
NONLINEAR DYNAMICS OF FIELD DOMAINS IN WEAKLYDISORDERED SUPERLATTICESF. PRENGEL, M. PATRA, G. SCHWARZ, AND E. SCH�OLLInstitut f�ur Theoretis
he Physik, Te
hnis
he Universit�at Berlin,Hardenbergstra�e 36, 10623 Berlin, GermanyWe analyze the bifur
ation s
enarios and phase diagrams of weakly 
oupled su-perlatti
es and demonstrate how the di�erent regimes are in
uen
ed by stru
turaldisorder, e.g. doping 
u
tuations. Furthermore, we show that the dynami
s of�eld domains upon voltage turn-on is governed by the 
reation and subsequentwell-to-well propagation of a 
harge a

umulation layer in the superlatti
e, whi
hmanifests itself by the o

urren
e of 
urrent spikes.1 Introdu
tion
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In weakly 
oupled semi
ondu
tor superlatti
es, the formation of ele
tri
-�eld domains in the growth dire
tion for suÆ
ient doping or opti
al ex
itation,and the o

urren
e of self-generated 
urrent os
illations for lower 
arrier den-sities are phenomena well known from both experiments1 and simulations2;3;4.Here we use the simple models presented in Refs. [2,5℄ for a sample 
om-posed of N = 40 GaAs quantum wells (n-doped with 
on
entration N (i)D in theith well) separated by AlAs barriers. Frozen-in doping 
u
tuations are mod-elled by N (i)D = ND(1+�i), �i 2 [��; �℄, where the parameter � 
hara
terizesthe amount of disorder present in the sample. The ele
tri
 �eld is 
al
ulatedself-
onsistently from Poisson's law, and 
onta
ts are modelled by "virtual"wells with �xed ele
tron densities, thus a
ting as a 
arrier reservoir.2 Bifur
ation s
enariosThe 
al
ulated phase diagram of a superlatti
e without 
u
tuations of theheteroparameters as a fun
tion of doping density and applied voltage is pre-sented in Fig. 1. One 
an distinguish several regimes whi
h are asso
iatedwith 
hara
teristi
 bifur
ation s
enarios (Figs. 1a-f).For very low doping, the uniform ele
tri
 �eld in the sample results in atwo-peak-stru
ture of the 
urrent j(U) due to resonant tunneling (Fig. 1a).At higher doping, spatio-temporal instabilities lead to the build-up of spa
e
harges, whi
h results in self-os
illations of the 
urrent (Fig. 1
). These limit
y
le os
illations are generated by super
riti
al Hopf bifur
ations 6. They van-ish above a 
ertain doping threshold (Fig. 1d).1
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fFigure 1: (a-f) Bifur
ation s
enarios of a superlatti
e without disorder for di�erent dopingdensities. Solid (dotted) lines 
orrespond to stable (unstable) steady states. (g) Corre-sponding phase diagram as a fun
tion of doping ND and applied voltage U . (solid lines {saddle-node bifur
ations, shaded region { os
illations, � { 
usp points)At the highest doping densities (1e,f), the available 
arrier density is suf-�
ient to provide the spa
e 
harge for the formation of a stable boundary be-tween a low-�eld and a high-�eld domain. In this regime, the 
urrent-voltage
hara
teristi
 
onsists of bran
hes, whose stability is 
hanged from stable tounstable and vi
e versa by saddle-node bifur
ations. Fig. 1g shows the lo
a-tions of the saddle-node bifur
ations as solid lines; they originate from 
usppoints marked by diamonds (�). Two bifur
ation s
enarios from this regimeare shown in Figs. 1e and 1f. While unstable bran
hes only start to developin Fig. 1e, they are fully present in Fig. 1f, indi
ating the formation of �elddomains with a well-de�ned boundary in between.The in
uen
e of doping 
u
tuations on the phase diagram and 
urrent-voltage 
hara
teristi
 is demonstrated in Fig. 2 for the disorder parameter� = 8%. The lo
ations of both the Hopf and saddle-node bifur
ations arein
uen
ed. This has 
onsiderable impa
t on the stati
 
urrent-voltage 
har-a
teristi
 under domain formation; it may even lead to the disappearan
e of
urrent bran
hes in the measured 
hara
teristi
s 7. The amplitude and fre-quen
y of the 
urrent self-os
illations, however, are only slightly in
uen
ed 6.2
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Figure 2: (a) Phase diagram and (b) bifur
ation s
enario of a highly doped superlatti
e with� = 8% doping disorder.3 Domain dynami
sIn this se
tion, we demonstrate how the sequential tunneling in weakly 
oupledsuperlatti
es manifests itself in the time dependen
e of the 
urrent density,both for domain formation and self-os
illations.
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Figure 3: (a) Current response and (b) spatial 
harge distribution of a superlatti
e (ND =1:67 � 1017
m�3) for an applied voltage step of 1V .Fig. 3 shows the 
urrent response (a) and spatial 
harge distribution (di-vided by �e) as a fun
tion of time (b) of a highly doped (ND = 1:67�1017
m�3)superlatti
e (with � = 2%), 
al
ulated with the model of Ref. [4℄, when theapplied voltage is instantaneously swit
hed on from 0 to 1V . As 
an be seenfrom Fig. 3b, a 
harge a

umulation layer forms at the 
athode (well no. 0)immediately after the voltage is turned on and propagates towards the anodehopping from well to well until it rea
hes a stable position, thus forming theboundary between a high-�eld and a low-�eld domain. The hopping of thea

umulation layer from well to well is a

ompanied by a sequen
e of small3




urrent spikes in Fig. 3a (seen also in experiments 5).
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7.5 8.5 98Figure 4: (a) Current response and (b) spatial 
harge distribution of a superlatti
e (ND =3:34�1016
m�3) for an applied voltage step of 1V . The inset in (a) shows an enlarged se
tionof one 
urrent os
illation.This very same phenomenon is found in the regime of lower doping, where
urrent self-os
illations o

ur. In Fig. 4 we show the 
urrent density (a) andspatial 
harge distribution (b) for ND = 3:34 � 1016
m�3. The same voltagestep of 1V is applied at time t = 0, and the same slow initial rise of the
urrent, a

ompanied by small 
urrent spikes, 
an be observed. However, nostable domains are eventually formed. Instead, an os
illatory instability givesrise to self-os
illations with small superimposed 
urrent spikes indi
ating thatalso in this regime transport is dominated by well-to-well hopping of the spa
e
harge.We thank A. Wa
ker, J. Kastrup, and H. Grahn for fruitful dis
ussions.This work was funded in part by DFG in the framework of Sfb 296.Referen
es1. J. Kastrup et al., Phys. Rev. B 52, 13761 (1995).2. F. Prengel, A. Wa
ker, and E. S
h�oll, Phys. Rev. B 50, 1705 (1994).3. L. L. Bonilla et al., Phys. Rev. B 50, 8644 (1994).4. A. Wa
ker, F. Prengel, and E. S
h�oll in Pro
. 22nd ICPS, ed. D. J.Lo
kwood (World S
ienti�
, Singapore, 1995), p. 1075.5. J. Kastrup, F. Prengel, H. T. Grahn, K. Ploog, and E. S
h�oll, Phys. Rev.B 53, 1502 (1996).6. M. Patra, Diplomarbeit, Te
hnis
he Universit�at Berlin (1996).7. G. S
hwarz et al., Semi
ond. S
i. Te
hnol. 11, 475 (1996).4


