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Lecture - 35
Analysis of Data Sheets of an Op-Amp Contd.

Welcome to this module this module is a continuation of our last module in which you
were looking at the Op Amp data sheet and then we were looking at the characteristics of
Op Amp and we have seen what is input bias current and how we can remove the effect
of input bias current on the output. This module we will see what exactly is an input,

offset current and how does input offset current effects the amplifier operation right.

Now, we already have seen what is input offset current? we have seen in the earlier
lectures, the formula also now we know very well. The formula of input offset current is
nothing, but is nothing, but [0 1 or I B 1 minus I B 2 mode of I B 1 minus I B 2 right.
Input bias current was I B 1 plus I B 2 by 2 input offset current is I B 1 mode of [ B 1
minus I B 2 all right. Now, let us see how this is going to affect the amplifier operation.

So, if I see the slide what can I find.

(Refer Slide Time: 01:13)

Understanding Op-Amp Characteristics

How does input offset current affect amplifier operation?
+ The input offset eurrent [ is the difference between the currents into inverting and non-
inverting terminals of a balanced amplifier.
L= T~y |
+ The I, for the typical 741C is 200 n& maxmum, As e matching between two input terminals
e - — A
is improved, the difference between I, and I, becomes smaller, i.e. the I, value deereases
further, For a precision OPAMP 741071, is 6 1A
K, —— .
+ To understand the affec wlcurzent on the op-amp let us considg

configurations as shown in the Figure

Let us apply KCL at node A,
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I find that input offset current definition which we already know right.



Then I see that the input offset current for typical 741 is 200 nano ampere maximum as
the matching between into input terminals is improved the difference between I B 1 and I
B 2 become smaller that is the input offset current value decreases further right. Now, for
a precision of Op Amp 741 input offset current, input offset current is nothing, but 6

nano amperes ok.

So, input offset current is nothing, but 6 nano amperes for a precision Op Amp, to
understand the effect of offset current on the Op Amp let us consider an inverting
configuration as shown in this particular figure. So, what we find there is a R 1 there is R
2 inverting Op Amp and then we have R 3 which we already know which would be equal
to R 2 parallel to R 1.

Now, if I apply Kirchhoff’s current law at node a here i 1 will be nothing, but I 1 equals
to 12 plus I B 1 all right. So, applying virtual ground I will have V in equals to V plus
equals to minus I B plus right I B plus will go here I B plus here will be I B minus right
here will be 1 1 1 2 right.

So, V minus which is voltage over here right. So, V minus V will be equal to V plus
equals to minus I B plus right into R 3 into R 3 right from Kirchhoff current law I 1 is
nothing, but I one is I B plus right I one would be nothing, but I B plus into R 3 by R 1
into R 3 by R 1 then 2 would be nothing, but minus I B plus into into R 3 minus V o
divided by R 2 correct..
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Understanding Op-Amp Characteristics

On substitution,
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* A typical offset curreptof K24, TSOITs that with an op-amp has a feedback resistance of 1 M0,

the op-amp would produee an outp@TaEse \n:]tu.,u;l'l"rr = 20004 « 1MQ = 200:::! for zero input voltage (V,,
e o el

= 00) and the value may be too high for many eireuits

+ One way to minimize this is by keeping feedback resistanggsmall. Unfortunately, to obtain high input impedance
K1 must be L‘l:pl ]llr].{l.‘. With R1 lar e, the feedback resistor R2 must be also be |1igh as o obtain reasonable gain
e



Now if you substitute on substituting the values we will have I B plus into R 3 by R 1
equals to minus of I B plus into R 3 by R 2 minus V o by R 2 plus I B minus. So, if |
solve this equation further what I will have V o will be equal to R 2 into I T o right.

Now, a typical offset current of an Op Amp is 200 nano amperes it results that within Op
Amp has a feedback resistance of one mega ohm, the Op Amp would produce an output
voltage of 200 into 1 which is 200 milliampere for O input offset voltage this much is the
change. Some 200 millivolts right that is generated at the output voltage and the value

may be too high for many circuits right.

So, when the way to minimize this is by, is by keeping the feedback resistance small,
unfortunately to obtain high input impedance R 1 must be kept large right R 1 should be
large otherwise we will not have high input impedance and we know that in Op Amp we

should have extremely high input impedance. So, we cannot do that.

