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I. Magneto-optical transmission experiments
In order to characterize the magneto-optical effects of ripple films in transmission geometry, the same experimental setup as for the Kerr effect was modified according to the Voigt configuration,[1] e.g. the laser beam shed perpendicularly to the sample. A Glann-Thompson polarizer was used to orient the polarization plane of incident radiation. The external magnetic field  was applied in the sample plane to typically ± 25 mT at 13 Hz, it thus probes quasi-static magnetization.The transmitted light was separated into parallel and perpendicular components, T║ and T, relative to . Both signals were recorded with two fast photodiodes and a differential amplifier circuit. Once the external magnetic field is applied, the Voight rotation of the polarization plane, K, can be obtained by the formula sin(2K) = (T║-T)/T0, where T0 is the intensity of the incident light. This configuration allows us to investigate the in-plane magnetization, M(H), being particularly sensitive to its different reversal mechanisms under an alternating magnetic field. Statistical noise was further reduced by averaging 128 measurements at fixed conditions with a digital oscilloscope. 
[bookmark: _Toc523762603][bookmark: _Toc523844007][bookmark: _Toc523911073][bookmark: _Toc524449927][bookmark: _Toc524482776][bookmark: _Toc524514724]To investigate the uniaxial magnetic anisotropy (UMA) with the magnetooptical effect in transmission configuration, some considerations were taken into account. Due to the strong birefringence effect of the undulated PET substrates,[2] the polarization plane of the incoming beam was kept always parallel to the ripples axis. Thus, the split of the emerging light into ordinary and extraordinary rays was avoided by focusing only on the magnetic effect. The direction of  was fixed either parallel or perpendicular to the ripple direction. In both cases the Voigt effect should be also vanishing, assuming the occurrence of UMA. Finally, the sample plane was misaligned intentionally, tilting the ripple axis around 2 deg. relative to the electric field of the incident light, . In this way, the in-plane magnetization yields a small projection along the light path and, consequently, a rotation angle of . This Faraday rotation arising from such misalignment could be recorded at the twin photodiodes. Magnetization loops ML(H)/MS with field applied across the pattern are thus obtained from the Voight effect for Permalloy (Py) films on LIPSS, which develop complete uniaxial magnetic anisotropy, with a thickness ranging from 10 nm up to 30 nm (see Figure S1.1). Ripple Py film of 50 nm thickness developed just partial uniaxial anisotropy. Films thicker than 50 nm could not be measured in transmission geometry because of the metallic Py film is then sufficiently opaque and yields a too low signal at the photodiodes (red laser penetration depth is 15 nm for Fe-Ni films[3]). In a previous publication[2] we have checked semi-transparency of this same set of films with the measure of optical transparency in the visible range up to 34% (10 nm thin film). 
[image: ]
Figure S1.1: Normalized longitudinal magnetization ML/MS of Py uniaxial films with thickness 10 nm (left panel) or 30 nm (right panel) grown onto LIPPS PET as measured from Voight effect. Black and red curves correspond to easy axis (E.A.) and hard axis (H.A.), i.e. in-plane field along or across the pattern, respectively.

These results further support the existence of complete uniaxial anisotropy in this system as these measurements probe the whole Permalloy film across its thickness. The critical fields obtained by measuring that modified magnetooptical Voigt effect in all samples are consistent with those from the MOKE measurements.

II. On the coercive force and easy-axis reversal
Easy axis (E.A.) reversal of Py films grown on flat polymer foils corresponds to an isotropic magnetization process, as we mentioned in the manuscript, i.e. does not show any preferred field direction. We checked this point by means of angular studies of in-plane field and longitudinal MOKE. Figure S2.1 plots a few normalized loops measured with different field directions, relative to one of the square foil sides, which are nearly identical. The microscopic origin of E.A. domain nucleation in flat magnetic layers grown on polymers has not drawn attention in the scientific literature to our knowledge.
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Figure S2.1: Normalized MOKE loops of longitudinal magnetization measured for a 15 nm thick Py film grown on flat PET foil with the field applied along a few in-plane directions, according to the legend, relative to the sample square side.

