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1. Topography evolution of Ag film during IBS deposition with and without TiOx seed layer
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Fig. 1 | Topography evolution of Ag film growth with and without TiOx seed layer using IBS deposition. Electron micrograph galleries for demonstrating the growth process of unseeded (a) and seeded Ag film (b), respectively. The pristine substrate is silicon die sliced by single-crystalline wafer. Here, a 2-nm thick TiOx seed layer is coated by ALD technique before Ag deposition. The coverage calculation is based on extracted SEM images after black/white binary processing using ImageJ software. The thickness is determined by the extrapolation of sputtering rate. Scale bars: 200 nm.


2. The change of Surface roughness for IBS-deposited Ag film during thinning back
[image: ]
Fig. 2 | AFM topography mappings of Ag film during thinning back procedure. All of AFM mappings are performed with the resolution of 512 scanning lines in vertical axis and 512 pixels on each lateral line. Scanning area for each sample is fixed to be 1 μm × 1 μm. The labelled values in thickness are the optical thickness which is determined by ellipsometry measurements. Scale bars: 200 nm.


3. Morphology of 4.5-nm thick Ag film fabricated by direct IBS deposition on 2-nm TiOx seed layer. 
[image: ]
Fig.3 | Morphology of seeded Ag film at the thickness tAg=4.5 nm, which is directly deposited by IBS. The seed layer is ALD-coated TiOx.

4. X-ray diffraction analysis for reduced Ag film with different thickness using ion beam thinning back process.


Fig. 4 | Ex-situ XRD characterization of thinned Ag film with different residue thickness. The thickness of prefabricated Ag film is deposited by IBS technique. These thicknesses are determined by ellipsometry characterization.

5. Morphology of commercial ITO and 8-nm thick UTAF after static folding test.
[image: ]
Fig. 5 | Topography characterization of commercial ITO and 9-nm thick UTAF after static folding test with 3.5-mm curved radius using SEM and optical microscopy. a, b Photograph and electron micrograph of ITO. c, d Corresponding topographic images of UTAF. Scale bars: 25 μm in panels a and c; 100 nm in panels b and d.


Table 1. Average visible transmittance of UTAFs varying the reduced thickness by ion-beam thinning back.
	Ag Thickness/nm
	Tavg/%

	4.5
	82.2

	6.5
	79.7

	8.3
	75.1

	9.3
	72.9

	10.5
	69.5

	12.5
	61.5
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