Now, feedback resistor R 2 must also be high otherwise we cannot have gain same
problem right, the idea is if I can reduce value of R 1 or if I am sorry if I can reduce the
value of R 2 then I have a minimum effect, but I cannot have reduce a value of R 2 and

that is why, that is why I do not have any solution till this point.

(Refer Slide Time: 04:58)

Understanding Op-Amp Characteristics

How to Compensate for the effect due to Offset current?

The T- feedback network shown in the Figure is a g
feedhack resistance, while keeping the Tesistance to ground
shown in the dotted network

jon. This will will allow large
(seen by the inverting input) low as
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Now, let us see. So, if I want to compensate the effect of due to the offset current what

should I do, then the feedback network right here you can see here it looks like a T right



it looks like a T that is why we say t feedback network shown in the figure is a good

solution.

How? A how is a good solution let us see this will allow large feedback resistance while
keeping the resistance to the ground see by inverting input low as shown in the dotted
network. So, if [ have R t plus 2 R s R t plus 2 R s R t and R t and here will be by R s this
configuration will help to compensate the effect of the offset current. So, by t 2 pi, by t 2
pi what we have R f is nothing, but R fis equal to nothing, but R t square right R t square
plus 2 times R t R s divided by R s.

So, so design a t network first let us speak R t less than less than R f by 2 ok. So, first
what we should do, we should pick a value of R t which is extremely less compared to R
f by 2 then I calculate R s. So, R s would be nothing, but R t square R t square divided by
R fminus 2 R t right.

Now, if there is there is a value then I can have value of R s and I can make value of R t.
So, 2 things we have to know from this equations right, that we can design we can design
a circuit that can be used as a good compensation circuit for the effect of to remove the
effect of the offset current and how we can choose the value of R t and how we can

choose the value of R s.

(Refer Slide Time: 06:39)

Offset Current - Example

Design an inverting amplifier of the type shown in the Figure using 741 op-amp to get a gain of -10
] il B e o
and an input impedance of 10 M{). Calculate R, R, and R,
— —_— e

Solution
To set an input impedance R; = 10 MQ, let us consider R, = 10 MﬂL
* Sines, R ﬂ\“s AGL ] e N
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« Rf = A0L R, = (10)(10 MQ) = 100MQ / w30 Shm
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Let Rt = 47 k(2 R | Iy
R? 47 kDD)? :
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Ry =2Rt 100 MQ = 2(47 k) Voo
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Now, let us take an example, let us take an example design an inverting amplifier of the
type shown in figure using 741 to get a gain of minus 10 and input impedance of 10
mega ohms right also calculate R t R s and R 1 this are the this are this is the problem.
So, let us find the solution since what we said gain is nothing, but minus R f by R 1 we
have R f is equal to gain into R 1 this is ¢ | should be subscript. So, we can say R fis

nothing, but R f'is nothing, but gain into R 1.

So, we have R f value 100 mega ohms now, let R t be 47 mega ohms right because we
know that R 2 is nothing, but if we see less last slide R t is less than R f by 2 right. So, R
f by 2 is 50 mega ohms we have less than 50 mega ohm let us very less than 50 mega
ohms. Let us say R t equals to 47 kilo for that or R s value would be nothing, but 22
ohms R s should be nothing, but 22 ohms right.

(Refer Slide Time: 07:48)

Understanding Op-Amp Characteristics

How does Input offset voltage affect the amplifier operation?

* Another practical concern for op-amp performance s voltage offset
+ Even I|1uu1.-,h[ the effeet due to offset eurrent and bias currents are {!tml])L‘HH:ﬂl‘.(l the outpul of the op-amp
mgy ot be 5“' L zero. This is due to unavoidable imbalances inside the op-amp. That is, effect of having the
output voltage something other than zero yolis when the two input terminals are shorled {ogether
Remember that operational amplifiers are differential amplifiers: they're supposed to amplify the difference
in voltage between the two input conneetions and nothing more. When that input voltage difference is
L'x:w[l}' zero volts, we would [ilil!ll”:,'] expeet o have l:xm:l]_\' #ero volts present on the oulpul. However, in the
real world this rarely happens. Even if the op-amp in question has zero common-mode gain (infinite
CMRR), the output voltage may not be at zero when both inputs are shorted together. This deviation from
2610 18 cullm
A perfect op-amp would output exaetly zero volts with both its inputs shorted together and grounded.
However, most op=amps <J1'1'I]1LM ylhl:irnul]aul.\ 10 350 turated level, eif
+ In the L'mmpll: shown in the Figure, the output \'crll:lgl‘. is saturated at a
value of positive 14.7 volts, just a bit less than +V (+15 volts) due to the
positive saturation Timit of this particular op-amp

