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INTRODUCTION

Price reductions for batteries, solar panels and high
efficiency LEDs in the last decade have made
solar-powered lights a very attractive alternative for
places where utility power is not available or cables are
not convenient to install. A small solar panel with a bat-
tery and an LED lamp can provide light without any kind
of electrical mains connection or maintenance.

Using a charge controller that can perform Maximum
Power Point Tracking (MPPT) can result in consider-
ably less wasted power, which makes the design more
efficient and ultimately more cost-effective. If using
Li-lon batteries, it is recommended that the charge con-
troller state machine properly test for end-of-charge
conditions to prevent premature battery failure. A
charge controller that can perform MPPT can be
expected to store more than 90% of a solar panel's
available power into the battery, and a proper charging
procedure will ensure hundreds of charge cycles
before the loss of capacity becomes significant.

OVERVIEW

Microchip's MCP 19215 Digitally Enhanced Power Ana-
log (DEPA) controller [1] can perform all these tasks as
a single-chip solution and is ideal for robust applica-
tions with added intelligence from the microcontroller
core.

The chip is dual-channel, meaning in this particular
application, it can charge the battery while the LED
lamp is on. Essentially, the application controls two
SEPIC converters that function independently, one
charges the battery while the other one drives a string
of LEDs. Each channel can control both voltage and
current. For the LED string, both the current and maxi-
mum voltage are controlled on the output side of the
converter. For the battery charging part, things are
more complicated because MPPT mechanisms must
be incorporated.

To perform the Perturb & Observe (PO) MPPT [2], the
panel voltage and current must be sampled, and at
least one parameter must be controlled by the
converter.

For the battery charging, ideally, both voltage and cur-
rent are controlled, but voltage is critical (high voltage
will damage the battery). The implementation uses the
current loop for the panel input and the voltage loop for
the output to the battery. Consequently, the battery volt-
age is tightly controlled by hardware and the panel
power (delivered into the battery) is controlled by limit-
ing the panel current.

PO MPPT works by modulating and measuring the
panel power, and the best way to do this is to change
the panel voltage setpoint. However, this is not possible
in this care because the voltage control loop is used for
the battery, so the current control loop is used instead.
While controlling the panel voltage inherently protects
the charger from collapsing the input voltage, this prob-
lem becomes evident when controlling the current and
is solved by setting a minimum operating voltage as a
percentage of the panel operating voltage.

On the battery side, current is not controlled or sam-
pled; instead, the input power is limited and the battery
current is estimated compared to the charging voltage
(in constant voltage mode). This is a good strategy to
extract as much power as possible from the panel while
protecting the battery in the later stages of charging
when the voltage rises (end of charge conditions).

The MPPT charger also controls a 2 x 16 alphanumeric
LCD. which communicates on the I°C interface and dis-
plays relevant information, such as panel input power,
battery voltage and LED power. For added functional-
ity, the device can communicate with a PC GUI using
the UART interface. Users can read telemetry and
modify the type of panel and battery used or charging
parameters. The settings can be saved back to the
charger and stored in FLASH as the default
configuration.

HARDWARE DESCRIPTION

The MCP19215 SEPIC MPPT board has two SEPIC
converters. The first SEPIC converter is used to charge
a battery from a solar panel. The second SEPIC con-
verter is used to power a string of LEDs from a battery.
Both converters are controlled by the MCP19215
DEPA Controller, a peak current mode, dual-channel
low-side PWM controller. The part includes a fully pro-
grammable microcontroller, a 10-bit multi-channel ADC
and four 8-bit DACs used to set the current and voltage
references for each PWM channel, making this applica-
tion a highly integrated single-chip solution that can be
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used with any solar panel and battery combination, as
well as power any type of LEDs. This also has the ben-
efit of fitting on a small PCB (62 mm by 35 mm).

The SEPIC converter was chosen due to its minimally
necessary active components, low-noise operation,
and the ability to work as both buck and boost
converter.

