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Professor Doctor Shabari Nath
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Module: Gate Drivers
Lecture 23
Gate Driver Requirements

Welcome to the course on Design of Power Electronic Converters, we had started discussing
with the module gate drivers. And last lecture, I had given you an introduction of gate drivers
and I told you what is the need of gate drivers. So, now, let us look more into the gate driving

circuit requirements.
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To understand that, let us first look into the turn on and turn off process of MOSFET and as we
had seen before turn on and turn off process of MOSFET and IGBT are similar. So, we can take
either of them and understand and the same applies for IGBT also. So, here there is a MOSFET

and this is the gate circuit.

So, this v actually replaces the driver that you may be using and so, this is represented like
switch to voltage source. So, then we have the gate resistor R, which is connected between gate
and the gate driver circuit and then we have this diode over here in the power circuit. So, this

part is power circuit where we have the DC supply V., which forms the dc bus and then we have



a diode and when we have formed the current source using an inductor. So, you can assume it to

be a large inductor.

So, what happens is that whenever this switch is turned on, the MOSFET is turned on then this i,
current flows through the MOSFET and when the switch is turned off, so, then the current
flywheels through the diode. And this is the nature of v; waveform that is supplied by this gate

driver circuit which it is replacing as a voltage source.

So, you have dT; as the duty ratio time period and T is the switching time period. So, dT, time
period it will be high that means, it is going to turn on the MOSFET and then rest of the time it is
low which means it is going to turn off the MOSFET. And it reaches to this voltage of V. Now,
here for simplicity I have shown these to be just as an instantaneous increase and decrease, but in

reality, it will be not so, and that we will be seeing just in a while.
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* Source: Power MOSFET Basics: Understanding the Tum-On Process”, Vishay Siliconix, Application Note ANBS0, 2015, [Online]. Available https://ww.vishay com/docs88214/tumonprocess pdf

So, now, also recall that MOSFET has these three capacitances associated with it, parasitic
capacitances one is gate to drain capacitance, then is gate to source capacitance and drain to
source capacitance. Further, you have to recall that this gate to drain we have renamed it as C,,
which is reverse transfer capacitance, then C,, gate to source plus gate to drain that forms input

capacitance C; and C,q plus Cy that forms output capacitance C.

And these are not some fixed capacitance values, but they actually vary with the drain to source

voltage that appears across the MOSFET and this is what that plot is showing. You can see here



that this input capacitance does not vary much with drain to source voltage as it changes, but
output capacitance varies to some extent initially as the drain to source voltage changes and this
C.s you can see changes a lot with the change in drain to source voltage. Now, these three as we
have seen before also in the last module play very important role in the turn on and turn off

process of the MOSFET.
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So, now, this is gate to source voltage vgs which appears across the MOSFET. Now, here what
we see 1s that form this time t, to t; for this time period the voltage first increases and it reaches
to the threshold voltage V, and at that time the voltage across the MOSFET does not change it is
V. and the current through the MOSFET also does not increase it is equal to ipg and we had seen

that this time period is called as the delay time.

Now, what we did not see over there is the gate current, now what will happen is that during this
time period which is called as delay time period during this delay time period, this Q, that
means this capacitance Cyis going to be charged. So, this is the direction of the current over here

this current is going to charge this Cg.

So, that we can call it as Q, is the charge associated with it and it reaches to the threshold
voltage and you can see that this gate current is decreasing. Now, why we are showing that the
gate current is decreasing because over here there is no charge initially. So, you can say that 0 V

was there.

v
So, whatever was the v that was applied over here. So, — is the peak gate current Ly, that we
9

can say is the current that will flow at t,. So, this is that current it flows Iycu. S0, this 18 Tygpear

from where it starts and it is going to decrease as this C, is going to be charged.

So, it decreases then it reaches the threshold voltage once it reaches the threshold voltage what

will happen is that current will start to increase and at that time the drain to source voltage does



not change even then. So, this current increases and it reaches to this steady state current I; and

at that time also it is continuing to charge this C,.

So, the charge associated with it is Q. So, this is that Q, further it keeps on building up and
this gate current continues to decrease over here. And this gate to source voltage keeps on
increasing and it reaches to this voltage which is V,, we can say that is Miller plateau voltage,

this is the Miller region. Here the gate to source voltage becomes constant it is not increasing.

So, what happens over here is that this C, was initially blocking the or was charged to the
voltage of Vg whatever was the blocking voltage. That means, this voltage was so, if MOSFET

was blocking £V, as we see here, this is that V4 which it has to block when it is off.

So, this V4 is what appears across this is what this C,y was having the initial voltage as. Now,
what happens is that as this capacitor starts to discharge from that, current flows through this and
it flows in this direction and it discharges this capacitor C,. And during that time the charge
associated over here is Qu and the gate to source voltage does not increase at that time and the
current is almost also, you can see that it is kind of constant and we can call it as I, and the

voltage that decreases during this Miller period.

