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Fig. 1. Development of atomic force microscopy.
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(a) AFM; (b) KPFM; (c) EFM; (d) PFM; (e) AFM-IR

Fig. 2. Schematic diagram of functional AFM working principle: (a) AFM; (b) KPFM; (¢) EFM; (d) PFM; (e) AFM-IR.
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Fig. 3. Three dimensional topography images of (a) untreated PVDF film® and (b) stretched PVDF film by AFMI®,
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Fig. 4. Three dimensional images by AFM of PVDF films under various doses'®: (a) 0 kGy; (b) 500 kGy; (c) 1000 kGy;

(d) 1300 kGy; (e) 1700 kGy; (f) 2200 kGy.
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Fig. 7. (a) Topography signal (10 pmx10 pm) and (b) AFM-IR intensity distribution map with irradiation by a laser at 1216 cm !
of 5% P(VDF-HFP)/GLCI™); (c) local IR spectra of the sites marked in panel (a) and (b) [
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Fig. 8. (a) f-PPTA nanocluster formation process and the arrangement in PVDF matrix(™; (b) TEM image of PVDF-based film[™;
(c) PFM image of the films with f-PPTAI].
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Fig. 9. (a) Schematics of three-component multilayer film coextrusion process via the forced assembly techniquel™); (b) AFM phase
images for PET/PMMA /P(VDF-HFP) multilayer films[™; (c) AFM phase images of the as-extruded PET/PMMA/P(VDF-HFP)
65-layer film (200 pm) with 8% volume fraction of PMMA and the corresponding biaxially oriented film (10 pm)!™.
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Fig. 10. Interface model: (a) Lewis model®; (b) Tanaka multi-core model/®!.
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Fig. 11. (a) Results of local dielectric property detection®”; (b) the local finite element models!*”.
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Fig. 12. (a), (b) AFM height image of MgO/LOPE and SiO,/LDPE material (5 pmx5 pm)®); (c), (d) AFM lift mode phase image
of MgO/LOPE and SiO,/LDPE belong to the same zonel®; (e), (f) scanning curve in one dimension of MgO/LDPE and SiO,/LDPE);

(g) models of SiO, embedded in LDPEI®,
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Fig. 13. (a), (b) AFM topography image and EFM image of the silicone composite material containing the filler F1 with mass frac-

tion of 2% B; (c), (d) AFM topography image and EFM image of the silicone composite material containing the filler F2 with the

mass fraction of 2%/
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Fig. 14. (a), (d) Topography (1 umx1 pm) of BTO/P(VDF-TrFE-CFE) nanocomposites”; (b), (e) local IR spectra at different

sites as marked in panel (a) and (b); (c), (f) normalized IR response at 1275 cm ' at different sites as marked in panel (a) and (d)®.
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Fig. 15. (a) Schematic diagram of the working principle of the modified Kelvin probe force microscope; (b) schematic diagram of hy-
drogen bond and intrinsic dipole orientation in P(VDF-TrFe)/BT; (c) the results of local polarization property detection near an
embedded nanoparticle in P(VDF-TrFE)/BTF; (d) the induced surface potential difference under different DC voltages, and the
relationship between dipole layer thickness and potentiall®9.
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Fig. 16. Amplitude (upper panel) and phase contrast (lower panel) PFM images of BT ceramics with (a) 0.0%, (b) 2.0%, (c) 4.0%
and (d) 8.0% molar concentration of AuNPs sintered at 1250°C for 2 h11].
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Fig. 17. (a) Amplitude and (b) phase images of vertical piezoelectric force microscopy (VPFM) for BF-BT-0.05 NT[%%]; (¢) amp-
litude and (d) phase images of PFM after poling with £20 V voltage for BF-BT-0.05 NT!'%l; (e) amplitude and (f) phase images of
VPFM for BF-BT-0.12 NTI'%; (g) amplitude and (h) phase images of PFM after poling with +20 V voltage for BF-BT-0.12 NT[1%%],
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Fig. 18. (a) Sample structure and schematic drawings of the flat and bent sample; (b) PFM phase images of a ferroelectric P(VDF-

TrFE) film with different tensile strains!'%; (c) under the condition of voltage pulses of different amplitudes and different durations,
PFM phase images of a P(VDF-TrFE) film with different tensile strains/'%.
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Fig. 19. (a) MFM map of the EP surfacel''¥; (b), (¢) KPFM map and value of the potential in the radical region!''?; (d), (e) KPFM
map and value of the potential in the non-radical region!?; (f) deep trap parameters in the radical and non-radical regions!'?.
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Fig. 20. (a) Schematic diagram of the KPFM testing configuration!''”; (b) different negative lateral electric field corresponding to
the space charge distribution!!'?],
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Fig. 21. Schematic diagram of the KPFM testing: (a) Topography and (b) surface potential mapping of the PEI/PCBM compositel!'®!

() surface potential profiles along the horizontal axis derived from the surface potential mappings!'"'¥; (d) schematic illustration of

the built-in electric field formed by the molecular semiconductor captured electrons!'sl.
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Fig. 22. (a), (b) Time-dependent surface potential distribution on the scanned line in pristine PP and PP-g-ITA of KPFM[M:; (c),
(d) AFM-IR topography of the specimens surface for pristine PP and the PP-g-ITAM; (e), (f) AFM-IR chemical map irradiated

with a 1780 cm! laser!!!.,
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Progress of application of functional atomic force microscopy
in study of nanodielectric material properties
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Abstract

The rapid development of the electrical and electronic industry requires components with miniaturization,
flexibility, and intelligence. Dielectric materials, as important materials for the preparation of electronic
components, are required to have excellent dielectric properties such as high breakdown electric field, high
energy storage density and low dielectric loss. Owing to the lack of ultra-high resolution characterization tools,
the research on the improvement of dielectric material properties stopped at a macroscopic level in the past.
Atomic force microscopy, a measurement instrument which possesses a nanoscale high resolution, shows unique
advantages in the study of nanodielectrics, and the advent of functional atomic force microscopy has made
important contributions to characterization of the electrical, optical, and mechanical properties of nano-
dielectric micro-regions. In this paper, we review the progress of atomic force microscopy, electrostatic force
microscopy, Kelvin probe force microscopy, piezoelectric response force microscopy and atomic microscopy-
infrared spectroscopy in the study of nanodielectric applications. Firstly, their structures and principles are
introduced; secondly, their recent research progress of studying the microscopic morphology, interfacial
structure, domain behavior and charge distribution in the nanometer region of dielectric materials is presented,

and finally, the problems in the existing research and possible future research directions are discussed.
Keywords: atomic force microscopy, nano dielectric, interface, dielectric properties
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