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Supplementary Figures 

 

Supplementary Fig. 1 | Average velocity of the fluid field simulated under different mesh 

types. 

  



 

Supplementary Fig. 2 | Changes in CA before and after interfacial anti-adhesion 

modification using DMS. 



 

Supplementary Fig. 3 | Schematic diagram of the dewetting process of the solution.  



 

Supplementary Fig. 4 | Microscale fluid dynamics and capillary interactions in template-

assisted QD film formation. a, Microfluid velocity field simulations of two liquid films: one 

with a micropillar template and the other without. The lines with arrows indicate the direction 

of fluid flow, while the color gradient from blue to red represents the fluid velocity, with blue 

indicating slower flow and red indicating faster flow. The presence of the micropillar template 

stabilizes the TPCL, transitioning it from a curved line to a straight one, and promotes the 

formation of a uniform, dense QD film by eliminating complex fluid dynamics and enabling 

more uniform mass transfer. b, Capillary force generated by the reverse-bent micropillars 

balances the spreading of octane. c, Simulation of the jumping process of the liquid film in the 

micropillar gap, depicting contour plots of the fault tolerance rate of templates with different 

widths at different liquid film height/gap ratios. 

  



 

Supplementary Fig. 5 | SEM image of a micropillars template. The width of the micropillar 

template is 20 μm, an interval is 1μm, and a 3 μm depth. The edge has a reverse bending shape. 

Scale bar, 5 μm (a); 10 μm (b). 



 

Supplementary Fig. 6 | In situ fluorescence microscopy image showing the retraction of 

the TPCL. All scale bar, 100 μm. 

  



 

Supplementary Fig. 7 | Simulation of the volume fraction of solid particles and thermo-

Marangoni flow in the liquid film. 

  



 

Supplementary Fig. 8 | Effect of temperature and concentration on QD film morphology. 

a, Relationship curve between ambient temperature and roughness of QD films. At 25℃ and 

below, the surface roughness of QD film is low, and the surface roughness increases 

significantly with the increase of temperature. b, The relationship between the thickness of the 

QD film and the concentration of QD solution. The film thickness increases almost linearly 

with the concentration of QD solution. Error bars represent the standard deviation from five 

independent samples. 

  



 

Supplementary Fig. 9 | Characterization of InP QDs. a, Fluorescence spectrum and 

ultraviolet absorption spectrum of InP QDs. The emission peak of the QDs is located at 622 nm, 

with PL QY of 83% and a FWHM of 39 nm. b-c, TEM and HRTEM images of InP QDs, 

confirming uniform morphology, good dispersion, and high crystallinity. d, XRD pattern of InP 

QDs, revealing the zinc blende structure of QDs. e, Photoluminescence decay curves of InP 

QDs in solution, exhibiting approximately single-exponential decay, indicating effective 

suppression of Auger recombination processes. Scale bar, 50 nm (b); 1 nm (c). 

  



 

Supplementary Fig. 10 | Morphology of the TPCL during the dewetting process. a, During 

the dewetting process, both the central and edge TPCL remain a straight line. b, Large-area (5 

× 5 cm2) InP QD film. Scale bar, 10 μm, 500 μm, 10 μm (a); 1 cm (b). 

  



 

Supplementary Fig. 11 | Characterization of InP QD Films. a, SEM images of two types of 

QD films. Scale bar, 100 nm. b, Characterization of the electrical conductivity of two types of 

QD films. Scale bar, 1 μm. c, PL emission intensity maps of two types of QD films. Scale bar, 

10 μm. d, PL emission intensity maps of two types of QD films in different operating regions. 

e, Confocal images and PL emission intensity maps of two types of QD films. Scale bar, 1 μm. 

f, Interface potential maps of two types of QD films. Scale bar, 1 μm. 

  



 

Supplementary Fig. 12 | Characterization of InP QD films prepared by traditional 

methods. a, Surface flatness diagram of InP QD film prepared by traditional method. Scale bar, 

1 μm. b, GISAXS diagram of InP QD films prepared by traditional methods. 



 

Supplementary Fig. 13 | Single carrier mobility obtained within the SCLC model. a, The 

electron only device consist of ITO/ZnMgO/QDs/ZnMgO/Al layers, the holes are blocked by 

the ZnMgO layer. b, The hole only device consist of ITO/PEDOT:PSS/TFB/QDs/MoO3/Al 

layers, the electrons are blocked by the MoO3 layer. c, The hole mobility of homogeneous and 

dense QD films and coarse QD films. 

