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Fig. S1
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Fig. S1 a, Diagram of the outer diameter Dout. b, the inner diameter Din of the skyrmionium as a function of DMI constant D and the magnetic anisotropy energy density Ku.


Fig. S2
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Fig. S2 NF (No Function): the skyrmionium does not change significantly under the stimulation of pulses. Shrink: the skyrmionium shrinks and simultaneously moves without any SkHE. RB (Ring breaks): the skyrmionium ring breaks. RB&S (Ring break and skyrmion): the skyrmionium ring breaks, and multiple skyrmions are created. W&S (Wiped and skyrmion): the skyrmionium is obliterated, and multiple skyrmions are created. W (Wipe): the skyrmionium is obliterated.
The results of the current-driven skyrmionium dynamics in our device are shown in Fig. S2b. We use multiple square pulses applied in the device to drive the skyrmionium into motion. Unless otherwise stated, all square pulse and sinusoidal pulses used in the experiments have a pulse width of 50 s. The skyrmionium is quite sensitive to out-of-plane field and current amplitude, as shown in Fig. S2a. When the square pulses are at amplitude Isq ≤ 47 mA (1.68 × 1011 A/m2), the skyrmionium does not change significantly. We have marked the box with NF for ‘No Function’ in Fig. S2a and Fig S2b. Multiple 47 mA square pulses can generate enormous amounts of heat, but the skyrmionium can remain stationary, implying that heat cannot drive the skyrmionium into motion or change its size. As we gradually increase the Isq, we soon find that 50 mA (1.79 × 1011 A/m2) is the threshold Isq   above which the skyrmionium is driven into motion. 
When the magnetic field is set to 3.0 mT and the square pulse amplitudes Isq   are varied from 50 mA to 55 mA (1.79 × 1011 A/m2 to 2.00 × 1011 A/m2), we observe that the skyrmionium shrinks and simultaneously moves without SkHE (see Fig. S2b). These moving and shrinking processes have already been discussed in detail in the research article. However, when Isq increases to 58 mA (2.01 × 1011 A/m2), the skyrmionium undergoes a ring break process, and the device generates some skyrmions at the same time (labelled as RB&S, see Fig. S2b). Specifically, the device can intrinsically generate skyrmions using square pulses with Isq = 58 mA under a 3.0 mT to 4.0 mT +z field [supporting video 1]. As the skyrmions are created in a different location from that of the skyrmionium, they are very unlikely to be the fragments of the skyrmionium. Therefore, the creation of the skyrmions is irrelevant to the destruction process of the skyrmionium.
 When the magnetic field is increased to 4.0 mT, we can observe the same moving and shrinking process when Isq ≤ 55 mA, and we can also observe the ring breaking process (labelled as RB, see Fig. 2b). When Isq is increased to 58 mA, the skyrmionium is directly obliterated, and multiple skyrmions are created (labelled as W&S, see Fig. 2b). Again, the creation of these skyrmions is irrelevant to the destruction of the skyrmionium. It is worth noting that the ring breaking process can only occur in a narrow range (field of 3.5 mT to 4 mT, Isq = 55 mA or field of 3.0 mT, Isq = 58 mA). Theoretically, the two skyrmions with opposite Q form the skyrmionium ring, and the process of ring breaking occurs because the inner skyrmion experiences the opposite SkHE to the outer skyrmion. [Phys. Rev. B 94, 094420] Once SOT is applied to the skyrmionium, one side of the skyrmionium ring becomes thin and can be easily broken. 
As the range increase from 3.5 mT to 4 mT, the same moving and shrinking process occurs when Isq ≤ 55 mA. However, the skyrmionium can be obliterated directly when Isq ≥ 55 mA (labelled as W, see Fig. S2b). With a 6.0 mT field, the skyrmionium can be obliterated directly as long as Isq ≥ 50 mA. 
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