After this device is almost on because voltage has also reached to almost towards on-state
voltage and current has previously itself switched to the on-state current. So, the device is almost
on, but what happens is that here we had applied this voltage V and so, this vgg actually has to
reach to this Vg voltage level and so, this C, further charges to V; to this voltage level and that
is you can say this Q,, and this gate to source voltage increases further and it reaches to this level

of V.

And this gate current 1, further decreases and it almost becomes close to 0. So, this is the turn on
process we had looked into it, but now, we looked into more from the perspective of charging
and discharging of the capacitors. This total charge associated is this Q, charge and the gate to
source charges the sum of the Qg and Q. So, Qg is equal to sum of Qg and Q,, and then we

have this Q, which is sum of Q,, and Q..

Now, let us look into the turn off process which is similar and it is actually the opposite. So, first

this voltage V decreases and it decreases to the Miller plateau voltage V., and at that time the

gs(pl)

current flows in the opposite direction and it reduces in the opposite direction. So, that means,



what is happening over here is that, that the current is going to flow in this opposite direction,
while turn off and it is going to discharge this C,, whatever was the extra charge apart from what

was associated with the Miller plateau voltage.

So, that means this Q,, which is going to be taken off first and at that time nothing happens this
is actually delay time t,.,and then it reaches to this Miller voltage. Once it reaches to this Miller
voltage at that time the current does not change, the voltage does not change and this voltage

builds up, however the current remains same it does not increase.

So, at that time what is happening is that this current is flowing in this direction and this +V,
voltage again starts to build up across the device and so across Cy. So, this capacitor Cyy charges
to V4 and the charge associated here is equal to Q4. Then further what happens is that, it comes
down to the threshold voltage level once the Miller period is over and during this time the gate
current reduces and at that time this drain to source current comes down to close to 0 or the

leakage current.

And further in case of MOSFET, the device is almost off once it has reached the threshold
voltage, but in case of an IGBT you may be having tail current and still the turn off may take
longer. This current may be still flowing like this, but in case of MOSFET it will be almost off.
So, whatever is the voltage here and the associated gate current will continue to decrease and it

will almost become close to 0 at the end of this interval which is t,..

So, what we see from here is that it is capacitance C,qy which plays a very important role and gate
to source capacitance C,, is charged during the turn on process and it is discharged during the
turn off process. Whereas, the gate to drain capacitance is discharged during the turn on process,
it is discharged from whatever voltage it has from V that is the blocking voltage and while it is

turned off it again gets charged to that voltage of V..
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So, let us write some equations related to these which will help you in doing some very crude
estimation of the requirements of gate driver. Now, do not think that they are correct equations,
they are linear approximations and they only provide you crude estimates. So, do not have
questions like why this so, it should not be like this, this is an RC circuit and these are not really
the correct equations, this is not how it should be, you may be having all these questions. But
these are all linear approximations, a very crude very rough way of getting some numerical

values which will help you in choosing the gate driver.

So, as we had named some of these, so, this we named as I, and this current is I, the Miller
plateau and over here also this is interval 2, this is interval 1, this is interval 3, which is Miller

plateau period and then you have another interval which is interval 4.

So, during this interval, let us say that in between you have this current which is given as I,. So,

now, if we write some equations, very linear equations,

;o V05V,
g2 R

)

g
And, why it is so? Because you have this gate resistor R, over here then MOSFET is there and
this voltage whatever is gate to source voltage. During this interval 2 this gate to source voltage

is equal to Vy, and here it is equal to V. So, in between if we want to find out that will be half

gs-p

of the sum of this two.



So, that is what you can think of the voltage as V, equal to and here what you have applied is

gs

R
g

V. So, basically the equations that we are writing (VG — —%) is the current that will be flowing

here. So, that is what I, is taken as equal to. Then the next we can write Ig during the Miller

period or Miller plateau region

This is very straightforward over there and then during this interval 2 which is (t, - t;) in this case
as we have named this will be given as

t _ t — C Vgs—pl_Vth

2 1 iss 92

Now, why we are writing this? Because we know that during interval 2 what is being charged is
the input capacitance. So, this is the input capacitance over here which is going to be charged.
So, that is C, and so, the total charge is the time period multiplied by the current value and that
will be C,, multiplied by this voltage difference and voltage difference is (V
2.

ospi- Vi) TOr interval

And then for interval 3 which is as we have named (t;—t,) is equal to

(-t =C ol

3 2 rss 1
g-pl

and we have also written for peak current of the gate

| =t

g—pk R_g
Now, these are some of the equations which you can use for calculations related to gate circuit.
Now, one more thing that you have to observe is that this gate current you can see that this is not
continuous current it is there during the turn on process and then it is there during the turn off
process in between it is not there. So, that means if we have drawn this gate current over here
then this gate current I, would have been something like this, you would have observed this

during this turn on process and again during the turn off process.