The electron only devices based on the evaporation-driven self-assembly strategy (device 

structure as shown in Supplementary Fig. 8a) exhibit a lower current density (J), while the hole 

only devices (device structure as shown in Supplementary Fig. 8c) have a slightly higher current 

density. The relationship between the J and voltage (V) for both types of electron only and hole 

only devices follows the characteristics of space charge limited current (Supplementary Fig. 8b 

and Supplementary Fig. 8d). By fitting the J-V curves using the Mott-Gurney law, the charge 

mobility (μ can be calculated by): 1  

 𝐽 =
9

8
𝜀0𝜀𝑟𝜇

𝑉2

𝐿3   (1) 

where 𝜀0 is the vacuum permittivity, 𝜀𝑟 = 12.1 is the relative permittivity of QDs2, and L is the 

channel length. Higher electron (hole) mobility of 6.14 × 10−4 cm2 V−1 s−1 (5.21 × 10-4 cm2 V-1 

s-1) can be observed on evaporation-driven self-assembled QD films, while the spin-coated film 

exhibits a lower mobility of 4.39 × 10−4 cm2 V−1 s−1 (3.36 × 10-4 cm2 V-1 s-1). 

  



 

Supplementary Fig. 14 | Comparison of QD films prepared with different solvents. The 

image shows the films prepared using n-hexane, cyclohexane, and toluene alongside those 

prepared with n-octane. The results reveal that QD films from all solvents exhibit comparable 

uniformity and density, demonstrating the versatility of the evaporation-driven self-assembly 

strategy across different solvent systems. All scale bar, 100 nm. 

  



 

Supplementary Fig. 15 | HAADF-STEM images of the cross-section of an InP-based 

QLED. Energy-dispersive X-ray spectroscopy (EDX) elemental maps of S, Se, Zn, In, and P 

within the QLED structure clearly show the distribution of these elements, highlighting the 

thickness and position of each functional layer. Scale bar: 100 nm. 

  



 

Supplementary Fig. 16 | UPS spectra and UV-Vis absorption spectra of InP QDs. a-b, 

Zoomed spectra of the secondary electron threshold and valence band (VB) region. The VB 

energy level of InP QDs is determined to be 5.80 eV. The bandgap of InP QDs, as determined 

by absorption spectroscopy, is 1.93 eV. Therefore, the CBs of regular and large QDs are 

determined to be 3.87 eV. c, UV-Vis absorption spectra of InP QDs. 

  



 

Supplementary Fig. 17 | SEM images of red InP-based QD films with varying uniformity 

and density and corresponding EL spectra of QLEDs. a, SEM image of a rough QD film. b, 

SEM image of a medium-density QD film. c, SEM image of a dense QD film. d, EL spectra of 

red InP-based QLEDs corresponding to films with different uniformities and densities. As the 

uniformity and density of the QD film increase, the emission intensity in the blue region 

gradually decreases and eventually disappears. All scale bar, 100 nm. 

  



 

Supplementary Fig. 18 | Capacitance-voltage characteristics and transient 

electroluminescence (TrEL) measurements of QLED devices with two types of QD films. 

a, Capacitance-voltage characteristics. When the applied voltage exceeds 2 V, the capacitance 

of both devices increases, indicating charge carrier accumulation at the TFB/QD interface. As 

the voltage rises to 2.5 V, the capacitance begins to decrease, suggesting breakdown of the 

capacitance at the TFB/QD interface due to sufficient hole injection. The QLED with the 

uniform, dense QD film exhibits lower capacitance across the entire voltage range, indicating 

reduced charge accumulation. b, TtrEL results. At 3.5 V, the QLED with the uniform, dense 

QD film shows shorter turn-on times and faster transient electroluminescence. These results 

indicate that the uniform, dense QD film enhances the electron-hole radiative recombination 

rate while significantly suppressing charge leakage. 

  



 

Supplementary Fig. 19 | T50 lifetime measurements of two InP-based QLEDs at different 

initial luminance.  

