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Fig.S1 PLQY of Cs;MnBrs thin film, Inset shows the film being excited by a 365nm LED
with and without turning on, respectively

As shown in Fig.S1, the PLQY of Cs;MnBr;s film is 63.5%, indicating that this material
is ideal for LEDs. We used a 365nm LED chip to pump Cs;MnBrs thin films to
demonstrate this application optically. The Cs;MnBrs thin film emits bright green light,
proving that it is an ideal candidate for preparing optical devices.



Fig.S2 Physical photos of Cs;MnBrs material at different temperatures, powder at RT
before annealing: (a) no excitation light, (b) 365nm excitation light; (c) Melting into liquid at
550 °C; (d) Natural condensation into powder at RT, re-emitting green light under 365nm
illumination

To verify that the endothermic extremum at 490 °C in TG and DSC curves is the melting
point, we conducted a comparative annealing experiment on the morphology of Cs;MnBrs
material. As shown in Fig.S2(a), the Cs;MnBrs material in the quartz boat initially appears
as a yellow powder at room temperature. Under 365nm near-infrared light irradiation,
Cs;MnBrs powder emits green fluorescence. Our CVD annealing furnace adopts a two-
layer quartz tube structure to prevent equipment contamination caused by Cs;MnBrs
sublimation. To verify the melting point quickly, considering the temperature gradient field
as the thermocouple outside the quartz tube, we directly applied an annealing temperature
of 550°C to Cs;MnBrs powder.

As shown in Fig.S2(c), Cs;MnBrs; powder completely melted into a yellow transparent liquid at
550 °C. Therefore, we can conclude that the endothermic extremum at 490 °C in the TG and DSC
curves is indeed the melting point. Herein, it is worth pointing out that this is the first disclosure
regarding the melting point of Cs;MnBrs powder being around 490 °C. After natural cooling, it is
impressive that Cs;MnBrs material can still emit green light, as shown in Fig.S2(d). It indicates
that the Cs;MnBrs material we synthesized by CVD method has excellent thermal stability.



Table S1 Comparative analysis of all inorganic lead-free perovskite PLQY and stability

Trans-Temp. denote transition temperature, RT denote room temperature

Emission
Materials Physical form PLQY Stability Ref
peak
CsCu,l; Film 548nm 20.6% PLQY = 95% Init. at 100 °C 1
Cs3Cuyls Film 458nm 87% In 123 phase above 120 °C 2-3
CsSnBr; Film 680nm 1.47% (PeLed Oxidation into Sn*" at RT 4
)
Cs3Sb,Bry QDs 410nm 46% 35 days (70%) at RT 5
Cs;Bi,Bry QDs 468nm 22% Trans-Temp. is 550 °C 6-7
Cs,NalInCls: Yb3* Crystals 996nm 39.4% Trans-Temp. is 600 °C 8-9

Cs,EuClg Nanocrystals 435nm 5.7£0.3% — 10
Cs3;MnBrs; Film 520nm 63.5% Trans-Temp. is 723°C This Work

We carefully compared and analyzed Cs;MnBrs material with other existing lead-free

alternatives, as shown in Table S1, including CsCu,l3, Cs;Cu,ls, CsSnBr3;, Cs;Sb,Bry,

Cs;Bi,Brg, Cs;NalnClg, and Cs,EuClg. Regarding fluorescence efficiency, Cs;Cu,ls and

Cs;MnBr; materials exhibit superior PLQY values. In prior art,

on lead-free perovskites' temperature stability is inconsistent.

the research perspective

However, together with Fig.7(a) and (b), significant mass loss begins around 723 °C,

and the endothermic peak is broad, reaching a minimum weight at 828 °C with a 90%

weight loss, indicating sublimation. No significant weight loss occurs below 600°C,

indicating excellent thermal stability for our CssMnBrs thin films.
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Fig.S3 Temperature Field of CVD Tube Furnace Substrate Side at Different Annealing
Temperatures : (a) 700°C, (b) 800°C, (c) 900°C, (d) 1000°C

Temperature critically affects grain size and surface morphology in high-quality perovskite
films(''. Using the H3Pro thermal imager, we measured temperature distribution across the
substrate in a tube annealing furnace.

As the annealing temperature at the quartz boat side rose from 700-1000 °C, the target detects
temperatures increase in sequence at the P1 area of the substrate side: 191.8 °C, 213.8 °C, 227.1
°C, and 245.2 °C. The rise in the highest values and P1 temperatures is mainly due to quartz tube
heat conduction and raw material vapor. Determining substrate temperature supports process
optimization and high-quality Cs;MnBrs film preparation.
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Fig.S4 The PL intensity of Cs;MnBrs LED under different driving voltages



Cs3;MnBrs, with broadband transmission, high PLQY, and stability, suits solid-state lighting.
Figure S4 shows practical PL devices using Cs;MnBrs thin film on a 365nm UV LED chip. PL
intensity increases with driving voltage (5.6-6.4V), allowing voltage analysis via light intensity.
Fitting its function curve can further analyze the voltage amplitude and stability from the
perspective of light intensity.
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