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Introduction 
 
The MSK 4225 is a complete H-Bridge circuit to be used for DC brushed motor control or 
Class D switchmode amplification.  All of the drive/control circuitry for the lowside and 
highside switches are internal to the circuit. The 45KHz PWM  circuitry is internal as well, 
leaving the user to only provide an analog signal for the motor speed/direction, or audio 
signal for  switchmode audio amplification. The MSK 4225 is constructed in a space 
efficient plastic power package that can be directly bolted to a heatsink.   
 
This configuration can be used to control a variety of loads, such as a brushed DC motor or 
a voice coil. Because of the internal PWM generator, all the user needs to do is provide an 
analog voltage representative of the PWM duty cycle desired on the output. 
 
The evaluation board provides a platform from which to evaluate new designs with ample 
real estate to make changes and evaluate results.  Evaluation early in the design phase 
reduces the likelihood of excess ripple, instability, or other issues, from becoming a problem 
at the application PCB level. 
 
This application note is intended to be used in conjunction with the MSK4225 data sheet.  
Reference the device data sheet for additional application information and specifications. 
 
Setup 
 
Use the standard 4mm banana jacks to interface with the assembly to connect to your power 
supply and motor assembly. Use the BNC interface connections for monitoring the phases, 
and for your analog input for setting the speed and direction. 
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Theory of Operation 
 

 
Overview 
The PWM scheme used in this device is referred to as complimentary modulation, or 
“locked anti-phase” modulation. In this modulation scheme, the analog input creates a 
PWM duty cycle extending from 100% (DC) in one direction to the load, all the way to 
100% (DC) in the other direction. The middle is 50% modulation. In this configuration, 
50% modulation creates zero average current through the load, even though current is 
being sent to the load in both directions. Since the current rise in one direction is exactly 
equal to the current rise in the other direction, the net is zero current. 
 
The advantage in complementary modulation is that the PWM doesn’t stop as the 
controller goes through zero. Most controllers stop the PWM in one direction to produce 
zero current, and then start up PWM in the opposite direction. This creates a discontinuity 
in the control loop. Somewhere along the line, the controller has to make a decision to 
reverse the PWM. This cannot happen instantaneously and will disrupt the control when 
working the system near the zero current point, for instance, when an antenna is being 
steered ever so slowly to track a target. See “Torque Control vs. Speed Control” 
Application Note for more explanation of the PWM scheme involved in the MSK4225. 
 
The evaluation card described in this note is set up to allow the user to operate the 
MSK4225 in a closed control loop scheme for controlling current through a load. Outside 
the MSK4225 are sense resistors that measure current through each leg of the H bridge. 
An amplifier sets up the resulting voltage waveform to be used in an error amplifier, also 
provided on the card. This amplifier compares the desired current command signal to the 
resulting current waveform and outputs this error level to the analog input of the 
MSK4225. Offset voltage adjustment is also provided on the card. Finally, all of the 
necessary bypassing and stability components are on-board to provide an ideal subsystem 
in which the MSK4225 can perform its function. 
 
Bridge 
First, describing the MSK4225, it consists of two sets of two MOSFETs, each in a half 
bridge configuration. The top of each half bridge is connected to the V+ pins. The output 
of each half bridge is designated MOTOR A and MOTOR B. The bottom of each half 
bridge is designated R SENSE A and R SENSE B, respectively. They are labeled R 
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SENSE because they are designed to be connected through external sense resistors to the 
system ground. It is important that the sense resistors are non-inductive types for two 
reasons. First, the measured current waveform will be truest when measured through a 
pure resistance. Secondly, the gate drive current for each MOSFET at the bottom of each 
half bridge has to go through the sense resistor and return to system ground. A noninductive 
resistor will have the least effect on the MOSFET gate drive waveform. 
Inductive resistors here can actually cause enough problems and distortion of the gate 
signal that it can damage the transistor, so it is important to select these resistors 
carefully. There are high frequency diodes across the sense resistors to serve as voltage 
clamps in case any voltage spikes occur to protect the gate drive. 

 
Proper bypassing and grounding of the bridge is very important. The bridge is being 
pulse-width modulated at 45 kHz. There are some very quick transitions of both voltage 
and current going on at a very high PWM rate. Any stray inductance will distort the 
transitions, cause voltage transients, and generally cause problems with the operation of 
the system. The two 1200µF capacitors are the bulk capacitance necessary for providing the 
quick current pulses demanded by the bridge. The 6.8uF polypropylene capacitor suppresses 
higher frequency transients and current spikes and the 0.1uF capacitor suppresses any 
very high frequency noise still present. It can be looked at that the three capacitors work 
on three different frequency ranges to keep the system as noise free as possible. 
 
