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Terahertz emission from InGaAs/InAlAs lattice-matched high electron mobility transistors was
observed. The emission appears in a threshold-like manner when the applied drain-to-source voltage
Ups is larger than a threshold valudry. The spectrum of the emitted signal consists of two
maxima. The spectral position of the lower-frequency maxintaround 1 THz is sensitive tdJpg

and Ugs, while that of the higher frequency orlaround 5 THz is not. The lower-frequency
maximum is interpreted as resulting from the Dyakonov—Shur instability of the gated
two-dimensional electron fluid, while the higher frequency is supposed to result from current-driven
plasma instability in the ungated part of the channel. The experimental results are confirmed by and
discussed within Monte Carlo calculations of the high-frequency current noise spec2@0%
American Institute of Physic§DOI: 10.1063/1.1861140

I. INTRODUCTION tors or superconductoPswhile other ones rely on mixing

One of the main goals of modern microelectronics is theIaser beams Wit,h close freq.uenc?e'ﬁhese methods require
development of devices with extremely high operation fre-2dvanced experimental equipment and their performance de-
quency. To this aim, smaller and smaller transistors are fag?€nds on a strong optical excitation of an appropriate semi-
ricated to reduce the gate capacitance and carrier transit imgonductor structure. It is worth noting that all these sources
However, hot carrier and contact parasitic effects limit thegénerate THz radiation through plasma excitations in semi-
operation frequency of up_to_date transistors to a few hunconductors. On the other hand, THz radiation can also be
dreds of gigahertz. The reason to push this limit over thedenerated by semiconductor p-GRef. 7) and quantum
terahertzTHz) domain is not only related to the desirability cascadilasers.
of increasing the speed of devices, but also to develop An alternative mechanism of plasma excitation in field-
sources of THz radiation. The electromagnetic radiation ireffect transistoréFETS was proposed about ten years ago by
the THz bandcorresponding to the wavelength of the order Dyakonov and Shdron the basis of an exact formal analogy
of 0.1 mm or to the quantum energy of a few meé¥ useful  between the equations of the electron transport in a gated
for different kinds of nondestructive imagihgnd medical or  two-dimensional(2D) transistor channel and those of shal-
technical diagnostiés—the emerging so-called T—ray imag- low water, or acoustic waves in music instruments. As a
ing. consequence, in analogy with the air or water flow,

The most interesting, from the applications point of hydrodynamic-like phenomena should exist also in the flow
view, seem to be THz sources based on solid state devices carriers in the channel. In particular, instability of this
that offer better possibilities of integration with other opto- flow in the form of plasma waves was predicted to develop
electronic devices within a single chip. At present, there existinder particular boundary conditions. The frequency of these
a few methods of generating THz radiation from solids;waves depends on the concentration of the electron fluid and
some of them are based on plasma excitations by femtoseghe length of the transistor gate, and it can reach the THz
ond laser pulses in low-dimensiofi@nd bulk semiconduc-  domain if the electron concentration is sufficiently higtt
least of the order of 8 cmi?) and the gate length is suffi-
dElectronic mail: jerzy.lusakowski@ges.univ-montp2.fr ciently short(in the nanometer ran@geThe physical mecha-
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nism supporting the development of stable oscillations is the
reflection of plasma waves on the borders of the transistor Gate
with subsequent amplification of the wave’s amplitude. Im- .
portant factors for development of such instability are an Source Drain
asymmetry of the drain and source sides of the transistor Cap Iayer
channel and fulfillment of appropriate boundary conditions
imposed on the resonant transistor cavity. As an example, Barrier Ing 50Aly 46AS
simple formulas describing the plasma oscillations can be
obtained for the limiting case of a vanishing gate-to-source Spacer
impedance and an infinite gate-to-drain impedance, provid-
ing an oscillation frequency=(eU/m)2/4Lg, whereU is Channel Ing 53Al, 47AS
the voltage swinge andm are the electron charge and effec-
tive mass, respectively, arid; is the gate length. Buffer Ing 5,Aly 46AS
There are a few important practical aspects of the
Dyakonov—Shur theory of plasma excitations in FETs. First, InP substrate
this excitation can be used for the emission as well as for the
detection of the electromagnetic radiation. Depending on the|G. 1. schematic structure of the transistor investigated. A structure with a
parameters of the transistor, both the emission and detectidRshaped gate was used. The thick line in the barrier region shows the
can be resonarit.e., spectrally narroyor nonresonanti.e.,  Position of 5 doping.

