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Figure S1: Electric field profiles for the eigenmodes of (a) a silicon sphere in air and (b) a spherical air void in silicon environment. The fields are for four fundamental modes, electric and magnetic dipole, and electric and magnetic quadrupole. The field cross-sections are plotted in the main X-Z, Y-Z, and X-Y planes for the sphere centered in the origin of the reference frame. Each of the selected modes is degenerate with respect to the azimuthal index m, so the field profiles are shown only for the modes that can be excited with a linearly X-polarized plane wave propagating along the Z direction similar to conditions of excitation in the experiment (Fig. 3 of the main text). The selected modes correspond to the azimuthal index m = -1 for magnetic modes and m = 1 for electric modes. The refractive index of silicon in simulations is 3.7, the extinction coefficient is zero.


[image: C:\Users\ac110042\Desktop\FigureS2.jpg]

Figure S2: Calculated dependence of the resonant wavelength and mode quality factor on the sphere radius for a silicon sphere in air (left panels) and a spherical air void in silicon environment (right panels). The refractive index and extinction coefficients of silicon are taken from Fig.2c in the main text (top panel). The calculations are done for four fundamental modes, electric and magnetic dipole, and electric and magnetic quadrupole. The dashed line in lower right panel shows the extrapolation of quality factor to the size range where the dispersion of material is unavailable (wavelength range below 290 nm). The sharp peaks of the quality factor for Mie voids for sphere radius below 350 nm can be explained by increase of the extinction coefficient and refractive index, which leads to increased Fresnel reflection coefficient from the air-silicon interface.
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Figure S3: Calculated dependence of the resonant wavelength and mode quality factor on the material permittivity for a dielectric sphere in air (left panels) and a spherical air void in dielectric environment (right panels). The dielectric material is lossless. The calculations are done for four fundamental modes, electric and magnetic dipole, and electric and magnetic quadrupole. While the modes of the dielectric sphere show strong dispersion for varying permittivity values of the dielectric, the resonant wavelength of modes of a Mie void is robust to the change of host permittivity as the modes are confined in air. The quality factors of the modes for the dielectric sphere exhibit an extremely strong dependence on the permittivity and increase significantly for increasing permittivity. A similar behaviour is observed for the void, yet, the overall change is weaker. Again, the difference can be explained by the confinement in the dielectric vs. confinement in air.
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Figure S4: Calculated dependence of the resonant wavelength and mode quality factor on material losses for a dielectric sphere in air (left panels) and a spherical air void in dielectric environment (right panels). The real part of the dielectric’s permittivity is 13.69. The calculations are done for four fundamental modes, electric and magnetic dipole, and electric and magnetic quadrupole. The resonant wavelength of the modes for the dielectric sphere exhibit a slow increase with increasing loss while the quality factor drops extremely fast with increasing loss. Both phenomena are explained by the confinement of the mode to the lossy dielectric material and thus are subject to strong damping. The resonant wavelength of modes of a Mie void is robust to the increase of losses, while their quality factor grows slowly with increase of material absorption. Due to the confinement of the mode to air the losses of the host material do not damp the mode. The slight increase in the quality factor can be explained by an increased reflection at the air/silicon interface with increasing loss and thus by a stronger confinement.
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Figure S5: Disordered gratings of periods 2 µm, 3 µm, 4 µm, and 5 µm with varying particle diameter (bottom to top). All rows show distinctively different colours that remain unchanged with increasing periodicity, showing that the colour impression is indeed caused by localized modes. Also note the structuring defects in the second and fourth row, first column, which can be clearly identified in the colour impression, also pointing to localized modes of each particle.
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Figure S6: Experimental and simulated reflectance spectra as well as SEM images of the structures shown in Figure 3 in the main text (without vertical displacement). The experimentally determined geometrical parameters are as follows: (upper radius (nm), lower radius (nm), depth (nm)): (225, 135, 400), (255, 145, 400), (290, 160, 400), (305, 185, 410), (330, 200, 420), (340, 225, 440), (390, 265, 470), (405, 290, 500). These values are also used for the simulation. Periodicity is 900 nm in both directions.
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Figure S7: Simulated spectra of backward-scattered power from a single air void in silicon substrate for different diameters and depths. The geometry of the void and the range of size parameters are the same as in Fig. 3c of the main text. The resulting power is calculated as the difference between the backward-scattered power from the silicon substrate with a void and a bare silicon substrate. The refractive index and extinction coefficients of silicon are taken from the data shown in Fig. 2c of the main text (top panel). The spectra are shifted vertically relatively by 0.17 units. We observe excellent agreement with the measurement and finite-element-based array simulations shown in Fig. 3b. This behaviour underpins the localized nature of the observed modes and the minute to vanishing contribution from array or grating effects.
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Figure S8: Connection between modes I and II of a cylindrical void in substrate and modes of a spherical Mie void. Comparison of the electric field profiles in Z-X and Z-Y planes for ED and MD modes of a spherical air void in homogeneous silicon environment (right) with the modes I and II, respectively, for a cylindrical air void in homogeneous silicon environment (central), and a truncated cylindrical air void in a silicon substrate (left). The field profiles for the central and right columns are from the eigenmode simulations, and for the left column are from the scattering simulations for periodic structures as in Fig. 3c of the main text. The inset on the top shows the geometry of the corresponding column. Overall, we observe a very good agreement between the mode profiles for cylindrical-shaped geometries (left and central) obtained from the full-wave reflection simulation and the eigenmode analysis. Moreover, in comparing these modal profiles to the analytical modes obtained from Mie’s theory on the right, we can identify the key properties of the electric and magnetic dipolar modes in the simulated ones. This is particularly clear for the electric dipolar mode, for which we observe excellent match. To further quantify this, the insets on the left show the relative multipolar contribution of the first four fundamental multipolar channels with the orbital indices from 1 to 4 to the radiated field of modes I and II for the cylindrical air void in homogeneous silicon environment. The comparison of the field profiles and multipolar decomposition results show that mode I is dominated by the electric dipolar radiation and mode II is dominated by the magnetic dipolar radiation with a contribution from other channels.
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Table ST1: Experimental values for the depth in nanometers for the size and depth sweep shown in Figure 4. These values have been used for the simulations shown in the same figure. The patterning parameters have been adapted  as follows: Singly-charged gold ions at a beam current of ~350 pA and a 30 µm beam-forming aperture are used. The step size is 10 nm, circles are exposed in circular outward mode. The base dose value is 1 nC/µm2. The dose sweep is linear in 36 steps from a dose factor of 0.1 to 1.85 with constant increment of 0.05. 30 depth have been determined from SEM inspection, the other depth have been extrapolated from these measurements assuming that the depth is linear with dose.
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	411
	421
	431
	441
	451
	461
	471
	481
	491
	501
	511
	521
	531
	541
	551
	561
	571
	581
	591
	601
	611
	621
	631
	641
	651
	661
	671
	681
	691
	701
	711
	721
	731

