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ABSTRACT

For battery powered outdoor equipment, such as video doorbell, to increase the battery working time and easy
to install anywhere, sometimes the photovoltaic (PV) panel is used as an auxiliary power supply to charge

the battery. Photovoltaic cells are one of the most important parts in PV panel, the output power and output
voltage of PV cells varies with sunlight intensity, so a MPPT (maximum power point tracking) method is used to
maximize the output energy of PV cells.

To achieve MPPT, it means that the power converter needs to automatically operate within a specific supply
voltage range, which is often different from converter default startup and shutdown voltage, so it is hard to find
an usual power converter that can be used to different types of PV panel.

This application note introduces a simple hysteresis control method which can provide a flexible design to
achieve MPPT with generic DC/DC converter, regardless of the different maximum power point. Take TI's Boost
converter TPS61023 as an example, the detailed operation scheme and test results are also given in this
documentation.
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1 Introduction of Photovoltaic Cell and MPPT Requirement

As an important component of PV system, photovoltaic cells have a complex relationship about operating
voltage and the power produced. The equivalent circuit of the solar cell is shown as Figure 1-1, Rg is the series
resistance of a single cell connected to others, Rp is parallel leakage resistance and large, typically > 100kQ.
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Figure 1-1. Solar Cell Equivalent Circuit

For any given set of conditions, cells have a single operating point where the values of the current (I) and voltage
(V) of the cell allow maximum power output. Figure 1-2 shows the typical I-V curve and P-V curve of a general
PV panels at different times in a day, where the light is strongest at noon, moderate in the morning and poor in
the evening.
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Figure 1-2. Solar Panel I-V and P-V Curve

The no-load output voltage Vo is 3.3V approximately 3.5V under different light conditions. The output voltage
of the solar cells decreases at first as the load current increases. When the output voltage is less than 2.9V, the
output current almost unchanged, so 2.9V here is the so called maximum power point (MPP) of this PV panel,
and generally engineer needs to make sure that the PV panel operates at this MPP so that the PV panel can
always output maximum power.

Therefore, a MPPT (maximum power point tracking) method is used to maximize energy extraction as conditions
vary, make sure that the PV system always operate at the maximum output power point.
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2 Typical Battery Powered Outdoor System with PV Panel

PV system is used to convert the light into electricity by using semiconducting materials that exhibit the
photovoltaic effect. A PV system is composed of one or more solar panels combined with an electrical and
mechanical hardware that use energy from the Sun to generate electricity. In some battery powered outdoor
equipments, sometimes there are PV panels which is used to charge the battery and increase the usage time of
battery, such as video doorbell, wireless camera, and so on.

Figure 2-1 is the function block diagram of a battery powered outdoor equipment with PV panel.
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— : all soc
i —>
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(max .0.7V/cell * 5 cells = 3.5V) (3.6~4.2V)

Figure 2-1. Block Diagram of Battery Powered Outdoor Equipment with PV Panel

The system requirements are listed in Table 2-1.

Table 2-1. System Requirements of Battery Powered Outdoor Equipment with

PV Panel
Parameters Values
Solar Panel MPP voltage approximately 2.9V
Charge Current 1A
Charge Voltage 4.2V

The MPP voltage is important and decides the output power of the PV panel and if the PV panel can operate
with the highest efficiency.
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3 MPPT Method with Generic DC/DC Converter

Some MPPT method regulates the operation voltage of PV panel at MPP accurately, but usual needs a very
complex control circuit or algorithm. Considering sometimes the output power of PV panel around MPP is not
much worse than the power at MPP, so it is not necessary to take much effort to regulated at MPP accurately.
There is a rough but very simple MPPT method called hysteresis control, it means to startup and shutdown the
PV system to make sure that the PV panel operates around MPP.

Define Vpy yvio rise and Vpy uvio fail S€Parately as the startup voltage and shutdown voltage. And the PV
system is turned on when the voltage of PV panel is rising to Vpy yvio rise (the sunlight becomes stronger), and
turned off when the voltage is falling below Vpy yyio fanl (the sunlight becomes weaker).

Based on this, the engineer needs to program the startup and shutdown voltage of the DC/DC power converter
for different types of PV panels.

Figure 3-1 shows a diagram of hysteresis control MPPT method.

A

PV panel voltage around MPP

DC/DC output

Figure 3-1. Hysteresis Control MPPT Method

3.1 TPS61023 Introduction

TPS61023 is a synchronous boost converter with 3.7A valley switching current limit. In outdoor PV panel
equipment, TPS61023 is used to boosts the PV panel voltage to a stable 4.2V. If the battery voltage is lower
than 4.2V, boost starts to charge the battery. This process makes the system be able to continuously charge the
battery when PV panel voltage changes.

However, as shown in TPS61023 data sheet, under-voltage lockout (UVLO) threshold of V| is typically 1.7V
rising and 0.4V falling. This means the converter startup when V) rises above 1.7V and shutdown when Vy falls
below 0.4V, it is different from the maximum power point of PV panel, so the engineer needs to use another way
to control the DC/DC converter.

