Stepper wiring diagram

This is a common word during discussions involving peculiarities of step motors, which can
have 4, 5, 6, and 8 wires. But today, I can say that this type of engine is no longer such a difficult
challenge, as they are starting to get more and more standardized. Here, we will talk about the
most common motors: of 4, 5, 6, and 8 wires, which can be unipolar or bipolar. The best known
of these is the bipolar, 4-wire, which is what we use, for example, with several drives, such as
the TB, with the printer driver Router , and with the DRV, among others. The 5-wire motors are
unipolar. In 6-wire and 8-wire, these are rated as unipolar or bipolar depending on how the
driver is connected. Most of the up-to-date stepper motors that I have are with eight windings. It
is not because only two coils appear on the schematic that is just that. Does it have to do with
the amount of coils inside the engine? Can I vary the amount of steps within a complete rotation
just by varying the intensity of the electric current in the coils? The question essentially is this:
if there were more coils in the engine, would it have more resolution? The answer is no. What
causes resolution in the stepper motor is the number of phases with the number of teeth. It's
almost always that. So when you search the web, you will find these diagrams with north pole
with south pole. This has the good and bad side. It serves synthetically, it has its utility, but it is
bad to make a parallel with the stepper motor in the direction of the teeth, because when you
play the sequence on the coil, you are millimetrically grinding your teeth. So beware of this kind
of representation. This is because most of the drivers we buy are cheaper ones. Even the TB, ,
and are of the more simplified type and cheaper as a result. So, what causes engine resolution?
It is given by the number of teeth times the number of phases, influencing if this engine can, for
example, have or steps per revolution. In the bipolar motor, the coils are connected together.
There are usually eight coils, but only two circuits. I personally prefer the bipolar motor. First, I
prefer it because it is more standard. Second, because most of the new drivers coming out are
also bipolar. But I can be wrong, of course. Engineering is something that can change any
minute. This drawing is from a Chinese factory that I found very interesting when dealing with
this subject. The image shows 50 teeth of a Nema 14 precision pitch motor. Therefore, 50 teeth
times four phases of the bipolar motor will give steps. Then, if you get divided by we get 1. We
can say the same for Nema In China, they also have a pitch stepper motor. Simply stated, this
means much more precision. There are steps per revolution. This brings many benefits, the first
being that it avoids resonance regions. The Unipolar motor driver has the hour coil energized,
and time not connected. Thus, it only has one pole, as opposed to being bipolar. In the image,
we have a simple representation of a driver made with field effect transistors. When we polarize
the Gate of a certain transistor, it lets the current flow. For this, you need to do a binary
sequence. I also show a ULN connected in a unipolar 5 wire configuration. In the case of the
bipolar driver, the currents flow in both directions, and then invert the positive and the negative.
That means we have two full bridges. The output power module of the TB, in the background, is
with this logic. This is a datasheet of a Nema 17, 6-wire, which can be connected as bipolar or
as unipolar. This shows that the stepper motor, in general, starts at a low RPM, and the torque
decreases as the speed increases. In this Nema 23 datasheet, the torque curve almost reaches
RPM. The motor that was 9kgf. So when purchasing a stepper motor, it is important to observe
this datasheet to see in which RPM you are going to operate the motor. The holding of torque
also fell when connected in unipolar. In this space, we make a comparison of the bipolar torque
with the unipolar torque. Of course, in both types, as we increase the RPM, the torque is falling.
This is ideal for a given application. Thus, it is necessary to know both types of engines to
choose which is the best for your project. Torque - Power - Speed. In this image, the dash is the
power, and the solid line is the torque. Horizontal marking deals with speed. Then, the graph
shows the relationship between these three elements. You can adjust the torque of the motor
also by increasing the current or voltage you use with the driver. Very thorough instructable.
Just minor point though, engines and motors are not quite the same thing in the strictest sense.
