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Abstract. This paper presents theoretical investigation of the excitation of the
sequences of strong nonlinear monopulses of space charge waves from input small
envelope pulses with microwave carrier frequencies due to the negative differential
conductivity in n-GaN and n-InN films. The stable numerical algorithms have been
used for nonlinear 3D simulations. The sequences of the monopulses of the strong
electric field of 3 — 10 ps durations each can be excited. The bias electric field should
be chosen slightly higher than the threshold values for observing the negative
differential conductivity. The doping levels should be moderate 106 —10%" c¢m3in the
films of <2 pm thicknesses. The input microwave carrier frequencies of the exciting
pulses of small amplitudes are up to 30 GHz in n-GaN films, whereas in n-InN films
they are lower, up to 20 GHz. The sequences of the electric monopulses of high peak
values are excited both in the uniform nitride films and in films with non-uniform
conductivity. These nonlinear monopulses in the films differ from the domains of strong
electric fields in the bulk semiconductors. In the films with non-uniform doping the
nonlinear pulses are excited due to the inhomogeneity of the electric field near the input
end of the film and the output nonlinear pulses are rather domains.
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1. INTRODUCTION

The nitrides GaN, InN are used in the microwave range and the lower part of terahertz
(THz) range f = 100 GHz — 1 THz to fabricate powerful active and nonlinear devices like
transistors, generation diodes, and integrated power amplifiers [2-12]. Recently it was
demonstrated that n-InN possesses the increased values of the negative differential
conductivity (NDC), probably the highest ones between the semiconductor materials
[13,14]. The space charge waves (SCW) in n-GaN and n-InN films can be amplified due
to NDC, when the magnitudes of bias electric fields are higher than the critical, or
threshold, ones [15].

The linear amplification of SCW in n-GaN and n-InN films was investigated in the
frequency range f < 800 GHz, where the non-local dependence of the electron velocity on
the average electron energy was taken into account [15-17]. The typical thicknesses of
the films were 21 = 0.2 — 1 um, their lengths were 10 — 50 um, see Fig. 1. Because the
frequency range of amplification of SCW in the nitride films is wide and covers the lower
part of THz range, it is of interest to investigate the excitation of strong nonlinear
monopulses of picosecond durations without internal carrier frequency [1,18,19]. These
monopulses occupy the wide frequency range Af >100 GHz.

The maximum values of the spatial increments of the linear amplification of SCW in
the nitride films achieve at the frequencies f > 50 GHz. Those differ from the bulk
crystals where the maximum increments correspond to the zero frequency [20]. Therefore
the strong monopulses in semiconductor films with NDC differ from the ordinary
domains in the bulk semiconductors [20]. Under the excitation of the domains the electric
field out of them is essentially below the threshold value, whereas in the films the electric
field out of the monopulses practically does not change and is equal to the bias one
[1,18,19]. Moreover, only a single domain can propagate simultaneously within the
crystal, and the next domain is excited when the previous one leaves the crystal.

The strong monopulses can be excited when the bias electric field slightly exceeds the
critical value of the electric field for NDC and the doping levels are moderate [1,18,19].
Note that the domain regime of operation is not preferable in the bulk Gunn diodes,
because of its lower efficiency compared with another regimes, like the limitation of
accumulation of space charge one [20].

The most interesting case is the excitation of sequences of strong monopulses from input
envelope pulses of small amplitudes with the carrier frequency of the microwave range 10 —
50 GHz. Such an excitation was not considered earlier and is important for the practical needs
of the modulation of the optical radiation by SCW in laser devices [21-25]. Under such an
excitation the repetition rate of the output monopulses is determined by the input carrier
frequency. This paper is devoted to the investigations of the generation of sequences of output
strong monopulses under excitation by input microwave pulses of small amplitudes.