Shunt resistors are used to accurately measure the
current. These were chosen to have as few losses as
possible without compromising accuracy and
performance.
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FIGURE 1:

The chosen solar panel connects to J5 (Solar Panel),
which is the input for the first SEPIC converter. The bat-
tery connects to J6 (Battery), which is the output to the
first SEPIC converter and the input of the second
SEPIC converter. The LED string connects to J7 (LED),
which is the output for the second SEPIC converter.

J1 (ICSP™) is utilized to connect a programming
device (PICkit™ 4/5) for programming purposes. J2
(12C) and J3 (AUSART) are used for communication
purposes with the board through I2C or UART proto-
cols. The 12C is employed for a 2x16 LCD to display
critical information about the current state of operation
of the board, such as solar panel power drawn and bat-
tery level. For example, the LCD used in this project is
the MCCOG21605B6W-SPTLYI from Midas Displays.
The UART interface is used to connect to a Graphical
User Interface (GUI) installed on a Windows PC.

J4 can accommodate a button or a passive infrared
sensor (PIR). When using a button, the LED output can
be controlled with dimming options (available through
the GUI) and ON/OFF commands. The use of a PIR
sensor to control the LED output can be activated
through the GUI.

MCP19215 Dual SEPIC Schematic.

J8 (FAN) can accommodate a cooling fan. The cooling
fan needs to be selected according to the battery used.
If using a higher voltage battery, R9 and R10 may
require adjusting to reduce fan driving voltage.
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FIGURE 2: MCP19215 Dual SEPIC PCB.

In this configuration, the connected solar panel can
have a maximum of 60 cells (30V MPP) with a maxi-
mum power of 20W. Selecting a battery with a maxi-
mum charging voltage of 30V is recommended.
Choosing an LED/LED string with a voltage of up to
30V with a maximum power of 10W is recommended.

While operating the device, always powering it using
the battery connector is recommended. There are cer-
tain cases where keeping the UART connector plugged
before powering the board will inject voltage through
the ESD diodes and will result in erroneous current
offset readings.

FIRMWARE DESCRIPTION

The application uses a main loop with a timer running
at approximately 1 kHz. To accommodate all the func-
tions, such as ADC channel sampling, MPPT, 12C and
UART communication running in parallel, it was neces-
sary to use non-blocking programming and to break the
non-essential tasks into smaller bits executed
sequentially.

The main tasks implemented in firmware are:
* ADC sampling

« MPPT

» Button handling/LED dimming

« Battery charging state machine

+ 12C communication (for 2x16 LCD)

* UART communication (for PC GUI)

ADC Sampling

ADC sampling is performed at 1 kHz in the main loop,
sequentially on 5 parameters: the panel input voltage
and current, battery voltage and the LED string voltage
and current.

LED string parameters are controlled by hardware, so
the ADC samples are only used to calculate power. The
value is displayed on the LCD and sent to the PC GUI.

Battery voltage is used in telemetry and is displayed on
the LCD. More importantly, it is used in the battery
charging state machine. Low battery voltage (below the
configured cutoff voltage) will also shut down the LED
lamp.

Panel voltage and current are used to calculate panel
power for the MPPT function, telemetry, in some deci-
sions related to Sleep mode and for the battery end of
charge conditions. If the panel voltage drops below a
certain threshold (the panel cannot provide power), the
peripherals are disabled and the part is put to sleep
with the watchdog timer active. The part becomes
active again only if the panel voltage is above approxi-
mately 80% of the MPP voltage or if the LED lamp is
turned on using the button. The part is always powered
by the battery, so Sleep mode is mandatory to reduce
power consumption when idle.
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MPPT

The panel power input is continuously calculated and
filtered, and the MPPT algorithm runs at about 20 Hz.
In each MPPT interval, the first samples are ignored to
let the panel parameters stabilize after perturbing the
current, and the rest are accumulated and used to
decide if the perturbation was in the right direction.

