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Lecture - 26
Sources of Error in Linear and Switching Regulators
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Sources of Error in Regulators: so, even though I will be talking in perspective with linear

regulator, but all these sources of error are applicable for switching regulator as well.

So, loop gain, offset I will that is one source one of the sources of error, but I will put that at
the end. Before that I want to just cover the simple sources. So, we know V ref, so if you
have any error in the reference that will directly get affected at the output. Then mismatch in

feedback resistor, correct, that will be error in your beta. Offset, ok.

So, now, for this particular, we are not looking for any stability or AC analysis, so I will just

draw a very simple regulator R 1, R 2.
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So, what is your V out? In terms of V ref.

V ref over beta. But it is really not beta actually, when you say beta you consider A nought
equal to infinity. So, in reality your gain is, so closed loop gain equal to, ok. So, if you and
this is if beta A nought is much much larger than 1, and that is why we make it independent
of open loop gain, correct or A nought. But this is not true in reality, your A nought is

infinite, ok.
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So, if example, if let us say beta equal to half, your V ref equal to let us say 0.6 volt. So, V
out we know we are expecting 1.2 volt, ok. But if we go from that equation V out equal to A
nought over 1 plus beta A nought V ref and assume A nought equal to 100. Now, your V out

will become 100 over 1 plus, how much is that? 50.
So, 1.76 roughly, that is 1.176.

Minus. So, error is how much? Minus 0.023 volt which is close to 2 percent, correct. So, we
have introduced 1 percent. So, if you look at the gain A nought 100, ok, so if beta is 1, 100
will, gain of 100 will correspond to almost 1 percent error, but since beta is amplifying your

output. So, 1 percent becomes your 2 percent.

So, if your beta is let us say even smaller, then your error will be larger in that case because

your loop gain will product of beta into A nought will further reduce, ok.
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So, which means, in order to reduce error we should have large beta A nought, or for smaller
beta, A nought must be increased, usually more than 60 dB or so. So, if you have a 60, your
A nought is 60 dB which is your 1000, so 0.1 percent error in feedback voltage which means

0.2 percent error in the output voltage.

So, 0.2 percent is not that large, as usually if you are let us say less than 1 percent then it is
acceptable, but you have to make sure your overall error, overall error I mean, including your
line regulation, your load regulation and error in the V ref everything will remains within
your specification, ok. Whatever error is basically specified for that particular voltage; if it

remains within that then it will be acceptable, ok.

And that is why we try to improve on each and every thing, so that you minimize the error, so
that you can get more room for other errors or for your transient response because we know it
is going to undershoot or overshoot during transient. So, if you remain very close to your
steady state voltage, desired steady state voltage then you get more room for your line and

load transient, ok.

So, we cannot afford, so, if your regulation limit is plus minus 5 percent that does not mean
that you can afford to have a 5 percent error because you are line transient and load transient

will make it to go beyond 5 percent and it will go out of regulation, ok.



Second is your V ref. So, we know V out is, V ref over beta. So, any error in V ref will

directly affect your V out, ok.

(Refer Slide Time: 10:50)

NPTEL
EE5325 Power Management Integrated Circuits

(N ntegrated Circuits and Syst 1p, Department of EE, IIT Madras

any dy Sy M dr .
szw is wm_v:v tﬁui “? - /"“( -
/g.

| © ke foutbog Retiitmy.
£

Rty
s Vnd
[2
Munmt Ry & &y dow taR emrn
Ry Ly +ag
by R-oR
rg,_ Lo raR [1

e e— R SA PP 4 \
K'*Lz L'ML (H E)
{ ‘e
)

So, if your beta is smaller, then again smaller error in V ref will get amplified. So, error is
more for smaller beta, correct; again the same thing which we looked at the loop gain. So, if
we have a 1 percent error in the V ref; that means, you have a 1 percent error in your
feedback voltage and now when you are looking at the output that is amplified by your 1 over
beta factor. So, if it is a 2, then it will become 2 percent error in the output. So, that is why

having a smaller V ref is not very good in terms of error.

