AtverterH v2r1

Atverter Hobbyist - 48V 5A Programmable DC-DC Converter

Description

The Atverter is a programmable DC-DC converter, powered by the ATmega328p
microcontroller. It is a bidirectional 4-switch buck-boost converter topology, with terminals rated
for 60V and 5A. The Atverter can be programmed like an Arduino Uno and controlled as a
Raspberry Pi shield.
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Features
e Onboard Atmega328p that is programmable like an Arduino Uno

Controllable from a Raspberry Pi 40-pin header
Up to 96% efficiency measured
Slim design that fits in a Raspberry Pi fan case



Applications

Open source projects

Controllable power supply

DC microgrids and off-grid
Behind-the-meter power transfer
Renewable generation and MPPT
Resilience and battery charge control
DC bus stabilization

Controllable LED driver

Controllable DC motors

Absolute Max Ratings

Easily stacked and DIN rail mountable - up to 6 Atverters per Pi

Voltage and current sensing per terminal. Temperature sensing on switches
Hardware safety shut-off when voltage exceed 65V or current exceeds 6.5A
LED indicators for quick on-site debugging
Molex Microfit snap ports allow rapid deployment and reconfiguration

Steady-State Rating

Recommended Max

Absolute Max

Terminal Voltage 60V 65V

Terminal Current 5A 6.5A
Measured Switch Temperature 80C 90 C

Input Power' - Buck or Boost, Fanless 75 W 100 W
Input Power? - Buck-Boost, Fanless 55 W 65W

Input Power® - Buck or Boost, in Fan Case 170 W

Input Power* - Buck-Boost, in Fan Case 95 W 105 W

"Buck mode, 48V input, 50% duty; temperature does not exceed max within 5 minutes

2Buck-boost mode, 24V input, 50% duty; temperature does not exceed max within 5 minutes

®Buck mode, 56V input, 60% duty; temperature does not exceed max within 5 minutes

4 Buck-boost mode, 36V input, 50% duty; temperature does not exceed max within 5 minutes

Power ratings are measured based on whether the switch temperature exceeds the
recommended/absolute max within a 5-minute period. The following V-l curves show the

recommended steady-state operating limits on input voltage and current.
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Board Diagram

The following image shows where the terminals, connectors, and features are located:
Port 1 Microfit Terminal Port 2 Microfit Terminal

Port 1 Screw Port 2 Screw
Terminal Terminal
Switching
Node Test
Points Thermistors
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. FTDIUTTL
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Reset
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Application Schematics

The following application schematics are provided for educational and debugging purposes:

Four-Switch Buck-Boost Power Stage
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ATmega328P Pin Assignment
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Hardware Protection Circuit
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How to Program

There are three ways to load your C++ code onto the Picrogrid board:
e USB/TTL cable
e AVRISP programmer
e Raspberry Pi SPI pins

Please refer to the Picrogrid GitHub repository for any code references:
https://qithub.com/dgerb/Picrogrid

Flashing the Picrogrid board with the USB/TTL cable

You can use an FTDI USB/TTL cable to flash the Picrogrid board

similar to how you would upload code to an Arduino Uno. This

method is recommended when you are already using the Arduino =
serial console for diagnostics. This method requires that the 7 0

Arduino bootloader is already installed on the ATmega. For blank

ATmegas (i.e. the first flash of a new Picrogrid Board), refer to

one of the other two methods to flash the bootloader. This method has been tested with a
Sparkfun 5V FTDI cable.

First, plug in the FTDI USB/TTL cable, noting that the black wire corresponds to the GND
marking on the board.

In one of the AtverterHExamples Github subdirectories, open an example program (such as

Blink) in the Arduino IDE. Once open, select the Tools tab, and ensure the following settings:
e Board: "Arduino Uno" (found under Arduino AVR Boards)
e Port: "/dev/cu.usbserial-ABOJTGZW" (this is what shows up on my mac, will be different
for others)
e Programmer: "AVRISP mkll"
You should be able to compile and upload the example. If you selected Blink, you should see
flashing lights after a few seconds.