One of the critical issues with MPPT is controlling the
input parameters in such a way that the collapse of the
panel voltage is prevented. This happens naturally
when the perturbation is applied to the panel voltage,
but in this case, it is not possible because the voltage
control loop is used for the battery. On the other hand,
perturbing the panel current requires some extra condi-
tions. The panel voltage is not controlled, just sampled
using the ADC, and it can be used to limit the extracted
current if the voltage gets too low. This threshold is
calculated as a fraction of the MPP voltage for a certain
type of panel.

The PO MPPT algorithm starts by increasing the cur-
rent in fixed steps and saves the last calculated power
value. If the previous power value is higher than the
new one, the algorithm changes direction, meaning
that it will switch from increasing to decreasing current
and vice versa. If the previous power value is lower
than the new one, it will keep going in the same direc-
tion. The current value is capped at zero and a
maximum value depending on panel voltage (this can
change based on irradiance and temperature).

Button & Dimming

The button routine reads the corresponding pin at
about 16 Hz. There is no need for capacitors or other
debouncing routines because the update period is sig-
nificantly longer than the switch’s mechanical chatter.

When the button is pressed, the LED string is turned on
at maximum current/brightness. Subsequent presses
will subtract fixed current steps from the reference,
practically dimming the lamp. At zero current, the
output driver is turned off to minimize consumption.

Battery voltage is monitored, and if the voltage drops
below the cutoff voltage, the LED string is turned off
automatically.

Battery Charging State Machine

This device implements a fully customizable CC/CV
battery state machine with fault detection and multiple
end-of-charge strategies. It supports charging of
lead-acid and lithium chemistry batteries [3].

The battery starts in PRECHARGE state with limited
charging current and will move to the CHARGE state
when the voltage is over the cutoff voltage. The
charging state will test both constant current and
constant voltage conditions.

In constant current, the battery voltage is monitored. If
the voltage rise fault is enabled and the voltage has not
risen in a set number of seconds, it will set the battery
state to FAULT and stop charging.

In constant voltage, the battery current is monitored. If
the current sinks below the end-of- charge current, the
state changes to either DONE (for lithium chemistries)
or to FLOAT (for lead-acid batteries). Similarly, if the
battery current does not sink for a set number of sec-
onds, the battery state changes (second end-of-charge
condition).

In FLOAT charge mode, the charging voltage is
reduced to the defined floating voltage, and it will
change state to DONE only when the current drops
near zero.

From either FLOAT (lead-acid) or CHARGE state (for
lithium chemistry), the battery state will change to
DONE when charging is completed. In this state, it will
monitor the battery voltage until it drops below the top-
ping voltage and switches back to CHARGE mode.

Note that the default values are configured for a 6-cell
lead-acid battery (12V nominal), and they can be
changed anytime using the graphical user interface.

I2C Communication & LCD Display

For easy access to the panel and battery status, the
device uses a 2x16 alphanumeric LCD connected to
the 12C interface. The LCD uses an ST7032 [4] compat-
ible controller. It has the same command set as the
classic HD44780, but it needs an address byte and a
command select byte before the actual data/command
byte(s).

The display shows the charging state, the panel input
power, the battery voltage, the LED power, and it is
updated every second. Power and voltage calculations,
plus the fixed point binary to binary coded decimal
(BCD) conversions, are broken down into small opera-
tions and calculated between screen updates to mini-
mize the impact on time-sensitive tasks.

12C communication is also non-blocking; all operations
are initiated after polling the interrupt flag. This allows
the LCD to be turned off completely during device
sleep. On wake-up, LCD initialization routines can run
in the background while the other tasks are undis-
turbed, then resume displaying the relevant
information.

UART Communication

The application uses UART communication to send
telemetry data to the PC GUI. Some important values,
like battery charging parameters and the MPP voltage
for the panel, can also be modified and saved to the
non-volatile memory as defaults.

DS00005846A-page 4
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Signals on the UART pins are TTL and an adapter (like
the MCP2221 breakout board) is required to connect to
the PC and the GUI. The connector on the board is not
pin-compatible with the MCP2221 breakout board for
space-saving reasons, and suitable wiring is necessary
(see the board schematic in Figure 1).