So, if you have to find out the Iy so that would have been very small value. Because there is

going to be some loss associated with it and that loss is



P =1 ‘R
Rg gRMS g

And whatever is these drivers power requirement if we call it is Py

2
drive IgRMS Rg + Pgate
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So now, what is the P, equal to? P, we can find out from this kind of graphs. This we have
seen before also when we discussed the devices, this is gate charge versus gate to source voltage.
And this is similar to this kind of graph that we see here, instead of time this voltage can also be

plotted with respect to the charge.



So, here it reaches to this threshold voltage. So, somewhere here let us say is threshold voltage
V;, and then further over here it will reach to Millar plateau voltage which we are naming as

\Y Then after that from here or here depending on what is the Vg voltage the, for the

gs-pl*

MOSFET the Miller plateau region may change and it may increase.
So, as Vpyg increases, so, we can see that how it charges in the further the 4™ interval and that has
got some effect on that. So, this part is Q,; and this part is Q,, and this interval in between for

the Miller period is Qu. And the total charge associated with it is equal to Qg and that depends

on how much is the V that we have applied.

So, let us say if V5 is10 V. So, it has to reach to here. So, then P, will be written as

P = VGngS

gate
So, f; is switching frequency here which may be 100 kHz, 50 kHz or 20 kHz whatever switching

frequency that you may be using for your circuit.

So, this P, gives us the estimate of the power required on the gate emitter or the gate source
region for the MOSFET or the IGBT. Now, let us look into how do we estimate what should be
the gate resistor that should be used and what should be the power level of the driver IC. I have

already shown you some equations which you can use.

(Refer Slide Time: 28:09)
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Now, let us also see the data sheet which are the specifications which you should be noting down

for selecting or rather estimating the requirements of the gate driver. This is the data sheet of a

power MOSFET of 200 V and 94 A. I have explained this data sheet to you before as well. So,

now, again let us revisit it and look into it from the driver perspective. So, from driver point of

view what you see here is that this gate to source voltage maximum ratings is = 30 V.

(Refer Slide Time: 28:43)
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Now, further what we see here is the threshold voltage is also given which is minimum 3 V and 5

V. So, whatever gate to source voltage that you will be applying has to be greater than 3 V at



least. Then, what we see here is this total gate charge is also given. So, this you can use to do the

estimation of gate power requirement.

Then further what we see here is that this rise time t, is also given. Now, this rise time how we

can use it, we just saw that equation for this Miller time period we can write

t — C I/DS,off

T rss 1
g-pl

Although t, is not exactly the Miller period it is slightly greater than the Miller period. But either
you can use this t, itself what is given in the datasheet or you can use something lesser than that
also. So, from here you can calculate this I, or this you can calculate by using this t, value. So,
also what you see here is that all these values are given for which they have given all the

specifications.

So, Vpp 1s 100 V, I is 56 A, they already have given some R, value, which they have used for
finding out these times experimentally. Now, it is a good thing to use these values as the starting
point for whatever design you may be doing. You may use it or you may use something higher

than that or lower than that as well.

But that gives you first idea that this R, 1s 1.2 Q, or more than that, or somewhere less than that
and that is what you are going to be using. And what is the Vg5 voltage 10 V that is also what
they have used. So, that also gives you an idea of how much is the Vg you can use to start
experiments with. Of course, 10 V may be less, you may be wanted to apply more than that, but

these are just to give you some starting points to do your design.

So, these are the things that you can note down and further what you can note down is also Cj
input capacitance and this reverse transfer capacitance values, which are also provided here and
Vs you know it from your circuit. And we have got other equations also that I had shown you

which you can use to do the calculation of R,.
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Next, some of the other graphs which are of importance to look into while designing or choosing
the gate driver circuit is this over here, what you can see here is the drain to source voltage
versus drain current. And what is the Vg that is applied. So, you can see here that above around
10 V or 12 to about 15 V it enters into the ohmic region. So, that is a good point to apply like

around 12 V or 15 V as gate to source voltage.
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And then you can also see this transfer characteristics Vg versus I,. And again, what we see here

is that this is the threshold and then above as this voltage increases, what is the point when drain



current starts to build up. So, from here also you get an idea of how much is the gate to source
voltage that you should be applying. So, you get the idea of Q,, you get the idea of Vs and some
equations are given. Plus, you also get an idea of R,, what is given in the datasheet. So, from all

these different values, you get an estimate of what is the gate drive requirement.
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* Gate charge and capacitances important role in driving

* Estimate gate drive requirements

So, what are the key points of this lecture? So, gate charge and capacitances they play a very
important role in the turn on and turn off process. And so, you are choosing your gate driver
circuit and you have to estimate your gate drive requirements, R, values and other different
current and voltage requirement values before being able to choose a proper gate drive circuitry.

Thank you.



