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Spin blockade in capacitively coupled quantum dots
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We present transport measurements on a lateral double dot produced by combining local anodic
oxidation and electron beam lithography. We investigate the tunability of our device and
demonstrate that we can switch on and off tunnel coupling between both dots in addition to
capacitive coupling. In the regime of pure capacitive coupling, we observe the phenomenon of spin
blockade in a magnetic field and analyze the influence of capacitive interdot coupling on this
effect. ©2004 American Institute of PhysidPDOIl: 10.1063/1.1776613

In recent decades great progress has been made in thad sourcgS) and drain(D) leads. The two dots are con-
development and measurement of quantum dot devicesnected via 80- to 100-nm-wide tunneling barriers to the leads
Many single electron transistors have been fabricated andnd via a central barrier to each other. An additional metallic
during the last several years coupled quantum detg., top gate(goldern can be biased to tune the height of the
Refs. 2—-6 have come more and more into the focus of re-central barrier and thus to tune the interdot coupling. A de-
search, as they are proposed as crucial parts for quantutailed description of a similar device and the fabrication tech-
computers. Since preparation and detection of electron spinnique can be found in Ref. 14.
is another essential element in future quantum information ~ Our double dot device is characterized in transport mea-
applications, the discovery of several spin blockade mechaurements in &He/*He dilution refrigerator at a base tem-
nisms in quantum dot devices was a great step forwardderature of 70 mK. We apply standard lock-in technique to
Blocked transport can occur due to spin selection rules irneasure the differential conductan@ethrough the double
single quantum dots.Another spin selective mechanism dot system. From the total capacitances and the geometrical
based on Pauli exclusion blocks the interdot transport in &hapes we can roughly estimate electron numbers of 120 for
coupled dot systerfiln this letter we refer to a third mecha- dot A and 240 for dot B. To analyze the features for spin
nism that was introduced by Ciorga al}**2|t is explained ~ Plockade, which will be shown later, it is first necessary to
by spin polarized leads and has been observed in Singm.nderstand the interaction of both dots in the relevant param-
quantum dots defined by metallic gates. Coupled quanturﬁt_er space. Therefore we start investigating th_e interdot cou-
dots are also of great interest in the regime of this spin blockP!iNg with the top gate grounded &=0T. Figure 1b)
ade where recently spin resolved measurements on molecul@f0WsG under these conditions as a function of both side
states of two dots tunnel coupled in series have been fiade 92t voltagesVs, and Vg,. The dark regions denote high

In this letter we present our results for spin blockade in a/&/ués forG and represent transport over dot A. No lines
parallel double quantum dot based on local anodic oxidatioifOTéSponding to transport over dot B are visible meaning

(LAO). Due to the complexity of the device we first have to fjh_att Bt's nl(_)t';_connetcted t?_ bOttT] Ie?dst. Neve;tzelfis.ﬂ:f e(t:]w-
characterize our system in terms of the interdot couplingZ'Stant SpItings Intérrupting the features ot dot A indicate

which depends on top gate voltage and magnetic field. WIehe. presence .Of dot B, WhiFh is connected to the source lead
P P9 g g while the drain lead remains closed for all the parameters

find that the relevant regime, where we observe spin blockused here, as we know from nonlinear measurems
ade, features capacitive coupling only. We show our mea- '

. : hown herg This is due to the lithographic gap width of
surem.e_nts_for Spin bloc_kade an(_j analyze the influence C)gnly 70 nm for the barrier between dot B and drain com-
capacitive interdot coupling on this effect.

Our quantum dot device is based on a GaAs/AIGaASDaerI to 8h0_180 nmdfcf)r the otgerdbarr:jelr§. Thus v;]/e can
heterostructure with a two-dimensional electron systenﬁoinp (tettetteq slefrvet eaturels dy ottte 'Qets toca exago-
(2DES 34 nm below the surface. The sheet densitynis a patiern typicatior two coupled guantum cots. £.rossing a

=4.3x10% m2 We apply two different nanolithographic dark line changes the electron number on ddi\4), cross-

) . ) ing a dotted line changes the charge on d . Due to
techniques to the sample surface to define two adjacent que%% sharp corners of tr?e hexagonsgan d thedgfz:)t that the only

tum dots connected in pa_rallel to common source an_d dral?eatures visible are those of dot A, the interdot coupling in
contacts. We use an atomic force microscOpeEM) to write this regime is purely capacitive

the basic double dot structure by local anodic oxidation. We Figure ic) shows a similar plot but with the top gate
complete the structure with a metallic gate patterned Witr(/oltage set to 80 mV. Due to the reduced height of the cen-
electron beam I!t_hograph@-bean) to adq L tral barrier atVTG=86 mV the interdot coupling has in-
controlled t“f‘ab"'ty of the mtt_ardo_t cqupllr_lg. . creased leading to a very wide splitting. In contrast to Fig.

