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e all-electrical qubit control

* strong spin-orbit coupling

* site-dependent g-tensor

e S-T_qubit frequency — strong function of barrier gate voltage

* an order of magnitude change of g-factor with 12 mV change of
the gate voltage

e strain profile
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pe-siGe * Ge/SiGe heterostructure

[55“"‘ * 2D hole gas accumulated using global
s top gate

* P, P, - plungers

* Vg — controls the coupling between
(d) the dots

e all experiments done at (1,1)-(0,2)
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e detuning:
€ = aaVpas—a1Vpy
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* Sy, — Sq; hybridization due to the tunnel coupling

E.. 5(0,2)
——J T.(L1) i
J |S) =sin (Q/2)|S,,) — cos (Q/2)]S,;)
= Tof1,1)
L'i S(1,1)
3 2857, JU(E)—EZ)ZHZA)ZI « () = arctan (2\/_%) - mixing angle
& T(11) .
E 5(0.2) - - * three triplet states
P
: — * permanent magnet on the PCB |B| =4.6 mT
TE """ — * lifts the degeneracy of triplet states
-0.15 -0.145 -0.14 V::‘Z;: -0.13 -0.125 t | o 4.4 mT in_p|ane fie|d

* 1.2 mT out-of-plane field
* splits |T)and |T,) by F,
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* initialization into S(0,2) at M

* pulse P1 and P2, separate holes: mixture of
fai 1S) = ([ 1) = [ 41)) and |T) = | |1)

t (ns) f(MHz) e evolutionfortg at €p
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qubit frequency: hf = AEgsp.
large detuning: E,
minimum at S-T_anticrossing: 2A g7

minimum — chevron pattern at 1 meV

{IS), | T.)} dynamics
A
)

H — (_J(E)
exchange energy: J(e) = —5+1/ % + 2t2

A
energy difference between |S) and |T,)
|Aso sin ( ) + ga:UJBB COS (%)|

S-T_coupling: A =
* spin-orbit splitting
» effective Zeeman splitting, anisotropy of the g-tensors
| T.) and |T,) slitting: E, = gupB

* average g-factor
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E| [0 * qubit frequency: f = %\/(J — F.)2 + (2A)2
| T,(1,1) e
H j * at S-T_anticrossing: J = E., X rotations
3 G * large detunings: J — 0, z-axis rotations
3 25 U(E)—Ez)2+(2A)ZI
;'";“ ‘ﬂ;@k T(1,1)
| €p e * {|S), |T.)} dynamics
v 1
te —J(e) A
| -0 -0.14! T _____ _:l H - ( A ) _Ez)
15 .145 -0.14 V::\Z;? -0.13 -0.125 tv
(d) * readout at M using Pauli spin blockade

* reset at R before repeating
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E| [0 * qubit frequency: f = %\/(J — F.)2 + (2A)2
| T.(1,1) . . — .
J e at S-T_anticrossing: .7 = E., X rotations
3 o large detunings: J — 0, z-axis rotations
%“ 24y UJ(e) = E,)? + (24)? I
& —_G i) T(11)
© 5(0,2) | -
= e * {|S), |T.)} dynamics
il 1
ty —J(e) A
-0.1 T _____ _:I H - ( A _F )
15 -0.145 -0.14 V:::\:;: -0.13 -0.125 t =

readout at M using Pauli spin blockade

R | reset at R before repeating

i j. o ] o fitT2*: P = Ae=(/T2)" cos (wt + B) + Ce~t/P 4 E
ol f ﬁ'ﬁfﬂfi%ﬁgf | * maximum in T2* at 1 meV, residual decay: 6Arms = 0.8 neV
* decay at the large detuning: 6Ez,rms = 3 neV
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* T1-varying wait time at the readout position €,
e fitTlusing: P = Ae—(t/T1) L B
* T1=17.24+3.2 us
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dramatic change of f as function of VB

extract g from f ~ Ez/h at large detunings

extract Asr_ from 2Agr_/h at minimum frequency
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Conclusion

* coherent oscillations between S and T-

* dephasing time T2* = 600 ns

* relaxationtime T1=17.2 us

e strain induced change of qubit frequency
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