Due to the undulated surface of ripple films very few magnetic microscopy studies have been published and these are focused on remnant states.[4,5] Our attempts to study easy-axis reversal with MOKE imaging (EVICO microscope) have been unsuccessful. As there is no microscopy imaging study – to our knowledge – that specifically targets E.A. magnetization reversal showing either nucleation (single or multiple) or pinning of domains in large-area ripple uniaxial films, we can just claim that some pattern defects drive magnetization reversal, based on the following two evidences.
A) Correlation of easy-axis coercive force with induced anisotropy field of ripple films as reported in the scientific literature. The following Figure S2.2 is a summary of reversal field published values for sets of large-area ripple films. These films were made by different techniques and pattern dimensions though a clear trend relates HC (H = 0º) to HK.
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Figure S2.2: Easy-axis coercive force dependence on the uniaxial anisotropy field for a sets of ripple films from different authors: Py films on PET LIPSS (this work), cobalt films on ripple silicon made by IBS,[6] cobalt films on ripple silicon made by IBS,[7] cobalt films on ripple silicon made by IBS,[8] and FeGa films on wrinkled PDMS.[9]

B) Dependence of easy-axis coercive force with ripple pattern dimensions. In a previous article we presented a clear correlation between the value of easy-axis HC(0º) and the amplitude/depth of ripple patterns made by IBS: Figure 2 in the article by Arranz et al.[10]  showed an increasing HC(H = 0º) values with the peak-to-peak pattern amplitude. This evidence is independent from the previous point A) because it was obtained without varying any parameters other than the pattern amplitude (with fixed residual thickness and ripple spacing). 

Furthermore, we can find out which reversal mechanisms play a role by means of angular studies of remanence and reversal fields. A complete angular study of remnant magnetization (MR) and critical fields (HC and HS) from MOKE loops, measured at different field angles (H), of the 30 nm thick Py film grown on LIPSS is summarized in Figure S2.3. The field angle dependence sketched in this figure is similar for other samples with different thickness and similar to other reports.[6,11] Figure S2.3(A) shows normalized MR = M(H=0) from ML and MT loops. These normalized remanences are relevant since they were taken before any irreversible events occur. The graph includes SW predictions of parallel and perpendicular remnant magnetization, which are in semi-quantitative agreement with measurements; only around the hard axis the MT data differs from prediction. The latter is an evidence of a distribution of magnetic easy/hard axis related to pattern coherence. Analysis of film topography in main text showed pattern defects implying deviations of ripple direction, this being a likely origin for the distribution of easy axis (equivalent to a distribution of hard axis). Nonetheless, the remanence data and its comparison with SW model implies that a macrospin approach is valid for the Permalloy films on LIPSS. 
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Figure S2.3: (A) Dependence of remanence magnetization on the in-plane field angle for the 30 nm thick Py film on LIPSS: black symbols refer to longitudinal remnant normalized magnetization and red symbols refer to transverse remnant normalized magnetization. Angle 90º corresponds to field direction across the pattern. (B) Dependence of critical fields from MOKE loops on the in-plane field angle (same film): black symbols refer to coercive field (HC) and red symbols refer to switching field (HS). Solid red line is function HS(H) = HS (0)/cos(H)representing pinning model and dashed lines are SW predictions of remnant magnetization and critical fields.

Figure S2.3(B) plots critical field measurements and predictions as a function of the applied field angle. Notice that critical field data are clearly below SW predictions at field angles around the easy axis (blue area), as another case of Brown’s paradox. In case of defects act as pinning centers for domain walls and the reversal proceeds via wall propagation, a simple model of pinned 180° domain walls predicts a 1/|cos(H)| law for the angular dependence of the reversal field.[12] Figure S2.3(B) includes such prediction of the switching field around the easy axis with satisfactory agreement for a significant range of 40º. Similar findings have been reported from HC(H) and HS(H) in different uniaxial anisotropy systems,[11,13] and explained with the role of dynamic effects on magnetization reversal.[11] The angular dependence of critical fields in our films on LIPSS is thus consistent with a coherently rotating system in a low-field rate regime. 