Grounding is just as important as the bypass capacitors are. Stray inductances will take 
away from the quick transition capability of the transistor switching function. Stray 
inductances will also add large voltage spikes and can actually exceed the voltage range 
of the bridge even with a 12v system if not careful. A ground plane, proper close 
placement of the capacitors and short leads from the V+ and Ground connections will go 
a long way to averting enough stray inductance to cause problems. 
 
The snubber circuit created by the 100-ohm resistor and 1000-pF capacitor serves to 
suppress transients present on the output of the bridge. These values may have to change 
as the system changes with various loads. Snubber design is beyond the scope of this 
note, but many sources of information are available on both the web and in various texts. 
 

  
 Bridge outputs at zero amps.  Bridge outputs at 10 amps, with a 
 50% duty cycle.  Corresponding shift in duty cycle. 
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Current Amplifier 
The current amplifier section consists of two non-inductive, 4-wire sense resistors 
and a differential operational amplifier. In complimentary mode PWM switching, current 
is always flowing through one of the two half bridges at all times. Placing one sense 
resistor at the bottom of the whole half bridge will always sense current magnitude but 
will not provide bipolar measurements for directional information. To complete a true 
current loop, both magnitude and direction of current through the load is necessary for 
correct feedback information. Sensing the current at the bottom of each half bridge allows 
the separation of current through each half bridge. The voltage developed across both 
sense resistors are put into a differential amplifier, with one of the resistor voltages put 
into the non-inverting input and the other voltage put into the inverting input. The sum / 
difference of the two create the actual current waveform that is flowing through the load. 
Because the sense resistors are very low resistance to keep power dissipation low, the 
voltage developed across them is small. The differential amplifier has a gain of ten to 
help amplify the voltage for the next stage, the error amplifier. 
 
 

 
 Current Waveform, U1 pin 1 
 
Since the card has 0.010 ohm sense resistors, there is little difference in current signal as 
viewed on a scope between zero current and 10 amps. 
 
Error Amplifier 
The error amplifier, as set up on the evaluation board, is the other half of the LM6142 
integrated circuit. It is set up so that both the command input (I Command In) and the 
feedback input are brought into the summing junction of the amplifier. The reason for 
this is that any changes in impedance due to the error amplifier output will be identical 
for both inputs. The voltage (current) feedback signal is set up to be the opposite polarity 
to the command input, so that negative feedback is achieved. 
 
The feedback network is set up as a single pole, integrating feedback network. The 
resistor sets up the mid-band gain, and the combination of resistor and series capacitor 
compensate for the inductance and resistance of the load. Determining the values of the 
feedback network for each application is beyond the focus of this application note. 
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Further information can be obtained by reviewing the Application Note titled, “Feedback 
Network Design.” The output of the error amplifier network feeds into the INPUT of the 
MSK4225, and controls the PWM duty cycle to produce current in one direction or the 
other. 
 

  
 Error amplifier at zero amps  Error amplifier at 10 amps 
 
The scope traces for the error amplifier show 6 volts at zero current, which is exactly 
in the middle of the PWM range of the device. As current command increases, the error 
amplifier needs to compensate for that by shifting the PWM duty cycle accordingly. As is 
shown here, the error amplifier output voltage has decreased from the 6 volt level at zero 
current, forcing a shift in the duty cycle. 
 
Transconductance 
Transconductance, also known as mutual conductance, is a property of certain 
electronic components. It is the reciprocal of resistance and transconductance and is the 
ratio of the current at the output, Motor A and Motor B, and the voltage at the current 
command input, I Command In. 
 
If +1V DC is applied to I Command In, that voltage will be compared to the result of 
the current amplifier stage. 10A (average current) flowing through the sense resistors will 
develop 0.1V (average) into the input of the current amplifier stage. That stage has a gain 
of 10, so 1V (average, negative, because it is a negative feedback signal) will be 
presented to the input of the error amplifier. The output of the error amplifier will output 
whatever voltage is necessary to satisfy the sum of those two signals at the input and 
canceling them out, making the sum 0V. This results in an overall transconductance gain 
of 10; 1V input creates 10A out. 
 
