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Photoelectric Characteristics of Micro Flip-Chip AlGalnP
Light Emitting Diode Array
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Abstract In order to improve the energy utilization of red LED array devices, we study the photoelectric
characteristics of flip-chip AlGalnP-based light emitting diode (LED) array device. Firstly, the light output power
characteristics of AlGalnP-based LED with vertical type and flip-chip type structures are tested and compared with
each other. The results show that the light output power of flip-chip LED is higher than that of the vertical LED.
Then, a model to calculate the output power of flip-chip LED array is proposed, which is used to calculate the
relationship between light output power, ambient temperature and base thermal resistance. The results reveal that
with the increase of the base thermal resistance and ambient temperature, the output power of the LED array device
decreases, the injection current at saturation shifts forward, and the photoelectric performance of LED array
decreases. The 6 X6 flip-chip AlGalnP-based LLED array device is prepared using the transfer method. The testing
results are consistent with the theoretical predictions. Finally, the numerical relationships between the thermal
resistance of Cu and polydimethylsiloxane (PDMS) with different basement structures and ambient conditions are
analyzed by finite element method. The results show that the heat dissipation capacity of Cu is relatively uniform and
its thermal resistance is not sensitive to the structure and the air convection rate. However, for PDMS materials, the
thermal resistance is relatively large and can be effectively reduced by optimizing its structure and increasing the air
convection rate, thereby improve the photoelectric performance of the micro LED array device.
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Table 1 Photoelectric parameters of AlGalnP LED array with m=1
Parameter Iy, ao a bo b
Value 0.2 0 0.5 —0.001 0.305
Parameter R./Q Ky/(V+K™) V./V R;/(K+W™") D,/(Welm™")
Value 20.07 —0.005 1.59 33 80
2 m=6 AlGalnP LED
Table 2 Photoelectric parameters of AlGalnP LED array with m =6
Parameter Iy, ao a bo by
Value 1 0 0.08 —0.001 0.303
Parameter R./Q Ky/(V+K™) V,/V Ri/(K-W™") O,/(Welm ")
Value 4.05 —0.002 1.58 53 400
10, 15, . 5Ca) ,
35 K/W . LED ; LED
5 o
s .LED
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Fig. 5 Theoretical calculation and test results of output power. (a) m =1, ambient temperature of 30 C;
(b) m=1, ambient temperature of 60 ‘C; (¢) m =6, ambient temperature of 30 C;

(d) m=6, ambient temperature of 60 ‘C
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Fig. 7 Temperature distributions of basement structure. (a) PDMS rectangular basement structure;
(b) Cu rectangular basement structure; (c¢) PDMS perforated rectangular basement structure;
(d) Cu perforated rectangular basement structure; (e) PDMS column array basement structure;

(f) Cu column array basement structure
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Fig. 8 (a) Relationship between thermal resistance of PDMS and air convection coefficient for different structures;

(b) relationship between thermal resistance of Cu and air convection coefficient for different structures
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