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Visit my Site! More by the author:. About: Do you like technology? Follow my channel on
Youtube and my Blog. In them I put videos every week of microcontrollers, arduinos, networks,
among other subjects. But another thing I want to address today is the waves. Table Nema 17
This is a datasheet of a Nema 17, 6-wire, which can be connected as bipolar or as unipolar. Let's
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NeilRG 10 months ago. Stepper Motor Wiring Diagram â€” arduino stepper motor wiring
diagram, cnc stepper motor wiring diagram, leadshine stepper motor wiring diagram, Every
electrical structure is composed of various distinct pieces. Each component should be set and
connected with different parts in particular manner. So as to be certain the electrical circuit is
built properly, Stepper Motor Wiring Diagram is necessary. How does this diagram aid with

circuit building? The diagram provides visual representation of a electrical structure. On the
other hand, the diagram is a simplified variant of this structure. It makes the procedure for
assembling circuit easier. There are just two things which are going to be present in any
Stepper Motor Wiring Diagram. The first component is emblem that indicate electric component
from the circuit. A circuit is usually composed by several components. The other thing that you
will find a circuit diagram could be traces. Lines in the diagram show how each component
connects to one another. The arrangement is also not logical, unlike wiring schematics.
Diagram only shows where to put component at a spot relative to other components inside the
circuit. One thing you have to learn before studying a circuit diagram is the symbols. Every
symbol that is presented on the diagram reveals specific circuit element. The most common
components are capacitor, resistor, and battery. Additionally, there are other components like
floor, switch, engine, and inductor. As stated earlier, the traces in a Stepper Motor Wiring
Diagram signifies wires. Sometimes, the wires will cross. Injunction of two wires is usually
indicated by black dot in the intersection of 2 lines. There will be primary lines which are
represented by L1, L2, L3, etc. Colors are also utilized to differentiate cables. Usually, there are
two chief kinds of circuit links. The primary one is called string connection. Because of that the
electric current in each part is similar while voltage of this circuit is total of voltage in each
component. Parallel relationship is much more complicated compared to series one. Unlike in
string connection, the voltage of each element is comparable. This circuit includes branches
that are passed by distinct electric current levels. The current joins together when the branches
match. There are numerous things that an engineer should pay attention to when drawing
wirings diagram. To start with, the symbols used in the diagram should be precise. It should
represent the exact component required to build a planned circuit. Meanwhile the negative
supply symbol is place below it. The current flows in the left to right. In addition to this, diagram
drawer is advised to limit the amount of line crossing. The line and component placement ought
to be designed to minimize it. As you can see drawing and translating Stepper Motor Wiring
Diagram can be a complicated endeavor on itself. The information and suggestions that were
elaborated above should be a wonderful kick start, though. Stepper Motor Wiring Diagram. Pool
Pump Wiring Diagram â€” v pool pump wiring diagram, century pool pump wiring diagram,
hayward pool pump wiring diagram, Every electrical arrangement consists of various different
parts. Each part ought to be placed and linked to other parts in particular manner. If not, theâ€¦.
Each component ought to be set and linked to other parts in particular way. If not, the
arrangement will notâ€¦. Riding Lawn Mower Ignition Switch Wiring Diagram â€” craftsman
riding lawn mower ignition switch wiring diagram, murray riding lawn mower ignition switch
wiring diagram, riding lawn mower ignition switch wiring diagram, Every electric structure is
made up of various distinct pieces. Each component ought toâ€¦. Gallery of Stepper Motor
Wiring Diagram. Related Post to Stepper Motor Wiring Diagram Pool Pump Wiring Diagram Pool
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hayward pool pump wiring diagram, Every electrical arrangement consists of various different
parts. Honeywell Zone Valve Wiring Diagram. Coleman Electric Furnace Wiring Diagram. It
shows the components of the circuit as simplified shapes, and the facility and signal
connections amid the devices. A wiring diagram usually gives counsel roughly the relative twist
and union of devices and terminals on the devices, to back up in building or servicing the
device. A pictorial diagram would take effect more detail of the creature appearance, whereas a
wiring diagram uses a more figurative notation to put emphasis on interconnections exceeding
visceral appearance. A wiring diagram is often used to troubleshoot problems and to make
definite that all the contacts have been made and that all is present. Architectural wiring
diagrams play a role the approximate locations and interconnections of receptacles, lighting,
and permanent electrical services in a building. Interconnecting wire routes may be shown
approximately, where particular receptacles or fixtures must be upon a common circuit. Wiring
diagrams use satisfactory symbols for wiring devices, usually alternative from those used on
schematic diagrams. The electrical symbols not abandoned produce a result where something
is to be installed, but also what type of device is monster installed. For example, a surface
ceiling spacious is shown by one symbol, a recessed ceiling blithe has a vary symbol, and a
surface fluorescent light has other symbol. Each type of switch has a oscillate fable and
consequently attain the various outlets. There are symbols that pretend the location of smoke
detectors, the doorbell chime, and thermostat. A set of wiring diagrams may be required by the
electrical inspection authority to embrace connection of the quarters to the public electrical
supply system. Wiring diagrams will after that increase panel schedules for circuit breaker
panelboards, and riser diagrams for special services such as fire alarm or closed circuit
television or supplementary special services. Necessary cookies are absolutely essential for the
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Non-necessary. Occasionally you may come across an old stepper motor salvaged from a
printer, or an ancient floppy drive. If you are lucky, there will be a part number on the motor and
after some digging around, you will come up with a datasheet. First, you need to figure out how
the wires are paired to form coils within the motor. Trial and error may work, but there is a better
way! All it takes is a multimeter. If your stepper motor has 4 wires, it is a bipolar stepper motor.