o negative or positive

V= 4147V (saturated +)
R

This is because the offset in this op-amp is driving the output to a
completely saturated point, and it is vepy difficult to estimate the amount
of offset \'u]l:\gt' present al the out pul

Now, let us see another point another point that is we have to understand the effect of
input offset voltage on the amplifier operation, we will see now effect of input offset
voltage on the amplifier operation. So, what is the input offset voltage, we already know
right another practical concern Op Amp is voltage offset even though the effect due to

the offset current and bias current are compensated.

The output of the Op Amp may not be still 0, this is due to unavoidable imbalances
inside the Op Amp. There is the effect of having the output voltage something other than

0 volts when 2 input terminals are shorted together right.



So, we have seen what is a input offset voltage earlier also let us see remember that Op
Amp are differential amplifier as supposed to amplify the difference in voltage between
the 2 input connections and nothing more when the output input voltage difference is

exactly 0 volts we would ideally except output to be 0 right.

However, in the real world this really happens even in the Op Amp in equation has 0
common mode gain the output voltage may not be 0 this deviation is nothing, but your
offset, this deviation is your offset a perfect Op Amp would output exactly have 0 volts
where both inputs are sorted right like here both inputs are sorted and output should be 0
volts right.

But most op amps of the self will drive their outputs to a saturated level either negative
or positive right for example, in the given figure what we see the output voltage saturated

at value 14.7 volts just a bit less than plus 15 volts.

So, the reason is this is because the offset in this Op Amp is driving the output to a
completely saturated point it is very difficult to estimate the amount of offset present at

the output right.

(Refer Slide Time: 09:47)

Understanding Op-Amp Characteristics

How to Compensate the effect of Offset Voltage?

+13V
+ One way to compensate for the ¢

ot due to offset voltage is
> a small voltage in series with one of the inputs to V= 4147V (saturated o)
force the output voltage one way or the other away from zero =l

boogsy

+ Being that op-amp differential gains are so high, the figure for
" : 5 s : Input offset voltage
input offset voltage” doesn’t have to be much effect on the ema o the real og-amp,
—ets al o this ideal
output even when the inputs are shorted SO0 0w Qo o
St
+ There are usually provisions made by the manufacturer to
» offset of 2 packaged op-amp. Usually, two extra
terminals on the op-amp package are reserved for connecting
an extgrnal *trim” potentiometer. These connection points are

labglled offct wl] | o

+ For a single op-amps 241, the offset null
conneetion points ¢ Spin DIP package A8V
ey L
Potantiometer adjusted so that
V_, = 0 vis with inputs shorted together

Now, how to compensate then this effect of offset voltage very important point, very

415V

important ok. So, these are all the important points that we are discussing because it is



very important that we compensate the effect of offset voltage, we compensate the effect

of input bias current, we compensate the effect of input offset current.

So, that when everything when the terminals are grounded our output should be 0, that is
how we have offset we have our offset should be perfect such that our output voltage
should be 0 it should be null right. So, so, understanding this parameters and

understanding this characteristic would help us to design the amplifier accordingly right.

Now, if you go back to the slide what we see that how we can compensate the effect of
offset voltage, to do that other way one way to compensate this for the effect due to the
offset voltage is by applying small voltage in series by applying small voltages in series
with one of the inputs to force the output voltage to become 0 right. This is one way of
offset in the voltage be being that Op Amp differential gains are high the figure for input
offset voltage does not have to be much affect on the output even though inputs are

shorted right.

Since the differential gain is very high the effect of the input offset voltage is not really
going to affect our output they are usually provisions made by manufacturer to trim the
offset of the packaged Op Amp, how usually 2 extra terminals on the Op Amp package
are reserved for connecting an external trim potentiometer these connection points are
labeled as offset null. So, if you have seen the I ¢ the terminal 1 and 5 are used for offset
null right because single Op Amp such as 741 the effect of null connection points 1 and 5
right on the 8 pin d I p package are used for offset null.

