Maximum Drive Current: Background

The theoretical background for the established real-life reduction factor is derived from the following question: What peak current can flow in a realistic gate loop as loog as there are no oscillations ?                                             

The analysis is solely focused on the variation of the gate resistor while leaving all other parameters constant. Only non-resonant gate drives are considered. It is assumed that a non-oscillating gate current waveform is preferable.

Figure 4 shows the model gate circuit, consisting of a driver stage with outputs GH,GL; the individual gate resistor paths 
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 and associated stray inductances 
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; and the common gate current path to the power device with the associated stray inductance 
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. The power device is modelled by a constant capacitance. This is of course a simplification, but it is justified only at the beginning of the gate charge process. The beginning of the gate charge process is the most relevant stage, because the charging current takes its maximum here.

[image: image4.jpg]Fig. 4: Model circuit for deriving the maximum gate dive current




The gate curretn i(t) is governed by the well known second order differential equation for RLC circuits:
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            ----------------------- Eq.6
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are the respective sum of L and R in the turn-on and turn off path,respectively. The boundary between oscillating and non-oscillating solutions is set by the ratio of 
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,and 
[image: image10.wmf]g

R

. Non-oscillating solutions for i(t) must fulfil the damping condition:
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                  ------------------------ Eq.7

The minimum gate resistor to retain a non-oscillating gate current waveform is given by Equation 8:
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               -------------------------Eq.8

The highest possible current peak 
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 in a non-oscillating waveform can thus be expressed as the peak current in the critically damped case. The peak gate current 
[image: image14.wmf]max()

ˆ

nonosc

I

-

 is the becoming:
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  --------------Eq.9

Where e is the Euler number.

It is important to note that Equation 9 is only true for the maximum cerrent in the non-oscillating case. For gate resistor values 
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 > 
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 the peak current will always be smaller than 
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. For high values of 
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 the gate current is following Equation 4, but still the peak gate current will always be smaller than 
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. It is thus sufficient to have a driver strength (meaning the maximum driver output current) according to Equation 9. The value of 
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 has to be determined by measurement for every new gate loop setup and power deivec.

The theoretically derived reduction factor of 0.74 for 
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 if further reduced in real applications by the limited driver switching speed, the transmission line nature of real gate loops, and the internal time constants of the driver’s blocking capacitors. The practically recommended reduction factor of 0.70 is thus in good agreement with the theoretically derived maximum of 0.74.

Example:

If the gate driver with output gate voltage swing 
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 = 25V is connected to the IGBT/MOSFET with a loop inductance of 20nH, and if the IGBT’s input capacitance is 30nf, then:


[image: image24.wmf],min()

20

21.63

30

gnonosc

nH

R

nF

-

==W


For gate resistor values 
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 below 1.63
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 the gate current will start oscillating in this example. It is assumed that this is not desired in the gate drive. At 
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= 1.63
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 the gate current will take on its non-oscillating maximum:
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For higher gate resistor values, the reduction factor will rise from 0.74 towards 1.0. However, the associated gate current will decrease and will always be smaller than 
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