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[bookmark: _Hlk178189191]S1. Experimental section
S1.1. Preparation of the patterned micropores
The patterned micropores were fabricated on a glass substrate using laser drilling processes. First, the glass substrate was treated with oxygen plasma at a radio-frequency power of 100 W for 5 min. After the treatment, aluminum paste was spin-coated onto the treated glass at 400 r∙min−1 for 20 s. Following spin coating, the substrate was baked at 90 °C for 1 min and then at 180 °C for 10 min to remove the solvent. The aluminum layer on the surface was then removed by laser drilling to create patterned pixels with a size of 170 μm × 400 μm. Finally, the patterned micropores were prepared. For high-resolution patterned micropores, we use SU8 lithography to fabricate micropores. 
S1.2. Preparation of patterned quantum dot color converter (QDCC) 
The fabrication of dual-color QDCC using micropores of 170 μm × 400 μm includes the following steps. Firstly, we use the mixture of PQD microspheres and silicone gel to fill the micropores under the protection of a single array metal mask. Secondly, the glass substrate was separated from the metal mask, and the residual composites on the surface of the glass substrate were removed using a polishing process, obtaining a green patterned QDCC. Thirdly, the above steps were repeated to prepare a red patterned QDCC using a different metal mask. Finally, dual-color QDCC was successfully fabricated.
For high-resolution dual-color QDCC patterns, we applied the micropore filling of PQDs. We first scraped green PQDs mixture to form a green patterned QDCC. Subsequently, using the prepared monochromatic QDCC as the substrate, we repeated the SU8 photolithography process to create a new layer of SU8 micropores. Next, red PQDs mixture was coated onto the SU8 micropore model to form red patterns. After curing the PQDs inks at 70 °C for 20 min, the residual PQDs on the surface of the SU8 micropores mold were removed using polishing equipment, resulting in a dual-color QDCC sample. 
S2. Cost evaluations
[bookmark: _Hlk178532426]S2.1. Materials costs evaluation
[bookmark: _Hlk178448201][bookmark: _Hlk178520060]The materials costs of PQDs ($2 USD∙g−1) is lower than CdSe QDs ($5 USD∙g−1) and InP QDs ($14 USD∙g−1) [1]. We assume that the process and costs of fabricating QDs optical films are consistent. Large amounts of organic solvents compunds in the synthesis process are main process costs. 
S2.2. Processing cost evaluation
To produce 1 m² PQDs optical films, approximately 35 mL of solvent DMF is needed in the spray-drying process. In comparison, producing 1 m² CdSe or InP QDs optical films needs about 8 times solvent (around 34 mL octadecene, 34 mL toluene, 140 mL acetone, and 50 mL ethyl acetate) more than that of PQDs optical films [2]. 
[bookmark: _Hlk178532341][bookmark: OLE_LINK10]S3. Comparison of PQDs fabrication methods
[bookmark: OLE_LINK20]Typical fabrication methods for PQDs include hot injection method, ligand assisted reprecipitation (LARP) method, in situ blade-coating method, and in situ spray-drying method. Hot injection method and LARP method are used to fabricate PQDs solutions with excellent optical properties. However, PL decreasing and aggregation problems are unavoidable during the integration into different applications. The in situ fabrication methods (blade coating and spray drying) offer us a potential solution to these challenges due to its processability and unique advantages. Meanwhile, the costs of blade-coating method and spray-drying method is lower than that of hot injection and LARP method. Furthermore, the spray-drying method has unique advantages: fabrication of dual-color film and higher reliability.