  



 

Supplementary Fig. 20 | Electrical performance for Cd-based QLEDs. a, Compared to the 

maximum EQEs of 21.6%, 19.3%, and 18.7% for red, green, and blue QLEDs based on rough 

QD films, the maximum EQEs for QLEDs based on dense QD films are significantly improved 

to 29.6%, 25.3%, and 22.2%, respectively. This is one of the best results reported so far. b, CIE 

1932 color space coordinates corresponding to the red, green, and blue Cd-based QLEDs in (a), 

with specific CIE coordinates of (0.684, 0.316), (0.227, 0.734), and (0.133, 0.060). The yellow 

triangle represents the DCI-P3 color space. These color gamuts surpass the Digital Cinema 

Initiatives P3 (DCI-P3) color space, a standard for wide-gamut displays. c-e, Devices based on 

dense QD films exhibit lower current density in the ohmic contact region compared to those 

based on rough QD films, indicating effective suppression of leakage current. Additionally, 

devices with dense QD films show enhanced luminance: red Cd-based QLEDs (c) increased 

from 2.1 × 105 to 3.6 × 105 cd m-2, green Cd-based QLEDs (d) from 3.8 × 105 to 5.6 × 10⁵ cd 

m-2, and blue Cd-based QLEDs (e) from 3.6 × 10⁴ to 4.0 × 10⁴ cd m-2, compared to devices with 

rough QD films. 

  



 

Supplementary Fig. 21 | Electrical performance for green InP-based and blue ZnSeTe-

based QLEDs. a, SEM images of green InP-based QD film prepared via the evaporation-driven 

self-assembly strategy. Scale bar, 100 nm. Current density-luminance-voltage and EQE-current 

efficiency-current density characteristics of green InP-based QLEDs. Compared to QLEDs 

fabricated using conventional methods, those with uniform QD films exhibit significantly lower 

current density in the ohmic contact region, with the EQE increasing from 7.2% to 9.8% and 

the luminance improving from 3.5 × 104 cd m-2 to 5.0 × 104 cd m-2. b, SEM images of blue 

ZnSeTe-based QD film prepared via the evaporation-driven self-assembly strategy. Scale bar, 

100 nm. Current density-luminance-voltage and EQE-current efficiency-current density 

characteristics of green InP-based QLEDs. Compared to QLEDs fabricated using conventional 

methods, those with uniform QD films exhibit significantly lower current density in the ohmic 

contact region, with the EQE increasing from 7.2% to 9.8% and the luminance improving from 

3.5 × 104 cd m-2 to 5.0 × 104 cd m-2. 

  



 

Supplementary Fig. 22 | Schematic diagram of preparation process of patterned QLED. 

  



 

Supplementary Fig. 23 | Cross-sectional TEM image of patterned QLED. Scale bar, 100 

nm. 

  



Supplementary Tables  

Supplementary Table 1. Average velocity of the fluid field under different meshes. 

 

  

Serial number Mesh refinement level. Average velocity（×104 m s-1） 

1 ultra-coarse mesh 2.547 

2 coarser mesh 2.566 

3 coarse mesh 2.577 

4 standard mesh 2.582 

5 fine mesh 2.5835 

6 finer mesh 2.585 

7 ultra-fine mesh 2.586 

8 extremely fine mesh 2.587 



Supplementary Table 2. Performance comparison of the devices developed in this 

work with other high-performance red InP-based QLEDs. 

 

  

Year PL (nm) EQEmax (%) Lmax (cd m-2 ) Ref. 

2018 607 6.6 1,700 3 

2019 618 12.2 10,000 4 

2019 630 21.4 100,000 5 

2020 632 21.8 23,300 6 

2021 630 18.6 128,577 7 

2021 - 18.3 >10,000 8 

2022 620 22.2 110,000 9 

2022 

625 16.8 136,090 

10 

621 22.5 107,160 

2025 622 26.6 140,000 This work 



Supplementary Notes 

Supplementary Note 1: Conductivity measurement 

We used the substrate/QD architecture as a field-effect transistor to determine the film 

conductivity (σ) (as shown in Fig. 2f). Both films exhibited linear current-voltage (I–V) 

characteristics within the scanning voltage range of 0 V to 4 V. The σ of each film was 

extracted by plotting the current as a function of the scanning voltage: 

 𝜎 =
𝐼

𝑉
×

𝐿

𝑇×𝑊
  (2) 

Where L is the channel length, set to 2 µm, T is the film thickness (~20 nm), W is the 

channel width, set to 100 µm, and I/V is the slope of the current-voltage curve. The 

calculated σ of the QD film prepared via the self-assembly strategy is 6.6×10−4 S m−1, 

which is 2.75 times higher than that of the QD film prepared via the spin-coating 

method (σ =2.4×10−4 S m−1).  

