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Bandgap of InSb nanowires

We extract the bandgap of our InSb nanowires using the basic device described in Fig. 1 of the main text. On the
left side of Fig. S1, the Fermi level is in the valence band, resulting in a finite current away from zero bias. At
less negative VBG, the Fermi level is inside the bandgap and the current is suppressed. On the right side of the
figure, at even less negative VBG, current is restored as the Fermi level moves into the conduction band. We
extract the bandgap, ~0.2 eV, from the extent of the non-conducting region, as shown by the arrow in Fig. S1.
This value is in agreement with the gap of bulk InSb (~0.17 eV at room temperature and ~0.23 eV at low
temperatures [1]), and is confirmed by similar measurements in one other InSb nanowire device.

Fig. S1: Current through an InSb nanowire as a function of VSD and VBG.
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2.

Origin of the background triangles in Fig. 3b:

The additional triangles in the background are consistent with a single quantum dot located in series to the right
of the main hole double dot (see figure below). In order not to obscure the main features, this single dot must be
strongly coupled to the drain reservoir. Tunnelling between the right hole dot (RD) and this extra dot (ED) leads
to the double dot features in the background. This specific spatial configuration is supported by the fact that the
double dot associated with the background triangles couples as strongly to VRG and less strongly to VLG than the
hole double dot associated with the main triangles. It also explains why the extra triangles are so dim: they are
located in gate space regions where the left hole dot (LD) is in Coulomb blockade, meaning that direct tunnelling
via LD is suppressed and charge transport is only possible via co-tunnelling [2]. The strong coupling to the drain
broadens the levels of ED, as evidenced by the smooth baselines of the background triangles and the uniform
current within [3]. The somewhat sharper resonances on the lower sides of two of the background triangles are
consistent with resonant tunnelling via the excited states of RD, which are not lifetime broadened. We emphasize
that our results are not affected by this dot, since no background triangles were observed near the charge
transitions where the EDSR spectra and spin blockade were measured (see Fig. S4b and Fig. S5a).

Fig. S2: Schematic of transport through the background triangles in Fig. 3b. The main triangles in Fig. 3b are
associated with the main hole double dot. The fainter background triangles are consistent with tunnelling
between RD and ED. ED is coupled to the drain through a ~100 kΩ Schottky tunnel barrier formed at the
interface between the nanowire and the metallic contacts. 	
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Zeeman splitting of QD lead resonances

Transitions to excited states of the dot lead to resonances in the charge stability diagram of a QD.[4] Since an
empty dot has no excited states, no resonances due to excited states can terminate at the N=0 diamond. To
investigate the origin of these resonances (Fig. S2a) we rely on the very different magnetic field dependence of
holes and electrons in our InSb nanowire devices. Fig. S2b shows magnetic field splitting of two resonances
ending at the N=0 diamond. The splitting corresponds to a g-factor of ~35, in agreement with values for the
electron spin, and much larger than the g-factor of holes extracted from EDSR measurements (Fig. 4 in main
text). This suggests that these resonances are likely due to peaks in the electron density of states in the n-type
leads [5] and not to hole excited states in the QD.

Fig. S3: Zeeman splitting of QD lead resonances. a, Stability diagram for device d1, showing the transition
between the 1-hole and the 0-hole configurations. b, Magnetic field dependence of the resonances along the cut
indicated by the arrow in a.
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4.

Spin blockade data in the weak coupling regime

Fig. S4a shows a hole double dot under positive source-drain bias. A hole tunnelling from the right lead onto the
right dot can form a (1,1) triplet with the hole in the left dot. Whenever this occurs tunnelling to the (2,0) singlet
is forbidden by spin conservation, resulting in a suppressed current. Fig. S4b shows an example of an interdot
transition (for weak interdot coupling) that exhibits spin-blockade. Here, the number of holes in the double dot is
~10. We identify spin blockade by magnetic field dependence and bias asymmetry. For positive bias spin
blockade suppresses the tunnelling current for detuning values between 0 and ~0.9 meV (Fig. S4c). The spin
blockade is lifted near B = 0 as a result of spin mixing by the hyperfine interaction.[6-11]. For negative bias no
current suppression is observed, as expected for spin blockade. This occurs since spin exchange with the left lead
ensures that the dot can always be initialized in the (2,0) singlet for negative bias and from this state one of the
holes can always tunnel to the right lead via the (1,1) singlet, leading to a finite transport current.

	
  
Fig. S4: Spin blockade data for weak coupling regime of a hole double dot. a, Schematic of spin blockade for
hole double dot. b, Charge stability diagram near a spin-blocked transition, in the weak-coupling regime (device
d2, second cooldown). The arrow indicates the detuning axis used in c and d. c, Double dot current vs. detuning
ε and applied magnetic field B for positive VSD. d, Double-dot current vs. ε and B for negative VSD.

