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Detection of nuclear spin precession is critical for a wide range of
scientific techniques that have applications in diverse fields includ-
ing analytical chemistry, materials science, medicine and biology.
Fundamentally, it is possible because of the extreme isolation of
nuclear spins from their environment. This isolation also makes
single nuclear spins desirable for quantum-information proces-
sing, as shown by pioneering studies on nitrogen-vacancy centres
in diamond®~* The nuclear spin of &P donor in silicon is very
promising as a quantum bit: bulk measurements indicate that

it has excellent coherence timgsand silicon is the dominant
material in the microelectronics industry. Here we demonstrate
electrical detection and coherent manipulation of a singf& nuc-
lear spin qubit with sufficiently high fideliti TJ 0 -1.126 TD [(vid)14(ual)-378(qub)13(its)14(,th)11(e)-386(bui)13(ldi)14(ng)-378(blo)14(cks
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each Gaussian beyond a discrimination thresBjg At the optimal
value ofDfy, 52 0.025, the SNR-limited readout error i8 2 .

We observe that the nuclear spin state remains unchanged for sev-
eral minutes before exhibiting a squantum jumpe to the opposité.state
It is also evident (Fig. 2b) that the nuclear spin is predominantly
oriented in the|{) state, which we attribute to an electron...nuclear
spin flip-flop process, in which the energy differeBeg2 E,, (that
is, between statd$|) and || 1)) is released to the phonon b&tHe
Becausg; ;2 E;? kgT in our experiment, this process acts only in
the direction|7|) R || (that is, only spontaneous emission of pho-
nons occurs), and it cannot be responsible for the observed nuclear
spin jumps from/f}) to ||}). We have verified that thg) R ||) trans-
ition originates from the readout process, where the donor undergoes
repeated ionization and neutralization events. These events resultin a



No5 €,Bo. Figure 3b shows the magnetic-field dependence of the
three NMR frequencies, which agree with the expected values assum-
ing the bull*P gyromagnetic ratia, 5 17.23 MHz F * (ref. 23). Fur-
thermore, we extrag5 1.9987(6) (see Supplementary Information),
which is within about 0.01% of the bulk value for Si:P, whereas
the hyperfine splittingA 5 114.30(1) MHz is Stark shiftettom the

bulk value of 117.53 MHz (ref. 24). The observation of a Stark shift of
A is important, as it has been propo%ed a mechanism to address
individual **P nuclear spin qubits while applying a global micro-
wave field.



We now analyse the fidelity of our solid-state qubit. Single-shot
nuclear spin readout can be performed with extremely high fidelity,
owing to the quantum non-demolition (QNB)nature of the mea-
surement. The physical phenomena responsible for the observed
quantum jumps of the nuclear spin originate from the measurement
through the electron spin, and can be viewed as a deviation from QND
ideality (see Supplementary Information). For the nucléastate,
this results in a lifetime ofy 5 1,500(360) s (obtained from extended
data of the measurementin Fig. 2a). For the nu¢lpatate, the cross-
relaxation process, which is caused by phonons modulating the hyper-
fine coupling, yield3 ;5 65(15)s (Fig. 2a). These lifetimes must be
contrasted with the nuclear-spin measurement tirpgas which has
been optimized here to maximize the nuclear-spin readout fidelity (see
Supplementary Information). Combining the optimal measurement
time (Tmea® 104 ms) with the observed nuclear-spin lifetimes yields
the QND fidelities:Fonp(|1)) 5 €XPR TmeadTy) 5 0.99993(2); and
Fono(|1)) 5 exp@ TmeadTy) 5 0.9984(4). We have therefore obtained
readout fidelities between 99.8% and 99.99%, the highest reported
so far for any solid-state qubit, and comparable with the fidelities
observed for qubits in vacuum-based ion-trap systems
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