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Abstract:

The Purpose of this application note is to ad the user in designing an H-Bridge for a 3-phase motor and how to select the proper MOSFETs for a motor controller specific for the MSU solar car. There are many ways to design an H-Bridge for a motor the application will go there the steps needed for 3-Phase motor. This application note can be used many sizes of motors and power levels not just the MSU solar car.
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Background:

There are 3 main stages of a motor controller the microcontroller, the gate drivers and the MOSFET bank. This application note will focus on the MOSFET bank. The MOSFET bank is also known as the H-Bridge for a 3-phase motor. The H-Bridge is the circuit that converts the DC voltage to the 3-Phase AC voltage which is needed to spin the motor of the MSU solar car. The conversion takes place by having 6 MOSFETs in a specific way shown in Figure 1. The Figure also shows the way the stages interaction are interconnected. 

[image: image2.png]!
vee MSP430 | e

T o
open | [Tmers Y e
e o Loop [ P o
convn | |oveus EEEY 21110
| & Jirzie
[ o
< 5 Commutaton
|
I I I Vmotor - Haly
Haty 705
[ [ [FTASY
Speed | I
Contor [ MR OvenLoop Motor
Input Control I
| stage L.Microcontroller | Stage2. | stage3.
Gate MOSFET bank

Drivers WIOSFET] 3-Phase H-Bridge]

Figure 1. Basic 3-Phase motor controller design circuit: This motor controller design i
implemented only for a 3-Phase motor but every motor has the same 3 stages.




Stage 1. takes the input from the voltage reference via a potentiometer to the microcontroller which then outputs a PWM signal. Stage 2. is a buffer between Stage 1. and Stage 3. because the microcontroller does not have enough current to turn on the MOSFETs. Stage 3. Takes the PWM signal and turns the MOSFETS on in a specific way to create the 3-Phase AC voltage that is then outputted to the motor.  

H-Bridge Design:

In this implementation the MOSFETs are working as switches turning on and off the current to the motor. In order for the MOSFETs working as a switch it must operate in the saturation region indicated in Figure 2. There are 6 MOSFETs needed all NMOS transistors to design a 3-Phase H-Bridge two are needed for each phase. In each phase there is a high side MOSFET meaning that the drain of the MOSFET is connected to the positive side of the power supply and there is a low side MOSFET as well with the source of the MOSFET connected to ground or the negative side of the power supply. 
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Figure 2. NMOS Characteristic Curves: The Saturation Region is the region of the characteristic curve that the MOSFET will provide a constant current.

The way the current flows in the H-Bridge is very unique because it only uses 2 of the 3 phases in every instant in time. Current flows from the positive terminal of the power supply to the negative terminal. The Current starts by going through the MOSFET in phase U on the high side. The Current continues to the winding in phase U then goes through the phase V winding. From there current goes through the MOSFET in phase V on the low side. Then the timing from the microcontroller will make the current flow through the different phases at different times indicated in Figure3. Caution the timing must be correct or the power supply will be shorted if the MOSFETs in Phase U, V, or W are on at the same time.

	Time Instant
	High Side MOSFET turned on
	Low Side MOSFET turned on

	1
	Phase U
	Phase V

	2
	Phase U
	Phase W

	3
	Phase V
	Phase W

	4
	Phase V
	Phase U

	5
	Phase W
	Phase U

	6
	Phase W
	Phase V

	7
	Phase U
	Phase V



Figure 3. Turn on time of the MOSFETs

MOSFET Selection:

Reading a data sheet can be very complicated to read this will help pick out what information is useful and what information is not needed. The Figures below are all taken from the data sheet of the MOSFET chosen for the motor controller in the MSU solar car. Depending on the specifications of the motor and power supply the MOSFET will vary.

Figure 4 shows the first table from the datasheet. One of the most important parameter that should be looked at first is the continuous Drain current (ID). The continuous Drain current is measured in amps. Notice there are two Drain currents and that is because the Drain Current will change based on the operating temperature of the MOSFET. So pick the MOSFET to the higher temperature because that is the more realistic Drain current value. The Drain current is important because this is the current going to the motor so this current needs to match and exceed the current rating of the motor. Another important parameter is the Gate-source voltage (VGS) that needs to be matched to the voltage coming from the Gate drivers.
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Figure 4. Absolute maximum ratings
Figure 5 shows the next table from the data sheet. There is only one parameter needed in this table which is the Thermal resistance junction-case max (Rthj-case). This value is important because it how to measure power losses in heat and the heat transferred to the heat sink. It is good design practice to choose a MOSFET with a low thermal resistance junction-case max value. Having a lower thermal resistance junction-case max means that the heat generated by the MOSFET will sent to the heat sink better and thus keeping the MOSFET cooler. The units are read as degrees Celsius per Watt.
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Figure 5. Thermal data
The Drain-source breakdown voltage (V(BR)DSS) shown in figure 6. is one of the parameters needed to be considered when selecting the proper MOSFET for the H-bridge. If the breakdown voltage is exceeded the MOSFET may blow. So a voltage much high then the supply voltage is needed for the MOSFETs protection. Another important parameter is the static drain-source on resistance (RDS(on)). Minimizing the on resistance will minimize the power loss of the MOSFET.
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Figure 6. On /off states
Figure 7 shows the last table from the data sheet which is the parasitic capacitance in the MOSFET. Output capacitance is an important parameter because it is how to calculate switching losses. By minimizing the output capacitance the switching losses will be minimized. Total gate charge is another parameter and can be used to calculate the gate capacitance which will affect the time the MOSFET takes to turn on. A smaller gate capacitance will make the MOSFET turn on faster.
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Figure 7. Dynamic
There are many parameters that need to be considered when selecting the proper MOSFET for a motor controller the package type will not affect the performance of the MOSFET and can be changed based on the implementation. For high power motors MOSFETs can be put in parallel to increase the current to the motor. By putting the MOSFETs in parallel not only will the current increase but the on resistances will decrease and all the parasitic capacitances will increase.
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