Electrical control of a long-lived spin qubit
in a Si/SiGe quantum dot
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Pulse scheme
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Four-step pulse scheme

(1) 4ms, (2) 1ms, (3) 4ms, (4) Ims
Initialization/readout fidelities ~95%

Repeating cycle 150-1000 times gives P




Two resonances

Qubit spectroscopy

S g = 0.59 +0.05 MHz

/ 82 1 = 0.63 £ 0.06 MHz
30 /
0.22
~h 0.20 -
20 — °8
3 Z o 0.18
> ’ SEERC I
% 104 >, Y2 0.16 -
— 3 % '
N
0.14 -
_‘| i
- -0 1 I | | I ’
I I I I I
0 200 400 600 800 1,000 1,200 12.882 12.883 12.884 12.885 12.886 12.887
Bext (mT) fMW (GHz)
Q) . Averaged over 200 min
fo’: Resonance frequency of the lower-energy transition
. 2h 24/1n 2
T, V2 1 =840 + 70 ns

g = 1.998 + 0.002

- SHp0p - TOf rwHM



Universal qubit control

Chevron pattern Ramsey interference Two-axis control
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-> numerical simulations: €;: €, = 0.3/0.7 5



Spin-echo techniques

0.45

0.35

| | | | |
3 4 5 6 7

T, consistent with value from linewidth

o
[ I I I
0 50 100 150 200
T (us)
0.50
Sl A A
n 1/8 /4 /4 /4 /8
7 T, m, M, m, I
0.48 ~ X 2,
< T,=44 13 ps
L L] L ]
046 1 . o [T et ® _.
L ] '.
¢ | .. L% L * oe ¢
044 T T T
0 100 200 300 400
T (us)



Summary

* Demonstration of all-electrical two-axis control

» System: Single-electron spin qubit in Si/SiGe quantum dot
« TS ~1us, T, ~ 40 us

* EDSR occurs at two closely spaced frequencies

* Higher-freq. Resonance has ~1.5 times slower Rabi oscillations than lower-freq.
resonance

 Relative amplitude of oscillations at lower/higher resonance frequency is ~30/70;
attributed to two lowest valley states; in agreement with simulations
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