Since coils A and B on the diagram above are not connected, the resistance between leads A1
and B1, or between A1 and B2 will be infinite. The resistance between A1 and A2, or between B1
and B2 will be a definitely less than infinite though more then zero , as they are part of the same
winding. Still, a simple check with a multimeter, set at its resistance measurement option can
save you a lot of time troubleshooting your code and wiring. Image 1: The black and yellow wire
are not part of the same coil, as the multimeter shows high infinite resistance. Image 2: The
orange and yellow wire are part of the same coil, as the multimeter shows resistance of
approximately 18 Ohms. No way to do that with a multimeter, unfortunatelyâ€¦Connect the
motor to your motor driver of choice. Connect power and run the code to spin the motor
clockwise. If the motor spins in the expected direction, you have the correct polarity. If it spins
in reverse, you need to switch the polarity of one of the two pairs it does not matter which one.
Stepper motors with six wires are unipolar and have one winding per phase like the bipolar
steppers but with a center tap. The internal wiring of these motors looks like this:. Looking at
the diagram above, we can assume that the resistance between A1 and AC will be half of that
between A1 and A2. The same applies to the resistance between BC and B1, or B2. Simillar to
the case with the bipollar, 4-wire stepper motor, there is no connection infinite resistance
between any of the wires from coil B and coil A. Time to put the theory to the test! Image 3: The
Black and Brown wires are obviously part of the same coil resistance is approximately Ohms.
Image 4: The Black and the top Red wire there are two red wires on this stepper are also part of
the same coil resistance of approximately 97 Ohms. For a good measure you should also
measure the resistance between the top Red and the Brown wire, to confirm it is also around 97
Ohms. Image 5: The Yellow wire must not be part of the same coil as the Black, Brown and the
top red wire. Multimeter shows no electrical connection between the Yellow and the black wires.
Another measurement confirmed that the two Red wires are also not connected. If your motor
has 5 wires test to see if one of the wires is not connected to the casing of the motor. If it is,
then mark it and then proceed with the same test as with the four wire stepper motor. If no, then
you are looking at a unipolar motor, where the two center tabs are connected. Some trial and
error, or good documentation will be useful here. You will need to do some extra work to
determine which pairs are on the same coil. Likely this will require some trial and error, using
your stepper motor driver. THKS again. I have 8 wire 4 coils stepper motor. How do i connect to
power to rotate uni-direction or if i can use it as bi direction. Do i need to have step down
transformer as V is available with me. Hi, I have a 6 wires stepper motor. And I used a meter to
measure their resistance and divided them into 2 groups. I think wire number 3 and wire 4 are
center tap and do not understand why the resistance between 1 and 3 connection is not half of
that 1 and 2 connection. Is something wrong with my meter setting. I got my motor from a CD
drive and am working on getting it up and running. This is exactly what I needed, thanks! Your
email address will not be published. This site uses Akismet to reduce spam. Learn how your
comment data is processed. How to identify six-wire stepper motor coil pairs with a multimeter
Stepper motors with six wires are unipolar and have one winding per phase like the bipolar
steppers but with a center tap. The internal wiring of these motors looks like this: Looking at the
diagram above, we can assume that the resistance between A1 and AC will be half of that
between A1 and A2. Image 3: The Black and Brown wires are obviously part of the same coil
resistance is approximately Ohms Image 4: The Black and the top Red wire there are two red
wires on this stepper are also part of the same coil resistance of approximately 97 Ohms. If your

motor has 8 wires, the internal wiring should look like this. Tagged with: bipolar stepper ,
stepper motor , unipolar stepper. Leave a Reply Cancel reply Your email address will not be
published. NEMA 34 Stepper motor is a hybrid stepper motor that has the best attributes of the
