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Abstract The three-qubit Toffoli gate is equivalent to the combination of two two-qubit controlled NOT gates and three
two-qubit controlled phase-shift gates. The controlled NOT and phase-shift gates respectively comprise a combination of
nuclear-magnetic-resonance pulse sequences and a free development operator of two nuclear spins with time. According to
the order in which the controlled NOT and phase-shift gates act on the nuclear spin system, the nuclear-magnetic-
resonance-based physical realization of a quantum Toffoli gate is achieved. The time-dependent Schrédinger equation is

numerically solved by the Suzuki formula to confirm the correctness and feasibility of the realization of the quantum Toffoli

gate based on nuclear magnetic resonance.
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Fig. 1 Quantum network for Toffoli gates using controlled NOT and phase shift gates
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Table 1 Toffoli gate NMR pulse sequence parameter values unit: MHz
Y, Uy Y, Y, I Y, U, Uy,
J5 0 —0.43X10°° 0 0 —0.43 X 10" 0 —0.43X10°° —0.43X10°°
J 2 0 —0.43X107° 0 0 —0.43 X 10°° 0 —0.43X107° —0.43X10°°
i 0 —0.43X107° 0 0 —0.43 X 10°° 0 —0.43X107° —0.43X10°°
R 0.25 0 —0.25 0.25 0 —0.25 0 0
hy 0.25 0 —0.25 0.25 0 —0.25 0 0
o 0.25 0 —0.25 0.25 0 —0.25 0 0
hi 1 1 1 1 1 1 —1 1
hs 1 1 1 1 1 1 —1 1
h3 1 1 1 1 1 1 —1 1
S 1 0 1 1 0 1 0 0
Vel 1 0 1 1 0 1 0 0
/i 1 0 1 1 0 1 0 0
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Table 2 Execution time, time step, and number of time step of unitary transformation

Y, U, Y, Y, I, U., Y, U,
/s 1.58X 107  7.3xX10° 1.58X 107 1.58xX 107 1.46xX10* 7.3xX10°% 1.58x107 7.3X10°
o/s 1.58X 1077 7.3X10°  1.58X 107 1.58xX 107 1.46x10°% 7.3X10° 1.58xX 107 7.3xX10°
m 1 1 1 1 1 1 1 1
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