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S1. Growth Conditions 
The target materials and sputtering parameters used to grow the magnetic 

multilayers are shown in table S1. The sample structure was characterized using X-ray 
reflectometry (XRR) (Figure 1b in the main manuscript) and the resulting fringe pattern 
was simulated using GenX1 confirming the multilayer structure is as follows: 

Ta(18.75)/Ta2O5(6±5)/Pt(100±2)/Co(8±2)|Pt(13±2)/[Ir(11.77±0.6)/Co(8.8±0.7)/Pt(13.2±0.
9)]x5/Pt(32.9±0.3) where all thicknesses are provided in angstroms, Ǻ, and the error on the 
Ta thickness found from the GenX fit is negligible2. The XRR fringes are shown in Figure 
1(b) in the main manuscript, with the GenX fit included in Figure 1(b). 

Table S1. The target materials and sputtering parameters used to grow the magnetic multilayers. 

Target Material Magnetron Gun
Position 

Source Current 
(mA) 

Power (W) Typical Growth Rate
(Ǻ/s) 

Tantalum (Ta) 8 50 14 1.15 
Platinum (Pt) 4 25 9 1.64 
Cobalt (Co) 2 50 15 0.70 
Iridium (Ir) 6 25 9 0.91 

1GenX - https://aglavic.github.io/genx/ 
2 ± 2 x10-6 Ǻ. 

S2. LTEM Zero-Field Cooling Measurements 
As a final step in our investigation, using Lorentz transmission electron microscopy 

(LTEM, Tecnai-F30) we examined an [Ir/Co/Pt]5 sample with Co layer thickness tCo=0.8 nm 
deposited onto an electron beam transparent Si3N4 membrane under the same 
experimental condition (in the same run) as the previous samples in the main manuscript. 
Since we investigate Néel type skyrmions, the sample was tilted by 20° in all images [S1]. 
The temperature was set in a liquid nitrogen sample holder and controlled by using an 
installed heater. The multilayer was investigated in a temperature regime of 
approximately -175 to 75 °C. At all temperatures, the applied magnetic field μ 𝐻 was 
ramped from zero to 180 mT (after zero-field cooling). Figure S2(a) shows the phase 
diagram resulting from a zero-field cooling procedure. Here, a designated temperature 
was set and reached in zero magnetic field. Subsequently, the magnetic field was ramped 
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towards high fields and images were recorded, as indicated by the black dots in Figure 
S2(a). After the measurements, the sample was warmed up again, and a new target 
temperature gets set. In our LTEM images, we observe worm-like domains in most 
regions of the phase diagram below the critical field, where the sample becomes entirely 
field polarized. We denote this region ‘the helical phase’ (Hel) as it resembles the ordered 
helical phase in B20 bulk materials [S2]. This region is coloured green in Figure S2(a). 
Upon increasing the magnetic field, this domain state becomes scarce and is mostly 
replaced by the field polarized state (light green). Only in a very narrow region of 
magnetic field and temperature space (light blue), some (very few) skyrmions are 
observed in this sample, see the red box in Figure S2(b). Sample images from the different 
regions are shown in Figure S2(b-d): (b) mixed field polarized-skyrmion state with some 
residual worm domains, (c) worm domains and field polarized state, (d) field polarized 
state, (e) worm domain state in a close-to-zero magnetic field. The results obtained by 
LTEM are distinctly different from the MFM results and can be traced back to the use of a 
different substrate for the LTEM experiments. It is known that metallic films deposited 
onto thin, low stress Si3N4 substrates lead to a warping of the substrate that can 
significantly alter the magnetic state [S3] through stress induced anisotropy changes. 

Figure S1. LTEM study of [Ir/Co/Pt]5 multilayers for tCo=0.8 nm. (a) The phase diagram resulting 
from a zero-field cooling procedure. (b-e) Sample images from the different regions as indicated in 
Figure 4(a): mixed field polarized-skyrmion state (FP+Sk) with some residual worm-domains 
(helical phase (Hel)) (b), worm-domains and field polarized state (FP) (c), FP state (d), worm-domain 
(Hel) state in close to zero magnetic field (e). A skyrmion is indicated by dashed black arrow. 
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S3. LTEM Field-Polarized Cooling Measurements 

Figure S2. (a) The phase diagram resulting from a field-polarized (FP) cooling procedure on 
multilayers for tCo=0.8 nm. Here, we field cool in a magnetic field of 250 mT and then reduce the 
field to zero. (b-d) The image series is taken from the different regions as indicated in Figure S3(a). 
It shows the hysteretic behaviour of the sample. In essence, we observe the field polarized (FP) state 
in most regions (d) in the magnetic field / temperature phase space and only close to zero magnetic 
field worm-like domains (b-c) are observed. 
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