variable reluctance stepper motor as well as a permanent magnet stepper motor. This is a heavy
motor and draws a high current of up to 5A. The motor takes steps during a single revolution
with a step angle of 1. It is controlled by microcontroller units indirectly through appropriate
motor drivers. NEMA 34 Stepper motors are available in different versions depending on torque
holding capacity, current ratings, rotor inertia, and physical dimensions. They are used in
computer numerical control machines, 3D prototyping, robotic projects, and in different
industrial equipment. The wire configuration detail in tabular is mentioned below:. The stepper
motor as the name suggests works on the stepping principle. It means that the motor completes
its rotation in the form of steps. The motor receives pulses from the controller to move steps
and complete a rotation. One pulse received equals one step. With each step, it covers a
specific step angle that provides control over the position of the motor. Typically the number of
steps is and the step angle is 1. The frequency of the pulses is directly proportional to the
speed of the motor. To increase the speed of rotation, one must increase the frequencies of the
pulses. NEMA 34 Stepper motor has five different versions based on current ratings, holding
torque capacity, phase inductance e. The datasheet is provided to see further technicalities as
per requirement. As the NEMA 34 stepper motors are heavy duty so they cannot be connected
directly to the microcontroller unit. It should be interfaced with a proper stepper motor driver
module for functioning. The enable, pulse, and dir pins of the respective stepper motor driver
are connected to the Arduino UNO pins. The enable pin serves to empower the driver module.
The pulse pin is the step pin that controls the micro-stepping of the motor by pulse reception
from the Arduino. Similarly, dir configures the rotation of the motor either clockwise or
anticlockwise depending on its state. The outputs motor1, motor2, motor3, and motor 4 are
connected to the coils of NEMA 34 stepper motors. The controller sends the pulses to the driver
and it transmits it to the motor. The motor takes steps and completes the rotations in the
direction told by the state of the dir pin and can work according to the demand. Notify me of
follow-up comments by email. Notify me of new posts by email. Necessary cookies are
absolutely essential for the website to function properly. This category only includes cookies
that ensures basic functionalities and security features of the website. These cookies do not
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your consent. You also have the option to opt-out of these cookies. But opting out of some of
these cookies may affect your browsing experience. Necessary Necessary. Non-necessary
Non-necessary. NEMA 17 is a hybrid stepping motor with a 1. Each phase draws 1. This motor
has six wires, connected to two split windings. Black, Yellow, Green wires is part of first
winding while Red, White and Blue is part of second winding. The motor have 6 lead wires and
rated voltage is 12 volt. It can be operated at lower voltage but torque will drop. These motors
has a step angle of 1. These motors run on 12V and hence can provide high torque. So if you
are looking for a compact easy to use stepper motor with high torque then this motor is the
right choice for you. These stepper motors consume high current and hence a driver IC like the
A is mandatory. To know how to make this motor rotate we should look into the coil diagram
below. The motor has six wires, connected to two split windings as is common for unipolar
stepper motors. Black, Yellow, Green wires is part of first winding where Black is centre tap and
Yellow and Green are coil end while Red, White and Blue is part of second winding in which
White is centre tap and Red and Blue are coil end wires. In use, the centre taps of the windings
Black and White are typically wired to the positive supply, and the two ends of each winding are
alternately grounded through a drive circuit. Subscribe to stay updated with industry's latest
Electronics components and news. The STM32Cube with graphical software configuration tool
reduces development efforts, time, and cost. Pin Configuration NO. Component Datasheet. Tags
Stepper Motor. Hybrid Stepper Motor. Get Our Weekly Newsletter! STM32 Development Boards.