In the films the influence of the boundaries on the properties of the films is principal.
Namely, at the boundaries the electron mobility can be lower than in the center of the film
and, moreover, NDC can be absent at the boundaries due to additional mechanisms of
carrier scattering. In the last case the non-uniform doping can be used that is increased in
the center of the film x = | and is decreased at the boundaries of the film x = 0, x = 2I, see
Fig. 1. In the present consideration the permittivities below and above the film are & = 4,
SiOy, and g =1, air.
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Fig. 1 The geometry of the problem. Parts a), b) are views from different directions. The
nitride film occupies the region 0 <x <2/, 0 <y <Ly, 0 <z < L;. Ng(x) is the non-
uniform doping profile. The input antenna is I. The nonlinear space charge waves
are formed as strong monopulses of picosecond durations at the output antenna I1.
The pulses are generally localized also along OY axis.

2. BASIC EQUATIONS

The non-local electron hydrodynamics can be used to investigate nonlinear SCW in
the nitride films [1, 15-19, 26, 27]. In this approach the dynamics of the electron gas is
described by the full electron concentration n in all valleys jointly, the average electron
velocity V, and by the average electron energy w. This model is valid for the nitrides n-
GaN and n-InN and cannot be applied for n-GaAs [27], because in the last material the
occupation of the different valleys is principally important to calculate the diffusion
coefficient. The equations of the balance of the number of electrons, the linear
momentum, and of the electron energy are:
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Here n is the total electron concentration, V is the average velocity, w is the average
electron energy; v, w are the effective relaxation frequencies of the electron momentum
and energy, m” is the effective electron mass, T is the electron temperature in energetic
units, « is the electron thermoconductivity coefficient. woo = 0.039 eV is the average
electron energy at 300 K; Eq =Ey; is the bias constant electric field. It is assumed that v, wy,
m” are the functions of the average electron energy w. An influence of the thermoconductivity
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on the electron gas dynamics is not essential up to the frequencies f <2 — 3 THz [15]. The
electron kinetic energy for the investigated processes is one order lower than the average
electron energy, so itis T ~ (2/3)w.

The utilized dependencies of the drift velocity and the average electron energy on the
electric field for the zinc blende n-GaN and for n-InN [28] are presented in Fig. 2. It is
assumed that in the non-uniform films NDC at the surfaces is absent, as depicted by the
dash curves 1, 2. The results of our investigations are tolerant to changes of the dependencies
of the drift velocity at the surfaces of the films.
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Fig. 2 Parts a), b) are dependencies of the drift velocity v and the average electron energy
w on the electric field for the zinc blende n-GaN, solid curve 1, and n-InN, solid
curve 2. Dash curves 1 and 2 are the used dependencies v(E) at the boundaries of
the n-GaN and n-InN non-uniform films where NDC is absent.

The dependencies of the relaxation frequencies were computed from Egs. (1) in the
stationary case da = 0 [1, 15-19]; the dependencies in Fig. 2, a), b), were used.. Their
computed values are 15> 2-10' s for both nitrides; w, ~10*2 s for InN, w, ~10% s for
GaN [15]. Thus, it is v >> w,. Therefore at the frequencies f < 1 THz the inertia of the
electron gas can be neglected:

e —
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Here x, D are the coefficients of the electron mobility and the diffusion:
p=—2 b= _H1 3
mv, mv, e

The relaxation frequency wy in n-InN is smaller than in n-GaN; this fact limits the
frequency range of the amplification of SCW in the n-InN films [15].

Below the processes are considered in the wide frequency range f <300 GHz, or with
the temporal scales >3 ps, so the using of Eq. (2) results in the following diffusion-drift
equations for the total electron concentration:
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The simplest model of the taking account of the non-local dependence of the drift
velocity v is applied here, to estimate the influence of the nonlocality. The characteristic
time of nonlocality was calculated in [16,17], it is of about 4/(3 wy(w)). In Egs. (4) v4(E) is
the stationary dependence of the drift velocity on the electric field presented in Fig. 2, a. In
the simulations presented below an influence of the nonlocality is not essential, as it has
been checked; such an influence results in <1% variations. Thus, the diffusion-drift equation
is valid here with the local dependence of the drift velocity v on the electric field E.

