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Supplementary Fig. S1 a The next NN DMI (green arrows) oriented along ±�̂�.  This Néel-type DMI can explain the 

topological gaps observed in the magnon spectrum of monolayer 𝐶𝑟𝐼3. b The in-plane chiral DMI (red arrows) 

between NN atoms. The chiral DMI is absent in monolayer 𝐶𝑟𝐼3 but can emerge in the twisted phase due to the broken 

centrosymmetry in the moiré superlattice. Sizeable NN DMI locks the TSTs’ vorticity in the Heisenberg and the 

Heisenberg-IDMI models to produce Néel-type skyrmions. c, d Sample of the Néel-type skyrmions stabilized by the 

NN DMI (0.15 𝑚𝑒𝑉) in the bottom (c) and top (d) layers of the Heisenberg-IDMI model with 𝜃 = 2.45° and 𝐵 =

0.5 𝑇.  
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Supplementary Fig. S2 a, b Field-assisted spin textures in the top (a) and bottom (b) layers of the nonchiral 

Heisenberg-IDMI model with 𝜃 = 2.13° and 𝐵 = 0.5 𝑇. The top layer hosts an antiskyrmion, while the rest of the 

MBs are trivial. c, d Nontopological MBs (c) stabilized by interlayer moiré fields with trivial textures (d). The results 

correspond to the top layer of the nonchiral Heisenberg model with 𝜃 = 1.89° and 𝐵 = 1.25 𝑇. 
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Supplementary Fig. S3 a, b Field-assisted antiskyrmion (a) stabilized by an antivortex moiré interlayer field (b) in 

region II of the nonchiral Heisenberg-IDMI model with 𝜃 = 2.13° and 𝐵 = 0.5 𝑇. Removing the magnetic field at 

0𝐾 induces a slight relaxation of the spins (c) and the field (d). Generally, the TSTs reported in our study are stable 

without the need for a permanent magnetic field.  
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Supplementary Fig. S4 a, b, c Tuning the ground state obtained in the chiral Heisenberg-IDMI model for 𝜃 = 2.45° 

and 𝐵 = 0.5𝑇. The initial state (a) has two Néel-type skyrmions trapped in regions I and III of the bottom layer. 

Applying an external magnetic field �⃗� = −2.2𝑇�̂� at 0𝐾 couples the skyrmions (b). Increasing the magnetic field to 

−2.7𝑇�̂� reverses the magnetization (c) and stabilizes a new ground state with an antiskyrmion (region I) and a 

skyrmion (region III) in the top layer. The skyrmions have opposite helicities in the initial and final states. d, e, f 

Similarly, but for the nonchiral Heisenberg model with 𝜃 = 1.35° and 𝐵 = 0.75𝑇. The coupling (e) and reversal (f) 

are achieved at −2.5𝑇�̂� and −3𝑇�̂�, respectively. The antiskyrmions in the initial (d) and reversed (f) ground states 

have opposite helicities. g, h, i The initial state (g) corresponds to the top layer of the nonchiral Heisenberg-IDMI 

model with 𝜃 = 2.13° and 𝐵 = 0.5𝑇. The coupling (h) and reversal (i) magnetic fields are −1.7𝑇�̂� and −2𝑇�̂�, 

respectively.  
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Supplementary Fig. S5 a, b Spin textures in the bottom (a) and top (b) layers for the nonchiral Heisenberg-Kitaev 

model with 𝜃 = 1.35° and 𝐵 = 0.5 𝑇. The topological charges are indicated in the figures. c, d Illustration of the 

unconventional vorticity and helicity for the TSTs in (a) and (b), respectively. Generally, the TSTs in this model 

display a complex morphology that does not match conventional skyrmions and antiskyrmions. Adding the NN DMI 

does not produce a significant modification in the morphology.  
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Supplementary Fig. S6 a 𝑄 = 1 giant spontaneous TST with 9200 atoms (approximately) in the bottom layer of the 

nonchiral Heisenberg-IDMI model with 𝜃 = 0.65°. In the top layer (b), a spontaneous TST with charge 𝑄 = −1 is 

trapped in the local AB stacking region of the moiré supercell with FM interlayer coupling. 

 

 

 

 

Supplementary Fig. S7 The NN DMI locks the spontaneous merged TSTs to Néel-type skyrmions in the chiral 

Heisenberg and Heisenberg-IDMI models. The figures correspond to the bottom (a) and top (b) layers in the chiral 

Heisenberg model with 𝜃 = 1.89° and 𝐵 = 0 𝑇.  
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Supplementary Fig. S8 a, b Spontaneous Néel-type skyrmions localized at the FM regions of the moiré supercell in 

the chiral Heisenberg model with 𝜃 = 2.45°. c, d Spontaneous magnetic ground states in the bottom (c) and top (d) 

layers of a 2 × 2 moiré superlattice, obtained in the nonchiral Heisenberg-IDMI model for 𝜃 = 0.86°. The MBs in the 

AFM regions II and III merge in the bottom layer to form quasi-infinite magnetic strips with chiral domain walls (c). 

Meanwhile, in the top layer, the MB in the AFM region I extends to the neighboring AB and BA FM regions to form 

a spontaneous TST with more than 4300 atoms and 𝑄 = −2. e, f Spontaneous magnetic strips in the bottom (e) and 

top (f) layers of a 2 × 2 moiré superlattice, obtained in the nonchiral Heisenberg-IDMI model for 𝜃 = 1.35°. 
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Supplementary Fig. S9 a Nonchiral Heisenberg-Kitaev model spontaneous spin textures in the bottom layer of a 

2 × 2 moiré superlattice with 𝜃 = 0.76°. The AFM regions’ spin textures (I, II, and III) merge and trap a trivial 

magnetic bubble in the local AA staking FM region. The top layer hosts a trivial magnetic bubble (𝑄 = 0) and a TST 

(𝑄 = −1) in the local BA and AB FM regions, respectively (b). c, d Similar to (a), (b) but for 𝜃 = 0.86°. The trivial 

magnetic bubble in (c) extends over the AFM regions. The TST (𝑄 = 2) in (d) forms in the local BA FM region of 

the moiré supercell. e Spontaneous TSTs (𝑄 = 2) in the bottom layer of the nonchiral Heisenberg-Kitaev model with 

𝜃 = 1.89°. Their unconventional morphology is illustrated in f. 