spectrally broaj and the spectral characteristic of the device200 M I sAlg 4As buffer, a 20 nm IpsGay 4AS chan-

can be tuned by the applied drain-to-source or gate-to-source,| o = nm-thick undoped rAl, sAs spacer, a silicon
voltages. Second, the device operation is not limited to lo Ia,nar doping layer of 5102 cm2 a 12,—nm-thick

temperatures. In that respect, the THz-emitting FET show 0sAlousAS barrier layer, and, finally, a 10 nm silicon-
the advantage of the abovementioned THz lasers that are al ped Ifé <G 4 AS cap Ia;/er WithND=éX 10 cni3. The
supposed to work up to room temperature. Last but not Ieas’Betails of the iechnological process are given elsewHere.
this kind of resonator based on the state-of-the-art transistolrhe nominal gate length wasg=60 nm, the source-drain

offers the most promising perspectives for large-scale 'meépace wad ,=1.3 um, and the width of the gate waa/

gration and applications. =50 ; - ; :
) =50 um. The investigated transistor has a relatively long
':'he idea qu forwalrd byf_Dyak_ono_v and Shur found "€ recess of 100 nm at both sides of the gake recess is the
fcent y dan eg;pirlmegt? GCQR wrg_na:]lonl n measutﬁments Perf)art of the channel that is not covered by the heavily doped
ormed on 1>aAs and in s g egctron mo |!ty tranSIS'cap layer, which improves the electrical contact of the drain
tors (HEMTs) and Si metal-oxide-semiconductor field-effect and source with the channel
transistors MOSFETS. In particular, resonaht!! detection

fTH diati h i th ¢ GaAs HEMT All measurements were carried out at 4.2 K with the
ot 'z radgiation was snown in the case o s Stransistor placed in a liquid helium cryostat. Two Keithley
while a voltage tuneable THz emission was observed fro

M400 source meters were used for the application of the
12 .
InGaAs HEMTs.” Moreover, the resonant THz detection by drain-to-sourcéUps) and gate-to-sourcJgg) voltages and

Si MOSFETs at room temperattrgepresents a result par- measurement of the drain and gate currents. The transistor

ticularly important in view of a possible integration of THz was placed in a cyclotron emission spectromlétdesigned

transistors In silicon-hased circulis and systems. to perform a spectral analysis of a weak THz radiation. The

th Thbe preste_nt art]:cle ];?Howf our L?ce_r:_tl_'commpnlpat|c?n 0fspectrometer consisted of two superconducting coils located
€ observa |onlz of voltage-iuneable THz emission oMy, 4pove the other and independently power supplied. The
InGaAs HEMTs.“ The aim of the article is to give a more

lete d o d vsis of the ob 4 oh THz source and the detector were placed into both ends of a
complete description and analysis of the observed p enon5'2—cm—long copper waveguide placed in such a way that

ﬁpc;]n].c In partlcular', we cortnparst the g);pelr\l/lme?ta(l: daéa W'”?each device was in the center of an appropriate coil. Both the
\gn-ireguency noise spectra obtained by Vionte a) . source and the detector of the THz radiation were cooled by
simulations. A qualitative agreement of measured and simu:

) . . a helium exchange gas to 4.2 K and totally isolated from the
lated spectra allows presenting a deeper interpretation a 0 K background radiation
understanding of the observed emission. The article is orga- To satisfy the boundar.y conditions required for the
nized as follows. Section Il descripes the exp.er!mental SYSplasma emission, the gate was short-circuited with the source
tgm and the sample; use_d, the main characterllsucs of the M the shortest possible gold wire directly on the transistor
simulator are described in Sec. Ill. The experimental result%hi

: . ) p (that decreased the gate-to-source impedaand the
are pre;ented n 'Sec. v apd are discussed in Sec. V, Wh'lﬁansistor was driven into saturation by a sufficiently large
the main conclusions are given in Sec. VI.

Ups (which increased the gate-to-drain impedancEhe
short-circuiting was done after preliminary electrical charac-

Il. EXPERIMENT AND DATA ANALYSIS terization of the transistor.

