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Figure S1: Supplementary Fig. 1. Color plot of the power spectral density (PSD) of the mi-
crowave noise as a function of increasing field, with the STNO resistance (white line) overlayed;
the applied current is —9 mA and the field angle is ©y = 30° from the film plane. AP indicates
the antiparallel state of the STNO; red arrow indicates the droplet region, and green arrow the
bubble region. The yellow dashed-dotted line shows the calculated FMR using the gyromagnetic
ratio /27 = 30.5 GHz/T, uniaxial anisotropy K, = 519 kJ/m?® and saturation magnetization
My =716.2 A/m.
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Figure S2: Supplementary Fig. 2. A zoom-in of the phase diagram in Fig. 3(a) of the main text.
The color code represents the different states: droplet (green), bubble (gray) and antiparallel (red).
A droplet is nucleated at high currents and fields. Below a certain positive field (Hpajance) the
droplet is stabilized as a static bubble due to magnetostatic effects’. The bubble is pinned below
the nanocontact until the negative field is high enough to let the bubble domain expand throughout
the film at Hyinning. At low currents the magnetic switching is only governed by the coercive field
(H.) of the free layer.
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Figure S3: Supplementary Fig. 3. Resistance as a function of time. The top red dashed and blue
dash-dotted lines illustrate how the current and field, respectively, are varied during the experi-
ment. The initial high field (+0.5 T) and very low current establish a simple parallel state. After
2.5 minutes the current is increased to —10 mA and a droplet is nucleated. Thereafter the field
is set to zero and a bubble is formed. The bubble remains intact after the current is practically
switched off (I = —0.5 mA). The large difference in resistance is caused by the strong reduction
of the Joule heating. A strong opposite field erases the bubble and resets a parallel state. The inset
presents a longer measurement of the bubble stability in zero field and virtually zero current.
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Figure S4: Supplementary Fig. 4. Results of micromagnetic simulations. The applied current
is constant, / = —6 mA, while the field is varied in steps presented by the blue dashed-dotted
line. The orange and green solid lines represent the x- and z-component of the magnetization,
respectively, and illustrate the spin dynamics as a function of time and field. The full magnetiza-
tion vector, M = (M, My, M,), consists of the mean values over the whole simulated volume,
normalized to one. At a moderate field of 50 mT, a wobbly but well-defined droplet is nucleated.
When the field is reduced to 10 mT, the droplet freezes into a bubble within 20 ns. The bubble
grows when the field is further reduced to —50 mT. The dynamic droplet mode is instantly restored
when the field is reset to 50 mT. The insets show snapshots of the magnetic state at each field.
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