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Fig. 1. (color online) Capacitance of white LEDs ver-

sus reverse bias. Symbol. B represents the experi-

mental results, while dashed line represents the fitting

results from our proposed model.
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Fig. 2. (color online) A sketch of depletion region in
n-GaN layer of LED flip chip at (a) small reverse bias,
(b) large reverse bias; (c) capacitance component in
vertical direction C'} and capacitance component in

horizontal direction C // Versus reverse bias.
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Fig. 3. (color online) Capacitance of white LEDs ver-
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sus temperature at reverse biases of 0, 0.2 V, 0.5 V,
1V, 2V and 10 V respectively. The inset shows the
experimental results for LEDs at reverse bias of 0.5 V

and its linear fitting.
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Fig. 6. (color online) Junction temperatures of white

LEDs at constant current of 350 mA and constant volt-

age of 3.2 V as a function of working time.
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Abstract

Junction temperature, as one of the most important properties of light-emitting diodes (LEDs), has great impact
on LEDs’ power efficiency, luminosity, reliability, life-time, and so on. Precise measurement of junction temperature
for LED device is quite important in the research of chip’s fabrication, device packaging and related applications. In
this paper, we propose a new approach to measure the junction temperature of LEDs by using temperature-dependent
capacitance. The capacitance of white LEDs at room temperature is measured and found to be decreased first and
then increased with an increasing reverse bias. Equivalent model using vertical and horizontal capacitances connected
in parallel is proposed to qualitatively explain the variation of capacitance under different reverse bias. Result obtained
from the model fitting agrees well with the experimental result. The capacitance-temperature (C-T') curve of white
LEDs under different reverse bias is measured and analysed. Results show that the capacitance of LEDs is sensitive to
temperature at all biases. Under a reverse voltage of 0.5 V, the capacitance has the maximal response of 1.971 pF/°C
and a good linear temperature-dependent property. The C-T curve is used as the calibration for the measurement
of junction temperature. By monitoring the change of capacitance of the working LEDs and comparing it with the
C-T curve, the junction temperature of the LED device is successfully measured. The junction temperature of a white
LED obtained by the proposed C-T method is compared with that by tranditional forward voltage method, and they
are in good agreement. The C-T method is also used to measure the real-time junction temperatures of white LEDs
under a constant current of 350 mA and a constant voltage of 3.2 V|, respectively. In both conditions, the junction
temperature of an LED needs approximately 110 sec to rise from room temperature to a steady value, and subsequently
needs approximately 500 sec to fall back to room temperature after the LED is turned off. Compared with traditional
methods, C-T method only needs to measure one calibration and this calibration can be applied to LEDs working at any
current and voltage. Therefore, C-T method is a simple and flexible alternative to the existing technique of temperature

measurement in electronic device.
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