A lattice-matched InGaAs/InAlAs HEMT on InP sub- !l MONTE CARLO MODEL
strate grown by molecular-beam epitaxy was used in this  Strictly speaking, the Dyakonov—Shur thetrys valid
study (Fig. 1). The active layers consisted of a fora small electric field that corresponds to the linear part of
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the output characteristic. Unfortunately, the THz emission is 8.0 ' ' - '
observed only when the transistor is driven to the saturation
by a sufficiently high drain biagdue to the necessity of 6.0
fulfilling the boundary conditions for the emission, as was 0.0
discussed in Ref. 12 However, for transistors with ul- =
trashort dimensions, macroscopic simulators as well as ana- E -
lytical models are not appropriate to describe details of the -
electron transport. The problem is even more complicated in 2.0 _8‘
the case of saturation, when large electric fields are expected 0
to cause highly nonequilibrium conductivity conditions. 0.0 : : -

That is why, to have a better physical insight into the ’ '
microscopic carrier dynamics in the transistor investigated,
we performed MC simulations, which is the most adequateriG. 2. Output characteristics &=4.2 K, B=0 T of the transistor investi-
tool to describe the transport in ultrashort devices. As a matgated at the indicatetlgs. The inset shows the transfer characteristic at
ter of fact, due to the nanometric gate length, very high elecYos™> MV-
tric fields appear locally and lead to the presence of hot car-
rier phenomena and ballistic transport. It is well known thatpability of noise spectra to give precise indications on the
such phenomena can be accurately modeled in electronic denset of collective phenomena due to interparticle correla-
vices using an Ensemble MC model self-consistentiytions has already been pointed 6ut®*°In particular, the
coupled to a Poisson solv&Y For the special case of het- presence of concentration gradients, such as those present
erostructure devices, the physical scenario becomes particear homo- or heterojunctions, has been found to couple the
larly complex due to the appearance of quantum effects agdluctuations of velocity with the fluctuations of the self-
sociated with energy quantization in the transversalkonsistent electric field, which is evidenced as a peak in the
dimension within the channel, degeneracy due to the higlﬁloise_sgpectra at the plasma frequency of the electronic
carrier concentration and tunneling from the channel into th€as:” ~As a consequence, the calculation of gate and drain
gate due to the very thin barrier |ayer_ In our Simu|ationslcurrent noise spectra of the HEMTs investigated in this work
degeneracy effects are locally taken into account using th&ill be used to complement the experiments and to confirm
rejection techniqué® while other quantum effects have been the appearance of a deterministic component in the carrier
neglected in order to have reasonable CPU times, since @namics associated with plasma oscillations.
dynamic self-consistent solution of Poisson and Schrddinger
equations represents a _form|dable task even _for up—to—darlgl_ RESULTS
computers. However, being the plasma oscillations a collec-
tive motion arising from Coulomb interaction among carri- Figure 2 shows the output and transf@m the inset
ers, the main features of this phenomenon are taken intoharacteristics of the transistor before the gate-source short
account correctly in this semiclassical MC model. The mi-circuit was realized. The linear part of the output character-
croscopic simulator has been already validated through conistics is limited toUpg smaller than about 20 mV. The satu-
parison with experimental results performed on similar deration Upg voltage is equal to about 0.2 V fddgs=0 and
vices and concerning static characteristics, small-signadlecreases with decreasing of the gate bias.
parameters, and noise performan?:ge@. The measurements in the magnetic fi@dwere done

In order to detect and emphasize the presence of plasmwith the magnetic field perpendicular to the plane of the
oscillations, special attention is devoted to the calculation ofransistor channel. Since,,Lg<W, the Hall voltage is
noise spectra due to their extreme sensitivity to microscopishort-circuited by the long drain and source metallic-like re-
features of carrier dynami%'fs‘23 and the possibility to per- gions and the magnetoresistance of the degenerate gas
form a frequency analysis of electrical fluctuatidhs=or appear§.4 This is the so-called geometric magnetoresistance,
instance, the appearance of a peak in the frequency noisad thel,,Ls<W condition makes the investigated system
spectrum is a signature that the system is “ready” to developnalogous to that of the Corbino geometry. A significant ben-
macroscopic oscillations at that frequency if appropriateefit resulting from the application of the quantizing magnetic
boundary conditions are fulfilled. Indeed, some features ofield in the present experiment was a precise determination
the noise spectra presented further on are caused by macmf- the electron concentration by measurements of the
scopic plasma oscillations in the transistor channel. To exShubnikov—de HaaqSdH oscillations. The results are
clude from the noise spectra the contribution of numericashown in Fig. 3 for three values &fss
noise associated with the intrinsic stochastic nature of the The positions of the maxima of the oscillatioghown
MC method an accurate algorithm based of the Ramo+n the inset in Fig. B allow determination of the electron
Shockley theorefit and its specific formulation for the case concentration, which is equal to 26102 cmi 2. It should be
of transistoré® has been employed for the computation of thenoted that the positions of the maxima and minima do not
instantaneous currents. Such an algorithm has already proepend orUgg that is, on the concentration of electrons in
vided good results for the case of metal-oxide-semiconductahe gated part of the transistor. This will be discussed subse-
field-effect transistofé and HEMTs> quently in connection with the electron ballistic motion un-