Table S1
The particle size of PMMA microspheres.
	Sample No.
	D50 (μm)
	D90 (μm)

	1
	0.44
	0.53

	2
	0.59
	0.68

	3
	0.91
	1.12

	4
	1.26
	1.63

	5
	6.05
	11.92

	6
	7
	12.67

	7
	10.14
	19.43

	8
	22.4
	44.83

	9
	29.37
	70.29

	10
	40.97
	112.22



[bookmark: _Hlk178518888]Table S2
Summary of PQDs fabrication methods: hot injection method, LARP method, blade-coating method, and spray-drying method. 
	[bookmark: _Hlk178521009]Method
	Hot injection
	LARP
	Blade coating
	Spray drying

	Materials status
	Perovskite QDs solutions
	Perovskite QDs solutions 
	[bookmark: OLE_LINK9]Perovskite QDs polymer optical film
	Perovskite QDs polymer microspheres

	FWHM
	< 20 nm
	< 20 nm
	< 24 nm
	< 24 nm

	PLQY
	> 90%
	> 90%
	> 90%
	> 90%

	Applications products
	Optical film, QD pattern
	Optical film, QD pattern
	Optical film
	Optical film, QD pattern

	Dispersibility
	Uniform in solution. Aggregation when integrate in matrix, resulting light scattering
	Uniform in solution. Aggregation when integrate in matrix, resulting light scattering
	Uniform in all matrix and no light scattering, high transparency in composite materials.
	Uniform in all matrix and no light scattering, high transparency in composite materials.

	Materials cost
	$2 USD∙g−1
	$2 USD∙g−1
	$2 USD∙g−1
	$2 USD∙g−1

	Process costa
	High (10 mL octadecene, 15 mL toluene, 30 mL ethyl acetate)
	Low (5 mL DMF, 25 mL toluene )
	Low (35 mL DMF )
	Low (35 mL DMF)

	Reference
	[3]
	[4]
	[5]
	This work


a Organic solvent consumption for 1 m2 optical film.

Table S3
Summary of PQDs for backlight display. 
	QDs type
	PL
	FWHM
	Color gamut
	Stability performance
	Ref.

	CsPbX3
	410–700 nm
	12–42 nm
	140% NTSC (all PQDs)
	No evaluation
	[3]

	MAPbX3
	405–730 nm, 515 nm (Br)
	17–53 nm
	130% NTSC (MAPbBr3 + KSF)
	No evaluation
	[4]

	MAPbX3/PVDF
	440–730 nm, 525 nm (Br)
	17–50 nm
	121% NTSC (MAPbBr3 + KSF)
	8% PLQY decrease (365 nm 6 W irradiation for 400 h)
	[5]

	CsPbX3/mesoporous silica
	460 nm (Cl), 515 nm (Br), 625 nm (I)
	15 (Cl), 20 (Br), 30 (I) nm
	113 % NTSC, 85% Rec. 2020 (all PQDs)
	20% PL intensity decrease (365 nm 6 W irradiation for 96 h)
	[6]

	MAPbBr3/polymer
	532 nm 
	18 nm
	95% Rec. 2020 (MAPbBr3 + CdSe 630 nm, 23 nm)
	Good stability (heating (100 °C) and cooling cycle in water)
	[7]

	CsPbBr3/molecular sieves
	515 nm
	23 nm
	124 % NTSC, 93% Rec. 2020 (CsPbBr3 + CdSe 632 nm)
	46% PL intensity decrease (85 °C + 150 mW∙cm−2 for 12 h)
	[8]

	RbxCs1–xPbI3/PMMA
	620 nm
	31 nm
	130 % NTSC (MAPbBr3 + RbxCs1–xPbI3)
	5% PL intensity decrease (60 °C, 90% RH for 1000 h; 40 °C, 90% RH + 3 mW∙cm−2, 455 nm blue light irradiation for 1000 h)
	[9]

	CsPbX3/PMMA
	520 nm
	18.6 nm
	126.5% NTSC (CsPbX3 + KSF)
	Unchanged PL intensity (365 nm irradiation for 90 h; 47% PL intensity decrease (in water for 15 d)
	[10]

	CsPbX3/mesoporous silica
	520 nm, 634 nm
	20 nm, ~35 nm
	126.5% NTSC (CsPbBr3 + CsPb(Br/I)3)
	No evaluation
	[11]