Flashing the Picrogrid board with the AVRISP programmer

You can use an AVRISP programmer to flash the execution code or a
boot loader. This method is recommended when you need to flash a
new board for the first time, but do not wish to use the board with a
Raspberry Pi. The method has been tested with the HiLetgo
USBTinyISP programmer.

First, plug in the AVRISP programmer, noting that the extrusion on the side of the 6-pin
connector should point away from the edge of the board.


https://github.com/dgerb/Picrogrid
https://www.sparkfun.com/products/9718
https://github.com/dgerb/Picrogrid/tree/main/PicroBoards/AtverterHExamples
https://github.com/dgerb/Picrogrid/tree/main/PicroBoards/AtverterHExamples/BasicExamples/1_Blink
https://www.amazon.com/HiLetgo-USBTiny-USBtinyISP-Programmer-Bootloader/dp/B01CZVZ1XM/ref=sr_1_3?hvadid=616931726575&hvdev=c&hvlocphy=9032082&hvnetw=g&hvqmt=e&hvrand=16692277773952607837&hvtargid=kwd-6892195973&hydadcr=24657_13611735&keywords=avr+isp+programmer&qid=1692658294&sr=8-3
https://www.amazon.com/HiLetgo-USBTiny-USBtinyISP-Programmer-Bootloader/dp/B01CZVZ1XM/ref=sr_1_3?hvadid=616931726575&hvdev=c&hvlocphy=9032082&hvnetw=g&hvqmt=e&hvrand=16692277773952607837&hvtargid=kwd-6892195973&hydadcr=24657_13611735&keywords=avr+isp+programmer&qid=1692658294&sr=8-3

In one of the AtverterHExamples Github subdirectories, open an example program (such as
Blink) in the Arduino IDE. Here, you can do one of two things: (a) burn the boot loader and
upload code via a FTDI USB/TTL cable, or (b) upload code via the programmer, knowing that
this does not upload a boot loader.

(a) To burn the boot loader, select: Tools > Burn Bootloader
(b) To upload code via the programmer, select: Sketch > Upload Using Programmer

Note that uploading code via the AVRISP programmer does not necessarily upload a
bootloader. Sometimes, you might have to burn the bootloader first so as to properly
synchronize the clock frequency.

Flashing the Picrogrid board with the Raspberry Pi

The final method of flashing the ATmega is through the SPI pins on
a Raspberry Pi. This method is the most complicated, and is only
recommended if the board will connect to a Raspberry Pi and may
require firmware code updates after installation. First, properly
mount the Atverter on a Raspberry Pi.

Open the Arduino IDE with the code and settings of "Board: Arduino Uno". Click the “Verify”
button. Once successfully verified/compiled, go to "Sketch > Export Compiled Binary". This will
export the compiled code as two hex files in the project directory. One of these files includes a
boot loader, which you will probably want. You need the boot loader to be able to flash the
Atverter with the USB/TTL cable.

Open a terminal and copy the binary file to the Pi. Here is an example SCP terminal command
from my mac:
e scp Blink.ino.with_bootloader.standard.hex pi@raspberrypi.local:Desktop

SSH into the Pi. The terminal command on my mac is (for Windows, use PuTTY):
e ssh pi@raspberrypi.local

Once connected to the Pi, use AVRDude to flash the Atmega over SPI. If you haven't done so
already, you will need to set up the Pi as an AVR programmer, following the instructions in the

RaspberryPi/Setup Github subdirectory:

Confirm that the board's Reset Jumper corresponds with the listed reset pin in the
lusr/local/etc/avrdude.conf file for the selected programmer (typically linuxgpio).

In this example, the avrdude command is:
e sudo avrdude -c linuxgpio -p atmega328p -v -U
flash:w:Desktop/Blink.ino.with_bootloader.standard.hex:i


https://github.com/dgerb/Picrogrid/tree/main/PicroBoards/AtverterHExamples
https://github.com/dgerb/Picrogrid/tree/main/PicroBoards/AtverterHExamples/BasicExamples/1_Blink
https://github.com/dgerb/Picrogrid/tree/main/RaspberryPi/Setup

If there are problems, you can check connectivity with the Atmega using this command:
e sudo avrdude -c linuxgpio -p atmega328p -v