In this context, it is important to emphasize that the ca-der the gate.
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FIG. 3. SdH oscillations of the drain curreipf(B) at Ups=5 mV for three

values of the gate-to-source voltadé;s=0,-0.1, and —0.15 \(from bot-
tom to top. The inset shows the positiorim the inverse of the magnetic
field) of the maxima of the transistor resistance.

FIG. 4. Emission of the InSh epitaxial layer monitored by the InSb detector.
The spectra correspond to the emitter magnetic g equal to 0.4, 0.8,

and 1.2 T. The horizontal frequency scale is proportional to the InSh detec-
tor magnetic field.

The THz emission was analyzed by a magnetically tune- ) o )
able InSb cyclotron resonance detector, biased by a dc volt- Figure 5 shows the HEMT emission spectra for different
age. The photoresponse signal of the detector originates froips When the gate was short circuited with the source by the
the absorption of photons with the enefgyhf equal to the g_olq wire directly on the transistor chip. Each spectrum ex-
cyclotron resonance energ§=heB/27m in the InSb bulk  hibits two peaks. The position of the low-frequentyF)
layer (h is Planck’s constant antiis the photon frequengy ~ Peak moves to higher frequencies with the increase
The absorption process causes a change of the detector regidlile the position of the high-frequendifF) peak does not
tance that is monitored by a standard lock-in technique. Th&hange. The amplitude of the HF peak is much smaller than
reference frequency is the frequency of thies voltage that of the LF one, and it appears rath_er as a kink in the
pulses applied to the transistéor to another emitterthat frequer_1cy de_pendencg of the detector S|gna_l. _
emits the THz radiation as a response to the voltage pulses, 1° Investigate the influence of the gate bias on the emis-
In order to perform spectroscopic measurements, the InsBON: the gold wire shorting the source anq the gate was
detector has to be calibrated; that is one must know a relatioﬁemgved'_ The ShaF?e of the spectra so obta|n<_ed c_hanges es-
between the detector magnetic field and the frequency oﬁent"f""y in comparison with those presented in Fig. 5: the
photons that cause the detector photoresponse at this field. %nplltude of the L peak considerably decreases, and the HF

calibrate the detector, the cyclotron emission from a bulkpeak 'is more gvident. Itis remarkable that '_[he gmissiqn spec-
InSb crystal was analyzed by the InSb detector. To this aimt,rum is modified even ereUGSZO'O v, |nd_|(_:at|ng the im- .
ortance of the transistor’s boundary conditions for the emis-

an epitaxial layer of InSb was placed in the magnetic field in'on spectra. By removing the gold wire from the chip, we

one of the spectrometer coils and voltage pulses were applie% laced a | f h | I duct d
to the layer causing a smearing of electrons over the LandarLf(;[z:_‘il gﬁcea (')t%p :noatﬂeerxéiemec)cl);m:segorc])f uacb%ncr‘?] e:)nf ca-
levels of the conduction band. The relaxation of electrons t@2' Wi P u

the ground state occurs partially by a radiative process that %creened cables that connected the source and the gate with

measurement instruments outside the cryostat. The applica-

the inverse of the cyclotron resonance absorption transition[.On of the gate biagopen circles in Fig. Bdecreases the
This so-called Landau emission from the same InSb crysta' 9 b 9.

