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Lec 20: DCM operation of Boost PFC Converter

Hello everyone welcome to the lecture number 20 of this NPTEL lecture series on charging
mfrastructure and in this lecture we will study the DCM operation of boost based PFC
converters in the previous some of the lectures we have studied the operation of boost PFC
converter which consists of a diode bridge as the first stage, diode bridge rectifier as the first
stage and then followed by a DC-DC boost converter after that. Now if you look very carefully
i this particular thing we have also seen the derivative or the bridgeless PFC based where this
is nothing but a bridgeless PFC which is again which does not have any diode with rectifier
however it is also having the same kind of functionality which is having the kind of a boost
converter system and here if you look very carefully if you look very carefully in both the things
we are actually trying to control the current through the inductor this L here which is nothing but

unfolder version i ¢ Or you can say the modulus of i o i s nothing but equal to i L

So, we are trying to control the current going through the inductor and that's when we could
able to control the current which is been drawn from the source and we can ensure that unity
power factor current is been drawn from the source by doing the closed loop control and in the
closed loop control we have seen two things one obviously we have seen average current
control where we kept our switching frequency of the devices S1 and S 2 and here again S1
and S 2 the switching frequency of the devices are kept constant and in the entire time at the
entire time we have seen that the inductor current has some average value over which there is a

ripple riding over that and that's when we can able to ensure that the switching cycle average



variation is having the sinusoidal behavior. And thus we get the actual current which is having
sinusoidal variation and high frequency ripple is riding over that. Now there we see that at all the
times we have assumed that at all the times the inductor current is continuous in nature that
means it goes let's say this is the this is the waveform we are getting for is so the inductor current
is actually going in some positive having positive slope coming down in negative slope and it is

not coming down to zero.

The inductor current is always non-zero except near to zero crossing that is again the I mean
that is a requirement of that but in the other than the zero crossing near I mean other than the
time period away from the other than away from the zero crossing pomts you still have the
inductor current which is continuous in nature it is not going to zero. And to ensure that this is
there, what we have done, we have seen the closed loop control where we require a very
important thing, which is the multiplier block. So, in case of bridge boost PFC case, we have
multiplied with the |sin sin wt |, while in case of bridgeless PFC, we have directly multiplied it
with unit sin sin wt or you can say that sin sin wt . So, in both the cases inside the controller
or let us say we are implementing that controller using the analog components we require a
multiplier block and that particular multiplier block is sometimes causes I mean the huge
computation burden or you can say that sometimes you require more memory to handle that
multiplier I mean the result of that multiplier block and also sometimes it also you know time

consuming is also there.

So, we sometimes require a high-end microcontroller to handle this multiplier block to do the
multiplication and that is why sometimes it is also called as the multiplier control approach.
Where you are actually sensing the sin sin wt or |sin sin wt |, or you are actually generating
the unit sin with sin sin wt or |sin sin wt |, and multiplying it with the output of the voltage
block or voltage controller block. Then we along with this multiplier block, there is also one
more problematic case is which is the generation of that unit sin sin wt . and that unit sine
waveform the generation of that unit sime waveform has to be such that it is closely following the
actual input ac voltage. So what you can say there should not be any phase angle between that

units and wt and the Ve and wt which is been there in the grid and we know that the generally
"k

this grid voltages have variation in frequency have also variation in voltages and those are

obviously those are maintained within the tolerances but there is a variation we cannot say that



at every time it is the pure sine wave having Ven n the positive direction, — Ve n the negative
Tk s

direction. So, we cannot able to sense the exact peak and we could not able to say that the
entire frequency is actually the nomimnal frequency. So, that is why how we can generate the unit
sin sin wt waveform and that is when it is one of the research topic to generate that unit sine
waveform or you can say the unit sin signal. And it is also very complicated because you have to
make the high-end PLL's you have to do you know high-end filter circuits you need you require
high-end computation block to actually estimate or to actually you know generate that unit sine
waveform and then after doing that we also have to do the multiplication with the output of the
voltage block which again takes good amount of memory space and also the computational

effort.

So, that is why sometimes either you require a very high end microcontroller or if you wanted to
do i the low end microcontroller then you must have that required computational time available
with you to actually perform that particular multiplication. That means sensing the actual voltage
signal and then from the actual grid voltage we have to generate the unit sin either unit
sin sin wt or wt |or modulus of unit sin signal or sin signal and then multiply it with the output
of voltage controller block. So, doing those things are very complicated require computation
you require high performance microcontroller to do those computation. Now to avoid those
things we one can also do one simple I mean one voltage follower approach where instead of
making this inductor current having the continuous conduction mode we can make sure the
mnductor current will have the I mean we can ensure that inductor current is following your mput
voltage and making sure that you do not require any multiplier block. So, to do that one way by
which it can be done is making sure this converter operates in it in a I mean this system operates

n a discontinuous conduction mode.

