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Figure 1 Relationship between the resistivity and the

thickness of ultrathin Ni films
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Figure 2 Dielectric constant of ultrathin gold films (sub-10nm thick) at different thicknesses(Au(d nm) on CuO
(0.7nm)@C(1 nm)@C(1nm)@SiO,(290 nm) @Si)
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(a)—schematic diagram of the preparation of silver ultrathin films on substrates modified by APTMS and
MPTMS; (b)—diagrams of cross-section and SEM of Ag ultrathin films prepared with PET and without PEI

modification.
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Figure 8 Preparation methods of ultrathin metal films with surface modification technology
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(a)—flow chart of ion beam polishing method to preparate ultrathin metal films; (b)—SEM image of
Ag ultrathin film prepared by ion beam polishing method.
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Figure 9 Preparation methods of ultrathin metal films with ion-beam polishing
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(a)—flow chart of polymer-assisted photochemical deposition (PPD) ; (b)—surface topography of 4 nm Ag ultrathin

film prepared by PPD and conventional PVD.
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Figure 10 Preparation methods of ultrathin metal films with polymer-assisted photochemical deposition
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Table 1 Classification and summary of preparation methods of ultrathin metal films
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(a)—schematic diagram of DMD anti-reflection structure based on ultrathin metal films; (b)—diagram of reflection vector;
(¢)—transmission spectrum of DMD transparent electrode ; (d)—picture of transparent electrode.
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Figure 11
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Transparent electrode based on ultrathin metal films
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(a)—schematic diagram of asymmetric F-P cavity; (b)—structural color printing of the Rio2016 Olympic Games logo;
(¢)—schematic diagram of color detector based on MDM structure ; (d)—optical microscopy images of samples after being

immersed in solvents for 15 min.
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Figure 12 Applications of ultrathin metal films in structural color filters
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Figure 13 Solar absorber based on ultrathin metal films
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Abstract: Due to their advantages of high light transmittance, low resistance, high mechanical flexibility and low cost,
ultrathin metal films with a thickness of sub-10 nm has been seen as ideal optoelectronic materials. Compared with metal films
of conventional thickness, sub-10 nm ultrathin metal films have better optoelectronic properties and wider application
possibilities, and are widely used in solar cells, flat panel displays, color decoration, wearable electronic devices, smart
windows, and other fields. The preparation quality of sub-10 nm ultrathin metal films directly determines their optoelectronic
features. Due to the poor wettability, it is difficult for metal to form a continuous, long range and uniform film by direct
deposition at an extreme thickness of sub-10 nm. The resultant defects will inevitably lead to problems such as increased
resistance and unstable optical properties, affecting the performance of optoelectronic devices. Therefore, fabricating high-
purity, high-quality sub-10 nm thick ultrathin metal films and carrying out their application has become the research hotspot.
Based on recent publications, this review systematically summarizes the recent progress in sub-10 nm thick ultrathin metal
films. This review first describes the optoelectronic and mechanical properties of sub-10 nm metal films. Then the growth
mechanism and high-quality material preparation methods of ultrathin metal films including introducing a seed layer, doping co-
sputtering, surface modification, cryogenic deposition, ion-beam polishing and the polymer-assisted photochemical deposition
are reviewed. Furthermore, from the perspective of applications, this review summarizes the design approaches and
applications forms of sub-10 nm thick metal films in applications of transparent conductors, structural color filters, solar
absorber, Low-E coatings and plasmas devices. Finally, the development trend and applications of sub-10 nm thick ultrathin
metal films are prospected.

Keywords: sub-10 nm; ultrathin metal films;thin film growth; optoelectronic devices; flexible transparent electrodes; structural

colors;surface plasmons;solar energy absorption
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