
    

    

• quadruple quantum dot device designed & fabricated.

• initial tuning & RF QPC operation demonstrated.

• initial measurements of capacitive coupling between 
qubits

• fridge wiring improved & high frequency sample platform 
developed

• various multi-qubit designs being explored & validated by 
numerical simulation 

    

    

• previous studies : ΔB from nuclear field (e.g. GaAs), fluctuations of nuclear spins (unstable ΔB) lead to spin 
coherence times typically shorter than one x-rotation period without nuclear preparation. 

• our approach : engineer a micromagnet near the double dot and to use the resulting ΔB (stable and larger) 
from the micromagnet to achieve x-rotation of singlet and triplet states. 

• key results : micromagnet ΔB drives underdamped oscillations of S - T0 qubit. Two-axis control 
demonstrated with two different initial states.

• Coherence : maximum T2* =236 ns, without echo, close to x-axis rotation (θ~75 degree) achieved

• micromagnet does not introduce measurable excess ΔB noise.

• future direction : optimize micromagnet (increase ΔB) 

2.02.0

1.5

1.0

0.5

0.0

300200100

T ∗
2 = 74± 10 ns

T ∗
2 = 143± 17 ns

T ∗
2 = 170± 35 ns

100

10

    

    

    

(δh)rms = 4.2 neV

(δε)rms = 6.4 µeV

P1 = 0.5(1 + e−(τ/T2)
α

)

Si/SiGe Spin, Charge and Hybrid Qubits
 Dohun Kim1, Xian Wu1, Daniel R. Ward1, C. B. Simmons1, J. R. Prance1, R. T. Mohr1, Zhan Shi1, John King Gamble2, Robin Blume-Kohout2, Erik Nielsen2, D. E. Savage3, M. G. Lagally3, Mark Friesen1, S. N. Coppersmith1 and M. A. Eriksson1 

The views and conclusions contained in this document are those of the authors and should not be interpreted as representing the official policies, either expressly or implied, of the US Government. 

  Si/SiGe DQD device

Microwave-driven quantum gates on hybrid qubit Two axis control of singlet-triplet qubit with integrated micromagnet
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Scalability & multi-qubit devices

  phase control

0.0

1.0

  power dependence  coherent Rabi oscillations (X-axis)

  Ramsey fringe (Z-axis)

  charge echo

    

    

  coherent Rabi oscillations (X-axis)

  qubit level & spectroscopy

  decoupling sequences

  power dependence   universal control

  Ramsey fringe (Z-axis)   CP-n dynamic decoupling

  coherence times vs. decoupling

  hybrid echo measurement

  state tomography - hybrid qubit    quantum process tomography

  process fidelities - hybrid qubit

  DQD device and micromagent   lower layer of gates   electron charge stability diagram

  exchange (Z-axis rotation)  ΔB (X-axis rotation)

  generate ΔB with micromagnet : stable & fast X-axis gate
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  two axis control with initial state |S�   two axis control with initial state |↓↑�

  noise characterization
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  process fidelities - charge qubit
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  implementating two coupled, double dot qubits
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  charge stability (DC)

  device platform  RF-QPC reflectometry
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  multi-qubit disigns
  coupled ST-qubit  linear quad-dot

 four qubit processor 
with dispersive read-out

• charge qubit : intuitive realization of a 
high speed qubit (strong electric coupliing)

• previous : DC pulsed gating (non-
adiabatic control) requires excursion from 
“sweet spot”, fast dephasing ~100ps.

• our approach : fast microwave driving 
enables three axis control at the same 
sweet spot.

• fast Rabi oscillation ~ 2GHz 
demonstrated.

• Ramsey fringe (Z-axis) : same protection 
as X-Y axis operation

• process tomography & gate set 
tomography implemented : gate fidelity > 
0.86  
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  gate set tomography
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• quantum dot hybrid qubit : fast spin qubit with good ratio of coherence time/manipulation 
time, DC pulsed gating demonstrated; D. Kim et al. Nature 511 70-74 (2014) 

• current approach : AC driven manipulation of the hybrid qubit

• fRabi > 120 MHz, one of the fastest spin state manipulation  

• wide sweet spot : coherence > 150 ns with CP dynamic decoupling

• process tomography implemented : gate fidelity > 0.93 

• future direction : dynamic tunnel coupling modulation & dynamically corrected gates 
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