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technical challenge. As such, the search for a 
high quality spin qubit with fast manipula-
tion and slow decoherence remains open.
In our work, we focus on a hole spin qubit 
confined in a Ge/Si hut wire (HW) double 
quantum dot (DQD). We have fabricated a 
highly tunable double quantum dot on a 
Ge/Si HW. Based on a high-frequency 
microwave control circuit built in a dilution 
refrigerator, we have achieved full electrical 
control of a hole spin qubit and observed 
several EDSR spectrum lines. Mediated by 
the strong SOI, a Rabi frequency exceeding 
540 MHz is observed at a magnetic field of 
100 mT, setting a record for ultrafast spin 
qubit control in semiconductor systems. We 
demonstrate that the strong SOI of heavy 
holes (HHs) in our GHW, characterized by a 
very short spin-orbit length of 1.5 nm, 
enables the rapid gate operations we accom-
plish. Our results demonstrate the potential 
of ultrafast coherent control of hole spin 
qubits to meet the requirement of DiVincen-
zo’s criteria for a scalable quantum informa-
tion processor.

S     pin qubits based on semiconductor material    
     are being employed as building blocks for 
scalable quantum computing. And it has been 
advancing rapidly in recent years, due to its 
favorable coherence time and CMOS compati-
ble techniques. Researchers have implemented 
high, quality and multi-qubit operation in both 
electron and hole spin system. Compared to 
electron, the p-type symmetry of the valence 
band of hole excludes the contact hyperfine 
interaction, which extends the coherence time. 
Also, the hole material system contains strong 
intrinsic spin orbit interaction (SOI). This 
mechanism allows all electrical control of the 
spin state, called electrical dipole spin reso-
nance (EDSR), without the artificial SOI 
which is realized by constructing magnetic 
field gradient. This all-electrical approach 
promises faster Rabi rotations and reduced 
power consumption, as well as paving the way 
towards scalability, since electric fields are 
much easier to apply and localize than magnet-
ic fields. In a silicon quantum dot, with rela-
tively weak intrinsic SOI, a synthetic SOI has 
been introduced to provide fast and high-fideli-
ty gates: a Rabi frequency above 10 MHz and 
gate fidelity of 99.9% have been reported in an 
isotopically enriched dot. However, the mag-
netic field gradient enabling the synthetic SOI 
also exposes the system to charge-noise-in-
duced spin dephasing, posing a formidable
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The University of Science and Technology of 
China (USTC) is a prominent university in 
China and enjoys an excellent reputation 
worldwide. It was established by the Chinese 
Academy of Sciences (CAS) in 1958 in Bei-
jing, as a strategic action by the Chinese gov-
ernment, to meet China’s science and tech-
nology needs and increases the country’s 
international competitiveness. CAS integrat-
ed its resources with USTC, with the aim of 
educating top talent in cutting-edge, interdis-
ciplinary science and technology. The estab-
lishment of USTC was hailed as “a great 
event in the history of education and science 
of China”. In 1970, USTC moved to its cur-
rent location in Hefei, the capital of Anhui 
Province. Since its establishment more than 
60 years ago, USTC has been committed to 
scientific frontier exploration and high-tech 
innovation, and has reached the international 
advanced level in several scientific research 
fields.


