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the sample surface. (b) Enlarged &ion
of the left photo
signnrl ridge for scanning three different lines demonstrating
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Fig.3.
Temporal behavior of the current iluctuations
occurring for a fixed position of focused interband irradiation
along a line scan acrow the current filament, obtained for a
current of 0.22mA and B = 1.75T. The poeitions of irradiation are marked by dark spots on a schematic section of
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Fig. 4. Schematic concentration
profile of free carrier n,
excited donors no* and donors in ground state nn along
a line scan acroes a current filament. The insert shows the
most important impact ionization generation and relaxation
procesws occurring in the transition zones marked with $
and 8 according to the formation of the Hall field in a
transvemal magnetic field.
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rent fluctuations which can be regarded as an oscillation
in the width of the current. Breathing filaments due to
oscillations in space charge zones were theoretically anticipated by S&l1 [18].
In conclusion, the spatial pattern of current filaments
in n-GaAs at low temperatures were reconstructed in a
magnetic field by an optical method. A scanning optical microscope was developed which is based on interband excitation induced free carrier multiplication. In
a stable filamentary current fjow, ductuations were observed when irradiating the filament boundaries whereas
no 5uctuation could be found for exciting the filament
itself or the high resistive regions outside. The fundamental frequencies, the strength of response and the spatial width, where current fluctuations may be initiated,

Vol. 72, No. 9

are different for opposite edges of the filament characterized by electron depletion and accumulation yielding source and drain of a Hall field. This difference in
the generation-recombination kinetics for different regions of the sample is introduced by an external magnetic field and may be the cause of previously observed
spontaneous multimodal oscillations like quasiperiodic,
frequency-locked and chaotic current fluctuations.

AcknomkdgemcntsWe thank E.Bauser, Max-PlanckInstitut fir Feetk&perforschung, Stuttgart, for provision of the samples and E. S&l1 for valuable discusaions. Financial support by the Deutsche Forschungsgemeinschaft is gratefully acknowledged.

REFERENCES
1.

2.
3.
4.
5.
6.
7.

8.
9.

R. Obermaier, W. B5hm, W. Prettl, and P. Dirnhofer: Phys. Lctt. A 105, 149 (1984); M. Weispfenning, I. Hoeser, W. I%hm, W. Prettl, and E. S&511:
Phys. Res. Lett. 55, 754 (1985).
E. S&11: 2. Phys. B 52, 321 (1983).
Ii. Riihricht, R.P. Huebener, J. Parisi, and M. W&e:
Phys. Rcw. Lctt. 61, 2600 (1988).
S.W. Teitsworth, R.M. Westervelt, and E.E. Hailer:
Phys. Rca. Lctt. 51, 825 (1983).
G.A. Held, C. Jeff&s, and E.E. Haller: Phys. Rev.
Lett. 52, 1037 (1984).
A. Brandl, T. Geisel, and W. Prettl: Eurvphys. Mt.
3, 491 (1987).
J. Peinke, J. Parisi, B. R5hricht, K.M. Mayer, U.
Rau, and R.P. Huebener: Solid-State Electr. 31,
817 (1988), and references therein.
J. Spangler, A. Brandl, and W. Prettl: Appl. Phys.
A 48, 143 (1989).
U. Frank, A. Brandl, and W. Prettl: Solid State
Commun. 69, 891 (1989).

10. K. Aoki, and K. Yamamoto: Appl. Phys. A 48, 111
(1989).
11. A.M. Barnett and A.G. Milnes: J. Appl. Phys. 37,
4215 (1966).
12. L.P. Zverev, G.M. Min’kov, and N.K. Sumin: Sow.
Phys. Semicond. 8, 1457 (1975).
13. H. Baumann, R. Symanczyk, C. Radehaus, H.-G.
Purwins, and D. Jirger: Phys. Lett. A 123, 421
(1987).
14. K.M. Mayer, R. Gross, J. Parisi, J. Peinke, and R.P.
Huebener: Solid State Commun.
63, 55 (1987);
K.M. Mayer, J. Parisi, J. Peinke, and R.P. Huebe
ner: Physica D 32, 396 (1988).
15. A. Brandl, M. V&ker, and W. Prettl: Appl. Phys.
Mt., 55, 238 (1989).
16. A. Brandl, W. K&ringer, W. Prettl, and G. Obermair; to be published.
17. H. Bruhns, K. Hiibner, A. Neidig, L. Schenk, and
W. Schneider: Appl. Phyq. 10, 33 (1976).
18. E. S&11: Physica Scripta, to be published.