The equations for the dynamics of the electron gas should be added by the Poisson
equation for the electric field potential. Note that the potential ¢=¢0(x)+¢3(z,x, v, t)
includes both the stationary part go(x) due to the possible non-uniform doping and the
variable in time one é due to the propagation of SCW:

e(n—N,(x))
2 2 2 -—— 7 0<x<2l
0, x<0, x>2l.

The non-uniform doping is considered as:
Ny (X) = Ny exp(—((x—1)/ x,)?). ©

Here xq is the scale of the non-uniform doping.

Under the non-uniform doping the stationary concentration no(x), the electric potential
m(x), and the additional electric field Eo(x) have been calculated from the following set
of equations:

d’g(x) _ e

! (1, ()~ N, (), E, () = L,
X? £4E, dx

40 o J N, 00 ()

n, (x) =C-exp(- i .
B'e J‘exp(_ e¢0 (X))dX

KgT.

B'e



192 V. GRIMALSKY, S. KOSHEVAYA, J. ESCOBEDO-ALATORRE, A. KOTSARENKO

Egs. (7) have been solved by the iterative Newton method, which is analogous to the
Gummel one [29]. It yields the rapid convergence; the obtained accuracy is <1072,
The Poisson equation for the variable electric potential of SCW is

o e(n—ny(x))
2 2 2 -——— 22 0<x<2l;
—ZX? +—ny +_ZZ? = &8, ©))
0, x<0, x>2l

3. LINEAR AMPLIFICATION OF SCW

To investigate the amplification of linear SCW, the solution of linearized Egs. (4), (8)
is searched as the travelling waves:

1, W,  ~ exp(i(wt —kz)) . 9)

The circular frequency w =2xf is real here, whereas the longitudinal wave number is
complex k =k +ik". The amplification of SCW occurs when k™ > 0.
In the non-uniform films the dependence of the electron mobility on the coordinate x
is taken as
#(X) = = (1 = 11, )D(X),

) ) (10)
D(x) =exp(—(x/ x,)") +exp(—((21 = x) / x,)".

Here 14, 1o are the mobilities in the center x = | and at the boundaries x = 0, x = 2l of the
film taken from Fig. 2, a; Xo is the scale of the non-uniformity of the conductivity. In the
center NDC is present whereas at the boundaries it is absent.

In Fig. 3 there are the results of the simulations of the dependencies of the spatial
increments of amplification k” on the frequency f of linear SCW. For all cases the thickness of
the films is 21 = 0.5 um. This thickness is quite large to provide the using of SCW for the
modulation of laser radiation in the waveguides with the nitride films.

The curves 1, 2 correspond to uniform films. The curve 3 is for the film with non-uniform
dependence of the electron mobility z on x, as in Eq. (10), but with the uniform doping. The
curves 4, 5 are for both the non-uniform dependence of x(x) and the non-uniform doping
Na (X), Eq. (6). Note that the critical field of NDC in n-GaN is E. = 1.25-10° V/cm, in n-InN it
is Ec = 0.49-10° V/cm. In all cases the bias electric field corresponds to relatively small values
of NDC, as it is necessary for the excitation of strong electric monopulses in the nonlinear
regime [1,18,19]. When the bias field exceeds the value Eg > 1.4-10° V/ecm in n-GaN and
Eoo > 0.54-10° V/cm in n-InN, the linear increments of amplification increase sharply and
under the nonlinear regime the stable monopulses are not excited there [18].