	20
	382
	392
	402
	412
	422
	432
	442
	452
	462
	472
	482
	492
	502
	512
	522
	532
	542
	552
	562
	572
	582
	592
	602
	612
	622
	632
	642
	652
	662
	672
	682
	692
	702
	712
	722
	732

	19
	381
	391
	401
	411
	421
	431
	441
	451
	461
	471
	481
	491
	501
	511
	521
	531
	541
	551
	561
	571
	581
	591
	601
	611
	621
	631
	641
	651
	661
	671
	681
	691
	701
	711
	721
	731

	18
	380
	390
	400
	410
	420
	430
	440
	450
	460
	470
	480
	490
	500
	510
	520
	530
	540
	550
	560
	570
	580
	590
	600
	610
	620
	630
	640
	650
	660
	670
	680
	690
	700
	710
	720
	730

	17
	377
	387
	397
	407
	417
	427
	437
	447
	457
	467
	477
	487
	497
	507
	517
	527
	537
	547
	557
	567
	577
	587
	597
	607
	617
	627
	637
	647
	657
	667
	677
	687
	697
	707
	717
	727

	16
	374
	384
	394
	404
	414
	424
	434
	444
	454
	464
	474
	484
	494
	504
	514
	524
	534
	544
	554
	564
	574
	584
	594
	604
	614
	624
	634
	644
	654
	664
	674
	684
	694
	704
	714
	724

