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Analog Integrated Circuit Realization for Maximum
Power Point Tracking of Solar Energy Systems
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Abstract

In green energy, solar power has been increasingly used in
recent years. Photovoltaic (PV) array can output maximum
power for a extended periods of time when its output
impedance is governed by a controller. Conventional
implementation employs a microprocessor and discrete
components, which have drawbacks like high cost, large
volume, large power consumption and slow transient
response. Therefore, this work proposes a novel algorithm and
integrated circuit to compensate for the above problems to
enable the maximum power point tracking (MPPT) converter
to have superior performance. The combination of the analog
circuit design and low complexity MPPT algorithm can
achieve high tracking efficiency and fast transient response
simultaneously without imposing additional algorithm
complexity, hardware cost and computational load.

The adaptive load line slope (ALLS) technique, proposed in
this work, is decided by the output characteristic curves of
the real photovoltaic cells, and is optimal for real applications.
First, this work uses PV array to produce current and voltage;
then, sensing circuits are used to obtain current and voltage
information which computes power by the proposed analog

multiplier. Second, the current and last sample value are
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compared, the results are input to the ALLS circuit and are
computed with the sensed PV array output voltage. Third,
the duty cycle of gate drivers are controlled and drive the
power MOSFETs to make the PV array output achieve the MPP.
Moreover, adding the fast transient response mechanism can
greatly decrease the power consumption produced when the
PV array output changes, and allows the PV array to quickly
achieve steady state and operate at MPP.

This work is fabricated with TSMC 0.35um 2P4M 3.3V/5V Mixed
Signal CMOS process. To the best of our knowledge, this is
the first MPPT converter which is implemented by analog
integrated circuit. The total chip area is about 3 mm’, which
is far smaller than conventional types in cost and volume.
The measured tracking efficiency can achieve 99.2% and the
parameter of transient response (Transient Tracking Factor)
is 0.47ms/W, the best ever recorded. The power conversion
efficiency can achieve more than 91.2%. This chip can directly
output 5V and 3W. With a high voltage power MOSFET
outside, the same tracking efficiency can be maintained and
achieve a larger conversion efficiency, higher than 94%. The
results can be used with 5V~200V high voltage PV array with
outputs achieving more than 3W~1kW.