In Fig. 3 the part a) is for n-GaN film. The curve 1 is for the bias electric field Eq =
1.3-10° V/cm, the equilibrium electron concentration is no = Ng = 10'” cm3, The curve 2 is for
Eow = 1.35-10° V/cm, no = Ng = 5-10% cm. The curve 3 is for the film with non-uniform
conductivity with the scale xo = 0.1 um (see Eq. 10), Eqo = 1.4-10° VV/cm, ng = Ng = 10*" cm’3,
The curve 4 is for the film with non-uniform conductivity with the scale xo = 0.1 um, Eq =
1.3-10° V/cm; the scale of the non-uniform doping is xg = 0.2 um, Ngo = 10%7 cm. The curve
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5 is for Eqo = 1.3-10° V/cm, X4 = 0.2 um, Ngo = 1.53-10% cm3. The last case corresponds to
the value of the electron concentration averaged along OX axis as 107 cm’3,

In the films with the non-uniform conductivity the increments are essentially smaller
than in the uniform films. The increments can be increased in the films with the non-
uniform doping, i.e. due to the localization of the concentration of the electrons of
conductivity in the center of the films near x = I.

The analogous results have been obtained for n-InN films, see Fig. 3, b. But the bias
electric fields and doping levels are smaller there in comparison with the case of n-GaN films.
For all cases the bias electric field is Eqo = 0.52-10° V/cm. The curve 1 is for the electron
concentration no = Ng = 1.5-10% cm. The curve 2 is for no = Ng = 2-10'6 cm3. The curve 3 is
for the film with the non-uniform conductivity xo = 0.1 um, no = Ng = 2-10'6 cm=, The curve
4 is for the non-uniformly doped films Xo = 0.1 pm, Xg = 0.2 um, Ngo = 2-10% cm™3, The curve
5is for xo = 0.1 um, Xg = 0.2 um, Ngo = 3.06-10% cm= that corresponds to the averaged
electron concentration 2-10'6 cm?®,

Thus, the typical frequency range of the linear amplification of SCW is of about 100 GHz
and more. The maximum values of the increments reach at the frequencies f = 50 — 150 GHz
in the films with the moderate doping and under the bias fields slightly above the threshold
values. At the lengths of the films L, > 20 um it is possible to obtain the amplification of linear
SCW exp(k’L;) > 10. After the linear amplification stage, SCW are subject to strong
nonlinear processes that are investigated below in Section 4.
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Fig. 3 Spatial increments of amplification of linear SCW. Part a) is for n-GaN fims, b) is for
n-InN films. Curves 1, 2 are for uniform films, curve 3 is for non-uniform conductivity
but uniform doping; 4, 5 are for non-uniform conductivity and non-uniform doping.

The finite size of SCW along OY axis results in decreasing the increment of amplification
[24], i.e. for amplified waves in active media the wave diffraction is equivalent to diffusion.

4. EXCITATION OF SEQUENCES OF NONLINEAR MONOPULSES

The nonlinear dynamics of sequences of SCW nonlinear pulses has been simulated by
means of the diffusion-drift equation jointly with the Poisson equation added by
boundary conditions Egs. (4), (8).



194 V. GRIMALSKY, S. KOSHEVAYA, J. ESCOBEDO-ALATORRE, A. KOTSARENKO

The equation for the electron concentration has been solved by the splitting with respect to
physical factors [30-32]. The first fractional step is along OX axis, the second one is along OY,
the third one is along OZ. The unconditionally stable implicit difference schemes have been
used of the second order of approximation. Because the spatial scales along OZ axis and OX,
OY ones differ 1 order and more, it is important to preserve the balance of the electric charge
at the surfaces, namely to use the integral interpolation method to derive the difference
approximations both the volume equations and for the boundary conditions [31].

It is assumed the absence of the surface charge at the boundaries of the film x = 0, x = 2.
Here the electric boundary conditions are the continuity of the potential and the normal
component the electric induction.

At the ends of the film the boundary conditions for the concentration are n(z=0,x,y)=no(X)
and A/a(z=L;) = 0, the last one corresponds to the Ohmic junctions [20]. The boundary
conditions n(y=0 or Ly, z, X) = no(x) are used at y = 0 and y = L,. But in the simulations the
film is assumed enough wide, so an influence of the boundary conditions along OY axis is not
essential. For the variable electric potential the boundary conditions are ¢ =0atz=0,z= L.