: . . amplitude of both the HF and LF peaks and also influences
was previously examined by means of the Fourier transform

spectroscopd® Thus, the dependence of the frequency Oftheir relative amplitude. The spectra shown in Figs. 5 and 6
emitted photons on the InSb emitter magnetic field is known.
Some of the calibration spectra are shown in Fig. 4. Each of
them corresponds to a given value of the InSb emitter mag-
netic field(and thus to emitted photons of a well determined
energy and was measured as a function of the InSb detector
magnetic field. Since the energy of emitted photons is
known, the detector magnetic field corresponding to the
maximum of a curve can be converted into the frequency
scale by equating=eB/27m. The frequency scale thus de-
termined is the horizontal axis in Fig. 4. The output power of
the InSb source used for calibration is in the picowatt range, 02 s .
and the emission frequency can be tuned by the magnetic 01 01 f(THz)
field in a wide interval from a fraction of THz up to a few

T e o e v s sovce 10 o o . T st o
dal.J em.ISSIOn spectrometer can be found in Ref. 15. After thg correspond tdJpg equal t0y0.3, 0.45, 0.6, 0.7, and 0.8 V, respectively. The
calibration procedure was completed, the bulk InSb emitt€Epecira are normalized to the maximum of the LF peak. The transistor mag-
was replaced by the HEMT. netic field is equal to zero.

1.0

0.8

0.6

0.4

Detector signal (arb.u. )

10
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FIG. 6. Effect of the gate bias on the THz emissiongk=0.4 V. Solid
symbols are foldgs=0 V and open ones fddgs=-0.1 V. The spectra are
normalized atf =0.01 THz.

FIG. 8. Gate current noise spectra for the indicated drain-to-source voltages
at a constant gate-to-source voltage of —0.05 V.

show that the position of the HF peak is not sensitive toone corresponding to the gated part and the other one to the
changes in the gate or drain voltages, while the LF peakingated one. In fact, for a large gate voltageg., 0.1 or
moves when the transistor bias is changed. -0.15 V, see Fig. Bthe gated part of the transistor domi-
nates in the total source-drain resistance and the properties of
the gated part should become evident in measurements of the
total source-drain magnetoresistance. However, one observes
Discussion of the experimental data is based on the re@nly one period of oscillations in the SdH data. To explain
sults of the MC simulations of electron transport in the tran-this fact, let us recall that the SdH oscillations result from the
sistor investigated. The spatial dependence of the electropscillatory character of the effectiveness of thifusiveelec-
velocity in the channel of the HEMT is shown in Fig. 7 for tron scattering when the Fermi surface crosses subsequent
several values of the drain-source bias at a constant gate-tba@ndau levels. No such scattering occurs in the ballistic re-
source voltage of —0.05 V. These biasing conditions corregime and that explains why the SdH oscillations are not sen-
spond to the saturation region of the output characteristicgitive to the gate bias. It follows that the concentration deter-
shown in Fig. 2. One can notice that the electrons movénined from SdH measurements is that of the ungated part of
under the gate with a velocity of at least an order of magnithe transistor.
tude higher than in the recess or contact parts of the transis- The velocity distribution shown in Fig. 7 allows putting
tor. This velocity increases with the drain bias and clearlythe interpretation of the observed emission spectra on a more
shows that the ballistic regime is achieved under the gate. |fuantitative base. Apparently, the source-drain distance
view of this result, one can understand the SdH data showhreaks into two parts: the gated one, where the velocity
in Fig. 3 that indicate that the electron concentration deterchanges significantly with the drain-to-source voltage, and
mined by the SdH oscillations does not depend on the gatée ungated one, where this influence is much weaker. We
bias. Thinking of the gated part as a flat capacitor with a gaténdicate a similarity of this behavior with an influencelds
voltage controlled electron concentration one could expec@n the emission spectra where the LF peak moves Wik
that for a strongly negative gate voltage the SdH oscillationgvhile the HF one does not. This provides an argument for the

should exhibit the influence of two different concentrations:interpretation of the LF peak as resulting from the plasma
oscillations below the gate and the HF one from oscillations

in the ungated part. This reasoning is further supported by an

V. DISCUSSION

_ ! L 1~ T - analysis of the noise spectra.
26Uy —o02v i 1 Figure 8 shows the gate current noise spectra for several
R TR i'."- values of the drain-to-source bias and a constant gate-to-
2 SUS =08V [t U_ =-005V source voltage. There are two maxima on each spectrum: the
~ DS . GS
> Ao Uy=10V § 4 i LF one around 2 THz and the HF one at 5 THz. The position
8 ;,*\'._‘., of the HF maximum does not depend on the drain voltage,
% ol ;',f \-,‘:_‘ ] while the LF maximum moves to higher frequencies when
g ; . the drain voltage increases. This is exactly what is observed
%3 Source \\‘-\“ Drain in the experimental spectra _shown in_ Fig. 4 Qn the other_
ok e Iy : hand, there are also some discrepancies. First, in the experi-
0.1 0.2 0.3 0.4 0.5 0.6 ment, the ratio of the amplitude of the LF to the HF peak is
X Position ((ym ) much larger than that found in the simulations. This, how-

