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Abstract: Polarized photodetectors have the ability to detect the direction of the light field vector, which can greatly enrich
the information dimension of photoelectric detection and expose hidden information that cannot be found in traditional detec-
tion methods. Therefore, it is important in target detection, geological remote sensing, machine vision, etc. Using the intrin-
sic anisotropy of the material structure to achieve the polarization response helps to avoid the complex structure and huge sys-
tem caused by the traditional polarization detection that requires coupling optical elements, and contribute to realize the mini-
aturization and integration of the device. Here, we have constructed an organic polarization detector based on a large-area
organic semiconductor two-dimensional single-crystal film. Using the long-range order and intrinsic anisotropy of the molecu-
lar structure in the organic single-crystal film, we have obtained the polarized light response characteristic with a high linear
dichroic ratio as large as 2. 39. Furthermore, using the order and orientation consistency of the molecular stacking structure

of the large-area organic two-dimensional single-crystal film
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the integration of large-area polarization devices.
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Fig. 1  C6-DPA molecular structure (a); schematic diagram of C6-DPA 2DOSCs prepared by space-constrained self-assembly strategy
(b, ¢); OM image, POM image, fluorescence image of C6-DPA 2DOSCs (d~f) ; AFM image and height curve of C6-DPA 2D0OSCs

(g, h); XRD pattern of C6-DPA 2DOSCs (i)
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Fig.2 TEM image (a) and the corresponding SAED patterns (b, ¢) of C6-DPA 2DOSCs, simulation of the illustration of molecular packing

in C6-DPA crystals in the ab, be crystal plane (d~f)
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Fig. 3 Angle-resolved polarized Raman spectra acquired in the parallel configuration (a) and cross configuration (d), the signature Raman peak at

300 1558 cm

1403/1423 em™" and 1558 cm™" and shaded with blue color and red respectively, from the bottom spectrum to the top one, their corresponding
polarization angle is 0°, 30°, 60°, 90°, 120°, 150°, 180°, 210°, 240°, 270°, 300°, 330°, 360°, respectively; contour mapping
of angle-resolved polarized Raman spectra acquired in the parallel configuration (b) and cross configuration (e); the polar plotting of the
1558 em™' Raman peak intensity as a function of sample rotation angle for the parallel configuration (¢) and cross configuration (f) measure-
ment, experimental data are represented by purple dots, and theoretical fitting data is represented by blue curve; sample position information
in the polarization Raman test, white arrows indicate the position of the initial polarization direction relative to the sample (g) ; Raman peak
intensity at different positions as a function of polarization angle (@) at the signature Raman peak 1558 ¢cm™ (h); in parallel configuration
test, the intensity of 1558 cm™' Raman peak at different sample positions as a function of the sample rotation angle, the solid purple line and
dot represent the experimental data and simulation data of position 1 respectively, solid blue lines and dots represent experimental and simula-

ted data for position 2, solid green lines and dots represent experimental and simulated data for position 3 (1)
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Fig. 4 Optical absorption spectra acquired at the polarization angle of 0°, 30°, 60°, 90°, 120°, 150°, 180°(a) ; contour mapping of polarization-resolved

optical absorption spectra (b) ; the variation of absorbance (a) as a function of polarization angle () at the three major absorption peaks: 431,
407, 384 nm (c) ; the values of dichroic ratio c,/c, at the wavelength of 431(1.772), 407(1.813), 384(1.703) are denoted (d)
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Fig. 5 Schematic of experimental setup for polarization detection (a) ; the physical image of the large-area array device is shown, and the 16 devices

are numbered D1~D16 (b) ; under the irradiation of pulsed linearly polarized 405 nm laser (pulse time interval of 30 s) , V, =40 V, I as

a function of time, the polarization angle step of adjacent pulse interval is 20° , the laser irradiation power is constant at 55 mW - cm (¢ ) ; the

polar plotting of I, as a function of corrected polarization angle, the irradiating laser power has a constant value of 55 mW - em™2(d) ; the §

three-dimensional strip chart under different Vy of D1~D16 (e) ; 6 measured from C6-DPA based 4x4 array at V,, =40 V (f)
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Fig. S1 OM image (a) of the thicker C6-DPA film; cross-polarized optical micrographs, the polarization angle is 0°(b),
45°(c), 90°(d), 135°(e), 180°(f)
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Fig. S2 Schematic of DPA molecular structure (a); TEM image (insert) and SAED pattern of a DPA crystal (b); XRD pattern
of DPA crystals on Si/SiO2 substrate and the simulated XRD peaks from its single crystal data (CCDC: 1044209) (c);

illustration of molecular packing in DPA crystals in the bc, ab, ac crystal plane, key lattice parameter a (17.973 A), b (7.352
A), ¢ (6.245 A) is labeled (d)
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Fig. S4 Experimentally measured Raman spectrum of C6-DPA crystals in parallel (blue-line) (a) and cross configuration
(red-line) (d); the polar plotting of the 1403 cm™ Raman peak intensity as a function of sample rotation angle for the
parallel-configuration (b) and cross-configuration measurement (e), experimental data are represented by pink dots, and
theoretical fitting data is represented by purple curve; the polar plotting of the 1423 cm™' Raman peak intensity as a function
of sample rotation angle for the parallel-configuration (c) and cross-configuration measurement (f), experimental data are

represented by pink dots, and theoretical fitting data is represented by purple curve
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Fig. S5 Under the irradiation of linearly polarized 405 nm laser (55 mW-cm™), the I-V curves is obviously different when
the polarization direction is b-axis (blue) and c-axis (red) (a); under the irradiation of pulsed linearly polarized 405 nm laser
(pulse time interval is 30 s), when Vas=40 V, /4 as a function of time, the laser irradiation power is constant at 55 mW-cm-
%(b); photocurrent as a function of polarization angle, experimental data is represented by pink dots, and theoretical fitting
data is represented by purple curves(c); C6-DPA 2DMC-based photodetector, polar coordinates with ynas a function of

corrected polarization angle(d)
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directions along the two different main crystal axis directions.