The Poisson equation for the electric potential ¢ has been solved by the fast Fourier
transform with respect to z, sine-like, and y, cosine-like ones [30], for real functions.
Along OX axis the finite difference method has been used of the second order.

To get a suitable accuracy <1% the number of the points of the computation grid
along OZ axis should be > 512, along OY one it should be >64, and along OX axis it
should be >50. Because the splitting with respect to physical factors has been applied, i.e.
the method of the total approximation, the temporal step has been chosen < 0.1 ps.

The accuracy has been checked by means of 1) checking the approximation of the basic
equations at each temporal step; 2) re-simulations with another numbers of the numerical grid
points along each axis; 3) using various finite difference approximations, like the central
differences and the monotonic schemes; 4) comparison of 3D simulations with 2D ones;
5) comparison of the simulations at the initial linear stage of the dynamics with the analytical
results.

The initial pulses of SCW are excited by wide-band planar waveguide; the exciting
electric field is at the input antenna:

_ _ —-L /2
Ef“=Aexp(—(tttl)Z—(ZZZI)Z—(y 1L %y2) sin(a). (11)

0 0 0

Here Qis the carrier circular frequency of the envelope pulse (do not mix with the circular
frequency w from the previous section), zi, zo are the positions of the center of the exciting
antenna and its half-width, A is the small input amplitude, A << Eg. The exciting field is
uniform along x, 0 < x < 2l. For all cases of simulations the thickness of the film is 2I =
0.5 um. The similar results have been obtained for the films of the thicknesses 21 <2 um. At
higher thicknesses the excited pulses are similar to the domains in the bulk Gunn diodes. The
lengths of the films are L, >30 um.

In the case when the bias electric field Eq is essentially higher than the critical one and
corresponds to the maximum of NDC, the initial strong amplification at the linear stage
occurs. But then the amplified pulse deforms at the nonlinear stage of amplification and as a
result several powerful oscillations are formed at the output [17]. Therefore, to create stable
nonlinear monopulses, the bias electric field should be chosen slightly above the threshold of
NDC. Namely in this case the short monopulses are formed at the essentially nonlinear stage



Generation of Sequences of Strong Electric Monopulses in Nitride Films 195

at the output antenna z = z, <'L,. Also the moderate doping levels should be applied no =
3-10'6 10 cm for n-GaN and no = 10'® — 3-10¢ cm™ for n-InN films.

Below the typical results of numerical simulations are presented. There are dependencies
on time t of the variable part of z-component of the electric field of SCW in the center of the
outputantennay = L,/2: E,(z=2,,x=2l,y=L /2,t)=E, -E, - E,.

The three cases have been considered. The first one is for the uniform nitride films,
the second one is for the films with the non-uniform conductivity, see Eq. (10); the third
case is for the films with both the non-uniform conductivity and the non-uniform doping
as in Eq. (6). For all the cases the transverse width of the films is Ly = 100 pum, the initial
transverse width of the input field is yo = 20 um.

In Figs. 4-6 there are the results for the uniform films. In all Figs. the left panels are
general views, the right ones are the detailed views.

In Fig. 4 the parameters are as follows. There are n-GaN films, the carrier input frequency
is 2= 1.5.10" s. For the parts a), b) the bias electric field is Eqo = 1.35-10° V/cm, the
constant electron concentration is no = Ng = 5-10% ¢cm, The parameters of the input pulse are
A =3kV/cm, t; =600 ps, to = 300 ps, zz = 10 um, zo = 0.5 um, see Eq. 11. The length of the
film is L, = 55 pum, the output antenna is at z, = 54 um. For the parts c), d) they are Eq =
1.3-105 V/em, no = Ng = 9-10% cm®; A = 3 kV/cm, t; = 600 ps, to = 300 ps, zz = 10 um, zo =
0.5 um; L, = 40 um, the output antenna is at z; = 39 um. The parts a), ¢) are general views, b),
d) are detailed ones.
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Fig. 4 The shapes of strong electric monopulses at the output antenna in uniform n-GaN
film. The input carrier circular frequency is £ = 1.5-10" s, Parts a), c) are
general views, b), d) are detailed ones.
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In Fig. 5 there are n-GaN films, the carrier input circular frequency is £2 = 2.10't s,
The parameters are the same as for Fig. 4, parts a), b).