III. Micro-magnetic simulations
[bookmark: OLE_LINK26]In this work we perform micromagnetic simulations based on a finite-difference method (FDM) that can be accomplished with software OOMMF or MuMax. The chosen software for the micro-magnetic simulations has been MuMax3 as it is designed for high-performance computations and specifically targets large-scale micromagnetic simulations. This software solves the time- and space- dependent magnetization evolution in nano- to microscale magnets using a finite-difference discretization.[14] The simulation space is discretized/partitioned as unitary cells (cubes) with a one vector magnetization. For each of these finite cells, MuMax3 solves the classical Landau–Lifshitz equation taking into account the magnetostatic, exchange and anisotropy interactions, thermal effects and spin-transfer torque.[15] Another advantage of this software is the possibility of using Periodic Boundary Conditions (PBCs), which allow us to generate a large model by repeats of a basic structure. MuMax3 provides the magnetization in X, Y and Z-axis (mx, my and mz respectively), as well as the magnetic field applied in the same directions (Bx, By and Bz) and the Zeeman, demagnetization, exchange, anisotropy and total energies. 

Generation of a model basic structure:
Permalloy magnetic parameters reported by NIST (same as used in OOMMF materials library[16]) have been used for the model material:



An important point in the design of model structures is the choice of the partition mesh and the suitable cell sizes for the simulations. Cell size must be determined keeping in mind the magnetostatic exchange length (because it relates to the relative strength of exchange and self-magnetostatic energies).[17] To calculate the magnetostatic exchange length and hence the maximum cell size, we have used the equation.

where A is the exchange constant (J/m),  the permeability of free space ( and Ms is the saturation polarization (A/m) as described above, obtaining a maximum length value of . In our model system, we have been able to define a much smaller cell size (1.25 nm), not only ensuring a good magnetic but spatial resolution. With such cubic cells we have created a model basic structure consisting of one square piece of ripple film with lateral (in-plane) dimensions equal to one period (wavelenght) and vertical (out-of-plane) dimension equal to the peak-to-peak ripple amplitude. The number of cells in this basic structure thus depends on film thickness, ripple amplitude and wavelenght. 

Crosscheck #1: Periodic boundary conditions serve to simulate a quasi-infinite system. 
In order to avoid magnetostatic border effects, MuMax3 allows to use periodic boundary conditions. This PBC method introduces a set of “copies” of a basic structure attached to its sides, along the desired directions over which PBCs apply a magnetization wrap-around with the repeats, felt by stencil operations like the exchange interaction.[14] In our case the basic structure consists of one-period ripple piece (central piece of Figure S3.1), then identical pieces are attached to the X and Y sides so that the interactions between the pieces are similar to the real film. Simulations of longitudinal magnetization with field applied along the ripple crests, performed with PBCs equals 1, 2, 4, 8 and 32, indicate that the magnetic behavior converges towards a thin film-like system from PBC = 8 on (Figure S3.2). Higher PBC order yields similar hysteresis loops where the differences among them are below the field step.
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[bookmark: _Toc523083498][bookmark: _Toc523083749][bookmark: _Toc523833850]Figure S3.1: Cross-sectional view of the model structure of the quasi-infinite ripple film created using PBCs (top). Notice the unitary basic structure (grey) with all the relevant dimensions. Different blue copies of the primary structure (different PBC order) are shown in different blue colors (bottom).
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[bookmark: _Toc523083499][bookmark: _Toc523083750][bookmark: _Toc523833851]Figure S3.2: Normalized longitudinal magnetization loops with field applied along the ripple axis (easy axis) resulting from calculations with different PBC extension. The simulated structure is 20 nm thick film with 60 nm ripple amplitude and 200 nm of lateral periodicity. Notice the coercive field (Hc) for PBCs 2, 4, 8 and 32 differs only about 1 mT (near one field step), whilst the simulation space scales as [PBC order]2.

