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Dynamic dc voltage band observed within each current branch
in the transition from static to dynamic electric-field domain
formation in a doped GaAs/AlAs superlattice
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A dynamic dc voltage band was found emerging from each sawtooth-like branch of the current—
voltage characteristics of a doped GaAs/AlAs superlattice in the transition process from static to
dynamic electric-field domain formation caused by increasing the sample temperature. As the
temperature increases, these dynamic dc voltage bands expand within each sawtooth-like branch,
squeeze out the static regions, and join up together to turn the whole plateau into dynamic
electric-field domain formation. These results are well explained by a general analysis of stability of
the sequential tunneling current in superlattices. 1899 American Institute of Physics.
[S0003-695(9904443-5

In the last few years, self-sustained temporal current osgeneral analysis of the stability of the sequential tunneling
cillations, or so-called current self-oscillations, under a fixedcurrent in superlattice.Based on a simple model, we show
dc bias corresponding to dynamic electric-field domainthat the current self-oscillations, i.e., dynamic EFD forma-
(EFD) formationt have been observed in weakly coupledtion, occur initially within a certain dc voltage range, i.e.,
semiconductor superlatticéSLs).2~® It has been shown that dynamic voltage band, on each sawtooth-like branch. The
the current self-oscillation only occurs within a certain rangedynamic voltage bandwidtf is increased with increasing
of carrier concentration present in these SLs. Howevernagnitude of NDR.
above this carrier concentration range the current—voltage The doped GaAs/AlAs SL studied in this work was
characteristics of these SLs exhibit discontinuities on the sed"own by molecular beam epitaxy. The SL consists of 40
quential resonance tunneling plateau and show a series B£M0ds of 14 nm GaAs wells and 4 nm AlAs barriers. The
sawtooth-like current branches corresponding to static EFPL 1S sandwiched between two'-GaAs layers. The central
formation”® Recently, it has been shown that by applying ani? fm °_f3 each GaAs well was doped with Sn<2
external magnetic field parallel to the SL layers or increasin 10cm ™). The sample was fabricated into 0.2

the SL sample temperature can also produce the transitiocr;fci'hzemsrjmmlisasérlh;e?srrfgé_vagag]iut)e;hirgcttirelsgs in
between static and dynamic EFD formatibithese results pe w N Wi peratu ging

are well explained by a general analysis of the stability of thefrom 1.6 to 160 K by a HP4155A semiconductor parameter

sequential tunneling current in superlattices based solely oanalyzer. The current self-oscillations were recorded by a
. . ; . . P54600A digital oscilloscope. A typica(U) curve of the
the magnitude of the negative differential resistaA¢8DR) 9 b ypica(U)

ion in the t y h teristi ¢ iale baft SL sample studied at low temperature is shown in Fig. 1.
region in the tunneling charactenstics of a singie barmer. .o sequential resonance tunneling plateaus are observed

The traljsmon IS a consequence of changing NDR caused tWith a series of sawtooth-like current branches correspond-
increasing magnetic field and temperature.

In this letter, the SL sample temperatuf® induced
transition process between static and dynamic EFD forma-
tion was investigated in detail. A phenomenon was observed:
During the transition process, the dynamic dc voltage band,
within which temporal current self-oscillation was observed, <
was found emerging from each sawtooth-like branch in the g 10k
transition process. These dynamic dc voltage bands expand ¥
within each sawtooth-like branch, squeeze out the static re- §
gions in which static EFDs are formed, and join up together ©
to turn the whole plateau into dynamic EFD formation as the
temperature increases. These results are well explained by a 1 L L e L

