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Abstract: The epitaxial growth of GaN-based film materials on the sapphire substrate was processed by metal organic
chemical vapor deposition method. The structure of epitaxial wafers was designed and epitaxial growth conditions on single
N-type GaN (N-GaN) , multiple quantum well (MQW) , electron blocking layer ( P-AlGaN) and P-type GaN (P-GaN)
material were optimized. The epitaxial wafers were characterized by X-ray diffraction (XRD) , electroluminescence ( EL)
and photoluminescence (PL). Results show that the optimized Si doped N-GaN and quantum barrier ( QB) layer could
lead better half peak width of (102), (002), voltage increases from 4. 46 V to 3. 85 V, 3. 47 V, and luminous intensity
increases from 4. 86 mV to 6. 14 mV. Then, Mg doped P-AlGaN layer was optimized, voltage reduces to 3. 35 V and lu-
minous intensity increases to 6. 14 mV. Finally, the optimization of the growth temperature and annealing temperature on
P-GaN layer make voltage increase from 3. 16 V to 3. 32 V, and luminous intensity increase to 6. 70 mV. The voltage and
the luminous intensity of chips were tested by automatic probe test under the test current of 20 mA. After optimization, the
voltage decreases from 4.5 V to 3. 8 V roughly, fell by 16% . Luminous intensity increases from 110 med to 135 med, in-
creasing by 20% . Then, combining the experimental results and the theories, the influence of the N-GaN layer , Si
doped QB layer, Mg doped P-AlGaN layer, and the growth temperature and activation temperature of P-GaN layer on the
voltage and brightness were analyzed. These results may provide a better experiment guidance and theoretical support for
the growth of high quality GaN epitaxial thin film materials and the optimization of high performance LED device.
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Fig. 1  The illustration structure of epitaxial wafer
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Table 1 The process parameters of the standard sample and the samples A, B, C, D, E
Sample N-GaN:SiH,  QB:SiH,  P-AlGaN: Mg P-GaN growth temperature P-GaN activation temperature

/scem /scem /scem /C /C

Standard sample 16. 51 0.18 150 940 700
Sample A 19. 81 0.18 150 940 700
Sample B 19. 81 0.27 150 940 700
Sample C 19. 81 0.27 250 940 700
Sample D 19. 81 0.27 250 980 700
Sample E 19. 81 0.27 250 980 650
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5.87 mV, XA ESF] 3.85, 3.47, 3.22 V, Wi
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Fig. 2 The voltage and the PL intensity of the samples with different Si doping in N-GaN(a) , Si doping in QB(b) , Mg doping in AlGaN (¢) , dif-

ferent growth temperatures(d) and activation temperatures(e) of P-GaN, the whole trend curves of the voltage and the PL intensity of the

standard sample, and the sample A, B, C, D, E (f)
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Fig. 3 The wavelength, the voltage and EL intensity of 3 chips of
the standard sample, and the samples A, B, C, D,

E, respectively
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