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Fig. S1. XRD patterns of the Dy-doped Y;GasOj; nanofilms, including (a) the 1000 °C-annealed
nanofilms with different Dy,0; dopant cycles, and the 800 °C-annealed nanofilms with different
(b) Y/Ga ratios, (c¢) Dy,03 dopant cycles and (d) Ga,0; interlayer thicknesses.
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Fig. S2. EDS mapping of the 1000 °C annealed YGG:Dy (Y/Ga=0.61, 1.5 nm Ga,Os; interlayers)

nanofilm.
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Fig. S3. SEM images of the YGG:Dy nanofilms annealed at 800 °C with different (a-c) Y/Ga
ratios of 0.55, 0.61, 0.82, (d-f) Ga,0O; interlayer thicknesses of 0.5/1.5/2.0 nm, and (g, h) Dy,03
dopant cycles of 1 and 3, respectively.
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Fig. S4. (a) The EL intensity ratios of the 492 nm and 580 nm peaks from the devices based on the
1000 °C annealed YGG:Dy (1 nm Ga,0; interlayers) nanofilms of different Y/Ga ratios. (b) The
dependence of EL intensity on the injection carrier flux from the YGG:Dy MOSLEDs with
different Y/Ga ratios, for the calculation of excitation cross-section. (c) The operation time of the
YGG:Dy MOSLEDs with different Y/Ga ratios under the continuous current injection of 0.5 mA.
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Fig. SS. The NIR EL spectra under the injection current of 0.5 mA from the YGG:Dy MOSLEDs
with different fabrication parameters, including the (a) annealing temperatures, (b) Y/Ga ratios, (c)
Ga,0s5 interlayer thicknesses and (d) Dy,0; dopant cycles.



10! 10! -
(a) 800 °C Annealing Y 2Dy (b) 800 °C Annealing YGG Y/Ga (y)
I Interlayer thickness (d) d=05mm | o d=1nm 2cycle Dy —y=0.55
2 —d=1.0mm| 2 ——y=0.61
B ——d=1.5m| -2 = | —y=0.82
-1
L% 10 5 —d=2.0nm é 10 Quantum efficiency
“La‘ Quantum efficiency =
E E
g 107 i 3
% Sanan =
o 7 53]
o -
s &
10_; Power efficiency 10 5 | Power efficiency = 2
102100 10" 10 10?10t 100 10!
. = 2
(d) ; Current density (A/cm?) (e) Current density (A/em’)
€ YGG: 2Dy Interlayer thickness d (nm) 2,=5800m  YGG: 2Dy Y/Gal(y)
Ay =380 nm 800 °C Annealing

Intensity (a.u.)

o d=0.5: 53.55ps
O d=1.0: 191.18 ps
d=1.5: 89.13 us

" d=2.0: 5154 ps

0 y=0.7: 13897 us
o y=0.8:191.18 ps
¥=0.9: 164.68 ps

o

-4 | Interlayer thickness d=1 nm

800 °C Annealing

i %

0 100 200 300 400 500 600

Time (us)

Intensity (a.u.)

0 100 200 300 400 500 600

Time (us)

10}

800 °C Annealing x=1
- d=1nm YGG: xDy x=2
x=3

Quantum efficiency

Pow;r efficiency
107 100 10" 10!
Current density (A/em?)

Aey=380 nm Interlayer thickness d=1 nm
800 °C Annealing

o x=1:12430 us
© :191.18 ps
3: 93.46 us
YGG: xDy
0 100 200 300 400 500 600

Time (us)

Fig. S6. (a-c) EQE and PE for the visible 580 nm emissions as a function of injection current for
the MOSLEDs based on YGG:Dy nanofilms annealed at 800 °C, their EL decay traces are

compared in (d-

D).



