ate.
Exp.No: @ l D

CHARACTERISTICS OF OPERATIONAL AMPLIFIERS
OBJECTIVE

The PUIPOSe of the experiment is 1o examine non-ideal characteristics of an operational amplifier. The
characteristics that is investigated includes input offset current, offset voltage, input bias current,
common-mode rejection ratio, slew rate and Gain-bandwidth product.

PRELAB

1. Read the data sheet for the LM741 Operational Amplifier and fill in the following parameters
Input Offset Current: Bandwidth: ‘
Input Offset Voltage: Slew Rate:
Input Bias Current:
Input Resistance:

Common-Mode Rejection ratio:

Power Consumption:
Output Short Circuit Current:
Supply Voltage Rejection ratio:

reuit current. Simulate the circuit and determine
-amp. Comment on the results obtained.

3. Simulate the open loop differential amplifier using Spice tool. Comment on the results obtained. Repeat
the simulation steps for open loop inverting and non-inverting amplifiers. State the limitations of open loop
configurations of op-amp. Attach the Spice schematic with input and output waveforms.
EQUIPMENT REQUIRED

741 Op-amp

1009, 100kQ, 220kQ resistor, ¥4 W

5 kQ potentiometer

2. Design a suitable circuit to measure the output short ci
the short circuit current in an op

0-30 V dc dual regulated power supply
Digital Multimeter
Breadboard

THEORY

* The dc characteristics of op-amp that affect the steady state response are: Input bias current; Input

offset current, Input offset voltage and thermal drift.

e The input bias current is the average of the two base currents in the input stage of an op-amp under
: no-signal conditions.

* The input offset current is the difference of the two base currents that results due to non-identical
transistors.

* The input offset voltage is the input voltage needed to null or zero the quiescent output voltage.

* The CMRR of an op-amp is the ratio of differential voltage gain to common mode voltage gain.

* Slew rate is the maximum rate at which the output voltage can be distorted.



. can deliver. It is direct]
* Anop-amp's banawidth is the highest undistorted frequency an op-amp y

proportional to slew rate and inversely proportional to amplitude.

FORMULA

ln4 + ln
Input bias current, I = ———

" =
Input offset current, l'ns, =1, =1,

R
Input offset voltage, Vos = V,, -(_]_{_i—[{,_)-
r ]

Slew rate

24V
For sine input, SR= T mV/,us

AVo
For square input, SR= A—tV/,us

Vi R;
CMRR,p = —— =20 log(p) dB

FURTHER READING

1. Paul B. Zbar, Albert P. Malvino, Michael A. Miller “Basic Electronics A Text — Lab Manual’, Tata
McGraw-Hill, seventh edition, 1995.

2. Ramakand A. Gayakwad, “Op-amps and linear integrated circuits”, PHI learning, 2009.

CIRCU!T DIAGRAM
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Figure1.Input bias current and offset current

Measurement \/Figurez.lnput and output offset voltage

measurement

tlectrical & Electronics Engineering, Amrita Vishwa Vidhyapeetham, Coimbatore
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Figurea.Elimination of offset voltage
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Figure5.1. Measurement of input voltage ranges
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Figure5.2. Measurement of output voltage ranges
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Figure6.1 Open loop differential amplifier
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\/Figure7. Slew rate and Bandwidth measurement Figure8. CMRR measurement

SPECIFICATION
LM741 Operational Amplifier
8-pin dual-in-line package

Supply Voltage +22v

Power Dissipation 500 mw/

Operating Temperature Range -55°C to +125°C
Storage Temperature Range -65°C to +150°C
Junction Temperature 150°C

Large signal voltage gain: 50 VimV

PRACTICE PROCEDURE
Input Bias Current and Offset Current

1. Construct the circuit as per the diagram shown in Figure1

2. Measure the dc voltage at the inverting and non~inverting terminals of the op-amp

3. Calculate the input bias current with the formula given in the table



Input and output Offset Voltage
1. Construct the circuit as per the diagram shown in figure in Figure2,
2. Measure the dc output voltage. This is the output offset voltage.

3. Calculate the input offset voltage.

Replace the 100k resistor with a 220k resistor and repeat the above steps. Report your results,
Repeat the above steps with a 1K resistor and comment on the results.

4. To eliminate this offset voltage, connect the circuit as shown in Figured.

5. Vary the pot until the output voltage becomes zero.

Note: Due to the pot sensitivity, you may not get a full zero on the output. A minimum voltage at the

output in the range of mV will be sufficient.

Saturation Voltages
1. Construct the circuit as shown in figure in Figure4.
2. Measure the output voltage.
3. Measure the output voltage by applying an ac voltage of 1Vp-p, 1 kHz to the non-inverting

terminal.
Repeat the above step applying a dc voltage of 1Vp-p, 1 kHz to the inverting terminal.

Input and output voltage ranges
1. Construct the circuit as shown in Figure5.1.
Apply +5V, 100Hz sinusoidal input.
Observe the voltages at the input and output simultaneously.
Increase the signal amplitude until distortion is observed at the peak value of the output.
Measure the positive and negative input voltage peak values. This gives the op-amp input voltage

SEF SN

range.
Change the circuit as shown in Figure5.2. Repeat the above steps and measure the positive and

negative output voltage peak values. This gives the op-amp output voltage range.

Open loop configurations of op-amp
Open loop differential amplifier
. Construct the circuit as shown in Figure6.1.