Input Stage 
The output of the error amplifier stage goes into the Input of the MSK4225. There, the 
voltage is compared in a comparator to a triangle wave generator. The peaks of the 
generator are 3V and 9V, with a frequency of 45 kHz. The result will be a pwm 
waveform that controls the four gate drivers for the MOSFET output stage. The error 
amplifier will control the PWM duty cycle to cause an average current to flow out of 
Motor A, through the load, and into Motor B, or vice-versa, depending on the polarity of 
the I Command Input. 0V of I Command Input will cause a 50% duty cycle PWM 
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waveform to be produced at both Motor A and Motor B. Current will flow into the load 
one way during one half of the duty cycle, and current will flow the opposite way into the 
load during the other half of the duty cycle. The average of this current flow will be 0A. 
This method of PWM modulation is known as complimentary or locked anti-phase 
modulation. 
 
For the controller to be in control, it has to be producing a PWM waveform. This is 
how the controller maintains control. Without PWM at the output, the controller has no 
way of controlling the current through the load anymore. Therefore, 100% duty cycle at 
either Motor A or Motor B is not a valid state for this controller to be in control. 
Conversely, there is no 0% duty cycle, either, as that means there would have to be 100% 
at the other output due to the definition of complimentary modulation. If the controller is 
forced to 100% duty cycle, the current flow through the load will only be limited by the 
resistance of the load, which may be very high in the case of a low impedance winding. 
The maximum supply voltage for the load must be higher than the highest voltage needed 
at the load because of the limitation and inherent inability of this control scheme to go to 
100%. 
 
There is no separate current limit circuit in this evaluation board design, so duty cycle 
extremes need to be avoided. If current limiting is needed, some sort of clamping network 
would have to be devised to limit the voltage at the error amplifier, resulting in a clamped 
duty cycle limit. Or, the output of the current amplifier compared to a current limit 
reference using a comparator that is fed into the DISABLE pin on the MSK4225. 
 
 
 
 
Design Details 
 
 
 
Artwork 
 

   
 Top Side Bottom Side 
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Schematic 
 

 
 
Bill of Materials 
 
Ref Des/Qty Value Manufacturer P/N 
 
R12, R14 18K, 1/8 W Panasonic ERJ-6GEYJ183V 
R13 51.1K, 1/8W Yageo RC0805FR-0751K1L 
R8, R11 2.49K, 1/8W Panasonic ERJ-6ENF2491V 
R9, R10 4.99K, 1/8W Panasonic ERJ-6ENF4991V 
R5-R7 10.0K, 1/8W Panasonic ERJ-6ENF1002V 
R3, R4 1.0K, 1/8W Panasonic ERJ-6ENF1001V 
R1, R2 0.010, 10W ISOTEK PBV-R010-1.0 
R16 100, 1/2W Stackpole RNCP1206FTD100R 
R15 50K POT Murata PV37Y503C01B00 
C7 1.5µF TDK C2012X7R1E155K 
C6, C9, C17 0.01µF Panasonic ECJ-2VB1H103K 
C1, C4 47µF Panasonic EEE-TK1V470P 
C18 22µF Panasonic EEE-FP1V220AR 
C2, C3, C5, 0.1µF Panasonic ECJ-3VB1H104K 
C8, C16 
C14 6.8µF, 100V Illinois Capacitor 685MWR100K 
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C10, C11 1200µF, 63V United Chemi-Con ELXZ630ELL122ML40S  
C13 1µF, 250V Panasonic ECQ-E2105K 
C12 0.1µF, 100V AVX Corp CK06BX104K 
U1 LM6142 TI LM6142BIM/NOPB 
D7, D8 MMBZ5324B  MMBZ5234B 
D5 1N914 1N914BWS 
D1-D4, D6 MUR120 ON Semi MUR120T3G 
J6-J9, J16, J17 Jumpers TBD TBD 
9 Banana Jacks Emerson Johnson 108-0740-001 
3 BNC’s Amphenol RF 031-221 
1 MSK 4225 MSK 
1 HEATSINK MSK 2219-12570 
20 .032/.046 Dia. MILL MAX 0364-0-15-15-13-27-10-0 
 Pin Receptacle  
4 7/8”, #4, Standoffs 
4 3/8”, #4, Screws 
4 1/2”, #6, Screws 
1 Bare Board Advanced Circuits MSK4225 Eval Board 
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