Crosscheck #2: An important method for the generation of model structures is antialiasing or smoothing of the structure contours with MuMax3. Specifically, these techniques seek to eliminate or, at least blur, as much as possible the "saw teeth" contour that is created at the model structure surfaces by the cubes partitioning. We have applied the maximum smoothing possible in the software to minimize the magnetostatic artifacts and have checked that the anisotropy fields are minimized for the actual choice of cell size and structure details.

Crosscheck #3: Angular studies prove complete coherent rotation in the thinnest ripple films: Modelling of ripple films proves uniaxial anisotropy with easy axis along the ripple crests regardless of film thickness (up to 100 nm). Also hard axis magnetization corresponds to undulated magnetic state at external fields around saturation. In case of very thin films (thickness comparable to exchange length) we expect hard axis magnetization quite uniform in the XY plane. Proof of a magnetization “rigidity” expected for the thinnest films is provided by simulations of reversal loops in a whole range of in-plane field angles H (0º-360º) in comparison with the ideally-rigid (no exchange energy) theory of single domains. Dependence of normalized switching field (HS/HK) on field angle (H) is shown in Figure S3.3(A). This left pannel is a polar plot of the switching field data (red curve) that closely resembles the famous astroid Stoner-Wohlfarth (SW) (blue line) analytically predicted for a small ellipsoid particle.[18] 

Minor differences between SW theory and the undulated state curves arise in the easy axis switching field [see Figure S3.3(A)], and these are not relevant as other processes set in for this configuration which were discussed above. The right pannel [Figure S3.3(B)] is a polar plot of normalized remanence magnetization (MR/MS) that matches a cosH law characteristic of the Stoner-Wohlfarth model. All model films satisfy this remanence cosine law.
 We thus see that the undulated magnetic state resembles the single-domain SW theory in many regards, e.g. the angle dependence of remanence. However important features are unique for the undulated state according to calculations of hard axis loops as is discussed in the main text. As the model thickness is made smaller such differences progressively vanish though.
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Figure S3.3: (A) Red curve is polar diagram of normalized switching field (HS/HK) from the simulations of 10 nm thick film on a ripple pattern (amplitude 45 nm and wavelength 240 nm). Blue line is SW prediction (B) Polar diagram of normalized remanence (MR/MS) from the simulations of the same sample.

Crosscheck #4: Ripple crests and valleys act as nucleation sites for switching
To get more insight on the magnetic switching of thick film models (e.g. of thickness 30 nm) we have performed simulations of hard axis reversal loops at specific ripple zones. Transverse susceptibility of small zones at either ridge/valley or slopes (Figure S3.4) provides local information on switching events that is complementary to the demagnetizing field maps included in the main text (Figure 4). The local transverse susceptibility is calculated by differentation of MT curves similar to that of Figure 3C and 3F in the main text. For the 10 nm thin ripple model (Figure S3.4A-B) there are no big differences between both zones as the magnetization is quite uniform. Therefore, nucleation is equally likely at either ridges or central slopes. For the 30 nm thick film model (Figure S3.4C-D), at both ripple zones there are low-field and high-field contributions to MT(H) however, at the ridge/valley the high-field susceptibility peak (for H  HK) is clearly enhanced or, consequently, at central slopes the low-field susceptibility becomes comparatively larger. We can therefore expect nucleation initiated at the former zones. 
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Figure S3.4: Panels (A) and (C) display H.A. transverse susceptibility dMx/dHy as a function of reduced field for different zones of the 10 nm and 30 nm ripple film models respectively: blue dots are calculated at ridge or valley (with identical results) whereas red dots correspond to central parts of ripple structure i.e. where surface slope is maximum (central slope). Zones dimensions and positions are sketched in (B) and (D). 
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