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Methods 

 

Thin-film growth 

The h-RMnO3 films where grown by pulsed laser deposition using a KrF excimer laser at 248 
nm. Stoichiometric ceramic targets were laser ablated with an energy fluence of 0.9 mJ cm-2 

at a substrate temperature of 800°C and in an oxygen partial pressure of 0.12 mbar. Before 
thin-film deposition, each substrate was annealed in air at 1250°C for 12 h. 

 

Scanning transmission electron microscopy 

Electron transparent cross-sectioned samples for transmission electron microscopy were 
prepared by means of a FEI Helios NanoLab 600i focused ion beam (FIB) operated at 
accelerating voltages of 30 and 5 kV. High-angle annular dark-field scanning transmission 
electron microscopy (HAADF-STEM) was carried out on a FEI Titan Themis with a probe CEOS 
DCOR spherical aberration corrector operated at 300 kV. A probe semiconvergence angle of 
25.3 mrad was used in combination with an annular semidetection range of the annular dark-
field detector set to collect electrons scattered between 90 and 370 mrad. 

 

ISHG polarimetry 

The emitted SHG intensity follows the relation 

 

𝐼𝐼(2ω)  ∝ |𝑷𝑷(2ω)|2, 

 

where 𝑃𝑃𝑖𝑖(2ω) is defined in Eq. (1) in the main text.  

With measurement geometry and corresponding angles as defined in Fig. 1c, the relation 
between the polarization angle 𝛼𝛼 of the incident light and the detected ISHG intensity along 
polarization angle 𝛽𝛽 , given the 𝜒𝜒(2) tensor components allowed by the 6𝑚𝑚2 point-symmetry 
group [1], is given by: 

 

𝐼𝐼β=0°(2ω)  ∝ |χ𝑦𝑦𝑦𝑦𝑦𝑦|2| cos(𝜑𝜑) [ sin(2𝜑𝜑)[cos2(𝛼𝛼) − sin2(𝛼𝛼) cos2(𝜃𝜃)] − cos(2𝜑𝜑)sin(2𝛼𝛼)cos(𝜃𝜃) ] −

sin(𝜑𝜑)[cos(2𝜑𝜑) [sin2(𝛼𝛼) cos2(𝜃𝜃) − cos2(𝛼𝛼)]− sin(2𝜑𝜑) sin(2𝛼𝛼)cos(𝜃𝜃)]|2, 

 



𝐼𝐼β=90°(2ω) ∝ |χ𝑦𝑦𝑦𝑦𝑦𝑦|2|[ cos(𝜑𝜑) [cos(2𝜑𝜑)[sin2(𝛼𝛼) cos2(𝜃𝜃) − cos2(𝛼𝛼)]− sin(2𝜑𝜑) sin(2𝛼𝛼)cos(𝜃𝜃)] +

sin(𝜑𝜑)[sin(2𝜑𝜑)[cos2(𝛼𝛼) − sin2(𝛼𝛼) cos2(𝜃𝜃)] − cos(2𝜑𝜑) sin(2𝛼𝛼) cos(𝜃𝜃)]] cos(𝜃𝜃)|2. 

 

Here φ corresponds to the azimuthal orientation of the sample with respect to the vertical 
laboratory axis as defined in Fig. 1. The angle of incidence of the light is given by 𝜃𝜃.  

The two expressions, corresponding to mutually orthogonal polarization directions 𝛽𝛽 of the 
detected light, yield four-lobed dependencies on the polarization angle 𝛼𝛼 of the incident light. 
This is especially evident in the simplified case of φ  and 𝜃𝜃 equal to 0°:  

𝐼𝐼𝛽𝛽=0°(2ω)  ∝ |χ𝑦𝑦𝑦𝑦𝑦𝑦|2 sin2(2𝛼𝛼), 

 

    𝐼𝐼𝛽𝛽=90°(2ω)  ∝ |χ𝑦𝑦𝑦𝑦𝑦𝑦|2| sin2(𝛼𝛼) − cos2(𝛼𝛼) |2 = |χ𝑦𝑦𝑦𝑦𝑦𝑦|2 cos2(2𝛼𝛼). 

Furthermore, a six-lobed dependence on rotation of the sample azimuthal angle φ is expected 
at fixed 𝛼𝛼 and β. Here, the expression is given explicitly for α = β = 0° and in normal incidence 
(𝜃𝜃 = 0°): 

 

𝐼𝐼𝛽𝛽=0°(2𝜔𝜔)  ∝ |χ𝑦𝑦𝑦𝑦𝑦𝑦|2| cos(𝜑𝜑) sin(2𝜑𝜑) + sin(𝜑𝜑) cos(2𝜑𝜑) |2 = |χ𝑦𝑦𝑦𝑦𝑦𝑦|2 sin2(3𝜑𝜑) 

 

In all cases outlined above, a non-zero angle of incidence (𝜃𝜃) additionally introduces an 
asymmetry between the lobes.  



 

 

Fig. S1. Dependence of half-unit-cell ISHG intensity at fixed angles (α, β) = (0°, 90°) on the 
azimuthal orientation φ of the thin-film sample as measured in situ in the growth 
environment. The data follows the expected 60° periodicity given by the 6𝑚𝑚2 point group 
symmetry. 

 

  



 

 

Fig. S2. Phase shift between RHEED and ISHG oscillations during YMnO3 deposition. (a) RHEED 
intensity. Each maximum, corresponding to the smoothest surface morphology, is indicated 
by vertical solid lines. (b) ISHG intensity. In this part of the growth, the maxima and minima in 
ISHG intensity, indicated by vertical dotted and solid lines respectively, do not coincide with 
the maxima in the RHEED intensity. Their relative shift is highlighted in yellow and 
corresponds to a relative phase of approximately 60° between the oscillations in (a) and (b). 
The smoothest surface is therefore not necessarily the same as the most consolidated 
symmetry state. 

  



 

Fig. S3. HAADF-STEM image of a (YMnO3)1.5/(ErMnO3)1.5 superlattice with ISHG and RHEED 
out of phase. The ErMnO3 layers appear brighter due to the higher Z contrast of Er vs. Y. The 
yellow lines indicate the diffuse interfaces between the two materials as a consequence of 
terminating the growth of each constituent based on symmetry (ISHG) rather than RHEED 
intensity, in a case where the oscillations of the two signals are out of phase. This is in contrast 
to the sample shown in Fig. 4, in which the synchronized ISHG and RHEED oscillations yield 
sharp interfaces together with the symmetry control. 
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