Supplementary Note 2: Particle tracking simulation explanation 

We utilized the Particle Tracing Module within COMSOL Multiphysics 6.2 to simulate 

the motion of particles in space. In the simulation, particles are introduced into the fluid 

as point masses at the inlet. The forces acting on the particles, including fluid drag, 

gravity, and Brownian motion, are simultaneously considered to analyze the particle 

behavior and determine their movement trends within the diffusive medium. All the 

formulas in Supplementary Note 3 are sourced from the software manual. 

The relationship between the fluid particle tracking motion and the acting forces on the 

particles is given by the following equation: 

 
ⅆ

ⅆ𝑡
(𝑚𝑝𝑉) = 𝐹𝐷 + 𝐹𝑔 + 𝐹𝑒𝑥𝑡  (3) 

 𝑉 =
ⅆ𝑞

ⅆ𝑡
  (4) 

where 𝑚𝑝  is the particle mass, 𝑉  is the particle velocity vector, 𝑞  is the particle 

position variable, 𝐹𝐷  and 𝐹𝑔  represent the fluid drag force and gravitational force, 

respectively, and 𝐹𝑒𝑥𝑡 is the external force, which is zero in this case. 

The fluid drag force is expressed as: 

 𝐹𝐷 = (
1

𝜏𝑝
) 𝑚𝑝(𝑈 − 𝑉)   (5) 

where 𝜏𝑝 is the particle velocity response time and 𝑈 is the fluid velocity vector at 

the particle's location. 

The particle velocity response time  𝜏𝑝 quantifies the timescale for the particle's 



velocity to equilibrate with the surrounding fluid velocity. According to the Stokes drag 

law, 𝜏𝑝 is given by: 

 𝜏𝑝 =
𝜌𝑝ⅆ𝑝

2

18𝜇
   (6) 

where 𝜌𝑝 is the particle density, 𝑑𝑝 is the particle diameter and 𝜇 is the dynamic 

viscosity of the fluid. 

The gravitational force term includes buoyancy, taking into account the density of the 

surrounding fluid. Therefore, the gravitational force 𝐹𝑔 is expressed as: 

 𝐹𝑔 = 𝑚𝑝𝑔
(𝜌𝑝−𝜌)

𝜌𝑝
  (7) 

where 𝜌 is the density of the surrounding fluid. 

To account for the random motion of particles at the microscopic scale, the Brownian 

motion force is included, as represented by the equation: 

 𝐹𝑏 = 𝜁√
12𝜋𝑘𝐵𝜇𝑇𝑟𝑝

△𝑡
  (8) 

Where △ 𝑡 is the solver time step, 𝑟𝑝 is the particle radius, 𝑇 is the fluid temperature, 

𝑘𝐵 is the Boltzmann constant and 𝜁 is a normally distributed random number. 

Supplementary Note 3: Mesh independence test 

To ensure the reliability of the numerical simulation results, we performed a mesh 

independence test to verify whether the simulation results stabilize with mesh 

refinement, thus eliminating the influence of mesh discretization on the computational 

outcomes. In this test, we compared eight different mesh densities: ultra-coarse mesh, 

coarser mesh, coarse mesh, standard mesh, fine mesh, finer mesh, ultra-fine mesh, and 

extremely fine mesh. The differences between these mesh types mainly lie in the 

number of elements and the mesh size. The ultra-coarse mesh has the largest mesh size 

and the fewest elements, while the extremely fine mesh has the smallest mesh size and 

the most elements. For each mesh type, simulations were run under the same conditions, 

and the average velocity of the fluid field for each mesh was compared (Supplementary 

Table 1). The test results indicate that as the mesh is refined from the standard mesh to 

the finer meshes, the average velocity of the fluid field gradually stabilizes 

(Supplementary Fig. 1). Therefore, the refined mesh can be considered numerically 

convergent. Based on this, we selected any mesh from the fine to extremely fine range 

for further simulation analysis to ensure the accuracy and reliability of the results. 
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