Note:  Without a minimum voltage on the panel
input, the board will go into Sleep mode in
5 seconds but not if it is connected to the
GUI nor if the LED lamp is on. One must
either provide voltage on the input side or
turn on the LED lamp until the GUI con-
nects.

GRAPHICAL USER INTERFACE

The application is designed for the Windows® 10/11
Operating System and requires .NET Framework
4.7.2 x64 to function properly.

To install the application, two files are required:
"setup.exe" and "MCP19215_single_chip_MPPT _in-
staller.msi" (as illustrated in Figure 3).

Name ’ Type

& MCP19215_single_chip_MPPT_installer ~Windows Installer Package

@ setup Application

FIGURE 3:

The "setup.exe" file must be run first. The setup file will
install the specified framework if it is not already
installed. In this case, connection to the Internet is
required. A shortcut will be created in the Programs
menu and on the Desktop.

Installation Files Required.

Communication Description

As previously mentioned, the application uses the
UART protocol to communicate with the MCP19215
board. The data between the two is exchanged via
transactions initiated by the application. The applica-
tion sends a command along with the data, and the
board must respond with the corresponding command
in the response header and the required data.

Any data sent by the application or the MCP19215
board is followed by a checksum byte. The receiver
recalculates the checksum byte over the received data
and checks the values to see if they match. If they do
not match, it indicates a problem with the connection.

The application can reset the serial communication if
different conditions (described in Table 1) are met.

TABLE 1: RESET CONDITIONS
Error Description
Checksum The calculated and received check-
error sum bytes (over the same data) are
different.
Wrong The MCP19215 board did not
response respond with the expected package
header header.
Timeout The application does not receive a
response for a given time (~330 ms)
(Note).
10 operation | This error can occur when the serial
failed port encounters an error (for exam-
ple, the serial port cannot be
accessed anymore).
Invalid The application reads an invalid con-
configuration | figuration.

Note:  The timing described is for reference only
and is not guaranteed.

If the board is in Sleep mode and the UART serial port
is disabled, attempting to start a connection will likely
result in a timeout error because the application will not
receive a response. Additionally, improper wiring of the
UART connection might cause a timeout, checksum or
an incorrect response header error.
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Interface Description

The application's default display is shown in Figure 4.

3 MCP19215 single chip MPPT GUI X

UART carfig

Connected: [ 1.0

Pot: coMs N

Baud rate: 5600

[ Comea ] Reset
10
1
1
e
|
||
| |

Log

Reset
FIGURE 4: Default Display.

The application provides a log interface (Figure 5)
where different messages and updates display for the

user to view (see Table 2).

Log

[ 14:54:23 ] Starting to connect to the board..
[ 14:54:23 ] Device detected!

Reading the parameters...

[ 14:54:24 ] Checking device status...

Device is disab

e are no err

present. ..

14:54:24 ] Rll parameters have been read!

Reset « 2

@1

FIGURE 5: Log Panel.
TABLE 2: LOG PANEL ITEMS
Item Description

1 Displays messages and updates to the user

2 Clears the content displayed in item 1

The serial port can be configured using the "UART con-
fig" panel (Figure 6 and Table 3), where the port can be
chosen and the serial communications can be initiated
or stopped. An important aspect is that the application
cannot connect to the board if the chip is in Sleep state.