	15
	371
	381
	391
	401
	411
	421
	431
	441
	451
	461
	471
	481
	491
	501
	511
	521
	531
	541
	551
	561
	571
	581
	591
	601
	611
	621
	631
	641
	651
	661
	671
	681
	691
	701
	711
	721

	14
	368
	378
	388
	398
	408
	418
	428
	438
	448
	458
	468
	478
	488
	498
	508
	518
	528
	538
	548
	558
	568
	578
	588
	598
	608
	618
	628
	638
	648
	658
	668
	678
	688
	698
	708
	718

	13
	365
	375
	385
	395
	405
	415
	425
	435
	445
	455
	465
	475
	485
	495
	505
	515
	525
	535
	545
	555
	565
	575
	585
	595
	605
	615
	625
	635
	645
	655
	665
	675
	685
	695
	705
	715

	12
	362
	372
	382
	392
	402
	412
	422
	432
	442
	452
	462
	472
	482
	492
	502
	512
	522
	532
	542
	552
	562
	572
	582
	592
	602
	612
	622
	632
	642
	652
	662
	672
	682
	692
	702
	712

	11
	359
	369
	379
	389
	399
	409
	419
	429
	439
	449
	459
	469
	479
	489
	499
	509
	519
	529
	539
	549
	559
	569
	579
	589
	599
	609
	619
	629
	639
	649
	659
	669
	679
	689
	699
	709

	10
	356
	366
	376
	386
	396
	406
	416
	426
	436
	446
	456
	466
	476
	486
	496
	506
	516
	526
	536
	546
	556
	566
	576
	586
	596
	606
	616
	626
	636
	646
	656
	666
	676
	686
	696
	706

	9
	354
	364
	374
	384
	394
	404
	414
	424
	434
	444
	454
	464
	474
	484
	494
	504
	514
	524
	534
	544
	554
	564
	574
	584
	594
	604
	614
	624
	634
	644
	654
	664
	674
	684
	694
	704

	8
	351
	361
	371
	381
	391
	401
	411
	421
	431
	441
	451
	461
	471
	481
	491
	501
	511
	521
	531
	541
	551
	561
	571
	581
	591
	601
	611
	621
	631
	641
	651
	661
	671
	681
	691
	701

	7
	348
	358
	368
	378
	388
	398
	408
	418
	428
	438
	448
	458
	468
	478
	488
	498
	508
	518
	528
	538
	548
	558
	568
	578
	588
	598
	608
	618
	628
	638
	648
	658
	668
	678
	688
	698

	6
	345
	355
	365
	375
	385
	395
	405
	415
	425
	435
	445
	455
	465
	475
	485
	495
	505
	515
	525
	535
	545
	555
	565
	575
	585
	595
	605
	615
	625
	635
	645
	655
	665
	675
	685
	695

	5
	342
	352
	362
	372
	382
	392
	402
	412
	422
	432
	442
	452
	462
	472
	482
	492
	502
	512
	522
	532
	542
	552
	562
	572
	582
	592
	602
	612
	622
	632
	642
	652
	662
	672
	682
	692

	4
	339
	349
	359
	369
	379
	389
	399
	409
	419
	429
	439
	449
	459
	469
	479
	489
	499
	509
	519
	529
	539
	549
	559
	569
	579
	589
	599
	609
	619
	629
	639
	649
	659
	669
	679
	689

	3
	336
	346
	356
	366
	376
	386
	396
	406
	416
	426
	436
	446
	456
	466
	476
	486
	496
	506
	516
	526
	536
	546
	556
	566
	576
	586
	596
	606
	616
	626
	636
	646
	656
	666
	676
	686

	2
	333
	343
	353
	363
	373
	383
	393
	403
	413
	423
	433
	443
	453
	463
	473
	483
	493
	503
	513
	523
	533
	543
	553
	563
	573
	583
	593
	603
	613
	623
	633
	643
	653
	663
	673
	683

	1
	330
	340
	350
	360
	370
	380
	390
	400
	410
	420
	430
	440
	450
	460
	470
	480
	490
	500
	510
	520
	530
	540
	550
	560
	570
	580
	590
	600
	610
	620
	630
	640
	650
	660
	670
	680