L E ", 100 kV/cm
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5 5
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3 3
2 21
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-1 T L T Y 11
0 200 400 600 800 1000 1200 600 700 800
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Fig. 5 The shapes of strong electric monopulses at the output antenna in uniform n-GaN
film; 2=2-10"s?,

In Fig. 6 there are n-InN films, the carrier input circular frequency is 2= 1.5-10" s,
The parameters are Eqo = 0.52-10° V/cm, ng = Ng = 1.5-10% cm™3; A = 3 kV/cm, t; = 600
ps, to = 300 ps, z; = 10 um, 2o = 0.5 pm; L, = 60 um, the output antenna is at z, = 59 um.

E , 100 kV/em E, 100 kV/em
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Fig. 6 The shapes of strong electric monopulses at the output antenna in uniform n-InN
film; 2=1.5-10" s,

In Figs. 7, 8 there are the results for the films with the non-uniform conductivity. The
scale of the non-uniformity is Xo = 0.1 um there.

In Fig. 7 there are n-GaN films. The parameters are Eqo = 1.4-10% V/cm, ng = Ng =
5-10% cm®; A = 2 kV/cm, t; = 600 ps, to = 300 ps, z1 = 10 um, zo = 0.5 um; L, = 50 um,
the output antenna is at zz = 49 pum. For the parts a), b) the carrier input circular
frequency is 2= 2-10% s%; for the parts ¢), d) it is 2= 1.5-10* s
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Fig. 7 The shapes of strong electric monopulses at the output antenna in n-GaN film with
the non-uniform conductivity.

In Fig. 8 there are n-InN films. The carrier input circular frequency is 2= 1.5.10'! s,
The parameters are Eg = 0.53-10% V/cm, ng = Ng = 2:10'® cm'3; A = 3 kV/cm, t; = 600
ps, to = 300 ps, z1 = 10 um, zo = 0.5 um; L, = 53 um, the output antenna is at z, = 52 um.
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Fig. 8 The shapes of strong electric monopulses at the output antenna in n-InN film with
non-uniform conductivity; 2= 1.5-10* s,

From Figs. 4 — 8 it is seen that the sequences of strong electric monopulses are formed
at the output antenna. The maximum values of the output pulses exceed several times the
bias electric field Eqo. The durations of the output monopulses are 3 — 10 ps, so the total
frequency range is 100 — 300 GHz. The monopulses are formed practically without any
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pedestal and differ from the domains of strong electric field in bulk semiconductors [20];
the domains possess the values of electric fields essentially below the NDC threshold
outside of the domain. The repetition rate of the output monopulses is determined by the
input carrier circular frequency (2. Moreover, the peak values of the monopulses repeat
the shapes of the envelopes of the input microwave pulses.

In n-GaN films the input carrier circular frequency should be 2 <2-10" s, in n-InN films
it should be 2 <1.5-10% s, At higher carrier frequencies the behavior of the sequence of
output pulses becomes unstable, because there exists the mutual influence of neighboring
output monopulses. The peak values of the monopulses are higher in n-GaN films, so namely
n-GaN films are preferable for excitations of sequences of strong monopulses, despite the
lower values of NDC there. Also the input carrier frequency range is wider in n-GaN films, as
mentioned above.

The results of numerical simulations are tolerant to changes of the parameters of input
pulses and of the lengths of the films L,. Under the uniform doping the shapes of the
output pulses do not depend on the transverse widths of the input pulse yo when yo > 20
pm. At smaller initial widths yo < 20 pm the maximum values of the electric field of
monopulses decrease due to smaller increments of amplification at the linear stage of the
SCW dynamics.

