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Abstract

Abstract

There are more and more requirements for high power devices in terms of wide
applications of high-brightness white light-emitting diodes (LEDSs), and therefore, the
multi-chip LED emerges. For multi-chip LEDs, thermal coupling phenomena between
chips is an important issue. Because the temperature rise of the chip is not only due to
the heat generated by itself, but also due to the heat brought by thermal coupling
effects among multiple chips. In this paper, we focus on studying thermal coupling
problems for multi-chip LEDs. First, the theory of the temperature rise matrix of
multi-chip modules has been derived. Then, the rationality of this temperature rise
matrix has been verified by experiments. The main work of this paper includes the
following aspects:

1. The thermal coupling model of multi-chip modules is generated and simplified.
As well known, the single chip’ temperature rise can be calculated by using the
definition of the thermal resistance. For the single chip, its temperature rise is mainly
due to the heat generated by itself. But for the multi-chip module, the temperature rise
for each chip is composed of two parts, one is due to the heat generated by itself, and
the other is due to the heat generated by the thermal coupling among chips. Each chip,
treated as a heat source, may cause thermal coupling effects on its surrounding chips,
and the temperature rise due to the thermal coupling effect can be called as the
coupling temperature rise. According to the definition of the thermal resistance of the
single chip, its heat transfer channel is mainly vertical. But there are both vertical
channel and longitudinal channel for multi-chip modules. According to these two
channels, we can re-define the thermal resistance of the multi-chip module. The
temperature rise of each chip is calculated, and a matrix, which can be called as the
temperature rise matrix, is derived. The temperature rise matrix can be further
simplified according to the symmetry of the chip position in the multi-chip module.
Finally, we illustrate the simplification process.

2. The thermal simulation is conducted to verify the rationality of the simplified

temperature rise matrix. The main work of the first part is the thermal coupling model
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of the multi-chip module, the temperature rise matrix of the multi-chip module, and
the simplification of this temperature rise matrix. And the main work of this part is to
verify the rationality of the temperature rise matrix through the thermal simulation of
multi-chip modules. There are two kinds of samples used in this work. First, we have
conducted a thermal simulation of each chip working individually, and obtain the
temperature rise matrix by simulation. Second, we obtain the simplified temperature
rise matrix according to simulation results. Third, comparison of the matrix
coefficients between these two temperature rise matrix is carried out to confirm the
rationality of this simplification.

3. The rationality of the temperature rise matrix for the multi-chip module is also
verified by the experiment of testing the temperature through the forward-voltage
method (FVM) and the thermal imaging method (TIM). The main work of the first
part and the second part are proposing, simplifying, and confirming the temperature
rise matrix. In the third part, we validate the rationality of the above model through
experiments. Here, we have used two types of samples with different structures. The
first sample has 1x3 module, 2x2 module, and 2x3 module. The second sample has
1x3 module. We measured the real temperature rise of each chip by experiments.
Then we can deduce the temperature rise of each chip in other cases through the
temperature rise matrix. By comparing the experimental data with the theoretical data,
the rationality of the temperature rise matrix can be verified. At the same time, the
temperature rise of each chip is tested by the TIM. It is concluded that the temperature
rise remains consistent by comparing the experimental data measured by the FVM

and the TIM.

Key words: Multi-chip module, thermal resistance, thermal simulation, thermal

coupling matrix
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