An AFM image O.f our device is given in Fig(d). Parts 1(b) the edges of the hexagonal pattern are clearly rounded
that have .been fabnpated bY LAO are colored blue. Theyand there are finite conductance values visible for transitions
represent insulating lines, which form a complete double dof, 4ot g Both effects demonstrate the molecular like char-
device including the two dots A and B, side gates G1 and GZq(er of the system. Instead of atomic transitions the visible
features refer to molecular binding states indicating tunnel
¥Electronic mail: rogge@nano.uni-hannover.de coupling.ls'
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FIG. 1. (Color (a) Colorized AFM image of our double dot device. Oxide
lines(blue) define sourcgS) and drain(D) leads, side gates G1 and G2, and
two quantum dots A and B. A metallic top gagpolder) is added by e-beam
lithography.(b) G as a function of both side gate voltagés, and Vs, for
V7s=0 mV. The Coulomb blockade of dot A is interrupted by regular split-
tings referring to transitions on dot Bc) Similar plot for V;g=80 mV. The 2.4 B (T) 3.5
splitting has increased, round edges and additional features completing the

hexagonal pattern represent molecular binding stdtbsFractional peak FIG. 3. (Color) (a) G as a function oV;g and ma A
o ) - _ .3, S gnetic field. The peaks of
splitting F as a function of top gate voltagé for B=0 T andB=3.3 T. dot A (red lines in the sectigrshow oscillating positions. Due to capacitive
coupling these peaks are regularly split by transitions on dottite line9.
A more detailed view can be gained by calculating theThIl_th_ eaig) Fﬁ]ak oceurs ?e'q:@t'ri]d ””’Tz a”ﬁ above(dotted |1me St!JCh 2
H H — H H splitting. € maxima for both peaks show again an alternating neig
fractlonal peak SpllttlnG_ZAVS/AVP [see Fig. L0)], Whl(é% caused by single dot spin blockade. The amplitudes for parts of a peak
'S_ 0 for two separate dots and 1_f0r two tOta”y merged ts. below a splitting(solid) and for parts above a splittinglotted fit almost
Figure Xd) showsF as a function of top gate voltage for perfectly together. Thus capacitive dot—dot coupling has no effect on spin
B=0 T (open circleg For voltages below 30 mV the frac- blockade.
tional peak splitting is unaffected by;g and remains at
values below 0.2. This is due to capacitive coupling, thakhe 2DES. AtB=3.3 T the fractional peak splitting is again
depends on the LAO geometry of both dots, which is almostecreased to a value below 0.2 and remains unaffected by
not affected by top gate voltage. At 30—40 mV tunnel cou-op gate voltaggsquares in Fig. @)]. The magnetic field
top gate voltage the fractional peak splitting can be tuned tgnhe regime of capacitive coupling even wkhs=80 mV.
almost 0.8 corresponding to very strong tunnel coupling. After having characterized our double dot we can now
The interdot coupling is not only changed by top gatefocus on the features of spin blockade, which appear around
voltage but also by a magnetic field applied perpendicular t& 3 T in the regime of capacitive coupling.
Figure 2a) showsG as a function ofVg; and B. Two

270 - () 0.4 Coulomb peaks are visible denoting transitions on dot A. For
(@) Nu*t1 pegk 2 | goss (b) Peak 2 5 both peaks, oscillations in peak position are obvious as well
< as alternating amplitudes for the peak maxifisee Fig.
E “M“' W& 2(b)]. The amplitude is changed by magnetic field and by
5 N, ' 0.1 electron numbel,. Therefore this effect looks similar to the
Peak 1 Peak 1 | effect of spin blockade that has been observed in several
A, AJW, = single dot device$®'* We observed this effect in several
250 0 n 0.0 cooling cycles. Figures(2) and 2d) show a similar mea-
A B(T) 34 24 B(T) 34 surement for a different cooling cycle. We were also able to
513 G(e'lh) 104 confirm the spin blockade behavior in nonlinear measure-
z t) (WL W NN o4 (d) < ments(not shown herg which are comparable to those of
5 k) Ciorgaet al¥? The fields of 3—4 T used here to observe spin
503 5 _ (?0 blockade are higher than those of Ciorga al. of only
3.0 B (T) 40 3.0 B (T) 40 0.5-1.5T. This is probably due to the higher electron den-

sity of 4.3x10"m™ in our sample compared to 1.7
FIG. 2. (Colop (a) G as a function olVg; and magnetic field foN;5=0. X 10* m~2 in the sample of Ciorgat alll
The two Coulomb peaks of dot A show oscillations in peak position in the Spin blockade is explained as follows. As source and

regime of spin blockaddgb) The maxima for both peaks as a function of B . - .
show a spin dependent height, high values for spin down transport, IOV\Sjraln C(_)ns_ISt of a 2DES, they_ develop edge channels in a
values for spin up(c) and(d) A similar measurement for a different cooling Mmagnetic field. If the potential is flat enough these channels

cycle. are separated in space leaving a spin down channel of the
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lowest Landau level near to the dot and a spin up channaiot destroyed by capacitive interdot coupling, it is not even
further away. Thus the overlap of electronic wave functionsaffected at all.

of leads and dot is spin dependent. Spin up electrons couple In summary we have investigated spin blockade in a
weaker to the dot than spin down electrons. Therefore trangunable double dot device fabricated by LAO. We have char-
port with spin up electrons is suppressed. A magnetic fieldcterized the system regarding the tunability of the interdot
changes the available spin state for electrons tunneling int6oupling as a function of top gate voltage and magnetic field.
the dot'® which becomes obvious in alternating peak posi-n the regime of capacitive coupling we observed single dot
tions and peak amplitudes of Coulomb blockade peaks. LAGSPIN blockade. We have shown that this spin blockade is not
devices are known to have steeper potentials than split ga@fStroyed or at least affected by transitions on the capaci-

devicest®*2 Thus the spatial separation of edge channels ir{ively coupled dot. Therefore it is a very useful tool for spin

the leads is believed to be much smaller in LAO devices.de'[eCtlon even in LAO based quantum dot devices.

Spin blockade should be very improbable or at least sup-  The authors thank M. Bichler, G. Abstreiter, and W.
pressed in comparison to split-gate devices and has actualiyegscheider for the heterostructure, D. Pfannkuche for help-
not been measured in LAO devices so far. ful discussions, and F. Hohls for careful reading of the manu-
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