STM32F32 Ecosystem. X-Band Radar Portfolio. In this article you will learn how to control a
stepper motor with the LN motor driver. This driver board is usually used to control DC motors,
but it is also an inexpensive alternative to control stepper motors! It can control both the speed

and the spinning direction of most stepper motors like a NEMA I have included a wiring diagram
and many example codes. This library is fairly easy to use and can greatly improve the
performance of your hardware. After each example, I break down and explain how the code
works, so you should have no problems modifying it to suit your needs. If you would like to
learn more about other stepper motor drivers, then the articles below might be useful:. With this
motor driver you can control DC motors, stepper motors, relays, and solenoids. It comes with
two separate channels, called A and B, that you can use to drive 2 DC motors, or 1 stepper
motor when combined. The LN is usually mounted on a red breakout board, which makes wiring
a lot easier. The breakout board also includes a 78M05 5 V power regulator. When the motor
draws too much current, you can damage the driver and the motor will get hot! What this means
for you, is that you need to be careful when selecting the stepper motor and power supply to
use with this motor driver. Not all stepper motors will work! The LN operating voltage is
between 4. The motor I used for this tutorial draws around 1 A at 5 V. The L comes in several
different packages, the pinout for the LN Multiwatt15 is given below:. When you remove the
jumper, you need to provide the board with 5 V from the Arduino. I use the following trick to
determine how to connect 4 wire bipolar stepper motors:. The only thing you need to identify is
the two pairs of wires which are connected to each of the two coils. This sketch turns the
stepper motor 1 revolution in one direction, pauses, and then turns 1 revolution in the other
direction. The sketch starts by including the Stepper. Next we need to define how many steps it
takes for the motor to rotate 1 revolution. This means it takes steps to rotate degrees. You can
change this value if you want if you are using a different type of stepper motor or setup. After
this, you need to create a new instance of the Stepper class, which represents a particular
stepper motor connected to the Arduino. In our case these are pins 8, 9, 10 and Note that you
can create multiple stepper objects with different names if you want to control more than one
motor. I set it to , so we should see around 1. Passing a negative number to this function
reverses the spinning direction of the motor. In the following three examples I will show you
how you can control both the speed, the direction and the number of steps the stepper motor
should take. One of the advantages is that it supports acceleration and deceleration, but it has a
lot of other nice functions too. The Library Manager will open and update the list of installed
libraries. Select the latest version and then click Install. The following sketch can be used to run
one or more stepper motors continuously at a constant speed. No acceleration or deceleration
is used. The next step is to define the motor interface type. The compiler will replace any
references to this constant with the defined value when the program is compiled. Next, you
need to create a new instance of the AccelStepper class with the appropriate motor interface
type and connections. As you saw in the previous example, the name that you give to the
stepper motor will be used later to set the speed, position, and acceleration for that particular
motor. You can create multiple instances of the AccelStepper class with different names and
pins. This allows you to easily control 2 or more stepper motors at the same time. Speeds of
more than steps per second can be unreliable, so I set this as the maximum. If you have
multiple stepper motors connected, you can specify a different speed for each motor:. This
depends on the set speed and the time since the last step. The first part of the code up to the
loop section is exactly the same as in the previous example. Next we make use of the while
loop. A while loop will loop continuously, and infinitely, until the expression inside the
parenthesis, becomes false. So in this case I check if the current position of the stepper motor
is not equal to steps! With the following sketch you can add acceleration and deceleration to the
movements of the stepper motor without any complicated coding. The first section of this
sketch is the same as in example 1, but the setup and the loop are different. In the loop section
of the code, I used a different way to let the motor rotate a predefined number of steps. The
motor will decelerate before reaching the target position. In this article I have shown you how
you can control a stepper motor with an LN motor driver. We have looked at 4 examples, using
both the Stepper and AccelStepper libraries. I hope you found it useful and informative. I would
love to know what projects you plan on building or have already built with the LN motor driver. I
am making remote control roller blinds and have created a blend of the Accel Acceleration and
Multistepper sketches. This opens and closes the blinds successfully. However, I want to
release the stepper coils at the end of each function in order to allow the blinds to be adjusted
manually if needed. I have been looking unsuccessfully for this code. Can you offer a
suggestion? I plan to operate the arduino with an IR remote control. Cool project! I think you
should be able to use the disableOutputs and enableOutputs functions of the AccelStepper
library. Thank you so much for this valuable course. This help me to use the L module and a
dvd head motor. Good day Thank you for lots of good an interesting information What I would
like to know can I use 2 LN drivers to control two stepper motors from the same Arduino uno
board Not sure about were the second board wiring has to go? Please excuse me for asking

stupid questions Hope you can give me some advice I am very new to this. Your email address
will not be published. Skip to primary navigation Skip to main content Skip to primary sidebar
Skip to footer In this article you will learn how to control a stepper motor with the LN motor
driver. LN Datasheet. What to read next? Comments I am making remote control roller blinds
and have created a blend of the Accel Acceleration and Multistepper sketches. Hi Norm, Cool
project! Best regards, Benne. Trackbacks [â€¦] Control a stepper motor with LN motor driver
and Arduino [â€¦]. Leave a Reply Cancel reply Your email address will not be published. LN
motor driver board. Amazon AliExpress. NEMA 17 stepper motor. Arduino Uno Rev3. Arduino
IDE. Outputs of the Bridge A; the current that flows through the load connected between these
two pins is monitored at pin 1. Outputs of the Bridge B; the current that flows through the load
connected between these two pins is monitored at pin It cannot drive unipolar stepper motors.