| | " - Lot th dever, could be attributed to the peculiar boundary conditions
FIG. 7. Electron velocity profile in the channel of the transistor investigated: ; : i, i
for a constantgg of —0.05 V and the indicated values Ofs. The dashed |mposed on the resonatln_g_ transistor Cav.lty in th.e eXp.en

and clear bars at the top of the figure indicate the spatial extension of thB1€Nnt. The boundary Cond|t|0n_3 assumed in the 5|m_U|at!0nS
gate and recess regions, respectively. are closer to those corresponding to the upper curve in Fig. 6



064307-6 Lusakowski et al. J. Appl. Phys. 97, 064307 (2005)

Uy (V) the interpretation of the origin of the HF peak is not so evi-
0.0 05 10 15 dent. In the experiment, the emission at the LF and HF peaks
6.0 — T T T
always appears at the same threshold voltage. Thus, the HF
peak could correspond to a broad spectrum of oblique modes
| ’;._'-Zv\:‘—;r—'--\. . ] under the gate; that is, to plasma excitations propagating
. v I/ with a nonzero component of the wave vector along the
N longer dimension of the gate. On the other hand, one cannot
= exclude oscillations in the ungated part. In such a case, how-
" 25} \-—-_.\ — - ever, a question arises: are these oscillations caused by the
‘ v ;&_ flow of the current(current-driven instability similar to that
20} / T l\ ] described by the Dyakonov—Shur the?)ry)r by a coupling
. . ~" to the oscillating gated plasma? To the best of our knowl-
05 0.0 05 edge, no theory exists at the moment that shows that a cur-
Ugs (V) rent flow could lead to instability of an ungated electrongas.

Interpretation of the HF peak requires further experimental
FIG. 9. Gate-to-sourcéhottom axis, squargesnd drain-to-sourcéop axis, and theoretical investigation
triangles dependence of the LF and HF peaks frequency position in satura- ’

tion conditions.
VI. CONCLUSIONS

F -
(=]
Xy
X
A\
A\

1.5

: : : - Terahertz emission due to plasma instability in
solid symbol hich was registered without the short- .
(solid sy % which w g witnod InGaAs/InAlAs HEMT was observed as a function of the

circuiting wire. As one can see, in this case the ratio of the, . _
drain-to-source and gate-to-source voltages. The emission

amplitude of LF and HF peaks is comparable to that given b . : ) ;
: . . as observed in the saturation of the transistor and its spec-
the MC simulations. Second, the experimentally observe . . )

rum consists of two peaks with frequencies around 5 THz

frgquency .Of thg LF peaKFigs.. 5 and § 'S smaller than and around 1 THz. The HF peak does not move when the
glvels by .S'mglat'_?_ﬂi':c'jgf'f 8, Wh”? t?ﬁ p]?smons of t?ethH':I_Fgate-to—source or drain-to-source voltages change. The posi-
peaks coincide. The difierence in the frequency of e L, ¢ e | F peak depends on the transistor bias. HF noise
peak may come from the fact that the real .Iength qf the gatgpectra obtained by the MC simulations also showed two
is larger than the nominal one assumed in the S'mUIat'onBeaks whose frequency and bias dependencies agree with

E}seed t?ﬁ alpprot;r)]rla;ethd|scu33|tor(; N thgf.).detn the zthe_;h those observed experimentally. MC simulations confirm the
and, the length ot the ungated part Is determined With 0 retation of the LF peak as resulting from the

relatively higher precision, which results in the agreement o yakonov—Shur plasma instability in the gated part of the

the expenmenr:al datr? a:cnd the MC fsw;:ulatmnsa K transistor. Possible origin of the HF peak is discussed. MC
fFlggre 9 Sf O\LVSt e frequency of t el HF and LF PEaKS agimylations showed also that the electron motion under the
a function of the gate-to-source voltagéotiom axis, gate is ballistic. This is in agreement with the fact that the

squares and drain-to-source voltageipper axis, trianglgs Shubnikov—de Haas oscillations do not depend on the gate
The position of the HF peak around 5 THz does not depen(gi

on the bias of the transistor. In contrast, the frequency of the

LF pgak increa;es when thg tr_a_nsistor is drgwn more anﬂCKNOWLEDGMENTS
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