So, we connect a potentiometer between 1 and 5 and we trim the voltage right trim the

potentiometer such that our output voltage would be 0.



(Refer Slide Time: 11:50)

Op-Amp Characteristics - Example

a) For the non-inverting amplifer shown in the Figure, R, = 1 k& and R, = 10 kQ. Caleulate the
maximum output offset voltage due to V., and I” The op-amp is LM 307 with V= 1omVand [ =
— —— ——
;unn\ I, =50nA

b) « Talculate the value of R nedded Lo reduce the effect of Iy
¢) Caleulate the maximum mleul offset voltage if R ,,,,, as calculated in (b) is connected in the eircuit

Solution "P-—B J,
a) vr_ (1+2)v, Jﬁ 1+225) (10m) + (10 K)(300m) = Usmb

—
b) 1|1u||uLnI'R  needed is, 1‘ 71 T } \/

Ik|||uk 000 L
Vir= (1+ )V +Rfli, = 110m + 0.5m = 110.5 m¥

G

<<<<<<

e) W|II1R ap i the cireuit,

It can be seen from this example that it is the input offset voltage which is more responsible for
producing an output offset voltage compared to input bias current I or the input offset current 1,

So, let us see an example. So, Op Amp characteristic we are looking at as an example
first is for the non inverting amplifier shown in figure this one, R 1 is one kilo ohm R f
equals to ten kilo ohm calculate the maximum output offset voltage due to V o s in I B.
The Op Amp is | m seven 1 m 307 where V o s is ten millivolts and I B 300 nano ampere
ITo V is 50 nano ampere right. So, the first thing is we have to calculate the maximum

offset voltage.

The maximum offset voltage V o t is nothing but 1 plus R f by R 1 into R finto I B right
this is R f into I B ok. So, if I substitute the value 1 plus 10 by 1 into 10 milli ampere
right, 10 as see this is this is 10 right. So, it is a 10 millivolts plus 10 kilo ohms right
because R fthis is V o s right V o s here this is R f'this is R 1 and here we have again R f
and then we have I B what is I B I B is nothing, but 300 nano amperes. So, what will be
my answer, my answer would be 113 millivolts very easy you just substitute the values
of substitute the values of R fI B R fand R 1 to obtain the value of V o t let us see the
second problem, second problem is calculate the R comp needed to reduce the effect of |

b.

So, the value of R comp needed is R compensation is 1 k parallel to 10 k we are known
right if I have to R compensation resistor R 3 would be R in parallel to R f. So, 1 k
parallel to R f is nothing, but 990 ohms third thing with R compensation in circuit what

we have V o t. So, calculate the maximum output offset voltage if R compensation is



calculated in B right is connected in the circuit. So, assume that R compensation is
connected in the circuit now we calculate the V o t. So, in this case we have one plus R
by R 1 VosplusR flinto I o. So, we will have 1 plus R fby R 1 into V o s right which

is this value plus R finto I I o which is this value.

So, our output voltage V o t would be 110.5 millivolts (Refer Time: 14:24) you can be
seen from this example that it is the input offset voltage which is more responsible right.
Input offset voltage which is more responsible for producing an offset voltage compared
to input bias current I B right. So, you can see that what is the more responsible for the
output for producing the output offset voltage; input bias current is what? What is input
bias current and what is input offset voltage and what is output offset voltage the the

from this example what we have seen.

We have seen that that it is the input offset voltage which is more responsible for
producing the output offset voltage rather than the input bias current right. So, when you
see a problem you understand that; what is the role of this problem and how you can
what are the parameters that are responsible for the resulting for the final result that we
are designing for right. In this case what we are desired thing is the output should be at 0
when we are grounding both the input terminal, that is only one thing that we want to

understand right.

Now, we will see if you more characteristic of Op Amp in the next module until here
what we have seen is what is the role of the input offset voltage how we can compensate
input offset voltage and how we can compensate the input offset current. In the next
module which is the last module of this particular lecture, we will see further few further

characteristics of Op Amp there are already mentioned in the data sheet all right.

Till then you take care I will see you in the next module bye.