NATURE NANOTECHNOLOGY | www.nature.com/naturenanotechnology

© 2013 Macmillan Publishers Limited. All rights reserved.

5

5

SUPPLEMENTARY INFORMATION
5.

DOI: 10.1038/NNANO.2013.5

Comparison of hyperfine coupling strength between holes and electrons

To compare the hyperfine interaction strengths of holes and electrons, we rely on the standard method from Refs.
[6] and [7], which relates the width of the hyperfine-induced B=0 peak in the spin blockade regime to the RMS
fluctuations of the hyperfine field, BN. By applying this method to the data in Fig. S5c, we obtain BN,e ~1 mT for
electrons. This corresponds to an energy scale EN,e = gµBBN ~2 µeV. The same method, applied to the hole
double-dot regime of the same device (see Fig. S5d), yields BN,h ~6 mT and EN,h ~0.8 µeV. The ratio of the
magnitudes of the effective hyperfine interaction strengths of electrons (Ae) and holes (Ah) is given by
!!,! ∗ !! , where !! and !! are the number of spinful nuclei in the electron and hole
!! !! = !!,! ∗ !!
dots, respectively. [4] The hole dots are about half the size of the electron dots (~1/8 times the volume, see main
text), thus yielding !! !! ~7. This is, to our knowledge, the first estimate of the strength of hyperfine
interaction of holes in gate-defined quantum dots. This sevenfold reduction in the hyperfine interaction strength
for holes is close to the values obtained by optical measurements on self-assembled dots. [12]
We note that this standard method of extracting the hyperfine coupling in transport quantum dots, may
sometimes overestimate BN.[9, 13] However, we expect that this has no effect on the ratio !! !! , since both BN,e
and BN,h were obtained from the same device using the same setup.

Fig. S5: Spin blockade data for weak coupling regime of an electron double dot and comparison of hyperfine
peak widths. a, Charge stability diagram near a spin-blocked transition of an electron double dot, in the weakcoupling regime (device d2, first cooldown). The arrow indicates the detuning axis used in b. b, Double-dot
current vs. detuning ε and applied magnetic field B for positive VSD. An offset of several mT due to the magnet
was subtracted from the data. c, Cut at fixed ε for along the dashed line in b. The line is a fit to the data using
the model of Ref. [7], which yields EN,e ~2 µeV. d, Cut at fixed ε along the dashed line in Fig. S4c. The line is a
fit to the data using the model of Ref. [7], which yields EN,h ~0.8 µeV.
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6.

Additional measurements of the angular dependence of spin blockade in the strong coupling regime

Fig. S6 shows detuning vs. magnetic field data for the spin-blocked transition (1,1)-(0,2) in the strong interdot
coupling regime (device 2, first cooldown). As the magnetic field is rotated with respect to the nanowire axis, no
significant anisotropy of the spin blockade leakage current is observed (the leakage current varies by a factor of
only about two as function of angle). This is consistent with the data from Fig. 5, which was measured on a
different transition and in a different cooldown. We conclude that the absence of significant anisotropy of the
leakage current is a robust feature of the hole spin blockade. In contrast, clear anisotropy of the leakage current
(a change by an order of magnitude) has been observed for electron spin blockade in the same device (cf. Figs.
4(e) and 4(i) in Ref. [13]). This anisotropy was attributed to the fixed direction of the Rashba spin-orbit field
vector for the double dot geometry. The absence of strong anisotropy for hole spin blockade may point to
different angular dependence of the SOI or a different spin-blockade lifting mechanism than for electrons.

Fig. S6: Hole spin blockade for strong interdot coupling. a, Charge stability diagram near the (1,1)-(0,2)
transition, in the strong-coupling regime (device d2, first cooldown, VSD = -2.5mV). The arrow indicates the
detuning axis used in b-d. b-d, Double-dot current vs. detuning ε and magnetic field B in the strong-coupling
regime for three different angles. Spin blockade is observed as a current dip near B = 0. An offset of several mT
due to the magnet was subtracted from the data in d.
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Method for extracting the g-factors

The g-factors were extracted from EDSR measurements by monitoring the spin blockade leakage current as a
function of applied microwave frequency, f0, and magnetic field value, B. Whenever the spin resonance
condition is fulfilled, the spin blockade is lifted, resulting in increased current through the dot, as illustrated in
Figure 4a. For weak interdot coupling, we swept f0 for a fixed value of B = 270 mT, repeating the measurement
for different angles between the field and the nanowire axis. The g-factors were then calculated from these data
using f0 = gµBB/h. For strong interdot coupling we swept f0 vs. B, obtaining data of the type shown in Figure 4b
for each angle. The g-factors were calculated from the slope of the resonance lines using the same equation. The
larger error bars for strong coupling g-factors are due to the lower contrast of the EDSR resonance in this
regime. This occurs as a result of partial lifting of spin blockade at finite B [13] (see e.g. Fig. 5 and Fig. S6).
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