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Supplementary Note 1. Definition and calculation of effective piezoelectric 

coefficient d33

Lateral and vertical dual AC resonance tracking (DART) PFM was employed 

to characterize IP and OOP ferroelectric domains, piezoelectric responses, and 

the corresponding piezoelectric coefficients.

𝑑33 =
𝐴

𝑉𝐴𝐶𝑄
=

𝐴𝑚𝑝 ∙ 𝑑𝑒𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑠𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦
𝑉𝐴𝐶𝑄

The amplitude (Amp) represents the measured piezoelectric response 

magnitude, while the deflection sensitivity and quality factor (Q) are intrinsic 

parameters of the cantilever probe. In this work, the measured deflection 

sensitivity and quality factor (Q) are 132 nm/V and 165, respectively. The 

applied alternating current voltage (VAC) denotes the excitation amplitude used 

in switching spectroscopy SS-PFM measurements.

Figure S1. The comparison of OM images for AgCrSe2 nanoflakes synthesized 

under different growth conditions. a) AgCrSe2 grown on a Si/SiO2 substrate. b) 



OM image without NaCl addition in the precursors. c) Growth results without Cr 

incorporation in the precursor. d) OM image under an H2/Ar flow rate of 200 

sccm. e) Optical image using unmilled AgNO3 as the precursor. f) OM image 

synthesized by the Method of Experimental section.

Figure S2. Optical Micrograph (OM) images of AgCrSe2 nanoflakes grown on 

mica substrate under different temperature conditions (820 – 880 ℃). a-c) The 

spatial distribution of the AgCrSe2 nanoflakes under a 100x objective lens. d-f) 

The spatial distribution of the AgCrSe2 nanoflakes under a 50x objective lens.



Figure S3. a-f) AFM images of AgCrSe2 samples under different growth 

temperature conditions (820 – 920 °C).

Figure S4. a) Variation of average lateral size of AgCrSe2 nanoflakes under 

different growth temperature conditions. b) Variation of average thickness in 

AgCrSe2 nanoflakes under different growth temperature conditions.



Figure S5. The atomic column intensity distribution of Cr, Ag, and Se in the 

cross-sectional image.

Figure S6. a) Low-magnification HAADF image of the AgCrSe2 cross-sectional 

sample, with the mica substrate in the background. b – d) Corresponding EDS 

elemental mapping images for Ag (yellow), Cr (green), and Se (red), 

respectively.



Figure S7. The comparison diagram of SHG intensities for AgCrSe2 nanoflakes 

under different excitation wavelengths (900 - 1000 nm) with fixed laser power.

Figure S8. Power-dependent SHG spectra of AgCrSe2 nanoflakes under the 

excitation wavelength of 980 nm.



Figure S9. a) Large-area optical micrograph of AgCrSe2 nanoflakes. b) 

Corresponding large-area SHG mapping image of the same AgCrSe2 nanoflake 

region shown in (a).

Figure S10. Schematic diagram of the PFM testing setup, with an inset 

illustrating the magnified side-view schematic of the device.



Figure S11. Topography image and thickness (9.4nm) of the AgCrSe2 nanoflake 

under the OOP and IP measurement mode.

Figure S12. a) Relative phase shift profiles under varying AC voltage bias (±2V 

- ± 5V) in the OOP orientation. b) Relative phase shift profiles under varying AC 

voltage bias (±2V - ± 5V) in the IP orientation.



Figure S13. a,b) the phase image and amplitude image in OOP mode under the 

DC voltage of ±1V. c,d) the phase image and amplitude image in OOP mode 

under the DC voltage of ±3V.



Figure S14. a-e) Polarization endurance test of AgCrSe2 nanoflake in OOP mode under 

a ± 6 V poling voltage, conducted through five consecutive polarization switching 

cycles.

Figure S15. a-e) Polarization endurance test of AgCrSe2 nanoflake in IP mode under a 

± 6 V poling voltage, conducted through five consecutive polarization switching cycles.

Figure S16. Polarization stability test of AgCrSe2 nanoflake under a ±6 V DC poling 

voltage of OOP mode: comparison of the (a) initial state and (b) state after 8 hours of 

continuous polarization.



Figure S17. Polarization stability test of AgCrSe2 nanoflake under a ±6 V DC poling 

voltage of IP mode: comparison of the (a) initial state and (b) state after 8 hours of 

continuous polarization.

Figure S18. a) OM image of the planar device. b) OM image of the vertical 

device.



Figure S19. a) Logarithmic-scale I-V curve of a planar device under bias voltages 

ranging from ±0.5V to ±1.7V. b) OM image of another planar device.

Figure S20. I-V characteristics of planar devices under successive maximum bias 

voltages.



Figure S21. P-E hysteresis loops of AgCrSe2 with the thicknesses of 10nm, 

showing its robust and intrinsic roomtemperature ferroelectricity.

Figure S22. a) Transfer characteristics (Vg-Ids curves) of the Ferroelectric field-

effect transistor measured under different gate voltage sweep ranges (from ±4 

V to ±20 V) with a constant read voltage (Vds = 1 V). b) Corresponding Vg-Ids 

curves of the ferroelectric transistor acquired over 10 consecutive cycles under a 

fixed gate voltage sweep condition (±10 V) and read voltage (Vds = 1 V), 

demonstrating the cycling stability.



Figure S23. a) I-V curves of vertical AgCrSe2 ferroelectric diode device by 

applying opposite poling voltage (+ 2 V and − 2 V) b) OM image of another 

vertical device.

Table S1. Comparative analysis of ferroelectric properties with other reported 2D 

ferroelectrics.
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