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A Methodical Approach To Snubber Design 

by Gregory Mirsky, Continental Automotive Systems, Deer Park, Ill.  

Even in a correctly designed switching power supply, stray capacitance and inductance in the traces and leads 

can cause oscillation in switching currents at turn-off due to the energy stored in these parasitic components. 
Since the oscillation may occur at many megahertz, satisfying requirements for the electromagnetic 

compatibility (EMC) of the switching power supply may be challenging.  

Properly designed snubbers may absorb the energy stored in the stray components and make the switching 
process smooth and oscillation-free. Unfortunately, many designers overlook the physical processes in switching 

circuits and just pick values for snubber components using trial and error, leading to poor results. This article 

explains the underlying process that leads to oscillation in switching power supplies and describes an analytical 

approach to designing an RC snubber that will effectively dampen the oscillation.  

Very often the parasitic turn-off oscillation occurs when a MOSFET comprising the power switch in a switching 

power supply or solenoid driver turns off quickly. The energy stored in the MOSFET output capacitance causes a 

resonant situation with the stray inductance of traces and parts' leads. A properly designed simple RC snubber 
can convert the resonant (oscillating) process into an aperiodic one, thus mitigating the EMC issues. 

Fig. 1 shows a regular circuit, consisting of the output capacitance of a MOSFET CD, a stray inductance Lst and a 

snubber Rsn-Csn, connected in parallel with the drain and source output terminals of the MOSFET. This snubber 

should damp oscillations, which always occur in the drain circuit during MOSFET turn-off, by removing the 
conditions that may support the oscillation. 

 
Fig. 1. RC snubber installed from drain to ground of a MOSFET with output capacitance CD. 

However, parasitic oscillations may be generated in other parts of a switching power supply such as in the gates 
of MOSFETs or in rectifiers. But in these cases, these oscillations are always associated with the release of 

energy stored in stray components in the circuit. Therefore, the analysis that will be presented in this article is 

good for any electronic circuit, subject to the energy exchange between its components. 

We will consider an equivalent oscillating circuit, which usually occurs when a MOSFET turns off, and the output 

capacitance CD exchanges energy with a stray inductor Lst through a blocking capacitance of the input power 

supply. 

This circuit behavior at the MOSFET turn-off is the same as that when a rail voltage Vrail hits this circuit. We will 

analyze the transfer function of this circuit for the rail voltage reaching CD, and define the snubber capacitor Csn 

and resistor Rsn values that destroy the oscillation and convert it into an aperiodic process.   

How A Snubber Works At Switch Turn-Off 

We start by defining the snubber impedance this way: 

http://www.how2power.com/newsletters/1906/index.html
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which simplifies to this: 

      

The impedance of the circuit, composed of the snubber in parallel with CD can be expressed by this simplified 

formula: 

  

The total impedance of the circuit is therefore 

 

Then, the voltage across the snubber when Vrail hits the circuit during MOSFET turn-off is 

 

This expression simplifies to 

 

Now we are ready to define the transfer function:  

         

Then, substituting equation (4) into (5) we obtain: 

  

(1) 

(2)

) 

(3) 

(4) 

(5) 

(6) 
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For simplicity, we can express several of the terms in equation (6) as time constants: 

 

Now it is time to re-write (6) in a simpler form: 

  

To make this expression suitable for the Inverse LaPlace transform, we convert the denominator into the 

factored form: 

 

Here T1, T2 and T3 are new time constants, and solve the system of equations. We will do that in the MathCAD 

15 hidden area for simplicity. The values for these new time constants are obtained in the hidden area.  

To do this, we begin by finding the original of the LaPlace transform (8) in the time domain: 

 

 

Next, we analyze expressions for T1, T2 and T3 from the hidden area and pay attention to the expressions under 

the radical sign. These expressions should be positive unless we want to have ringing in the circuit. This 

requirement evokes the equation:  

  

Substituting expressions for the time constants from (7), we get: 

(7) 

(8) 

(9) 

(10) 
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Equation (11) describes the borderline condition that holds true for keeping the parasitic oscillation close to 
extinction. 

Solving for RS, we can obtain a value of the snubber resistor that satisfies the borderline condition. 

 

 

The acceptable value for Rsn is the very first term in (12). Luckily, this system of equations also defines the 

limitation on the value for the snubber capacitor that helps in designing the snubber. It is:  

         

This is a very important result since it removes the guess work that is often present in snubber capacitor 

selection.  

Therefore, after selecting the snubber capacitor value, which should be close to 8•CD, one can find the snubber 

resistor value from 

(12) 

(11) 

(13) 
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Since the CD value may strongly depend on the voltage applied, which is the case in MOSFETs, it is necessary to 

use an averaged value, using the following formula: 

 

Here VDSO is defined at the crossing of the tangential line at Vds = 0 and the Vds axis since Vds decays 

exponentially. VDS_span is the span of the drain-source voltage during operation and CDSO is the initial drain-

source capacitance at zero drain-source voltage. 

A Snubber Design Example 

Let’s start by assuming we have a circuit like that shown in Fig. 1 with values of LSt = 10 nH and CD = 20 pF. 

Let’s also assume Vrail = 180 V and fSW = 150 kHz for our operating conditions. 

Per equation 13, we can begin by determining a value for Csn of 8.5 x CD = 170 pF. 

Then applying equation (14) we can determine a value of Rsn. 

 

To simplify component selection and to provide some design margin with respect to the inequality in (13), we 

can choose a standard value of 200 pF for Csn, which leads to a slightly lower value for Rsn of 

 

Now that we have our values for the snubber components, we can calculate the time constants, which we will 

use later when writing the expression for the voltage across the MOSFET, VD(t):  

(14) 

(15) 



 

 

Exclusive Technology Feature 

 

                                                          © 2019 How2Power. All rights reserved.                                             Page 6 of 9 
 

 

 

 

To specify the snubber resistor’s rated power, we will need to know its power dissipation. The voltage across 

the snubber resistor is 

 

which leads to an expression for the resistor’s power dissipation and the following result: 

 

Now that we have our snubber components, we would like to see how they perform. Equation (4) gives us an 
expression for the voltage across the snubber when the MOSFET turns off:  

 

which can be rewritten in the time domain as follows by substituting the time constants for the circuit values: 

 

Graphing this expression yields the result shown in Fig. 2. 
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Fig. 2. With the snubber values calculated in our design example (CSn = 200 pF and Rsn = 13 Ω), 

the voltage across the snubber (at the switching node) exhibits only slight overshoot and no 

oscillation with fast switching. 

The above design example demonstrates how properly calculating the snubber component values leads to 

oscillation-free operation even with fast switching. But to put this result in perspective, let’s consider what 

happens if the snubber values are selected arbitrarily and then adjusted experimentally as illustrated in Fig. 3. 
Typically, engineers will adjust the value of the snubber resistor, which causes problems with switching 

operation. As the results in Fig. 3 demonstrate, random selection of the Rsn and Csn values leads either to 

oscillations or excessive power dissipation as shown in (c).  

 

(a)                                                                           (b) 
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                                           (c) 

     

                                           (d)                                                                             (e) 

     Fig. 3. Randomly selecting snubber component values and adjusting them experimentally 
leads either to oscillations on the switching waveform, or excessive power dissipation. Part (c) 

shows the case where oscillation has been eliminated but at the cost of excessive power 
dissipation in the snubber resistor. The results shown here were obtained by plugging in the Rsn 

and Csn values shown into our expression for VD(t). 
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For more information on snubber design, see How2Power’s Design Guide, locate the Power Supply Function 

category and select “Filters and Snubbers”.  
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