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II. Previous Work: Triple-q 
     state in Mn/Re(0001)

(a) SP-STM image of the hcp-stacked Mn monolay-
er showing three types of rotational domains of the 
3Q state. (b)-(d) Spin structures and SP-STM simu-
lations of three differently oriented 3Q states, with 
tip magnetization pointing up and down.

I. Previous Work: Mn/Ag(111)
(a) Four possible con-
figurations of the 120 
Néel structure (b), (c) 
show that SP-STM 
measurement result of 
120° Néel structure of 
Mn deposition on 
Ag(111) with different 
tip magnetization. The 
magnetic unit cells are 
marked in the images 
together with the pro-
jection of the sample 
spin polarization onto 
the tip spin polarization 
direction.

The deposition of Mn on (p ×    )Bi/Ag(111) gives rise to the formation of an uniform honeycomb lat-
tice structure. Field-dependent SP-STM measurements have unveiled magnetic signals exhibiting a 
2x2 periodicity. These result suggest that these magnetic signals originate from close-packed Mn 
beneath the Bi honeycomb (Bismuthene) layer.
Our SP-STM simulations allow us to find the possible configurations of triple-q spin state and corre-
sponding tip magnetizations. 

III. Triple-q state 
Triple-q (3Q) state 
can be construct-
ed by a superposi-
tion of three sym-
metry-equivalent 
RW-AFM states 
(single-q). (a) Sin-
gle-q collinear, (b) 
double-q coplanar, 
and (c) triple-q 
noncoplanar. (d) 
show that the four 
spin vectors of in 
tetrahedron. 

(d)

V. Comparison With SP-STM Simulation of 
     Triple-q Structure

(b) (c) (d)

(e) (f) (g) (h)

 We proposed that the tip spin orientation had flipped from Tip 1 to Tip 2 under the change of 
magnetic field. And the 2 regions in topography image are Structure 1 and Structure 2 respectively. 
Compare the topography images and the simulation result, you can find that the periodicity and the 
pattern fit perfectly.
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I. Atomic Structures of 
   Bi/Ag(111) and 
   Mn/Bi/Ag(111) Honeycomb
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 Mn grown on (p ×      
       ) Bi on Ag(111) 
forms uniform (2 × 2) 
honeycomb structure, 
which suggested that 
the honeycomb is 
formed by one ele-
ment.

 There is 
                     alloyed 
structure on the side 
of honeycomb nanois-
land, which indicate 
that there’s local rear-
rangement of atomic 
structure. 

II. SP-STM Result of 
     Mn/Bi/Ag(111)

 With Cr tip, the honeycomb nanoisland exhib-
iting 2 different kinds of spin pattern (stripe and 
checkerboard) when we change the tip. 

 The patterns both exhibiting a 2×2 periodicity.
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(b) Structure 1

 Spin pattern of the periodicity of 
2×2 is impossible to be originated 
from (2 × 2) honeycomb structure.

 We rotatated the triple-q spin 
structure and found corresponding 
tip spin orientations to recreate the 
spin patterns we saw by simulation.
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IV. SP-STM Simulation of 
      Triple-q Structure
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III. SP-STM Result of Mn/Bi/Ag(111) 
      of Different Island 
      Under Different Magnetic Field

 SP-STM images of two island with different spin structure under 
+2.0 T, -2.0 T magnetic field show that the tip spin orientation effects 
the spin pattern (magnetic signal) we see.
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