3.2 Hysteresis Control MPPT Method with TPS61023

YY)

1uH
Vpy >
VIN SW
CIN ——
GND VOUT ¢ < JVour
600k COouT

EN FB
TPS61023 10k

Figure 3-2. Generic Hysteresis Control with TPS61023

When using 6 solar cells, the MPP of the PV panle is about approximately 2.9V, so we define the
Vev_uvLo_rise=2.9V and Vpy yvio_fai=2.2V.
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As shown in Figure 3-2, the generic hysteresis control can be realized by building the external circuit consisting
of several resistors and PNP transistor Q4. Vpy is the supply voltage of PV panel, and Vot is the output voltage
of DC/DC converter, which is regulated to about 4.2V by divider resistors on FB pin.

The operation scheme of the circuit works as follow:

At first, when sunlight is weak, the output voltage of PV panel is much lower than the maximum output power
point operation voltage, the collector-base voltage is decided by R3 and R4, defined by Equation 1. If V, at this
time is lower than the threshold voltage (Vgg(on)) of the PNP transistor Q1, Q1 is turned off then the EN pin is
connected to ground by Rgy, TPS61023 is disabled.

When sunlight becomes stronger, the output voltage of PV panel is rising, and the Vg, is higher than the
threshold voltage (Vgg(on)) of the PNP transistor Q4, Q1 is turned on and then the EN pin is pull up to Vpy. The
voltage of VIN pin is decided by R1 and R2, and defined by Equation 2. When VIN voltage is higher than the
UVLO rising threshold voltage, the TPS61023 is enabled to charge the battery.

Then when the sunlight becomes weak again, Q1 is turned off again and the EN pin is pulled down to GND by
Ren- TPS61023 is disabled, and the charge phase stops.

Ra
VPV_uvLo_rise X ¥Ry > VDCDC_UVLO rise (1)

R3
VPV_UVLO_fall X 733 Ry < IVBEON)] (2)

Where

* Vbcebe uvLo rise is the UVLO rising threshold voltage of DC/DC converter, that is 1.7V here.
* Vgg(on) is the collector-base threshold voltage of PNP transistor.
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Figure 3-3. Generic Hysteresis Control MPPT Method Test

The circuit is verified in Figure 3-3, the Vpy is supplied with an adjustable power supply, Vout is connected to a
Li-ion with 3.6V remaining voltage. When Vpy, is rising and higher than 2.9V, TPS61023 is turned on and outputs
current to charge the battery. When Vpy, is falling and lower than 2.2V, TPS61023 is turned off and stops output
current.
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3.3 Experiment Results
Test result with a real PV panel in different sunlight, with a test setup is listed in Table 3-1.

Table 3-1. Test Setup

Parameters Values

Solar Panel 0.6V, 200mA solar cells x 6
Charge Current 1A
Charge Voltage 4.2V

As shown in Figure 3-4, when the PV panel voltage is up to 2.9V, the DC/DC converter starts to work and charge
the battery with 1A charging current, and when PV panel voltage is lower than 2.2V, the DC/DC converter stops
working and the charging current is OA. By this way, the voltage of PV panel is approximately triangular wave
during operation, the PV panel voltage is always around MPP, and so the PV panel operates with the highest
efficiency. The MPPT is realized by this circuit.

. : : . i PV panel operates
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Figure 3-4. Generic Hysteresis Control MPPT Method Test

Note that, TPS61023 loses true disconnection feature when disabled with this hysteresis control circuit. When
the Boost converter is turned off, Vpy is connected to Vgt via the body diode of internal high side FET,
therefore at this time Vgt isn't OV. If the true disconnection when disabled is needed, additional circuit as shown
in Figure 3-5 can be used.
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Figure 3-5. True Load Disconnection Circuit
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4 Summary

This application note introduces a simple and flexible MPPT method with all generic DC/DC converter in

battery powered PV system. With the proposed circuit, the battery powered PV system can operate around the
maximum output power point, so that the PV panel can work around the max power point and charge the battery
efficiently, extending the working time of battery powered equipment and improving the lifetime of the system.

5 References

» Texas Instruments, Power Rails Design for Battery Powered Camera and Video Doorbell, application note.

» Texas Instruments, Texas Instruments, Buck Charger with MPPT and Boost Converter for Solar Powered
Application Based on TPS61094, application note.

» Texas Instruments, Texas Instruments, Introduction to Photovoltaic Systems Maximum Power Point Tracking,
application note.

» Texas Instruments, Texas Instruments, Implementing a Simple Maximum Power Point Tracking MPPT
Algorithm, application note.

» Texas Instruments, Texas Instruments, TPS61023 3.7-A Boost Converter with 0.5-V Ultra-low Input Voltage,
data sheet.

SLVAFT9 — JUNE 2024 Hysteresis Control MPPT Method with Generic DC/DC Converter 7
Submit Document Feedback

Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com/lit/pdf/slvafm6
https://www.ti.com/lit/pdf/slvafc9
https://www.ti.com/lit/pdf/slvafc9
https://www.ti.com/lit/pdf/slva446
https://www.ti.com/lit/pdf/sluaai1
https://www.ti.com/lit/pdf/sluaai1
https://www.ti.com/lit/pdf/SLVSF14
https://www.ti.com
https://www.ti.com/lit/pdf/SLVAFT9
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVAFT9&partnum=

IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2024, Texas Instruments Incorporated


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com

	Table of Contents
	Trademarks
	1 Introduction of Photovoltaic Cell and MPPT Requirement
	2 Typical Battery Powered Outdoor System with PV Panel
	3 MPPT Method with Generic DC/DC Converter
	3.1 TPS61023 Introduction
	3.2 Hysteresis Control MPPT Method with TPS61023
	3.3 Experiment Results

	4 Summary
	5 References