In Fig. 9 there are the results for the n-GaN films with both the non-uniform conductivity
and the non-uniform doping. The scales of the non-uniform conductivity and the non-uniform
doping are xo = 0.1 um and x4 = 0.2 um there. The parameters are Eq = 1.3-10° V/cm, ng =
Ng = 10Y" cm3; A = 2 kV/cm, t; = 600 ps, to = 300 ps, zz = 10 pm, zo = 0.5 pm; L, = 50 pm,
the output antenna is at z, = 49 um.
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Fig. 9 The shapes of strong electric nonlinear pulses at the output antenna in n-GaN film
with both the non-uniform conductivity and with the non-uniform doping; @ =
1.5-101 s,

Under the non-uniform doping the sequences of the monopulses are excited rather due to
the non-uniformity of the electric field near the input end of the film z = 0 than due to the
input field at the exciting antenna. There is a principal difference between the films with the
non-uniform doping and with uniform one. In the uniformly doped films the monopulses are
not electric domains, whereas under the non-uniform doping the nonlinear pulses possess a
similarity to the domains of the strong field in the bulk semiconductors. Namely, the values of
the electric field out of the nonlinear pulses are essentially below the threshold ones and the



Generation of Sequences of Strong Electric Monopulses in Nitride Films 199

durations of the nonlinear pulses are essentially longer >20 ps. Moreover, in the uniformly
doped films the repetition rate of the monopulses at the output antenna is determined by the
input carrier circular frequency (2, whereas under the non-uniform doping the repetition rate is
determined by the distance between z = 0 and the position of the output antenna z = z, only.

Note that under the excitation of nonlinear pulses from a single input pulse in the films
with non-uniform doping the output pulse can be similar to the strong monopulse like in
uniform films [19]. They are shorter and are practically without the pedestal. But in the films
with non-uniform doping the sequences of the output pulses are similar to the domains.

The E, component of the variable electric field is dominating in the nonlinear
monopulses. This component is uniform along the thickness of the film i.e. along OX axis.

Because the peak values of the electron concentration are high within the monopulses, the
sequences of the strong monopulses can be used for the effective modulation of the
electromagnetic radiation of higher part of THz range and of the optical range in the
waveguides on the base of the nitride films. In the earlier works such a modulation was
considered within the linear regime of amplification of SCW [21-24].

5. CONCLUSIONS

The sequences short strong monopulses of space charge waves of durations 3 — 10
picoseconds can be excited in the nitride n-GaN u n-InN films of the thicknesses <2 um
under the negative differential conductivity when the input signals are the modulated
microwave pulses of small amplitudes. The repetition rate of the output monopulses is
determined by the carrier frequency of the input microwave pulses. Each monopulse is
without the internal carrier frequency and occupies the wide frequency range of about
100 — 300 GHz. The strong monopulses are formed both in the uniform films and in films
with the non-uniform conductivity. These monopulses differ from the domains of the
strong electric fields in the bulk semiconductors. The monopulses are realized under the
amplification in the essentially nonlinear regime. The bias electric fields should be
chosen slightly higher than the thresholds of the negative differential conductivity. The
doping levels should be moderate <10'7 cm. The typical lengths of the films are 30 — 60
pm, the widths are > 100 pum.

The n-GaN films are preferable for the excitation of the nonlinear monopulses,
because the peak values of the monopulses are higher than ones in n-InN films. Also the
carrier microwave circular frequencies at the input can be higher namely in the n-GaN
films and are 22 <2-10% s, or f =27 < 30 GHz. The sequences of strong monopulses
can be used for the modulation of the optical radiation in the waveguides on the base of
the nitride films.

In the films of the non-uniform doping the sequences of nonlinear pulses are excited
due to the electric field inhomogeneity near the input end of the film; the nonlinear pulses
are similar to domains of the strong electric field there.
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