Table ST2: Experimental values for the diameter in nanometers for the size and depth sweep shown in Figure 4. These values have been used for the simulations shown in the same figure. The design parameters in the GDSII file are diameters from 150 nm to 500 nm in steps of 10 nm. 30 diameters have been determined from SEM inspection, the other have been extrapolated from these measurements assuming that the diameters increases linearly with the depth (or dose).
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Figure S9: SEM and optical microscope images of a diameter and depth sweep. The normal and tilted view SEM images show the increasing hole diameter in horizontal and the increasing depth in vertical direction. Periodicity is fixed at 900nm in both directions. Each variation contains 3x3 holes, the spacing is 3600 nm. The optical microscope image illustrates the distinct colour appearance of the individual 3x3 arrays as well as the excellent tuneability of the colour. Please note that apart from “colours” also whitish and blackish appearance can be created.
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Figure S10: Colour catalogue: Composed optical microscope image of the parameter space in use. All parameters given in the figure are the design values used for the structuring. The resulting experimentally obtained parameters for diameter and depth can be found in the Table ST3.


[image: C:\Users\ac110042\Desktop\Pilzhäuser Paper\SEM_Size.jpg]
[bookmark: _GoBack]Figure S11: SEM images illustrating the size variation of the colour catalogue shown in Figure S10. Panel a depicts the sizes of the 5x5 arrays (full and reduced one), panel b depicts the 5x10 array on the left side of Figure S10. Exact parameters are given in Table ST3.
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Figure S12: SEM images illustrating the depth variation of the colour catalogue shown in Figure S10. The resulting depth depends mainly on the deposited dose, that is, the number of ions. However, there is also slight dependence on the diameter, larger circles tend to be slightly deeper at the same dose value as smaller ones. For intermediate diameters around 600 nm the dose values result in depth as follows: Dose 0.5: 60 nm; Dose 1.50: 170 nm; Dose 1.75: 200 nm; Dose 2.25: 260 nm; Dose 2.50: 290 nm; Dose 3.00: 345 nm; 3.50: 400 nm; Dose 4.50: 515 nm. For the size sweep we observe depth within +/- 10% around these values.














Table ST3: Experimental values for the upper and lower diameter of the cylindrical voids, nomenclature as in Figure S10.
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Figure S13: Unpolarised reflection spectra of the structures shown in Figure S10 with the parameter given in Table ST3. Please note, that except for dose values 1.75 and 2.25, all graphs contain 25 spectra corresponding to the 25 different diameters. For dose factors 1.75 and 2.25 the 15 largest diameters have been structured. For the experimental dimensions and the arrangement please refer to Figure S10 and table ST3. Please also note that two structures each are very similar in the experimentally realized dimensions and the spectra are thus also very similar and do partially overlap.
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Figure S14: Images of a section of the colour printed “Improvisation No. 9” for varying numerical aperture (NA) of the microscope objective. The most straightforward and intuitive experimental method to study the angle dependence is imaging based: Utilizing a k-space microscopy setup, we can vary the NA with which we image a structure. A larger NA implies a larger spread of incident and out going angles (which will also result in a better spatial resolution). We imaged the section of the colour printed version of “Improvisation No. 9” shown in Figure 5 of the main manuscript with varying NA. One can observe two main feature: The colour impression changes only slightly, underpinning the resonant localized nature of the modes. Additionally, one can clearly observe a larger spatial resolution of the image, which is the main reason for the slight fading of the colour.




