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Function principle of a relaxation oscillator based on a bistable quantum
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We present a simple relaxation oscillator based on a quantum Hall device with Corbino geometry
near the breakdown of the quantum Hall effect. In the hysteresis region of the breakdown, the
quantum Hall device exhibits bistable behavior. If a resistance is connected in series and a capacitor
in parallel to the quantum Hall device, the bistable switching leads to subsequent charging and
discharging of the capacitor, detectable as relaxation oscillations. We explain the observed
oscillations by solving Kirchhoff's equations and obtain a good quantitative description of the
experiment. From this, we deduce some dynamical parameters of the Corbino device and discuss the
performance limits of the oscillator. @003 American Institute of Physics.
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Various nonlinear electronic devices have been applieglain the observed oscillations by solving Kirchhoff's equa-
for the generation of anharmonic electrical oscillations for ations of the circuitry and obtain a good quantitative agree-
long time, as for example, the use of discharge tubes by Vament with the experiment. The model allows us to calculate
der Pol and Van der Mark in 1927The study of such sys- the dependence of the oscillation frequency on the driving
tems is interesting not only from a fundamental point ofvoltage and the circuit parameters. From this, we are able to
view? (for the understanding of nonlinear phenomena, anhardeduce dynamical parameters of the Corbino device and to
monic oscillators, and chapdut also because of applicative discuss the possible limite.g., the frequency limitof the
aspects. In particular, high-frequency signal generation andscillator.
processing is of increasing importance with the development We have patterned circular Corbino devicesdii of in-
of communication technologies, data processing, and optdier and outer contacts 100 and 3@, respectively on a
electronics. The essential feature of a nonlinear electroniGaAs/GaAlAs heterostructure wafer with an electron density
device used for the generation of anharmonic oscillations i®f Ns=2.9x10" cm 2 and a Hall mobility of uy=1
its negative differential resistanga typical example is the X 10° cn?/Vs. The sample properties, and uy were de-
resonant tunneling diodésee e.g., Ref.)3. Similarly, the  duced from Shubnikov—de Haas oscillatidfég. 1), and the
unstable behavior of devices showing the quantum HalQH-breakdown properties from thé-V characteristics
effect' (QHE) near the breakdown of the QHE was suggestedsource-drain currentgp versus source—drain voltagésp
to be used to generate anharmonic oscillatibfibe instabil- ~ (see inset of Fig. ).
ity manifests itself in a hysteresis of the current—voltage  From the inset of Fig. 1, the hysteresis of the QH break-
curve near the breakdown, as reported early after the QHEown with respect to the critical source—drain voltage is
discovery’ (for an overview, see the review in Ref. 8 and clearly visible. The corresponding bistable region of th&/

references therejn curve is exploited for our oscillator. The scheme of the os-
In this letter, we present a relaxation oscillator based on

the bistable switching of a QH device with Corbino 50

geometry’ Such a device shows an almost ideal insulating

behavior in the QH regime until a certain, critical vaMgy 401

of the source—drain voltagésp. At V., @ sudden onset of ol

the source-drain curremtp occurs. A subsequent reduction g

of Vgp leads to sudden interrupt dofp at another critical o 20}

voltage Viin (Vmin<Vmax- In the hysteresis regiolV i,

<Vsp<Vnax the QH device exhibits bistable behavior. If a 10t

resistance is connected in series and a capacitor as an accu- ol

mulating device in parallel to the QH device, the bistable e e

switching leads to subsequent charging and discharging of B (M

the capacitor, detectable as relaxation oscillations. We ex-

FIG. 1. Shubnikov—de Haas oscillatiofidc measurement ofr,,(B) at
Vsp=100 mV) of the QH Corbino device. Inset: Current—voltage charac-
dElectronic mail: g.nachtwei@tu-bs.de teristics of the Corbino sample Bt=5.7 T (second QH plategu
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FIG. 2. (a) Scheme of the oscillator circuiRy, is the serial resistanc€y is L y L L

the total capacitance of the circuib) Function principle of the oscillator. 0 2 47‘[ms] 6 8 10
For an appropriate choice &, and the driving voltag&/,, oscillations of
the voltageVs; at the Corbino device occur between the dynamical hyster-rG_ 3. Relaxation oscillations of the Corbino oscillator at different driving
esis limitsVyin andVimay. voltagesV, (curves shifted for clarity The oscillator operates at, be-

tween 1.65 and 2.25 V. Whereas the oscillation amplitude is almost constant

. - . L . within this range, the frequency changes, and has a maximurg-a2 V.
cillator circuit and the function principle are sketched in g quency g oy

Figs. 4a) and 2b). The total capacitancé&apacitorCy) is

charged via the serial resistg, , until the breakdown volt- time At increasegfor V in the operation interval as given
age V. (Upsweep is reached. During this process, the in EQ. (1)]. The oscillation frequency as a function oV,
Corbino device is insulating and acts like an open switchhas a maximum value at

The voltageV ., closes the switch, an€; starts to dis- VoV R

charge via the Corbino device, which has now a finite resis-  V(f, )= — oM | 5 V| 3)
) ) 0( max) V +V R

tanceRcg. This process endures until the voltage falls to min T ¥'max CB

Vmin, at which the Corbino device becomes insulating againat v, (f,,,,), the oscillator frequency can exceed the value

Thus, the oscillation amplitud&V is determined by the hys- = (7 + )~ ! considerably.

teresis AV="Va—Viin - Figure 3 shows a set of measured oscillation curves
From Fig. Zb), it can be seen that there is a certain rangey (t) for various values of the driving voltagé,. To en-

for the choice of the driving voltagé, and the serial resistor  syre the working regime of the oscillator, we have chosen a