Fortunately, most stepper motors can be wired up as bipolar motors. Connecting a stepper
motor to a Buildbotics CNC Controller requires properly connecting the four wires from the
driver to the right wires on the motor. Unfortunately, stepper motors come in a variety of
configurations and it is not always immediately obvious how to hook them up. There are several
characteristics that make stepper motors different from one another. One big difference is the
number of wires emanating from the motor. It is not uncommon to encounter motors with 4, 5, 6,
or 8 wires coming out of the motor. This article discusses each of those configurations. All four
of these ports are wired the same and they look like this:. Each output has four pins.
Buildbotics provides pre-made cables that connect to the driver outputs on one end. The trick is
figuring out which wires make up the coil pairs. The bipolar series connections are shown here.
The center taps are not connected and the coil ends are connected as shown. The trick is
figuring out which wires belong to each coil and which of those wires are the center conductor.
Here are two methods:. Before configuring an 8 wire motor, you must first decide whether to
configure the motor as a bipolar series or a bipolar parallel motor. Bipolar parallel connected
motors will generally provide higher top speed, but will require twice as much current as a
series connected motor. A series configuration should be used if the parallel configuration
current exceeds the output capability of the driver. This is especially true for larger motors. In
the case of the Buildbotics CNC Controller the maximum current is 6 amps for any individual
motor port. The following diagram shows the connections to be made for an 8-wire series
connected bipolar stepper motor. It is not realistic to sort out all of the possible combinations of
connections with an ohmmeter or by feel. You need the datasheet for the motor to hook it up.
You may have to contact the vendor to get the motor datasheet. Given that information, simply
wire the motors as shown in the diagrams above. All four of these ports are wired the same and
they look like this: Each output has four pins. With a little effort, it is usually possible to get a
datasheet for the motor. If you measure a near short, then that pair makes up one coil, and the
other two wires make up the other coil. If it is an open, then measure between the first wire and
another wire and then to the fourth wire until you find a near short. Notice that I say near short
because the coil is a long thin wire and has some resistance. Then connect the wires as shown.
If it does turn the wrong way simply reverse one not both of the pairs and the motor will turn the
other direction. Stepper motor shafts turn fairly easily when the motor coils are open, but are
more difficult to turn when a coil is shorted. First, leave all four motor coils open and turn the
motor shaft to get a feel for how hard it is to turn. Then twist any two wires together. If the motor
is significantly harder to turn, then you have shorted one of the coils and identified a pair. If not,
disconnect the two wires from each other and connect a third wire to the first wire. One of
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the combinations should be harder to turn and that is one coil and the two wires make up the
other coil. Connecting 6-wire motors 6-wire motors can be configured as either unipolar or
bipolar series motors. Here are two methods: Find the documentation for the motor. You may
have to call the vendor. Use an ohmmeter to identify the individual coils. Any wires that appear
to be connected through a few ohms will be part of one coil. Wires that appear to be open are
part of the different coils. Once the coils have been identified, measure the resistance between
each of the three wires on that coil. The resistance between the two coil ends will appear to be
about twice the resistance between the either coil end and the coil center tap. The next diagram
shows the connections for an 8-wire parallel connected bipolar stepper motor. Connecting a
Huanyang VFD. First Impressions of Oxlasers 3. You can build a CNC but can you explain it?
The CNC Router. Deep dive: Hacking the 8-bit AVR. Main Board.

