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DC Motor-Driver H-Bridge Circuit

How do we make a motor turn? Suppose we take a battery; hook the positive side to one side of the DC motor. Then connect the negative side of the battery to the other motor lead the motor spins forward. If swap the battery leads the motor spins in reverse. 

We want to attach the motor directly with the chip that controls its movement. However, most chips cannot pass enough current or voltage to spin a motor. Also, motor tend to be electrically noisy and can slam power back into the control lines when the motor direction or speed is changed. For starters, they may get a device that would act like a solid-state switch, relay circuits. In this case remember to put a diode across the coil of the relay. This will keep the spike voltage (back EMF), coming out of the coil of the relay, from getting into the MCU and damaging it. Specialized circuits (motor drivers) have been developed to supply motors with power and to isolate the others ICs from electrical problems. These circuits can be designed such that they can be completely separate boards, reusable from project to project.

A very popular circuit for driving DC motors is called an H-Bridge. It’s called that because it looks like the capital letter ‘H’ on classic schematics. The great ability of an H-Bridge circuit is that the motor can be driven forward and backward at any speed, optionally using a completely independent power source.
Semiconductor H-Bridges

It is better to control the motor by using transistors or Field Effect Transistors. These solid-state circuits provide power and ground connections to the motor, as does the relay circuit. The high side drivers need to be current “sources” which is what PNP transistors and P-channel FETs are good at. The low side drivers need to be current “sinks”, which is what NPN transistors and N-channel FETs are good at.
If we turn on the two upper circuits, the motor resists turning, so effectively have a breaking mechanism. The same is true if we turn on both of the lower circuits. This is because the motor is a generator and when it turns it generates a voltage. It should add diodes to catch the back voltage that is generated by the motor’s coil when the power is switched on and off. This flyback voltage can be many times higher than the supply voltage! If we do not use diodes, it will burn the transistors.

Transistors, being a semiconductor device, will have some resistance, which causes them to get hot when conducting much power, i.e. not able to provide much current from ground or from plus voltage.

(Circuit diagram)

MOSFETs are much more efficient, they can provide much more current and not get as hot. They usually have the flyback diodes built in so we do not need the diodes anymore. This helps guard against flyback voltage flying the MCU. To use MOSFETs in an H-Bridge, a P-Channel MOSFETs on top is needed, because they can “source” power, and N-channel MOSFETs on the bottom because they can “sink” power

It is important that the four quadrants of the H-Bridge circuits be turned on and off properly. When there is a path between the positive and groundside of the H-Bridge, other than through the motor, a condition exists called “shoot through”. This is basically a direct short of the power supply and can causes semiconductors to become ballistic, in circuits with large currents flowing. These are H-bridge chips available that are much easier, and safer, to use than designing your own H-Bridge circuit.

Thomson L298 H-Bridge circuit
In this project we use Thomson L298 Dual Full-Bridge Driver. It is a high voltage, high current dual full bridge driver designed to accept standard TTL logic levels and drive inductive loads such as relays, DC and stepping motors. The L298 has 2 H-Bridges on board, can handle 1 amp and peak current draws to about 3 amps.

(Circuit diagram)

1. Schottky diodes to protect against over voltage or under voltage from the motor.

2. Capacitors to reduce electrical noise and provide spike power to the driver chips

3. Pull-up resistors that prevent unwanted motor movement while the microcontroller powers up or powers down.

(common bipolar transistors, FET transistors, MOSFET transistors, Power MOSFETs)
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