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We have been using raspberry pi for a long time to create many exciting projects. Most of the time we face an issue in selecting the best power source for our projects, and sometimes we need to make power independent projects i.e. like autonomous vehicles, Pi with Alexa, Agritech based projects, etc. So, today we are building our own PI HAT PCB that can be mounted directly to share the power. This pi hat will have a TP4056 based  single 18650 battery charger, a 18650 single holder and a MT3608 based booster on it. The MT3608 will boost up the input voltage to 5V to power up the Pi. I am attaching the complete gerber file of the PCB in the description, you can easily download it.

Components required for Making the HAT

TP4056 Module
USB Female Jack
18650 Li-Ion Battery Holder
18650 Li-ion Cell
SMD Components (As per the Schematic)

Note: I am attaching the BOM along with this article, you can download and see the SMD and THT components required for the PCB.

Power Consumption of raspberry Pi
Since, calculation and estimation of power consumption for the project is a necessary task for an engineer, we must know the idle power consumption of an individual raspberry pi. I’ve listed out some of the most commonly used case here:

	Component
	Power Consumption (on 5V)

	Raspberry Pi zero 2W HDMI off, LED off
	100 mA (0.6 Watt)

	HDMI off, LED off, onboard WiFi on
	120 mA (0.7 W)

	Raspberry Pi zero HDMI off, LED off, Wifi on
	120 mA (0.7 Watt)

	Raspberry Pi 2 B idle
	220 mA (1.1 Watt)

	Ab -n 100 -c 10 (uncached)
	450 mA (approx 2.3 Watt)

	400% CPU Load 
	400 mA (approx 2.1 Watt)

	Raspberry Pi 3 B idle
	260 mA (1.4 Watt)

	Ab -n 100 -c 10 (uncached)
	480 mA (2.4 Watt)

	400% CPU Load 
	730 mA (3.7 Watt)

	Raspberry Pi 3 B+ idle
	350 mA (1.9 Watt)

	Ab -n 100 -c 10 (uncashed)
	950 mA (5.0 Watt)

	400% CPU load
	980 mA (5.0 Watt)

	Raspberry Pi 4 B idle
	540 mA (2.7 Watt)

	Ab -n 100 -c 10 (uncached)
	1010 mA (5.1 Watt)

	400% CPU load 
	1280 mA (6.4 Watt)



Note: We have not included the power taken by Mouse and Keyboard or any other peripherals as they will consume the power accordingly and can be added on to the above stated power.




Schematic
[image: ]
Here you can see that there is a TP4056 Module which will charge our 18650 cell, and is attached with the slide switch. Long male header is there for mounting the Raspberry pi with the help of its GPIOs. Now at the middle of the schematic there is an MT3608 IC that will boost up the power supply from 3.3V to 5V for the Raspberry Pi. MT3608 is a DC DC boost converter that can give output upto 2A. More specifically it supports a wide range of input voltage i.e. from 2V to 24V DC and can give output from 5V to 28V. A boost converter is used to step up a lower voltage to a higher voltage. It is a type of switch-mode power supply as it uses a switching device for regulating the voltage. In our case, MT3608 IC is the switching module, which has a high switching frequency of 1.2MHz. 
Whenever current is passed through an inductor (L1) it induces some magnetic field. Now when we change the current level passing through it, the magnetic field collapses to generate a high voltage spike. Having a high switching frequency IC (MT3608) allows this principle to happen by generating and collapsing the magnetic field induced by the inductor. When the switching module is off, the voltage spike passes through the Schottky diode (D1) and gets stored in the capacitor(C2) hence increasing the voltage of the capacitor and we obtain a higher voltage level output across the capacitor. The Schottky diode (D1) plays an important role in blocking a reverse current to the circuit.
Now the output voltage of the booster can be set by calculating the right pair of resistors, here we require approximately 5.2V to power up the raspberry. So, the relation will be

 

Where Vref = 0.6
And Vout is 5.2V
So, I have taken up the combination of 1.2K Ohm and 150 Ohm resistors as R1 and R2 respectively that is giving me almost 5.2V.



Circuit and PCB Layout
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So, this is the PCB Layout Image for your Reference. I am attaching a 3D view of the PCB I made too.
{GIF of the 3D View}


Actual PCB Image

I am showing you exactly what we have made. Here you will see that the battery 18650 is plugged into the holder and all the components are soldered. I have mounted a Raspberry Pi 0. For your reference, it is working fine.

[image: ] 
[image: ]
[image: ]



[image: ]
[image: ]

Conclusion
Hence we have successfully made and tested our Customised Pi HAT for various versions of raspberry Pi. This printed circuit board will be very useful when you want to make projects that require a low powered independent setup. And it can work for many other applications as well.
I have attached the Gerber file of the PCB that you can download from the description below.
Please feel free to share your ideas with us, also, if you have any query then please ask it in the comment section below.
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