.2 eV,E®3N=3.42 eV, and the bowing param-
Bloch-type source exists because the NDC at zero frequen®terb=1 eV, x is the Al composition of the alloy. We use
induces electric-field domains, thus preventing electronsinear interpolations to calculate the electron effective mass
from oscillating at the Bloch frequenéy. Operation of the m, (in units of free electron magand the lattice parametar
SL source relies on carrier dynamics specific to a narrown the basal plane of the alloy:
conduction band. High-frequency and zero-frequency NDC
may or may not appear simultaneously depending on details M(X) = XMy + (1 =X)Mgan; Man = 0.27, Mgan= 0.2,
of the miniband electron energy dispersion. If the dispersion
is not of simple cosine-type, it is possible to arrange the  a(x) =Xany + (1 —X)agan; aan = 3-11A, agan=3.19A.

high-frequency NDC while suppressing the dc instability. )
This prevents electrical domain formation and allows Bloch
oscillations. In-plane tensile strain in thipseudomorphicAlGaN barri-

The output power of the source depends on the currerffs is given as
and voltage swing in the NDC region. Basically, it would be
beneficial to high-power device operation if the SL structure (X) = aGaLa(X)_ (3)
was made of a wide band-gap semiconductor. Thus, the ax)

GaN/AIGaN SL is a possible candidate for high-power subtne pand edge positions in the AIGaN layers are given be-

millimeter wave source. GaN-based electronic devices cafyw with the reference energy taken at the valence-band edge

sustain higher voltage and are less sensitive to the high digss the relaxed layer. The position of the conducti®fx) and
location density as compared to narrow-gap GaAS_lnASValenceV(x) bands are given as

based devices.
In this letter, we discuss the properties of an  C(x)=E4(x) + 3AL(X),
AlGaN/GaN SL relevant to microwave source feasibility.

The wurtzite(0001)AlGaN/GaN SL is the intrinsic Stark SL Cra(X)
where the polarization fields shift the energy levels of con-  V(x) =2{(X)| (D, + D4) — (D1 + D3) C13 , (4)
fined electrons. Proper design of a GaN/AlGaN SL source 33(X)

should account for intrinsic electric fields. Polarization fields

in a SL stem from the spontaneous polarization in the bulk ~ Ci3(X) = (5x+ 103); Cgi(x) = (- 32+ 405),

and lattice-mismatch-induced piezoelectric component. W& 1 are the deformation potentials are given in eV and the
calculate the electron energy dispersion and width of the firsg|5stic constants in GPaA,=-4.6,D,=-1.7,D,=6.3, D,

=8, andD,=-4, respectively. We assume that deformation
¥Electronic mail: viitvinov@waveband.com potentials are independent of the Al content
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Al content FIG. 3. The single-period potentig#V) and electron wave functiof@.u) as
functions of a distance from the welk); x=0.18 andd,,=20 A.
FIG. 1. The band gap in tensiled AlGaN barrier and the conduction-band
offset as functions of Al content.
with help of the Poisson—-Schrédinger solver. Solver-based

calculations account for polarization fields by including

Using Eqs(1)~(4), the strained Igyer band gap, i.e., the delta-doped regions that simulate polarization charges at the
energy difference between conduction and heavy hole ban

d is aiven b interfaces.
edges, 1s given by The first mininband width in InGaN/AIGaN/GaN SLs
Eg(x) = C(x) = V(x) ~ 3.42 + 1.3+ x2. (5) calculated in Ref. 8 does not account for polarization fields

in the structure. In this letter, the miniband energy dispersion
The natural valence-band offsaE, between AIN and GaN i, the polarization-distorted band profile was calculated

and GaN binary endg\E,(x)=0.8x eV, the conduction-band

offset is found as follows: S h(n)expliknd)
AE((X) = Eg(x) = ES® = AE,(x) ~ 0.60% + 0.99¢ [eV]. e(k) - gp= —, (9)
E I (n)exp(iknd)
(6) -
The band gap and conduction-band offset are shown ig .o
Fig. 1 as functions of Al content.
Built-in electric fields in a SL, caused by spontaneous
and piezoelectric polarizations, can be calculated using the h(n)= | ¢* (2h(2)¢(z- nd)dz
following equations:
(10
= - Ptotaldb Foo . =— Ptotaldw _ *
well SO[S(X)dW+ S(O)db], barrier SO[S(X)dW+ S(O)db] ' I(n) = (] (Z)(,D(Z— nd)dz,

(@) where h(n) is the hopping integral, ang(z) is the wave
where the polarization is given as function of a single SL period shown in Fig. 3. The wave
function in Fig. 3 was calculated by solving Schrodinger
C13(x)] 8) equation with the potential also shown in Fig. 3.
Cag¥)

An electron energy dispersion curve is shown in Fig. 4
where Pgy(x)=(-0.05X-0.029 C/m? is the spontaneous (solid line). It should be noted that in the range of composi-
polarization in AlGa_,N alloy; e3;,=0.3, e;3=1 are GaN

tions (0.18<x<0.4) and SL periodsi<50 A, the calcula-
piezoelectric constant€/n?), () is the dielectric constant

tion of the miniband energy dispersion requires more than
: ) first-nearest-neighbor terms in the dispersion law. Figure 4
of AlGaN, d,, d,, are thicknesses of barrier and well, respec- J P g
tively, andd=d,,+d, is the SL period. The resulting conduc-

illustrates the difference between results obtained using only
. W . o . " nearest-neighbors and high-order terms.

tion band profile including polarization effects is shown in

Fig. 2.

The electron energy dispersion in the first miniband,
. . , shown in Fig. 4(solid line), has more complex behavior than

h The' arllza}lytlgally obtam]?d prc(i)fltl)e from E_qsﬁl) anld (|7)’. the simple cosine-law normally used in the kinetic equation

shown in Fig. 2, was confirmed by numerical calculations,, study electron dynamics in a narrow band. The reason

100
80 /
60

40
20

o2

FIG. 2. Conduction-band profile in AIGaN/GaN $&V) in growth direc- FIG. 4. First miniband energy dispersigmeV) as a function ofkd; x
tion (A): Solid line—polarization fields included; dashed line—flat-band =0.18 andd,=d,,=20 A; solid line—four nearest-neighbor approximation;
approximationx=0.18 andd,=d,,=20 A. dashed line—first-nearest-neighbor approximation.

Piotal(X) = Psf(0) — Pgy(x) — 2§(X)[931+ €33
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L - _ neous and strain-induced polarizations. Miniband width is
2 100  QUell(15A)barrier(20A) calculated as functions of the Al composition and layer thick-
E. N ness. It is shown that the short-period AlGaN/GaN SL
5 (0.18<x<0.4;d<50 A), may provide conditions for the
3 anharmonic electron oscillations at integer multiples of the
§ fundamental Bloch frequency, thus providing the dc-electric-
= field regions where dynamic NDC is negative while the dc
E instability is suppressed.
20A/20A . _
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