Mounting Guide

Here are two recommended options to mount and deploy the Atverter:
e For multi-board stacking with a Raspberry Pi, use a DIN rail mounting system
e For standalone converter applications, use a Raspberry Pi case with a fan

Mounting on a Raspberry Pi

The Atverter is compatible with a Raspberry Pi, enabling remote tertiary control and firmware
updates. We can provide an optional mounting kit, which includes:

4x Standoff: M2.5x0.45, 18mm height

4x Screw: M2.5x0.45, 4-5mm height

4x Nut: M2.5x0.45 (can optionally can use a 4-6mm standoff for ease of fastening)
2x Jumper, 2.54mm pitch, 1x2

1x 40-pin Header, 2.54mm pitch, 2x20

1x Thermal Pad

The Atverter can be mounted on the Raspberry Pi through the following steps:

1. Slide the Jumper onto the Reset and CS pins that correspond to the intended Pi GPIO

2. Slide the male side of the 40-pin Header through the Atverter’s 40-pin receptacle from
the bottom

3. Fasten each Standoff to the four corner mounting holes of the Atverter with the Nuts. To
mount on a Raspberry Pi Zero, use the mounting hole between the reset and CS header

4. Stick the Thermal Pad or some electrical tape on top of the right (Pi 3B, 5) or left (Pi 4)
most USB port, so as to ensure no electrical contact with the Atverter’s screw terminal

5. Slide the female side of the 40-pin Header onto the Raspberry Pi

6. Fasten the Raspberry Pi to the Standoffs from the bottom using the Screws



Reset Selection Jumper

40-Pin
Extension

Nut
M2.5x0.45

Standoff

Electrical Tape M2.5x0.45
or Thermal Pad M2.5x0.45 18mm
4-5mm
(below)

DIN Rail Mounting

DIN rails are the industry standard for mounting
electronics in enclosures and cabinets. Many types of
Raspberry Pi mounting systems will work. We
recommend the Chunzehui mounting system. The
Din-R-Plate can also be used, though may require
hole tapping.

To stack multiple Atverters on a Raspberry Pi, refer to
the guide for Mounting on a Raspberry Pi, above.
Depending on the application, we may recommend an additional DIN rail mounting system on
the opposite side of a large stack of Atverters.

Pi Case Mounting

For standalone applications, the Atverter can be
housed in one of several existing Raspberry Pi fan
cases. We have tested and recommend the GeeekPi
Pi 4 Case case for a single Atverter. Follow the
product’s mounting instructions, treating the Atverter
like a Pi. Connect the fan’s black wire to the GND pin
of the FTDI/TTL header. Solder a 1x1 header into the
Aux VCC hole and attach the red wire.



https://www.amazon.com/Rail-Mount-Bracket-Raspberry-Arduino/dp/B07H8HSGXF/ref=pd_lpo_sccl_1/136-7318911-9411401?pd_rd_w=fbdFa&content-id=amzn1.sym.116f529c-aa4d-4763-b2b6-4d614ec7dc00&pf_rd_p=116f529c-aa4d-4763-b2b6-4d614ec7dc00&pf_rd_r=DHCMM4P4VB22Q79N7M7N&pd_rd_wg=dr1p0&pd_rd_r=ccbaf642-d0e7-43b4-82ee-92c951dbbe5c&pd_rd_i=B07H8HSGXF&psc=1
https://www.amazon.com/DIN-Rail-Mount-Raspberry-Pi/dp/B018J33308
https://www.amazon.com/GeeekPi-Raspberry-Aluminum-Heatsink-Model/dp/B0C6LPGDHG/ref=asc_df_B0C6LPGDHG/?tag=hyprod-20&linkCode=df0&hvadid=673743441049&hvpos=&hvnetw=g&hvrand=1246205394354732509&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9032082&hvtargid=pla-2204397124278&psc=1&mcid=12a2aab877dc38e7921a957e27758bc6
https://www.amazon.com/GeeekPi-Raspberry-Aluminum-Heatsink-Model/dp/B0C6LPGDHG/ref=asc_df_B0C6LPGDHG/?tag=hyprod-20&linkCode=df0&hvadid=673743441049&hvpos=&hvnetw=g&hvrand=1246205394354732509&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9032082&hvtargid=pla-2204397124278&psc=1&mcid=12a2aab877dc38e7921a957e27758bc6

The GeeekPi Pi 4 High Case can house an Atverter mounted on a Pi, though we had to use
nuts to raise the roof for the fan header. It is also possible this case may only work with the
screw terminals.