	MAPbBr3/PMMA, CsPbBrI2/PMMA
	525 nm, 632 nm
	23 nm, 26 nm
	122% NTSC, 91% Rec. 2020 (MAPbBr3 + CsPbBrI2)
	10% PL intensity decrease (70 °C, 455 nm 150 W∙m−2 blue light irradiation for 1000h; 60 °C, 90% RH for 1000 h)
	This work
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Fig. S1. Uniformity fluorescence images of MAPbBr3/PMMA and CsPbBrI2/PMMA PQDs microspheres under an optical microscope.
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Fig. S2. TEM images of MAPbBr3/PMMA and CsPbBrI2/PMMA PQDs microspheres.
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Fig. S3. Size distribution analysis of MAPbBr3 QDs and CsPbBrI2 QDs in PMMA matrix.
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Fig. S4. PLQY measurement of MAPbBr3/PMMA PQDs microspheres.
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Fig. S5. PLQY measurement of CsPbBrI2/PMMA PQDs microspheres.
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Fig. S6. XRD patterns of a series of MAPbBr3/PMMA and FAPbBr3/PMMA PQDs microspheres.
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Fig. S7. XRD patterns of a series of CsPbBrxI3−x/PMMA PQDs microspheres.
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Fig. S8. SEM images of a series of MAPbBr3/PMMA PQDs microspheres: (a) M1; (b) M2; and (3) M3.
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Fig. S9. SEM images of a series of FAPbBr3/PMMA PQDs microspheres: (a) F1 and (b) F2.
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Fig. S10. PL spectra of a series of MAPbBr3/PMMA, FAPbBr3/PMMA, and CsPbBrI2/PMMA PQDs microspheres.

