
while the thin Hall-bar mesa (42 nm) is quasi 2D, at least
below �500 mK. The smallest wires (42 and 35 nm)
behave quasi 1D and the wider wires (67 to 242 nm) are
in the crossover regime from 1D to 2D, as is shown below.
Arrays of wires with N wires in parallel were fabricated to
suppress universal conductance fluctuations by ensemble
averaging. The Hall bars were fabricated using optical
lithography and wet chemical etching. For fabricating the
wire arrays, we used electron-beam lithography and
chemical dry etching. The contact pads to the devices
were made by thermal evaporation of Au and liftoff. The
measurements of the conductivity were performed in a top-
loading dilution refrigerator using standard four-probe
lock-in technique. To suppress conductivity contributions
due to weak localization, we applied a perpendicular mag-
netic field of B ¼ 3 T. At B ¼ 3 T no weak localization
can be observed in (Ga,Mn)As [19,20] even at 20 mK.

According to Lee and Ramakrishnan [16], the tem-
perature dependency of the conductivity correction due
to EEI is depending on the dimensionality of the sample
with respect to LT . For 1D systems, the expected tem-

perature dependency is / �1=
ffiffiffiffi
T

p
, for 2D / log10ðT=T0Þ

and for 3D / ffiffiffiffi
T

p
. Corresponding data for 1D, 2D, and

3D (Ga,Mn)As-samples, shown in Figs. 1(b)–1(d) confirm
the expected temperature dependency below 1 K. Hence,
the decreasing conductance with decreasing temperature in
(Ga,Mn)As can be attributed to EEI.

The size of the conductivity correction due to electron-
electron interaction is depending on the diffusion constant
D in 1D systems [16]:

�� ¼ � F1D

�wt

e2

@

ffiffiffiffiffiffiffiffiffi
@D

kBT

s
; (1)

and also in 3D systems [16]:

�� ¼ F3D

4�2

e2

@

ffiffiffiffiffiffiffiffiffi
kBT

@D

s
: (2)

As the conductivity correction due to EEI is also de-
pending on the screening parameters F1D;2D;3D, one needs
to know the corresponding parameter to extractD from the
conductivity correction. Only in quasi 2D systems the
conductivity correction is independent on the diffusion
constant [16]:

�� ¼ F2D

2t�2

e2

@
log

T

T0

: (3)

Hence, in the 2D case, F2D can be directly extracted from
experiment. As already shown in previous work [15], the
screening parameter F2D in (Ga,Mn)As ranges from 1.8 to
2.6 and is in excellent agreement with the screening pa-
rameter in Co, Co=Pt-multilayers, and Permalloy. In these
ferromagnetic metals, F2D is between 2.0 and 2.6 [21–23].
Thus, using the well-known parameters F1D of other fer-
romagnetic metals is a good approximation for F1D in
(Ga,Mn)As. In Ni and Py nanowires, F1D is 0.83
and 0.77, respectively [23,24]. Consequently, F1D ¼
0:80� 0:12 should be a good approximation for the
screening parameter of quasi 1D (Ga,Mn)As samples.
With this F1D parameter, we can calculate the diffusion
constant of sample 11D using Eq. (1): D ¼ 10� 3�
10�5 m2=s. Using the Einstein relation, this value corre-
sponds to an effective density of states NðEFÞ ¼
1:1� 0:3� 1046=Jm3 at the Fermi energy.
It is more difficult to estimate the value of F3D as no data

are available for 3D ferromagnetic metals. Therefore, we
have to rely on theoretical predictions for the screening
parameter: F3D ¼ 1:2 [25]. Though the calculations of the
2D screening parameter (F2D ¼ 2:3 [25]) agree well with
the experimental values of different ferromagnets (F2D ¼
1:8; . . . ; 2:6), they are less accurate for 1D systems. For 1D
systems, F1D was calculated to be 1.6, while the typical
experimental values of F1D � 0:8 are by a factor of 2
smaller [23,24]. Hence, by using the theoretical value for
F3D, we need to take into account an uncertainty of order
100%. Using Eq. (2) and the theoretical value for F3D ¼
1:2 [25], we arrive at D ¼ 2:2� 10�5 m2=s for sample
23D. Using the Einstein relation this corresponds to
NðEFÞ ¼ 2:0� 1046=Jm3, with a high uncertainty of ap-
prox. 200%.
The different temperature dependence of EEI in 1D

(�� / �1=
ffiffiffiffi
T

p
) and 2D (�� / lnT) together with the

temperature dependence of the thermal length LT ¼ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
@D=kBT

p
allows to use another scheme to extract the

diffusion constant and hence NðEFÞ. By measuring the
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FIG. 1 (color online). (a) Electron micrograph of a line array
having 25 lines in parallel (Sample 21D�2DA). The width of the
lines is 92 nm, the length is 10 �m. (b), (c), and (d) Conductivity
of the quasi 1D line array 11D (b), the quasi 2D Hall-bar 12D (c)
and the quasi 3D Hall-bar 23D (d) plotted versus temperature.
The straight lines are guide for the eyes. The slope of the lines
are given.
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