Parity readout of spin qubits in silicon quantum dots
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Motivation

e scalable qubit readout

* Pauli spin blockade breakdown
e parity readout

e quantum error correction



* electron accumulation
* 800 ppm 2°Si
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Measurement scheme

* startat(0,1)

* electron loading into |S(0,2)>

* change detuning (0,2)->(1,1)

* spin state depends on the ramp rate
anticrossings with |T_(1,1)> and |S(1,1)>

* manipulation
 ESR

e detuning control

Initialise Control
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slow charge sensing compromises the spin state

standard readout

return to (0,2), O

only singlet would tunnel

charge reflects the spin state immediately
after reaching o

To study the lifetime of the Pauli blockade:

wait time Tt in the (0,2)
move to the latched region (1,2)
* singlet will stay in (0,2)
slow tunneling into the left dot
e triplet will go to (1,2)
charge state maps the spin state at the
moment of latching




Parity readout

(d) _ * Triplet states will eventually decay to |S(0,2)>
ST parity no
readout readout readout
o O * odd-parity |T,> decays in 200 us
g  |T>decaysin5ms
e 050 +T e |T,>isalsolong
é x TI‘J
0*?0_? * if the time for the charge sensing at O is in orange region,

odd-parity states (|S>, | T,>) are indistinguishable

« even-parity states (|T,>, |T_>) can be distinguished
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Measure [ p1ockade

(d)
ST parity no
readout readout readout

choose the direction of B

fit the blockade lifting for the state |T,>
can change by 3-4 orders of magnitude
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Zeeman energy diff., A EZ (MHz)
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electron spin resonance, rotate one spin

initialize in |{ T*>
go adiabatically through | 1> - | TN > anticrossing
apply microwave pulse

fEsr1 to rotate | T>to | ™M1>
fEsr2 torotate | T>to | ¢ >

return to (0,2), dip in the return probability at
the resonance frequency

difference between frspq and fgsro gives AE,
if AE; > ], | To(1,1)>-]S(1,1)> splitting



Measure AE, using S-T oscillations
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Measure AE, using S-T oscillations
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1S(1,1)> and | T,(1,1)> coupled through
AE,

charge dephasing, ¢ fluctuations, T,
charge relaxations, |S(1,1)> into |S(0,2)>,
Tl

initialise in pure |T,(1,1)>, oscillations with
exponential decay Ae Thiockade L B
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Zeeman energy diff., A EZ (MHz)
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O--AE,=1MHz e --AE,=12MHz
O—AE,=10MHz @ — AE, =15 MHz

T, blockade lifting rate, lwblockade (MHz)

10°10°  10°  10*  10° 107
charge dephasing, Tgharge (us)

10 102 107
charge relaxation, Tfharge (us)

charge charge
T 9 andT2 9¢ are unknown

1

e fit: Tlcharge = 0.2 usand T;harge = 0.2 ns
TZCharg ® fits better with the literature —

dephasing may be the decay mechanism
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X experimental data [ T?harge =0.15 ps numerical O T;hﬂrge = 0.2 ns numerical
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Conclusion

e origin of the parity readout

* blockade lifting rate as a function of

charge charge
T and T,

* found indication that charge dephasing
causes blockade lifting
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