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SWAP gate is one of the most common double quantum gates in quantum circuits. In order to implement high fidelity SWAP gate in Heisenberg model, two protocols are widely employed for different systems. Firstly, considering negligible Zeeman difference(ΔEz) in GaAs/AlGaAs heterostructure, SWAP gate can be easily achieved by switching on the exchange coupling, which is generally realized experimentally with diabatic detuning pulses. Secondly, given that large ΔEz is necessary due to micromagnets in Si/SiGe heterostructure, ac-SWAP utilizes microwave applied to barrier gates to mitigate the influence of ΔEz, resulting in Rabi oscillation between up-down and down-up states. However, when ΔEz and maximal achievable exchange coupling are comparable, the two protocols both encounters inevitable issues, which leads to decrease in the fidelity of SWAP gate. Alternatively, Composed SWAP gate (C-SWAP), where composite pulse sequence is used to correct the error caused by ΔEz in exchange oscillation, is a reasonable solution.
Here, based on the experiments demonstrated before, we simulate a fast C-SWAP gate in double quantum dots in natural Si/SiGe heterostructure. Theoretically, by enabling rapid turn on/off of exchange coupling electrically, we are able to fulfill arbitrary two-axis control in the two-qubit ST Bloch sphere. The protocol involves designing pulse sequence to preserve exchange oscillation while correcting for angle deviations caused by ΔEz and adjusting length of pulse to compensate for different axis rotation frequency. The protocol benefits from following aspects. Firstly, it is always feasible to find the best combination of the parameters of pulse sequence since arbitrary rotation is available. Secondly, it is easy to search for the best parameters as deviation of system is supposed to be in a small parameter space. Thirdly, no short pulse is required and less pulses are employed in the sequence, eliminating the influence of slow rising edge of pulse. Besides, to verify the availability of the protocol, we take two kinds of noises, quasi-static noise resulting from nuclear spins in natural silicon material and high frequency noise due to charge noise, into consideration. The noises are applied to qubit frequency and exchange coupling. Compared with direct and alternating protocols, C-SWAP gate greatly improves gate fidelity.  And when timing error of sequence accumulates, fast C-SWAP still maintains relatively high fidelity.
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