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Abstract: Organic crystalline materials possess ordered molecular arrangement, forming structures with long-range
order and low density of defect states. These properties result in good thermal stability, chemical stability and high
carrier mobility compared to organic amorphous materials, making organic crystalline materials have great potential
in developing high-performance OLEDs. This paper reviews the recent progress on crystalline thin-film OLEDs (C-
OLEDs) based on weak-epitaxy-growth( WEG) technique. From the initial single crystalline layer green-emission de-
vice to multi-layer doped deep-blue-emission device, C-OLEDs have proved the crystalline organic semiconductor
route is capable of realizing efficient light emitting, and the devices have achieved superior characteristics of low turn-

on voltage, low operating voltage, high photon output, high power efficiency and low Joule heat loss.
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Fig.1 Schematic of weak-epitaxy-growth'
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(a)—=(b) Atomic force microscope (AFM) images of p-6P and 6 nm p-6P/80 nm Alq, crystalline thin film. (¢) Scanning

electron microscope (SEM) image of 6 nm p-6P/80 nm Alq, crystalline thin film. (d) Out-of-plane XRD patterns of crys-

talline thin films. (e)Selected area electron diffraction(SAED) patterns of the crystalline film. (f) Schematic packing dia-

gram of the p-6P/Alq, crystalline film. (g) Molecular structures and energy band diagram of the C-OLED. (h)Electrolumi-

nescence (EL) spectra of Alq, C-OLED. (i) EQE as a function of luminance. The inset shows a photograph of an operat-
ing Alq, C-OLED. (j) Time-dependent luminance evolutions of amorphous OLEDs and C-OLEDs"".
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Fig. 3

(a)—-(d) Atomic force microscope (AFM) images of WEG Alq; crystalline thin films. (e) Schematic diagram of carriers

and excitons’ processes in the multi-layer C-OLED. (f) Electroluminescence spectra of C-OLED. The inset shows photo-

graph of an operating multi-layer crystalline OLED. (g)J-V-L characteristics of C-OLED. (h) Current efficiency(CE) and

power efficiency(PE) of C-OLED as a function of luminance. (i)EQE of C-OLED as a function of luminance*'.
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Fig. 4
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(¢)Schematic illustration of the device architecture. (d) Schematic illustration of the energy level diagram. (e) AFM im-

ages of 6. 6-nm thick BPIT film. (f)—(j) AFM images of p-DPPI film with different thickness grown on BP1T inducing

layer. (k)Normalized EL spectra of C-OLED at different driving voltages. The inset: photograph of C-OLED operating un-

der ambient conditions. The size of the sample shown in the inset is 30 mm x 30 mm. (1) Current density-voltage-lumi-

nance (J-V-L) characteristics of C-OLED. (m) Current efficiency and power efficiency versus luminance curves of C-

OLED. (n) EQE-luminance of C-OLED".
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(¢) Scanning electron microscope (SEM) image of a cross-section profile of the 0.6 um thick 2FPPICz crystalline thin
film.(d) Out-of-plane XRD patterns of BP1T, WEG 2FPPICz, and doped WEG 2FPPICz crystalline thin films. (e)Sche-

matic illustration of the doped WEG crystalline thin film. (f) Hole mobility plotted with respect to E". (g)Electron mobil-

ity plotted with respect to E"',
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Fig.7 (a) Voltage-dependent current density (right) and luminance (left) characteristics of C-OLED. (b) Current-density-de-

pendent luminance characteristics of C-OLED. (¢)EQE-luminance curves of C-OLED. (d)The CIE1931 chromaticity dia-

gram, including the chromaticity coordinates of the EL spectrum from the doped C-OLED and ITU-R BT.2020-Standard,
the inset is the EL spectra at 5.0 V"',
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Fig.8 (a)A comparison of voltage(V)-dependent luminance between doped C-OLED and reported deep-blue OLEDs with simi-

lar color purity. (b) A comparison of voltage (V) -dependent current density (J) between doped C-OLED and reported
deep-blue OLEDs with similar color purity. An inorganic LED based on InGaN/GaN is also plotted. AV = V, (1 000 cd-
m?)-V,(1 cd*m™). Slope 1(mS+-em™) : defined as the instantaneous slope of J-V curves at 1 000 ed-m™. (¢) A compari-
son of voltage-dependent semi-log current density between doped C-OLED and reported deep-blue OLEDs. (d) A compari-
son of voltage-dependent semi-log emitted photons(N) between doped C-OLED and reported deep-blue OLEDs based on
typical fluorescent and phosphorescent materials, TADF, TTA, and InGaN/GaN LED. Slope 2/3: defined as the instanta-
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(Slope 5). All reference data for comparison are extracted from the corresponding literature''®.
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