 (nm)	n	k
230	1.52474	3.62384
232	1.64355	3.49551
234	1.69363	3.43674
236	1.70027	3.4252
238	1.68955	3.43865
240	1.68209	3.45175
242	1.67916	3.46
244	1.68311	3.51011
246	1.68258	3.56351
248	1.68432	3.62043
250	1.69492	3.6803
252	1.71159	3.74609
254	1.73575	3.82204
256	1.74741	3.90751
258	1.77825	3.99607
260	1.80576	4.09502
262	1.8474	4.20295
264	1.90089	4.31412
266	1.96679	4.44308
268	2.04371	4.58143
270	2.15406	4.72433
272	2.29679	4.86819
274	2.46614	4.99711
276	2.65159	5.1122
278	2.87105	5.20665
280	3.09979	5.27456
282	3.33034	5.32035
284	3.60146	5.35364
286	3.89557	5.35113
288	4.20301	5.28144
290	4.49059	5.12703
292	4.72925	4.91355
294	4.88765	4.68184
296	4.98159	4.46423
298	5.03318	4.26642
300	5.06448	4.09359
302	5.07841	3.94523
304	5.07994	3.82129
306	5.07719	3.71398
308	5.07367	3.621
310	5.07674	3.53956
312	5.07416	3.46823
314	5.08066	3.40653
316	5.08703	3.35155
318	5.09131	3.30462
320	5.10631	3.25722
322	5.11214	3.2194
324	5.12355	3.18084
326	5.14194	3.14341
328	5.16594	3.10927
330	5.18356	3.07678
332	5.19874	3.04667
334	5.22578	3.01594
336	5.25029	2.99213
338	5.2743	2.96867
340	5.30124	2.94738
342	5.33389	2.93184
344	5.36549	2.91917
346	5.4015	2.91026
348	5.44479	2.90417
350	5.49781	2.90401
352	5.56231	2.90892
354	5.64408	2.91877
356	5.75222	2.9246
358	5.886	2.92787
360	6.05492	2.90309
362	6.25366	2.82993
364	6.46277	2.70096
366	6.65189	2.51186
368	6.79771	2.26735
370	6.88427	1.99102
372	6.90837	1.70132
374	6.8659	1.43182
376	6.77072	1.19176
 (nm)	n	k
378	6.65163	0.99827
380	6.5202	0.84581
382	6.37989	0.71943
384	6.25958	0.62819
386	6.15173	0.55649
388	6.04901	0.4978
390	5.95257	0.44777
392	5.86415	0.40687
394	5.7879	0.37281
396	5.71087	0.34173
398	5.63775	0.31526
400	5.57228	0.29177
402	5.50921	0.27116
404	5.4497	0.25434
406	5.39534	0.23907
408	5.34126	0.22436
410	5.29125	0.21202
412	5.2446	0.20015
414	5.20121	0.18973
416	5.15893	0.18035
418	5.11706	0.17127
420	5.08015	0.16301
422	5.04452	0.15631
424	5.00875	0.14914
426	4.97646	0.14318
428	4.9444	0.13711
430	4.91572	0.13137
432	4.88744	0.12617
434	4.86016	0.12158
436	4.83602	0.11709
438	4.81035	0.11366
440	4.78542	0.10863
442	4.76109	0.10565
444	4.73756	0.10179
446	4.71354	0.09847
448	4.69082	0.09521
450	4.66869	0.0912
452	4.64783	0.08856
454	4.62756	0.08587
456	4.60791	0.08338
458	4.58882	0.08106
460	4.57017	0.07889
462	4.5518	0.07687
464	4.53401	0.07483
466	4.5171	0.07242
468	4.50091	0.06989
470	4.48517	0.06764
472	4.4697	0.06604
474	4.45451	0.06462
476	4.43941	0.06307
478	4.42453	0.06146
480	4.4101	0.05991
482	4.39632	0.05849
484	4.38282	0.05711
486	4.36911	0.05568
488	4.35554	0.05423
490	4.34269	0.05284
492	4.33105	0.05156
494	4.31996	0.05035
496	4.30906	0.04918
498	4.29825	0.04806
500	4.28735	0.04701
502	4.27614	0.04606
504	4.26513	0.0451
506	4.25485	0.04395
508	4.24511	0.04272
510	4.23558	0.04162
512	4.22603	0.04083
514	4.21654	0.04011
516	4.20697	0.03935
518	4.19746	0.03855
520	4.1882	0.03773
522	4.17938	0.03691
524	4.17082	0.03612
 (nm)	n	k
526	4.16244	0.03545
528	4.15426	0.03486
530	4.1464	0.03429
532	4.13902	0.03373
534	4.13158	0.03311
536	4.12329	0.03223
538	4.11469	0.03127
540	4.10671	0.03052
542	4.10013	0.03024
