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Abstract: High—performance wide—spectrum upconversion imaging devices play an important role in
fields such as medical care, food safety, non—-destructive testing, and national security. However, existing
semiconductor upconversion devices are limited by their narrow detection range and low upconversion
efficiency. In order to achieve a wider spectrum and efficient upconversion, this study significantly
improves the performance of the ratchet upconversion device by optimizing the LED structure. The
improved LED's electroluminescence efficiency has been increased by two orders of magnitude. It can turn
on light at a driving current of pA level, and its electroluminescence spectrum is closer to the theoretical
regular Lorentz line. The overall surface luminescence uniformity of the device is also significantly
improved. The research clarifies the performance optimization principles and provides a reference for
future improvements in upconversion devices.
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Fig.1 Device structure and principle diagram
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Fig.2 Device display and volt—ampere characteristics
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Fig.3 Comparison of the luminescence of ULED and OLED
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Fig.4 Comparison of the luminous efficiency of the two devices
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Fig.5 Comparison of the energy band structures and recombination rates of the two LEDs
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(a) ULED,8 K40 mA (b) ULED,8 K.45 mA () ULED,8 K,50 mA

(d) OLED,8 K,0.01 mA e) OLED,8 K,0.04 mA (f) OLED,8 K,0.05 mA

Fig.6 Photos of ULED and OLED luminous uniformity
6 ULED.OLED HIEUA G S MR

1 AN[F]SCHRH LED 4844 LA
Tablel Comparison of LED in different papers

Ref. operation temperature uniformity EQE opening conditions
[18] 10K m 2.0% 1.65V
[24] 45K . 2.3% 1.8V
[31] 45K - - 0.1 pA
[32] 42K 2.3% 1.55V
this work 8K 2.4% 0.01 mA

3 &R

ARG HLBF ST T QRIP-LED Y 25 1 PERE, 45 % 261 QRIP-OLED "' LED B4 & Y63k % It QRIP-ULED #§ {4 rh
LED By & J680CR m 2 N8 9, LED LSS GiE B mBi ], & Sh g (E % K B zn B W, JFEMRIR . 3R shA
W, QRIP-OLED % 8t i # f 1) 3 11 ¥4 27 1, 3% Sk 2 Wk 25 QRIP-LED 7£ b F5 e 50CR Fn A% ¥4 21 1 Oy T % 7
LRI
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