100 ¢
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U=2.845V, showing the so-called current self-oscillation or dynamic EFD
Voltage(V) formation.
FIG. 2. 1(U) curves measured at different temperatures indicated showing
the transition process from static to dynamic EFD formation for the seconchscillations or dynamic EFD formation are observed. These
current plateau. Curves are offset for clarity. dynamic dc voltage bands expand towards the higher-voltage
side within each sawtooth-like current branch, squeeze out
ing to static EFD formation. In this study, we focus on thethe static regionsgindicated by the solid squares in Fig.i8
second plateau where low-field domains, in which electronsvhich the static EFDs are formed, and join up together to
tunnel from the ground state in one well to the first excitedturn the whole plateau into dynamic EFD formation as the
state in the next, coexist with high-field domains in whichtemperature increases. Figure 4 shows an example of the
tunneling is from the ground state to the second excited stateneasured periodic time dependence of the current With
I (U) characteristics exhibit on each plateau a series of 46=-145K and applied dc biad =2.845V within a dynamic
sawtooth-like current branches. When the current jumpsoltage band.
from one branch to the next, the charge layer at the domain These results can be understood in terms of the general
boundary moves from one well to the adjacent well. analysis of instabilities and oscillations of the sequential tun-
The transition process from static to dynamic EFD for-neling current in a SL given by Wang and NitiThey have
mation caused by increasing the sample temperature iderived general conditions for the stability of the current
shown in Fig. 2. AfT=140K, thel (U) of the SL exhibits a through a superlattice in which th&V) characteristic of
series of sawtooth-like current branches on the plateau coeach tunneling barriefV being the bias across a single bar-
responding to static EFD formation. AT=156K, the rier) has a region of NDR. They show that as long as the
sawtooth-like branches disappear, a flat current plateau isbsolute magnitude of the NDR of one barrier does not ex-
observed in thd (U), and the current self-oscillations are ceed the sum of the positive differential resistafleBR) of
observed under dc biases across the whole plateau indicatitige remaining barriers, static EFDs can form. If this condi-
the dynamic EFD formation. During this transition processtion is not met, the EFDs are unstable and current self-
and at intermediate temperatures, a phenomenon is observeaxkcillation occurs. Increasing the sample temperature en-
As is more clearly shown in Fig. 3, which is an enlargementhances the inelastic scattering through the barrier, increasing
of Fig. 2, a dynamic dc voltage bariohdicated by the open the valley current in thé (V) and broadening the resonant
squares in Fig. Bemerges from each sawtooth-like currenttunneling peak so as to reduce the tunneling peak current. As
branch at the beginning of the transition procéssel(U) a result, the magnitude of the NDR increases with increasing
curve atT=145K in Fig. 3, within this band current self- sample temperature and produces the transition from static to
dynamic EFD formation. In this general analysis it is also
— predicted that the current self-oscillations, associated with

0.0011 - 156K 4 the dynamic EFD formation, occur initially within a certain
147K dc voltage rangdor voltage bang on each sawtooth-like
0.0010 [oeem current branch. Therefore, a series of dynamic voltage bands

is formed across the plateau. The dynamic voltage bandwidth
0.0009 146':%]:3% '?%%n %%”%%% is increased with increasing the magnitude of the NDR.
While the results of Ref. 11 are general, they are most easily
0.0008 -145,3%3% rtatu"’Iru::::' q%m% q%% made quantitative by considering a highly idealized model of
prasess?™ — w——— w— a SL withN—1 wells separated biX barriers. We assume
0.0007 -MOKQ‘%% E‘E"tn:;;m' q“tu% %%IE that the tunneling current of each barrier between any two
o . neighboring wells is given by the same piecewlif€) char-
0.0006 — "/"'—._’f . acteristic shown in Fig. 5.
268 272 276 280 284 288 292 The three regions of the characteristic have slopes
Voltage {V) —B, anda, respectively. The meanings Bf;, F,, Af, and
G 3 Enl . 5 <how the detailed devel e d AF are indicated in Fig. 5. Static EFD formatlon corre-
Fl Enlargements of Fig. 2 show the detailed development of the dy
namic voltage band as a function of temperature. Open squares |nd|cat9<'epondS tok barriers belng in the hlgh -field regldnlomalr)

dynamic regions while solid squares indicate static regions. Curves are off@N ndN—k in the low field, where &k<N. The model ac-
set for clarity. counts for the sawtooth-like shape of the SL(&J) charac-
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T4 Hi . the dynamic voltage band is found not to emerge in each
igh Field . S
current branch simultaneously, indicating that t{&) of
each barrier is, in fact, different across the SL. This compli-
> cates the analysis without altering the qualitative conclu-
sions.
o In conclusion, the observed dynamic dc voltage band
----- ~ofemmgrm emerging from each sawtooth-like branch in the transition
: process from static to dynamic EFD formation caused by
: increasing the sample temperature is explained in terms of
: varying thel (V) characteristic of a single barrier in a super-
i
]

Low Field

lattice made up ofN such barriers. As thé(V) changes,
;V EFD formation changes from static to dynamic. The dynamic
EFD formation occurs initially within a certain dc voltage
G, 5. P se lineal(V) hereV is the bi - range on each sawtooth-like branch. The dynamic voltage
. 0. Plecewise line curve wnerev Is the bias across a single : P : H H :
barrier. Low-field and high-field regions have the same sle@eDR region bandwidth is increased with increasing the magnitude of the

has the negative differential resistaneé/g. NDR.
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