[image: ]
Fig. S11. Transmittance spectra of the PQDs films on the PET substrate.
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Fig. S12. Color gamut coverage of the PQDs optical films integrated LCD backlighting, compared with NTSC color gamut in CIE 1931.
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Fig. S13. Photograph of MAPbBr3/PMMA and CsPbBrI2/PMMA PQDs microspheres stored in water for 10 days.
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Fig. S14. PL spectra of MAPbBr3/PMMA and CsPbBrI2/PMMA optical films measured from 0 to 1008 hours under 60 oC and 90% RH.
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Fig. S15. PL spectra of MAPbBr3/PMMA and CsPbBrI2/PMMA optical films measured from 0 to 1008 h under 70 oC and 150 W∙m−2, 455 nm blue light irradiation.
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Fig. S16. PL spectra of MAPbBr3/PMMA and CsPbBrI2/PMMA optical films measured from 0 to 1008 h under 150, 300, 450, and 600 W∙m−2 455 nm blue light irradiation.
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Fig. S17. PL intensity and PL peak shift of MAPbBr3/PMMA and CsPbBrI2/PMMA optical films measured from 0 to 1008 h under 150, 300, 450, and 600 W∙m−2 455 nm blue light irradiation.
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Fig. S18. The images of (a) green patterned QDCC and (b) red patterned QDCC under UV light.
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Fig. S19. PL spectra of dual-color patterned QDCC.
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Supplementary  data   for   Spray - Drying Fabrication of Perovskite Quantum - Dot - Embedded Polymer  Microspheres for Display Applications   Yuyu Jing   a,c , Rongjian Zhang   a , Dengbao Han   a,b, *, Huan Liu   b , Wenchao Sun   d , Shengquan Xie   a , Ronghui Wang   a ,   Xin Zhong   a ,  Xian - gang Wu   c , Qingchen Wang   c , Zelong Bai   c,e , Tao Zhang   e , Jing Li   e , Haizheng Zhong   a,c,e, *   a  Hefei Innovation Research Institute of Beihang University, Hefei 230012, China   b  Key Laboratory of Bio - Inspired Smart Interfacial Science and Technology of  the Ministry of Education, School of Chemistry, Beihang University, Beijing 100191, China   c  MIIT Key Laboratory for Low - Dimensional Quantum Structure and Devices, School of Materials Science and Engineering, Beijing Institute of Technology, Beij ing 100081,   China   d  Key Laboratory of Luminescence Science and Technology, Chinese Academy of Sciences & State Key Laboratory of Luminescence and   Applications, Changchun Institute  of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, C hina   e  Zhijing Nanotech (Beijing) Co., Ltd., Beijing 100081, China     * Corresponding authors.    E - mail addresses :  dengbaohan@buaa.edu.cn   (D .   Han), hzzhong@bit.edu.cn (H. Zhong).     S1. Experimental section   S1.1. Preparation of the patterned micropores   The  patterned micropores were fabricated on a glass substrate using laser drilling processes.   First, the glass substrate was  treated with oxygen plasma at a radio - frequency power of 100 W for 5 min. After the treatment, aluminum paste was spin - coated onto the  treated glass at 400 r ? min - 1   for 20 s. Following spin coating, the substrate was baked at 90 °C for 1 min and  then at 180 °C for 10 min to remove the solvent. The aluminum layer on the surface was then removed by laser drilling to  create patterned pixels w ith a size of 170 μm  × 400  μm. Finally, the patterned micropores w ere   prepared.   For   high - resolution   patterned micropores ,  we use  SU8   lithography   to fabricate  micropore s.    S1.2. Preparation of patterned  q uantum  d ot  c olor  c onverter (QDCC)    The fabrication of   dual - color  QDCC   using  micropores  of  170 μm  × 400  μm   includes the following st ep s.  Firstly,  we  use  the  mix ture of   P QD  micro spheres  and   silicone gel to  fill   the micropores under the protection of a single array metal mask.   Secondly, the glass substrate was  separated from the metal mask, and the residual composites on the surface of the glass  substrate were removed using a polishing process ,  obtaining a  g reen  patterned QDCC .  Thirdly, the above steps were repeated  to prepare a red patterned QDCC using a differ ent metal mask.   Finally,  dual - color QDCC was successfully fabricated.   For   high - resolution   dual - color QDCC  pattern s,   we applied the   micropore   filling  of PQDs.  We first scraped green PQDs   mix ture   to form a green  patterned QDCC . Subsequently, using the prepared monochromatic  QDCC   as the substrate, we  repeated the SU8 photolithography process to create a   new   layer of SU8 micropores. Next, red PQDs  mix ture   was coated  onto the SU8 micropore model to form red pattern s . After   curing  the  PQDs   inks   at 70 °C for 20 min, the residual  PQDs   on  the surface of the SU8 micropo res   mold were removed using polishing equipment, resulting in a dual - color  QDCC sample .     S2. Cost  evaluations   S2.1. Materials costs evaluation   The materials costs of PQDs   ($2 USD · g - 1 ) is lower than CdSe QDs ($5 USD · g - 1 ) and InP QDs ($14 USD · g - 1 ) [1].   We  assume that the process and costs of fabricating QDs optical films are consistent.  L arge amounts of organic solvents compunds   in the synthesis process   are main process cost s.    S2.2. Processing cost evaluation   T o produce 1 m² PQDs optical films, approximately 35 mL of solvent DMF is needed in the spray - drying process. In  comparison, producing 1 m² CdSe or InP QDs optical films needs about 8 times solvent (around 34 mL octadec ene, 34 mL  toluene, 140 mL acetone, and 50 mL ethyl acetate) more than that of PQDs optical films [2].    S3. Comparison of PQDs fabrication methods   Typical fabrication methods for PQDs include hot injection method, ligand assisted reprecipitation (LARP)  method,   in situ   blade - coating method, and  in situ   spray - drying method. Hot injection method and LARP method are used to fabricate PQDs  solutions with excellent optical properties. However,  PL decreasing and aggregation problems are unavoidable during the 