Several other fan cases may also work, but have not been tested. We expect the GeeekPi Pi 5
Case and GeeekPi Pi 5 High Case might work with some modifications to the fan cable. We
also expect the iUniker Pi 4 Case and MazerPi Pi 4 Case may work with some modifications to
the case itself.

Efficiency

The efficiency curves are shown below for Atverter, operating in buck, boost, and buck-boost
modes with 24V or 48V input and several relevant duty cycles. Data was measured operating
the Atverter with open-loop control at a fixed duty cycle, running a modified version of the
example 2_OpenLoopBuckBoost. Power consumed by the controller is accounted for.
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https://www.amazon.com/GeeekPi-Raspberry-Aluminum-Heatsink-Supports/dp/B0CBJXR57B/ref=dp_prsubs_sccl_2/134-9188960-4390507?pd_rd_w=f5Znq&content-id=amzn1.sym.53e0c629-1936-47cb-93a2-c361b12e7d3c&pf_rd_p=53e0c629-1936-47cb-93a2-c361b12e7d3c&pf_rd_r=QHND88VB9310QT27R1GN&pd_rd_wg=13seA&pd_rd_r=03a0fb43-4c75-4bd2-936e-33eba903c152&pd_rd_i=B0CBJXR57B&psc=1
https://www.amazon.com/GeeekPi-Raspberry-Active-Support-Peripheral/dp/B0CMZ84GM8/ref=sr_1_5?crid=3FY1TLOPLNC16&dib=eyJ2IjoiMSJ9.fOeNqrZvCIGcwWJ4wvTN98gPVHi43PyIe4ZXkUEElRuMxxNcIwPPhFNtsbkOwIxuwhIPu--Iney4TDbGilIQlfGZtIHRw3J28wbiOcr2WG7qokD0vILdYGBs1fO4AafyT-Nx7a1oy8xS9_7WtMaY4iMMAZfMcXtsbt61eLZgM0XpRa5MVjEymt6Ou4hcE5fbfi2cUzeu5H0BZ48vFSA4-gb2C48GzFuKBM0EpGGtmz_O2SzS0oKCjbyu055bxMMEO_bFSgBEQECPlbl7sS-e0Kc4ZjErdjC4Ccc7pgXFrzI.cIRTJBgGg65Z_BccxZ7nS2M4gOhfG3Kkjc7swL4gdlo&dib_tag=se&keywords=GeeekPi+fan+Case+for+Raspberry+Pi+5&qid=1720467165&s=electronics&sprefix=geeekpi+fan+case+for+raspberry+pi+5%2Celectronics%2C164&sr=1-5
https://www.amazon.com/GeeekPi-Raspberry-Active-Support-Peripheral/dp/B0CMZ84GM8/ref=sr_1_5?crid=3FY1TLOPLNC16&dib=eyJ2IjoiMSJ9.fOeNqrZvCIGcwWJ4wvTN98gPVHi43PyIe4ZXkUEElRuMxxNcIwPPhFNtsbkOwIxuwhIPu--Iney4TDbGilIQlfGZtIHRw3J28wbiOcr2WG7qokD0vILdYGBs1fO4AafyT-Nx7a1oy8xS9_7WtMaY4iMMAZfMcXtsbt61eLZgM0XpRa5MVjEymt6Ou4hcE5fbfi2cUzeu5H0BZ48vFSA4-gb2C48GzFuKBM0EpGGtmz_O2SzS0oKCjbyu055bxMMEO_bFSgBEQECPlbl7sS-e0Kc4ZjErdjC4Ccc7pgXFrzI.cIRTJBgGg65Z_BccxZ7nS2M4gOhfG3Kkjc7swL4gdlo&dib_tag=se&keywords=GeeekPi+fan+Case+for+Raspberry+Pi+5&qid=1720467165&s=electronics&sprefix=geeekpi+fan+case+for+raspberry+pi+5%2Celectronics%2C164&sr=1-5