TABLE 3: UART CONFIG PANEL ITEMS

Item Description

1 Displays the status of the serial port; green
means connected, while gray means not
connected

Selects the serial COM port

3 Displays the default baud rate

4 Starts the serial communication with the
items previously selected; the chip must not
be in Sleep state to respond

5 Resets the serial communication and the
UART config . .
1 0| Cormtot 5 application
2w ror coms After the board is detected and the connection is estab-
3mp Baudrate: 9600 ] lished, the application will read the configuration
Awp [ Comed | Reset  4mb parameters. Initially, the board is enabled and the
parameters cannot be modified (Figure 7). The board
FIGURE 6: UART Config Panel. can be disabled by pressing the "Disable" button.
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B MCP19215 single chip MPPT GUI X
UART config Battery config MPPT config
Connected: [ ] Type: MPPT voltage: E¥ L
Port Precharge current = |mA Vin good: 143 v
Baud rate: 9600 Charge current: 1587 < |mA Vin low: 19 v
Resst End of charge cum: |71 < mA Vin stop. 50 v
Charging voltage: 145 ajv
Telemelry g : LEDs corfig
Input voktage: 1923 Cutoff vokage:  [11.0 S Overvoltage prot v
e o Topping votage:  [12 =V \EDait mA
o rower = Floating voltage: 138 sV LED step: v
Battery state: CHARGING State LED input source:
Batt: k:
ery voltage: 1354 Param 10 e
LED voktage: 0.00 Read config Deviceensbled: |
LED curent:
0.00 Disable | Eot
LED power 00 Flashcomupted: gy
Battery faiure n
Log
[ 14:02:10 ] Starting to connect to the board Reset
10 ] Device detected!
FIGURE 7: Application Connected; Device Enabled.
After the board is disabled, all parameters are available
for modification (Figure 8).
S McP19215 single chip MPPT GUI x
UART config Battery config MPPT config
Connected: [ Type: Lesdacd © MPPT voltage: 18.0 =]V
Port: Precharge cument: (334 2]mA Vin good: 149 v
Boud rate: 9600 Charge curent: (1587 2]mA Vinlow: 19 v
Reset End of charge cur: 211 2mA Vin stop: 30 v
Charging volt: 45 sV
Telemetry b L < LEDs config
Input votage: 19.34 BrriT e no Y Overvotage prot: (21,0 ~ 1
Input current: 000 Topping votage: (126 Hv LED curent 256 s/mA
Input power. 00 Floating vollage: 138 HV LED step i <val
Battery state: IDLE LEDinput source:  gton
Batte age:
tery voltage: 1343 Param 10 Sms
LED vokage: 000 Read corfig Write corfig Device enabled:
LED cument: 0.00 ( Enable Ermors
LED power: 00 Save Flash Flash comupted: g
Restore Flash Restore defaults Battery failure: ]
Reset

FIGURE 8:

The telemetry parameters (Figure 9 and Table 4) are
periodically read at approximately 240 ms. The precise
timing, however, is not guaranteed. The input power
and LED power are calculated by the graphical applica-
tion using their respective voltage and current values.

Telemetry
1 mp Input votage: 1924 v
2 . Input current: 0.00 A
3 » Input power: 0.0 w
4 . Battery state: IDLE state
5 mp Battery votage: 1350 v
6 ‘ LED voltage: 0.00 v
7 » LED curment: 0.00 A
8 . LED power: 0.0 w

FIGURE 9: Telemetry Panel.

Application Connected; Device Disabled.

TABLE 4:

TELEMETRY PANEL ITEMS

Item

Description

1

Displays the input voltage in V

2

Displays the input current in A

3

Displays the input power in W; calculated
using the item 1 and 2 values

Displays the battery state

Displays the battery voltage in V

Displays the LED voltage in V

Displays the LED current in A

N0 >

Displays the LED power in W; calculated
using the item 6 and 7 values.
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Battery config
1 » Type Lead-acid
2 » Precharge cument: [334
3 mp Charge curent: 1587
4 » End of charge cur: 211

R RS

5 » Charging voltage: (145 \'
6 * Cutoff voltage: 11.0 v
7 ‘ Topping voltage:  [12.6 v
8 ‘ Floating voltage:  [13.8 v
FIGURE 10: Battery Config Panel.
TABLE 5: BATTERY CONFIG PANEL
ITEMS
Item Description

1 Displays the battery type selected; two
options are available, lead-acid and Li-ion

Displays the pre-charge current in mA

Displays the charge current in mA

Displays the end of charge current in mA

Displays the charging voltage in V

Displays the cutoff voltage in V

Displays the topping voltage in V

O|N|oOlOal~|W|N

Displays the floating voltage in V; available if
the lead-acid battery type is selected

The configuration values may be constrained by their
maximum possible limits, which can differ from the val-
ues set by the user. In such cases, the interface will
update and display the adjusted values accordingly.