544	4.09394	0.03005
546	4.08745	0.02973
548	4.08076	0.02929
550	4.07408	0.0288
552	4.06752	0.02825
554	4.06097	0.02768
556	4.05433	0.02709
558	4.04767	0.02649
560	4.04108	0.02586
562	4.03461	0.02517
564	4.02839	0.02462
566	4.02283	0.02453
568	4.01761	0.02465
570	4.01224	0.02462
572	4.00628	0.02408
574	4.00022	0.02347
576	3.99426	0.0231
578	3.98848	0.02288
580	3.98293	0.02261
582	3.97772	0.02217
584	3.97275	0.02179
586	3.96801	0.02175
588	3.96342	0.02187
590	3.95888	0.02183
592	3.95428	0.02137
594	3.94968	0.02079
596	3.94507	0.02019
598	3.94047	0.01965
600	3.93589	0.01926
602	3.93134	0.01913
604	3.92684	0.0191
606	3.92239	0.01911
608	3.91799	0.01909
610	3.91362	0.01893
612	3.90927	0.01851
614	3.90497	0.01804
616	3.90075	0.01768
618	3.89664	0.01741
620	3.89276	0.01715
622	3.88921	0.01687
624	3.8858	0.01659
626	3.88243	0.01624
628	3.8791	0.01591
630	3.8759	0.0157
632	3.87293	0.01574
634	3.8698	0.0158
636	3.866	0.01563
638	3.86183	0.01533
640	3.85774	0.01508
642	3.85408	0.015
644	3.85067	0.01493
646	3.84764	0.01472
648	3.8448	0.01442
650	3.84184	0.01417
652	3.83846	0.01403
654	3.83515	0.01393
656	3.83244	0.01384
658	3.82999	0.01373
660	3.82719	0.01354
662	3.82349	0.01319
664	3.81983	0.01288
666	3.8172	0.01282
668	3.81506	0.01289
670	3.81249	0.01282
672	3.80867	0.01238
 (nm)	n	k
674	3.8048	0.01198
676	3.80183	0.0121
678	3.79947	0.01247
680	3.7972	0.01264
682	3.79469	0.01222
684	3.79216	0.01173
686	3.78967	0.0116
688	3.7872	0.01164
690	3.7847	0.01149
692	3.78214	0.01083
694	3.77951	0.01023
696	3.77666	0.01022
698	3.77378	0.01058
700	3.77117	0.01094
702	3.76913	0.01105
704	3.76713	0.01103
706	3.76455	0.01083
708	3.76176	0.0105
710	3.75938	0.01012
712	3.75799	0.00975
714	3.75665	0.00946
716	3.75456	0.00943
718	3.75196	0.00957
720	3.74931	0.00969
722	3.74687	0.00964
724	3.7445	0.00966
726	3.74205	0.01017
728	3.73975	0.01077
730	3.73801	0.01083
732	3.73728	0.00971
734	3.73658	0.0085
736	3.73493	0.00822
738	3.73265	0.00852
740	3.73027	0.00879
742	3.72816	0.00863
744	3.72604	0.00832
746	3.72362	0.00777
748	3.72125	0.0072
750	3.71959	0.00694
752	3.71931	0.00734
754	3.719	0.00785
756	3.71731	0.00814
758	3.71466	0.00819
760	3.71168	0.00804
762	3.70867	0.00767
764	3.70618	0.00717
766	3.70556	0.0065
768	3.70583	0.00589
770	3.70539	0.00568
772	3.70282	0.00627
774	3.69987	0.00694
776	3.69763	0.00704
778	3.69593	0.00675
780	3.6944	0.0063
782	3.69291	0.00579
784	3.69138	0.00545
786	3.68954	0.00562
788	3.68759	0.00619
790	3.68577	0.00703
792	3.68431	0.00814
794	3.68317	0.0089
796	3.68278	0.00832
798	3.68262	0.00691
800	3.68182	0.00548
802	3.67956	0.00461
804	3.6771	0.00421
806	3.6755	0.00481
808	3.6744	0.00594
810	3.67314	0.00688
812	3.67123	0.00704
814	3.66933	0.00683
816	3.66799	0.00615
818	3.66696	0.00528
820	3.66573	0.00468
 (nm)	n	k
822	3.66386	0.00474
824	3.66227	0.005
826	3.6622	0.00526
828	3.66276	0.00543
830	3.66229	0.00548
832	3.65927	0.0053
834	3.65637	0.005
836	3.65476	0.00464
838	3.65559	0.00423
840	3.66003	0.00382

Table ST4: Dielectric data used in Figure 2 in the main text. Taken from http://www.sspectra.com/sopra.html
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