https://www.amazon.com/GeeekPi-Aluminum-Raspberry-Heatsinks-Peripheral/dp/B0CLFYDT8Y/ref=sr_1_4?crid=3FY1TLOPLNC16&dib=eyJ2IjoiMSJ9.fOeNqrZvCIGcwWJ4wvTN98gPVHi43PyIe4ZXkUEElRuMxxNcIwPPhFNtsbkOwIxuwhIPu--Iney4TDbGilIQlfGZtIHRw3J28wbiOcr2WG7qokD0vILdYGBs1fO4AafyT-Nx7a1oy8xS9_7WtMaY4iMMAZfMcXtsbt61eLZgM0XpRa5MVjEymt6Ou4hcE5fbfi2cUzeu5H0BZ48vFSA4-gb2C48GzFuKBM0EpGGtmz_O2SzS0oKCjbyu055bxMMEO_bFSgBEQECPlbl7sS-e0Kc4ZjErdjC4Ccc7pgXFrzI.cIRTJBgGg65Z_BccxZ7nS2M4gOhfG3Kkjc7swL4gdlo&dib_tag=se&keywords=GeeekPi+fan+Case+for+Raspberry+Pi+5&qid=1720467165&s=electronics&sprefix=geeekpi+fan+case+for+raspberry+pi+5%2Celectronics%2C164&sr=1-4
https://www.amazon.com/iUniker-Raspberry-Aluminium-Heatsink-Supply/dp/B07D3S4KBK/ref=sr_1_5?dib=eyJ2IjoiMSJ9.uO_GujZgvOq34pWYBlRFdGCLOVMDbJi5XUL4wpVWpiHwFeHV6orSucWEStG5U3yxnr6NtjfEUAg6gB9nyR6fUBcDFb5qR7oCIZ-N6vLZD02VeGw6Gn6oxlG0A0fWMxrn85ewBaLER5VCqykErQFZLwcYrl6l55FpPOP53Q67uxt_X1y8a18yMO2VQB6wL8wpxKE7JiOBIZak6KV9olski3MXPyN9_caz9BqgjG-vMUM.FCPTWTWg_Nf9fgYAMpOBNuiwWV5v1S-fIuYt_L5zlIU&dib_tag=se&keywords=raspberry%2Bpi%2B4%2Bfan&qid=1708661557&sr=8-5&th=1
https://www.amazon.com/MazerPi-Raspberry-Cooling-Heatsink-Model/dp/B07W3ZMVP1/ref=sr_1_4?crid=3U69PXZ56X1UN&dib=eyJ2IjoiMSJ9.HnDPmG5UYrG4ttLGpEkg5YCU4uSvJhuooS846tuauiGVvJBkQrZfpwXpu6leAyS0UcjYsjJNLgUzCAVaACQ3t-ldspFK7vJw_Ny0oupEuJR7_MPDKGxNaVEDGFbrdWV78pKl9lmMGHbue6D612O5T15m9BkE5DGfV2jXDGOr5l-_Wr5obWjFjXg5CKJOGFIiIQJmjW7QcNcbpaEnntqWJ3NCxDqqsR7oolM1IzAzlqc.kq7p6WTrstxIKiSRs_5BgjIaHJOP87Su3f_jfIdBxgo&dib_tag=se&keywords=raspberry+pi+4+case+fan&qid=1709164623&sprefix=raspberry+pi+4+case+fan%2Caps%2C428&sr=8-4
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Standby Power

The standby power varies depending on what code is running. We measure standby power,
running several example programs with 12V, 24V, and 48V input. Initializing the PWM greatly

increases standby consumption.

Example Code Standby Power
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Experiment, Input Voltage

Output Ripple

The ripple amplitude and percent ripple are given below for buck and boost operation at 24V
and 48V input with several relevant duty cycles. Data was measured operating the Atverter with

open-loop control at a fixed duty cycle, running a modified version of the example
2_OpenLoopBuckBoost.
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% Ripple vs Output Current
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