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The H-Bridge, and MSW as a Special Case of PWM

Jack Borninski; endeavsys.wordpress.com

This writeup shows how a DC-AC inverter’s symmetric 3-level (positive, zero, negative)

Modified Sine Wave (MSW) is a special case of low-frequency Pulse Width Modulation

(PWM).

First some background.

I pulse modulation, the carrier signal is a pulse train. The modulating signal may be

imparted on the carrier by varying the pulse amplitude, position (phase), frequency,

and/or width (duty cycle).

In a general DC-AC inverter, the pulse amplitude is fixed, and determined by the

magnitude of the DC source.

The pulse position within the pulse repetition interval (PRI) is also typically fixed.

The two (independent) degrees-of-freedom (DOF) the inverter may use are: the pulse

repetition frequency (PRF), and the pulse width (pulse duration/duty cycle within the

PRI).

The inverter’s H-bridge used to transform DC to some general AC waveform, is a letter-

H-like arrangement of four switches, and it may be referred to as having four overlapping

sides
1
.

The two upper switches connected to the positive terminal of the DC source are called the

high-side (HS). Both these switches (alternately) source the DC current to the AC load.

The two lower switches connected to the negative terminal of the DC source are called

the low-side (LS). Both these switches (alternately) sink the DC current from the AC

load.

The two switches on the left side of the H-bridge are called the left-side. Both these

switches cannot be closed at the same time, or else the DC source is shorted.

The two switches on the right side of the H-bridge are called the right-side. Both these

switches cannot be closed at the same time, or else the DC source is shorted.

Each switch in the H-bridge is identified by belonging to either high-side or low-side, and

to either left-side or right-side.

Note that the reference potential for the LS switches is fixed, always 0V on the Source

terminals of the LS MOSFETs.

Also note that the reference potential for the HS switches is not fixed, and it varies

between 0V and the full DC bus voltage for the H-bridge, depending on what switches

are activated (it may also be floating if all switches are OFF). For example, the Source

                                                          
1
 H-Bridge is a general concept. The inverter’s H-Bridge is a DC-to-AC H-bridge. Its dual, a Full-Wave

Bridge/Rectifier is an AC-to-DC H-bridge. Both H-bridges have the same topology, but the origin of line-

commutation is different.
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terminals of the HS MOSFETs sometimes see 0V (the HS switch is OFF), and sometimes

they see full DC bus voltage (the HS switch is ON).

Another important thing to note is that when the HS switch is ON, the voltage that drives

the gate of this MOSFET must receive a boost over and above this MOSFET’s Source

voltage.

The typical MOSFET drivers used to drive the H-bridge are dual (one driver drives one

LS MOSFET and one HS MOSFET). It takes two such dual drivers to drive the whole H-

bridge, one driver driving the left-side of the H-bridge and the other driver driving the

right-side of the H-bridge. Each dual driver provides the voltage boost needed to drive

the HS MOSFET gate via a charge pump built into the driver (with some external

components).

The H-bridge generates two distinct polarities of the AC waveform, call them polarity A

and polarity B. These polarities result from different ways the DC source may be

connected to the H-bridge’s AC terminals.

Polarity A results from closing the high-side/left-side switch, and the low-side/right-side

switch (the other two switches are open).

Polarity B results from closing the high-side/right-side switch, and the low-side/left-side

switch (the other two switches are open).

The AC waveform produced by the H-bridge may be displayed in two ways, as a floating

AC signal without any reference to ground, or more typically as a bi-polar signal with a

ground reference in the middle (as on the oscilloscope).

The floating display occurs when none of the H-bridge’s two AC terminals is connected

to any reference potential.

The bi-polar ground-referenced display results from connecting one of the H-bridge’s AC

terminals to ground (as an oscilloscope’s ground clip would do).

Assuming the right-side AC terminal is connected to ground, then in the typical ground-

referenced display:

polarity A connects the negative DC terminal to ground and the AC waveform is

displayed above the ground-reference potential, and

polarity B connects the positive DC terminal to ground and the AC waveform is

displayed below the ground-reference potential.

Considering the bi-polar (ground-referenced) representation of the AC waveform

generated by the H-bridge, the positive half of the waveform (above the ground-

reference) is the same as the negative half of the waveform (below the ground-reference).

In other words, one cycle of this AC waveform is symmetric about the ground-reference

level/line.
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In reality, the AC waveform has two parts in one cycle (positive and negative), and these

parts occur at twice the frequency of the waveform if they are considered to be distinct

(for example at 120 Hz for a 60 Hz waveform). However, because of this symmetry, we

can say that whatever makes this AC waveform (such as PWM) occurs at the waveform

frequency (because the other half is the same, just opposite polarity).

With this H-bridge background, the main argument for the equivalence of MSW and low-

frequency PWM is:

DC-AC inverter’s MSW is really a special case of PWM with the PRF equal to the (low)

frequency of the AC waveform.

In this MSW one DOF has been fixed (PRF), and the only other remaining DOF is PWM

(duty cycle/pulse width regulation).

Within one PRI (PRI = the inverse of PRF), the MSW duty cycle may range from zero

(no waveform at all) to one (a square wave).

The optimal (minimum total harmonic distortion) MSW duty cycle is 0.74, as shown in

another writeup on this website.
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