Ry to keep the oscillator inside the working reginte} the  serial resistoR, =46 k(2 of comparable size with the dissi-

current througfRy, for the Corbino device being &y, must  pative Corbino resistand@g=76 k2. From thel -V curve

not exceed the limitl{"=Vyn/Reg (for Vo—Vmin=Ry (inset of Fig. 2 and Eq.(1), this would yield an operation

-1¢", a stable solution exists on the resistive branch of thenterval forV, from 1.52 to 2.39 V. As seen from Fig. 3, the

|-V curve of the QH device, corresponding to a stationarypscillator works within about 1.65¥V,<2.25 V, an inter-

state without oscillations and (b) the driving voltage must ya| which is distinctively narrower than the one deduced

be Vo>V from the dc-measured hysteresis of theV curve. In turn,
From conditionga) and(b), it can be concluded that the the amplitude is larger thanV taken from Fig. 1. Both
lower limit for the serial resistance value i&,>AV/I{ discrepancies can be resolved simultaneously taking into ac-

OnceRy is chosen, the choice determines the .QDera“O“aéount a wider dynamical hysteresis at the oscillator frequen-
range for the driving voltag¥, according to condition$a)  cjes of some kilohertz in comparison to the quasistationary

and (b): one. Therefore, we have supplemented the dc-measurement
of the hysteresis by ac data in the frequency range from 0
Vo e\ Regt+ Ry 1 <f=<10kHz. We observed drastic increase of the hyster-
max=T0=Tmint - Rg esisat low frequenciesfrom 25 mV at dc to 0.4 V at 27 Hz

and a saturation at higher frequenci@3 V-0.4 V for f
The time constants,,;andr,, as well as the voltagéspat  from 100 Hz to 1 kHx The occurrence of a hysteresis in the
the Corbino device, for the charging and discharging pro{ -V characteristics of QH samples near the breakdown is
cesses, can be determined from the solutions of Kirchhoff'€ommonly explained on the basis of an electron heating
equations with an open switch amg, respectively. This model (see, e.g., Refs. 6, 11, 12The hysteresis is mainly
yields (akin to the results for relaxation oscillators based ondetermined by the contribution of hopping processes be-
tunnel diode circuit¥) exponential time dependences for the tween localized states to the conductiénApplying this
charging with 7,,.=RyCy, and with 7¢=RcgRyCr/(Rcg  model to our sample, a suppresswn of the hopping contribu-
+Ry) for the discharging, wherR,, andRg act as parallel tion from O hop=1.3% 1073 oy at dc to opep=4.5
resistors. The oscillation period= Atg,+ At is deter- x1074 Txy (o‘xy— 77.481uS for the second QH platepat
mined not only by, and 7, but also by the hysteresis f=27Hz can explain the observed increase of the
limits Vpmax andVin, and by the driving voltag®/: hysteresis3 A reduction of the hopping conductivity corre-
sponds to a shrinking of the localization lentfthwith in-
T—, In( VO_Vmirl) 4o In( Vinax— OVo creasing frequency. The measured oscillation amplitude is a
A Vo= Vima rel Vmin— OVg )’ direct measure of the dynamical hysteresis of the QHE
breakdown at the oscillation frequency. Therefore, the oscil-
where® =Rcg/(Rcg+ Ry). With increasing driving voltage lator provides access to determine the breakdown properties

Vq, the charging timeAt,,. decreases and the discharging at higher frequencies.
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for example, resonant tunneling devicadowever, although
the Corbino oscillator is only of limited value for VHF ap-
1 plications, it provides additional insight into the dynamical
properties of the breakdown of the QHEynamical hyster-
esis.
| To summarize, we have generated relaxation oscillations
i applying a quantum Hall Corbino device as bistable switch-
e ing element. The oscillation amplitude is determined by the
of YT T "’f‘--. dynamical hysteresis of the QH device. The frequency of the
1.6 1 22 24 oscillation depends not only on the resistances and capaci-
tances of the circuit, but also on the dynamical hysteresis of
FIG. 4. Measured charging timet,,. (up trianglé and discharging times  the Corbino device. This hysteresis is determined by the dy-
At (down triangle as afunction‘of the dri\(ing voltagé,, in c_omparison namical breakdown properties of the device and can be di-
to the _calculated vaIue@iasheij line: chargﬂng, dash-dotied line: discharg- rectly deduced from the measurements. The hysteresis al-
ing) with the parametersro,.=96 us, 7=60us, Vinin=1.46V, Vi . . . L.
=1.66 V. The limits of the working regime as calculated from the model aref€@dy exhibits a strong increase at low frequencies, which is
depicted by arrows. Inset: Oscillator frequeri@s a function of the driving ~ explained by a reduced hopping contribution to the conduc-
voltageV, (+ measured values, solid line: moglel tivity oy. With knowledge of the limiting voltages of the
dynamical hysteresis and of the resistances and capacitances
The amplitude of the oscillations remained almost un-of the circuit, the propertigs of the oscil_lgtor, as, for example
changed(from 180 to 250 mY with V, in the working re- the frequ_ency as a function qf the drlvmg voltage, can be
gime (close to the operation limits of the oscillator, the am-Modeled in good agreement with the experiment. The highest
plitudes tend to vary The measured charging and frequencies are achievable by the application of QH devices

discharging times show a pronouncégtdependence, which with a snja_ll, but stable dynamical hysteresis in thev
we used to estimate the total capacita@geof the circuit. To ~ characteristics of the breakdown.
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