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In semiconductor hole spin qubits, low magnetic field (B) operation extends
the coherence time (7,) but proportionally reduces the gate speed. In con-
trast, singlet-triplet (ST) qubits are primarily controlled by the exchange
interaction (/) and can thus maintain high gate speeds even at low B. However,
a large J introduces a significant charge component to the qubit, rendering ST
qubits more vulnerable to charge noise when driven. Here, we demonstrate a
highly coherent ST hole spin qubit in germanium, operating at both low B and
low /. By modulating /, we achieve resonant driving of the ST qubit, obtaining
an average gate fidelity of 99.68% and a coherence time of 75=1.9 us. More-
over, by applying the resonant drive continuously, we realize a dressed ST
qubit with a tenfold increase in coherence time (T'zp =20.3 us). Frequency
modulation of the driving signal enables universal control, with an average
gate fidelity of 99.63%. Our results demonstrate the potential for extending
coherence times while preserving high-fidelity control of germanium-based ST
qubits, paving the way for more efficient operations in semiconductor-based
quantum processors.



Problem addressed

Semiconductor hole spin qubits
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Larmor frequency Goal : To have high coherence time(T,) while maintain high gate
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Possible solutions

Low magnetic field operation

/ \

Extends coherence time ( T,) Reduces the gate speed

Singlet-Triplet(ST) qubits: System of two spin

» controlled by exchange interaction(J)

» High gate speed at low B field

» Large ) exposes to charge noise when driven

This work demonstrate

» Highly coherent ST qubit in germanium at low B and low J

» Resonantdriving === Modulating ] = TJ = 1.9us, gate fidelity =99.68%

» driving continuously === Dressed ST quUbit == T, = 20.3us , gate fidelity = 99.63%
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Read out : Spin to charge conversion oo () 1.5 3.5
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Spin flip transition frequencies

Rabi chevron pattern
Applied broadband (chirped) voltage drive to vP2 around frequency fchirp

Obtained symmetric point ate =10mV, less sensitive to the detuning

At this point, spin transition frequencies of the spin as le =1129MHz (g = 0.41)
foz = 1283 MHz (g=1044)



First approach : Modulating the exchange interaction (J) = resonantly driven ST qubit

ST
Hamiltonian,—= = L(fsroz +Jac()ox) Jac(t) = Aj cos(2mfyt) .
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Qubit lifetime and Gate fidelity
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Single-Qubit gate fidelity
Performed Randomized benchmarking using Clifford gate set.

Upto 485 Clifford gates and 100 randomizations



Dressed ST qubit: continuous application of resonant exchange drive

ST
H dressed __

Hamiltonian, y = %(QSTTZ +Av (H)Tx)

Approach 1: two- tone drive
Pump tone : fump = fsr» Apump varying, =) Dressing of ST qubit

Weaker probe tone : Ayrope = 0.3mV, frope varying == |nduces transitions in dressed qubit
Af = fprobe — fsr
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Drive term, Av(t)~ ApropeCOS(2TAft) :«?-_, |Th) +_/\/\/\/\/\_ A
]
. . . . . . . lsensor (NA) m
Rabi oscillation with three prominent features where the oscilations are perturbed 4.0 . =

Af = 0 ,increase in effective Rabi drive amplitude

Af = £Qqr , resonant driving in the dressed qubit subspace takes place.
This effect is called ‘Mollow triplet’

Af (MHz)



Dressed ST qubit
Approach 2: Frequency modulation

periodically modulate f;(t) around fgr

Drive term, Av(t)~ Avgycos(2T fryt + Ppy)

When fr) scanned around Qg7 ,

rabi chevron pattern is observed with Rabi freq.

of M = 0.75MHz for Avgy = 1.5MHz
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Dressed ST qubit lifetime and gate fidelity
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)
Drive the system for a time ty,Fum _ XEM echo pulse is inserted in between the
Readout of the dressed singlet population initialization and readout .

Fit to the exponential decay gives the T1 time This leads to refocus the state and TzH — 56US



Conclusion

Comparison of Metrics

Resonant ST | Dressed ST
T, >9oms 0.8 ms
T, 20.3 ps -
T 1.9 ps 20.3 pis
T, 4.2 us 56.3 s
F 09.68(2)% | 99.83(7)%
Qgr | 1.5MHz 1 MHz



Rotating frame
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