LEDs config
1 m Overvotageprot: 210 v
2 W) LEDcurent: 256 HmA
3 ) LEDstep: 8 $val

4» LED input source:  gtton

FIGURE 11: LEDs Config Panel.
TABLE 6: LEDS CONFIG PANEL ITEMS
Item Description
1 Displays the overvoltage protection in V

Displays the LED current in mA

2

3 Displays the LED step value

4 Displays the LED input source; the LED
input source can be selected from the
"Button" and "PIR" options.

MPPT config
1 » MPPT voltage: 18.0 v
2 ’ Vin good: 149 v
3 ‘ Vin low: 119 v
4 » Vin stop: 90 v
FIGURE 12: MPPT Config Panel.
TABLE 7: MPPT CONFIG PANEL ITEMS

Item Description

1 Displays the MPPT voltage in V

2 Displays the Vin good in V (Note)

3 Displays the Vin low in V (Note)

4 Displays the Vin stop in V (Note)

Note:  The value is read-only and is calculated
as a percentage of MPPT voltage.

The status and errors (Figure 13 and Table 8) are peri-
odically read at approximately 240 ms. As mentioned
previously, the precise timing is not guaranteed.

Status
1 . Device enabled:

Enmors
2 * Flash comupted: ]
3 ‘ Battery failure: ]

FIGURE 13: Status and Errors Panels.

TABLE 8: STATUS AND ERRORS

PANELS ITEMS

Item Description

1 Displays the status of the MCP19215 board
(green: board enabled, orange: disabled)

2 | Displays if the Flash data is corrupted
(green: error is not set, red: error set)

3 | Displays if a battery failure is encountered
(green: error is not set, red: error set)

Param 10
1 » Read config Write config « 2
3 ‘ [ Enable | « 4
5 » Save Flash

6 * Restore Flash Restore defaults « 7

FIGURE 14: Param 10 panel.

DS00005846A-page 8
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TABLE 9: PARAMETER IO PANEL ITEMS

Item Description

1 Reads the current configuration parameters

2 Writes the current configuration parameters

3 Disables the inputs, reads the current
configuration and enables the device

4 Disables the device, reads the current
configuration and enables the inputs

5 Saves the current configuration to the Flash
memory and reads it

6 Restores the Flash values and reads
configuration parameters

7 Restores the default values and reads
configuration parameters

Write, save to Flash and restore operations are
available only when the device is disabled.

CONCLUSION

A single-chip MPPT battery charger combined with a
LED light is a very attractive solution for mainte-
nance-free illumination that can be placed anywhere.
The MPPT part ensures that most of the panel power is
extracted and stored into the battery, and it allows the
use of smaller wattage panels with the same result. The
complete CC/CV type charging state machine can be
used with both lead-acid and Li-ion batteries and will
prevent the premature degradation of the battery, thus
prolonging the product life.

The solution shows that a single chip containing a
microcontroller core combined with a high-perfor-
mance analog controller can handle a feature-rich
application (I2C LCD, UART communication and bat-
tery charging state machine) while managing time sen-
sitive ADC data sampling on multiple channels and
performing the calculations necessary for MPPT. The
PC GUI adds extra flexibility, as most of the panel and
battery charging parameters can be modified and
saved, and the board telemetry can be viewed in real
time during the device customization.
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or expenses resulting from such use. No licenses are conveyed, implicitly or otherwise, under any
Microchip intellectual property rights unless otherwise stated.

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip products:
» Microchip products meet the specifications contained in their particular Microchip Data Sheet.

» Microchip believes that its family of products is secure when used in the intended manner, within
operating specifications, and under normal conditions.

» Microchip values and aggressively protects its intellectual property rights. Attempts to breach the code
protection features of Microchip product is strictly prohibited and may violate the Digital Millennium
Copyright Act.

* Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code.
Code protection does not mean that we are guaranteeing the product is “unbreakable”. Code
protection is constantly evolving. Microchip is committed to continuously improving the code protection
features of our products.
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