So, let us try to understand what the discontinuous conduction mode of' boost PFC is. Now, in

discontinuous conduction mode, We know that in this particular circuit, our v p is
v,=|v]

and we can also know that our is, or the current drawn from the grid, is = iL when v >0

and is = — iL when v < 0. So, n other words, if we can know the iL value, we could say



what kind of mput current we can expect to be drawn from the source. Now, let us try to see

how our discontinuous conduction looks like.

So, let us take one or two cycles as an example. One of'the, let us take in one of the switching

cycles, TS switching cycle. Let us see my inductor current, which is there since we have a

discontinuous conduction mode. That means the inductor current is going to 0 in every switching
cycle and starts from O at the start of the switching cycle whenever the positive voltage is
applied across the inductor. So, if we assume that it starts from zero, if the inductor current

starts from zero, it goes to some peak value. Let's define this as, let's say, / ok

And then this particular current—so this is the case, you know, at this point, you can say that
let's define this pomt as T o 0N where at that T ¢y ON, My switch S1 is on. Because whenever
S1 is on, you are directly applying v, voltage across this inductor, and you will have the positive
slope. And then, after T51 on duration, this switch S1 is switched off, and S 2 is on. And that's
when you will start applying v ¢~ %4 0 voltage across this v,. And since V 0>V we are

SPK’

applying a negative voltage across this inductor.

And that's when inductor current falls down. And since we are talking about this continuous
conduction mode, we will ensure that this inductor current goes to 0. Now, this time, let us

define this time as T g, ON. And then, let us say from this point to this point, there is no induction

current flowing through the inductor and that is when there is no you know instantaneous current

drawn from the source during that time and then again after this T P duration you know one of

the switching cycle we see that again my inductor current will again S1 is on and then again we

will have this maybe some different / ) will be there we will see what could be the peak and then

again it falls down again zero and then again it goes up. So that kind of waveform is there. So

now let us see in that particularT s duration what are the voltages which are applied and how

that voltage and currents are dependent on each other. So if we look very carefully in this case,

when it is going from 0 to Ip.

So we can write down v, IS,



di
v, = L de

So, di is always going from 0 to Ip, SO We can say

i
— P
vL—Ldt

which is nothing but T & On, is nothing but equal to v » and during T o on duration, whenever the
switch S1 is on, you are only applying v & SO you are applying the v § voltage across this, and that

you can write down this v f is

and we know that I can write [ ) is nothing but, you know, this v s is nothing but, you know, a v 7

which is nothing but |v5|. So we can say |vS|, and this is nothing but [ . is

T
Slon

vl =1 =v—~

And if we make sure, if we can ensure that owT . is constant, then we can say that my if

T 51 onis constant, then the peak current or the peak of the i, current, Ipwhich is peak of

inductor current, follows the modulus of v s variation or you can say that the your AC voltage.
So, we can see that our peak value peak nductor current is following nothing but the input v p
which is nothing but the |v5|. So, we can say that our peak is varying sinusoidal in nature same

as that of the AC voltage. However, with different amplitude but it is varying in the peak is

varying in the sinusoidal manner. So, 1 . is varying in sinusoidal manner. Thus we can say that the

mput current peak is following the mput AC voltage. Further if peak is following the voltage then
there is a possibility that the average variation of current in a switching cycle is also following the
input AC voltage. And if that thing happens, then I do not need any multiplication on any high
computational burden blocks. And thus can able to ensure that my converter is actually

following the voltage or you can say the converter is operating in the voltage follower mode.

And we know that our nput voltage is varying sinusoidally. So, the current which has been

drawn is also following the mput AC voltage. So, let us take our discussion ahead. So, we



know that my / . is always varies with the |v5| .. And let us try to calculate the average variation

of L. So, let us calculate average variation of L.

Over the Ts period. That average variation over the Ts period. We can write down. If we know
that we are actually having this kind of variation. So every time it starts from 0 goes to this Ip

value.

Obviously, this Ip value varies with the input voltage. But it goes to thelpvalue and then again

comes back to 0. So, we can say that during this time, I mean, I can just write the average value

is nothing but. So, we can write half.

So, we can take half times,
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= i (D,v_<0

So if we look very carefully, this |vs, (t)], which we are getting the average variation as
|vs, (t)]. So this we can, if we are writing for iS. So we can write down that the average
variation of [ during the Ts duration is

