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Abstract 

In group-IV quantum dots (QDs), manipulation and 

detection of single electron spins have been rapidly devel-

oped as fundamental technologies of spin-based quantum 

computing [1]. Here, we focus on a hole system in SiGe 

self-assembled QDs (SAQDs) because the confined holes 

are expected to have a reduced contact hyperfine interac-

tion with nuclei and a strong spin-orbit interaction (SOI) 

due to their p-like wavefunction [2]. In this work, we pre-

sent the fabrications of SiGe SAQD transistors with dif-

ferent source-drain electrode metals and their electrical 

transport properties at low temperatures.  

 

1. Introduction 

Electron spins in QDs have much attentions for applica-

tions to quantum information technologies, in particular, 

quantum computing. Recently, it has been recognized that the 

silicon or other group IV materials are suitable materials for 

quantum dots because of the reduced number of nuclei with 

nuclear spin. Indeed, extremely long electron spin coherence 

time has been reported in isotopically enriched 28Si QDs [3]. 

There should be more space for materials and device designs 

to further developments for realizing spin qubits with high 

performance. Here, we focus on a hole system in SiGe self-

assembled QDs (SAQDs). Because of the band alignment be-

tween a Ge island and a thin Si cap, Fermi level lies in the 

valence band of Ge [2]. The confined holes are expected to 

have very weak contact hyperfine interaction with nuclei and 

strong SOI due to their p-orbital symmetry of wavefunction 

[2]. Therefore, hole-SiGe SAQDs would provide a new root 

for novel spin qubits toward applications to quantum infor-

mation processing. In this work, we present the fabrications 

of SiGe SAQD transistors with two different electrode metals 

and the transport properties at low temperatures.  

  

2. Device 

SiGe SAQDs were grown by molecular beam epitaxy in 

Stranski-Krastanov mode. We fabricated SiGe SAQD tran-

sistors in two different ways; one was contacted by aluminum 

without any preceding cleaning processes before metal depo-

sition on the QD, the other was contacted by palladium after 

removing surface native oxide on the SiGe QD by BHF etch-

ing [4]. The buried p-dope Si layer or highly p-doped Si sub-

strate was used as a back-gate. The distance between two 

source-drain electrodes ranges from 30-50 nm.  

 

 
Fig. 1. SEM image of a SiGe SAQD contacted to Al elec-
trodes. 

  

2. Experimental results 

Al devices 

Several devices have been successfully fabricated. Almost 

all devices seem to be in a relatively strong tunnel couple re-

gime. Figure 2 shows the back-gate voltage dependence of 

the differential conductance of one of the devices (Sample A). 

This behavior infers us that the devices locates close to an 

intermediate transport regime between Coulomb oscillation 

and Fabry-Perot type transport. In the following measure-

ments, in order to focus on the basic transport properties of 

SiGe SAQD devices, we suppressed the superconductivity by 

applying a magnetic field higher than the critical field. In an-

other device (Sample B), a zero bias conductance peak is ob-

served, which can be attributed to the Kondo effect. By in-

creasing perpendicular magnetic field, the zero bias peak 

shows splitting due to the Zeeman splitting in the QD. Further 

increment of the magnetic field enters the inelastic co-tunnel-

ing regime. From the these features, we evaluate hole g-factor 

for perpendicular magnetic field to be 2.03, comparable to the 

value reported previously for hole-SiGe SAQDs, suggesting 

that our dot is also a hole QD system [5].  

 
Fig.2. Back-gate voltage dependence of the differential con-

ductance SiGe SAQD with Al electrodes (Sample A).  
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Fig. 3. Magnetic field evolution of zero-bias conductance 

peak of Sample B.  

  

Pd devices 
We also fabricated the devices contacted to palladium 

electrodes since palladium is also often used for SiGe nan-

owires [6] and SiGe hutwires [7] as source and drain elec-
trodes. In a device (Sample C), the amplitude of the Coulomb 

peaks was very small, indicating that the device was in a weak 

tunnel coupling regime.  

In the other device (Sample D), the neighboring Coulomb 

peaks strongly overlap each other. The tunnel coupling is es-

timated about 2 meV by fitting a Coulomb peak to a Lo-

rentzian [8]. The obtained value of the tunnel coupling is suf-

ficiently larger than the energy of temperature. This result in-

dicates that this device is in a strong tunnel coupling regime. 

Comparison between Sample C and D infers us that in the 

case of palladium electrodes, the strength of the tunnel cou-
pling may widely disperse. This may depend on the condition 

of the interface between QD and palladium. Furthermore, we 

measured the magnetic field dependence of Coulomb peak 

positions in Sample D. Application of relatively high perpen-

dicular magnetic field shifts the energy of the electronic states 

higher. As shown in Fig. 4, the Coulomb peak position are 

shifted towards the negative back-gate voltage direction. This 

is opposite trend to the case of electron QD [9]. This is prob-

ably consistent with the hole-confined SiGe SAQD. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
Fig. 4. Magnetic field dependence of Coulomb peak positions 

of Sample D. 

 

 

3. Conclusions 

   We fabricated single electron transistors consisting of 

SiGe self-assemble quantum dots (SAQD) contacted to either 

Al or Pd electrodes. We observed Kondo effect of in a SiGe 

quantum dot in an Al device. From the magnetic field depend-

ence of the Kondo zero-bias peak we evaluated g-factor for 

perpendicular magnetic field to be 2.03 similar to the value 

reported for a hole-SiGe SAQD previously [5]. The hole-

SiGe SAQD is also deduced from the magnetic field depend-

ence of Coulomb peak positions in a SiGe SAQD contacted 

to Pd. 

 

Acknowledgements 

This work was supported by Grant-in-Aid for Scientific 

Research S (No. 17H06120), Innovative Areas “Nano Spin 

Conversion Science” (No. 26103004), CREST, Japan Science 

and Technology Agency (JST) (JPMJCR15N2), the Murata 

Science Foundation, the Asahi Glass foundation, Dynamic 

Alliance for Open Innovation Bridging Human, Environment 

and Materials from MEXT, “Nanotechnology Platform Pro-

ject (Nanotechnology Open Facilities in Osaka University)” 

of Ministry of Education, Culture, Sports, Science and Tech-

nology, Japan (No. F-17-OS-0030, No. S-17-OS-0030). 

 

References 

[1] J. J. Pla et al., Nature 496, 334 (2013). 

[2] G. Katsaros et al., Nature Nanotech. 5, 458 (2010).  

[3] M. Veldhorst et al., Nature Nanotech. 9, 981 (2014) 

[4] H. Watzinger et al., Nano Lett. 10, 1021 (2016). 

[5] N. Ares et al., Phys. Rev. Lett. 110, 046602 (2013) 

[6] S. K. Ray, A. K Katiyar and A. K Raychaudhuri, Nanotechnol-
ogy 28, 092001 (2017). 
[7] H. Watzinger et al., Nano letters 16, 6879 (2016). 
[8] H. Ingerslev Jørgensen et al., Nano Letters 7, 2441 (2007). 
[9] L. P. Kouwenhoven, D. G. Austing, and S Tarucha, Reports on 
Progress in Physics 64, 701 (2001). 
 

 

 

2.6

2.4

2.2

2.0

1.8

1.6

1.4

1.2

d
I/
d

V
 [

e
2
/h

]

-2 -1 0 1 2

Vsd [mV]

Gate voltage=-4V
T=300mK

B=8T

B=7T

B=6T

B=5T

B=4T

B=3T

B=2T

B=1T

 

- 30 -