So, let us say you want 1.2 volt output, so one way like you have a V ref 1.2 volt and have a
beta 1. Another way is have a V ref 0.6 volt and have a beta 2. So, having a beta 1 may have
a lesser error compared to having beta 2 or V ref 1.2 volt will give you lesser error compared

to 0.6 volt, ok.

Then third is your mismatch. So, your beta is R 2 over R 1 plus R 2 and we know V out is V
ref over beta. So, assume R 2 and R 1 have plus minus delta R error. I am assuming same
error. It may be different also, but this is for simplicity. So, what will be the worst case? Both

will have plus delta, or one will have plus delta and other will have minus delta?



Different, because if both have a same then it will cancel out. So, there will no error as such.
If both are moving in the same direction, so that ratio will not change as such, ok. So, R 2
becomes R 2 plus delta R and R 1 becomes R 1 minus delta R. So now, your beta will
become R 2 plus delta R and plus minus delta will cancel out, so this will remain R 1 plus R
2. And I can say that, so your beta, I will say beta dash, ok. 1 plus, which I can say this is
your beta 1 plus, I can call it delta beta. So, your beta is increased by a factor of delta beta or

delta R by R 2.
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So, if this has again R 2 has let us say one percent error and R 1 has a minus 1 percent, then
beta, your beta will be increased by 1 percent, ok. And we know that V out is, so now, V out
will become V ref over beta dash and that will have same amount of error, ok. And where

does it come from, that mismatch?
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So, this is your feedback resistor. So, this is your V out, R 1, R 2. So, so what happens when
you layout them in the chip? Ok. So, so if this is your R 1, this is your R 2. So, what happens;
this when you place the basically conditions at that particular location may be different then

what is seen by the other resistor, ok.

One thing might be like your, due to the process you have some mismatch and that may come
due to the error in the basically non-ideal effects in your process. So, one may have a slightly
smaller width or length compared to the other that will come from process itself, that is a one
thing. Other thing is your temperature gradient. So, this might see a different temperature
compared to the other, even though it may be a very small, but you have to consider that
depending upon how much it is affecting, even if it is a 0.1 percent it will have some effect

on your output, ok. So, 0.1 percent error it is being introduced in your output.

So, we try to match them and we apply some layout techniques to make sure they are
matched and just like common centroid. And so, what we do? We split them in pieces instead
of having a single R 1, single R 2, we split them in pieces and distribute equally, so that on an
average the total resistance is seeing the same effect and they will cancel out. So, error is

averaged out and becomes close to zero, ok.



So, we will talk about the layout techniques for matching. And this is applied in not only in
resistors, but in your amplifier you need to match the input pairs, diff pair because if gm’s are
different then it will again introduce the error or offset in the output, or you will have a input
referred offset, it will get translated into error in the output. So, those offsets and everything

1s reduced.

So, first thing we precautionary, we try to reduce the error as much as possible by design and
by layout, ok. So, when I say design basically by properly choosing the transistor sizes and
how you split them, instead of using a two single big transistor we split them in multiple
transistor and distribute them in the layout, so that error is averaged out, and same thing we

apply with the capacitor and resistor the same concept.

So, common centroid is the one technique, then inter digitized. Inter digitize means you inter
leave the, so let us say I break them in 4 pieces R 1 and R 2. So, put one piece of R 1, then
adjacent to that R 2, R 1 R 2, R 1 R 2 just like you inter leave them. So, the error will be
averaged out in that case. So, we try to place them as close as possible, that is a one thing. So,
that if you put one guy here and other is like 100 micron away, then they will the difference

will be much larger in all the conditions whatever is seen by each resistor.

So, we will talk about those layout technique later, but that is the one way and then after that
if you are still not meeting your accuracy requirement then we use some techniques in the
design itself like offset cancellation to reduce that or completely cancel the offset, bring it to
almost zero actually, ok. So, it all depends on what kind of accuracy you are looking for,
especially for these regulators and all those you may not require offset cancellation quite

often if you have taken care in design and layout.

But think about ADCs, like 10 bit, 12 bit ADCs they require accuracy of like 100s of
microvolt or so. So, there you may cannot afford to have any offset. So, there you have to
cancel offset there is no other way because achieving those kind of accuracy with layout, it is

not possible. Just by layout you cannot cancel everything.



