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Fig. 1. Principle schematic of p-n junction LED.
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Fig. 2. Measurement schematic of low frequency noise for
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Fig. 3. PL measurement at room temperature.
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Table 1.  Extraction results of low-frequency noise using Eq. (4).
WL /mA
IR 2 Y
0.1 10 27 50 80 180
Sl 5.14 x 1018 1.10 x 10°'7 6.12 x 10717 2.36 x 1017 9.23 x 1018 9.23 x 101
1/f War 4.61 x 10716 1.82 x 10~15 1.01 x 10—13 5.29 x 10~13 3.32x 10712 5.04 x 10~ 1
f0-65 f0.83 £0-90 £0.95 f1.09 f1.09
oMz 4.07 x 10719 7.38 x 10713 1.32 x 10717
I+ (14500)1‘84 I+ (99f00)1‘96 I+ (15f60)2'02
AT 7 IR 1/f + grirs 1/f + g-rMps 1/f + g-rMps 1/f W 1/f Wy 1/f W
2 RS/ MR gr MRS SRS IR Z R HREOC R
Table 2.  Exponent relationships between parameters of 1/f noise and g-r noise and measured currents.
o AL /mA
R 2 Y
0.1 10 27 50 80 180
1/f M e B — [3-834 B = [7-370 B — 8285 B = [9-436 B — [10.4647 B — 138273
o1 I C = 40980 ¢ = [8-5660 O = J12.0212
g_ru;‘:éFJE—,HTJ-I‘Eﬂ:ﬁ.?M T = 709978 7 — [2.3969 T = 731520
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Low-frequency generation-recombination noise behaviors of
blue/violet-light-emitting diode
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Abstract

During the past two decades, GaN-based light-emitting diode has been used as a high-quality light-source.
Low-frequency noise as a diagnostic tool for quality control and reliability estimation has been widely accepted
and used for semiconductor devices. Understanding the origin of efficiency-droop effect is key to developing the
ultimate solid-state light source. Various mechanisms that may cause this effect have been suggested, including
carriers’ escape, loses due to dislocations, and the Auger effect. In this study, we investigate the low-frequency
noise behaviors of GaN-based blue light-emitting diode with InGaN/GaN multiple quantum wells. The
measured currents range from 0.1 mA to 180 mA. According to the characteristics of power spectral density of
current noise and the generation-combination mechanism between electrons and holes in the active region of
light-emitting diode (LED), we adopt the well-known model of low-frequency noise to fit the relationship
between power spectral density of current and frequency, and find that there exists a transition between
generation-combination and 1/f noise when the light-emitting diode begins to work. In other words, it can be
derived that the low-frequency noise behaviors are dominated by generation-combination noise when the
currents are between 0.1 mA and 27 mA; with the current gradually increasing, the origin source of low-
frequency noise in blue/violet-light LED will transit to the 1/f noise. Through the analysis of the transport and
recombination mechanism of the carriers, and combination with the model of low-frequency noise, we analyze
the corner frequency of the generation-recombination noise. The results of this paper provide an effective tool

and method to study the conversion of light-emitting diodes.

Keywords: low-frequency noise, light-emitting diode, generation-recombination noise, recombination

mechanisms
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