(1)) =Lv sinwtD T x|D +——0t—

(ls( ))T = lv__ sinwt| L T )

s,pk V0—|vs'pksmoot|

N

So, we see that this average variation of (is(t))is varying sinusoidally if and in this if we can if
we keep D1 and TS constant, that means the T 51 is kept constant. So, we can ensure that we
can ensure that average variation of i L(t) in the switching cycle actually varies with that this

variation is nature. So if we if we see this waveform what we will see is that let's say our vs is is

having something like this this is my yes or let's say |vs|, i one half cycle only we will see, so

my my this variation you will have positive coming to zero then goes down then positive coming
to zero, then zero then positive coming to zero zero, positive coming to zero, for some time it is
your positive coming to zero like this. So if we see that average variation will be having some
something like this we will get the average variation and this is your nothing but since our this is
nothing but is [ mean iL this is nothing but your iL and if we see the peak the peak of iLis actually

varying sinusoidally having the maximum value at the peak of the |vs|, and if we see this is the
average variation this is the (iL) variation over Ts and this is close to sinusoidal it is not actual

sinusoidal but is close to sinusoidal it is slightly away from sinusoidal. But however, the variation

is of a siusoidal behavior but it is not exactly sin sin wt or actual sinusoidal variation.

However, the variation is looking close to sinusoidal in nature.



It is primarily because you have modulus, vspksinoot, also at the bottom. So, because of that

we have switching cycle average variation closer to sinusoidal and not exactly sinusoidal

However, the peak current isvarying sinusoidal in nature and we are not requiring any multiplier

block or any you know sense or generation of this unit smwt block. So the advantages with this
what we will get if we try to see the closed loop solution. Further the closed loop solution will
be very simple you just sense the output voltage Just define the Vo reference output through the

controller directly; it goes to the modulator block where we make sure that the turn on period of
this S1 is kept constant and the switching frequency is kept constant that means turn on time of
S2 is varied accordingly and that's when this modulation will give you this modulator will give the

output as as pwm pwm of S1 and pwm of S 2 switches.

So, here you are not requiring any multiplier block. You do not require any generation of sinwt
block. Also, you do not need to have any closed loop current control block as well
Automatically, the current which is being drawn from the source is actually following the AC
mput voltage or AC voltage. So, the advantages what we get is that with this particular setup is
the current drawn from the source follows the AC voltage automatically, and the use of
multiplier dual loop and the unit sinwt waveform can be avoided. Okay, also, one more
advantage you will get. See, if you look very carefully at every instance of time, whenever S1 is

on and whenever S 2 is turning off, at that time, the current, the iLcurrent, is zero. So that means

you will also have reduced switching losses. Switching losses are reduced because whenever
you are turning on S1, it is turning on with zero current, and whenever S2 is turning off; it is
turning off with zero current. And if; let's say, instead of S2, one is using a diode, so the reverse
recovery losses are nearly zero in case of, you know, DCM operation of the boost PFC case.
So that is again one advantage we will have. So, I mean, reduced switching loss or lower
switching loss if we are using an active switch or if a diode is used in place of S2, the reverse

recovery of the diode is nearly zero.

Because it is turning off with zero current. Now, the disadvantage of this thing is. The
disadvantages of this topology are. Obviously, the input. I mean, the switched average variation

of current.



Or you can say the average nput current is close to sinusoidal. And not actually sinusoidal. So
you will see, you know, the THD is more in this second. We will also see that since the peak is
varying sinusoidally, as well as the average is not sinusoidal but close to sinusoidal, so what you
can see is that the ripple is more. And because the ripple is more, you can see that the inductor
current ripple and the switches have higher RMS currents. So, RMS current of S1, S 2, L, DI,
D2, D3, D4 are more. And you will also see one more important thing when it is switching off.
So you can see that at this point, my S1 is on, and at this point, my S 2 is on. So you will see
that the S 2 switches on with higher currents. Or you can see that S1 here, the S1 turns off and
S 2 turns on. So you can say that the S1 turns off with higher current, S1 turns off.

Higher current thus, I mean, sometimes has more switching loss, or we need to ensure that the
gate driver or the parasitic does not get activated because of that. So, this is the advantage with
this DCM operation or discontinuous conduction operation of this boost PFC, which is We can
automatically ensure that the current drawn from the source is actually following the AC voltage
source, and the peak of the current is varying sinusoidally. However, the average current is not
sinusoidal but is close to sinusoidal, which indicates it has higher THD as compared to the
continuous conduction mode. Because there, we have the fundamental component and then the
switching frequency component, and the switching frequency component is very far away
compared to the fundamental component. Then we see that our ripples are more in this one, and
that is when the RMS current of these devices is particularly higher. One more advantage we get
because of the DCM: if my S 2 switch is realized with a diode, you can see that the diode turns

off. The reverse recovery losses or reverse recovery losses of the diode are nearly zero.

Reverse recovery losses of the diode are nearly zero. And one more thing we will see when
doing the closed-loop operation: we do not need any dual-loop structure, we do not need any
multiplication factor, or we do not need any unit sine waveform generation. Here, we just need
one loop where we ensure that the output is actually following the reference, whatever we set
the output voltage reference to. Because automatically, the current drawn will be following the

voltage.

So, this is the advantage we get by the DCM operation of the boost PFC converter. Thank you
for patiently listening to this lecture.