2. Apply a sinusoidal voltage of 1Vp-p, 100Hz at the non-inverting terminal and 2Vp-p, 100Hz at the
inverting terminal.

3. Observe and plot the input and output waveforms.
Open loop inverting amplifier
Change the circuit as given in Figure6.2.
Apply 2Vp-p, 100Hz at the inverting terminal and the non-inverting terminal is grounded.

6. Observe and plot the input and output waveforms.



Open loop non-inverting amplifier

Change the circuit as given in Figure§.3.
Apply 2Vp-p, 100Hz at the non-inverting s
Observe and plot the input and output waveforms.

terminal and the inverting terminal is groundeq.
er

Slew rate and Bandwidth |
1. Construct the circuit as shown in figure in Figure7.

Apply sinusoidal signal of 2Vp-p, 1 kHz.

Increase the frequency until the output gets distorted.

Measure the peak output amplitude and frequency.

sl 0N

Calculate the slew rate
Repeat the above steps for square wave input.

CMMR
1. Construct the circuit as shown in figure in Figure8.
2. Apply a sinusoidal signal of 1Vp-p, 1 kHz as input to the circuit.

3. Measure the output voltage.
4. Calculate CMRR

MODEL GRAPH
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(b) Output for (a)

Figure9:Slew rate



OBSERVATION

Table 1: Input bias and offset current

——at | Input
DC Output | DC Output Input Input 'n'pl: ofl‘;et
voltage at | voltage at blas bias i nt, | current,
Resistor inverting | non-inverting | current, C"i"’"" cumreA y los NA
terminal, terminal, s’ NA ls” NA o P
V" Volts V' Volts ]
220kQ L
First 741 1C 100kQ s B
100 Q
>_——‘___-J_—-——-——_-_‘
220kQ
_—___’.—‘
Second 741 IC 100kQ —
100 Q )

Table 2: Input Offset voltages

Resistor

DC Output voltage, (outout offset)

Vo Volts

Input offset voltage,

VOS

mV

First 741 IC

100kQ

220kQ

1kQ

Second 741 IC

100kQ

220kQ

1kQ

Table 3: Output short circuit current

Output short circuit current

lO(s.c)

Fig 5.1

Fig 5.2

Table4: Saturation voltages

Input voltage, V, Volts

Output voltage, Vo Volts

Fig 4.1

Fig 4.2
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Table5: Input and output voltage range

Input voltage range
(volts)

Output voltage range
(volts)

7411C

Open loop configurations of op-amp
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Table6.1: Slew Rate (for sine input)
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Table6.2: Slew Rate (for square input)
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POST LAB INFERENCE

1.

Observe the parameters measured in lab. Look up the Sames SZ:;‘:::’”Z':;Z'::f:";e:,fTr .
741 op-amp. Comment on the differences between'your mea1 A, 'na Uf |
While measuring the offset current, you used resistors of s 0 whigy
Cases were the measurements most accurate? Explain why this ;s s0.

Why is it so difficult to measure the open loop gain of an op amp’

' ications.
What causes slew rate? State the effect of slew rate in applica

POST LAB ANALYSIS QUESTIONS (OPTIONAL)

&

: i the band
Create gain Vs frequency plot of an op-amp using Spice tool. Analyze
amplifier,

Study

Width of e

the effect of variation in power supply voltages on offset voltage. Create the f°”°Wi"9 plots:
(1) supply voltage Vs input bias current and (ji) supply voltage Vs offset current. ‘

Using spice tool obtain a plot between supply voltzge and open loop voltage gain
Using Spice tool Create a suitable circuit to determine the CMRR of the op
between frequency and CMRR. Comment on the curve obtained.

Using Spice too| simulation determine the slew ra
non

-amp. Plot the Curve

-inverting amplifier. Comment on the differences between the results. Which circuit exhibits
better performance and why?

Design a Suitable circuit to measure op

-amp input resistance, output resistance, i
Capacitance and Supply voltage rejection ratio

Comment on the significance of thege parameters.

INFERENCE
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EXPURIMENT NO. @& 2*

~Ohbgect - Study of operational amplifier (741) type as inverting and non-
inverting amplifier,

I
~Apparatus Required :- Op-amp. kit, conneetion wires, CRO with probe.
Theory and Formula used :- The op-amp is a versatile device that can be used to
amplify dc as well as ac input signals and was originally designed for computing

such mathematical functions as addition, subtraction, multiplication and integration.

Wil the addition of suitable external feedback components the modern day op anp

(@]
fv
o]
oy
)
~
192}
(¢

ed for a variety of almhcmlom such a5 ac and de signal amplificotion,

active filters, Oscillators, compaiators, regulators and otlers.

An ideal op- amp-exhibit the following characteristics= : i Ll

1. Infinite voltage gain (A).
II.  Infinite input resistance Ri so that almost any signal source can drive it and
Dl }

there is no lcading of the preceding stage.

(S
po—
e

Zcro otitput resistance R} so that ouiput can drive an infinite number of othar

devices.
IV.  Zero output voltage when output voltage is zero,

V. Iniinite bandwidtih so that any frequency signal can be amplitude without

altenuation.

V] Jafinite common mode rejection ratior so fhal output comrmon mode nroise

voltage is zero.. B e UL N S e Iy S



ey |
)
-

Vit Infimite slew rate so that output voltage changes occcur 3"'3”"3'1:':!':(',:,,.'
- "’vl\‘

mput voltage changes,

The gain of the inverting amplifier is simply given by

: —Ry

S —

TR,

So the output voliage

R y
\0 . Vi!l R‘l

And the gain of the non - invertine amplifier is given by

R14+Rf
L
Hence thie output vollaon ' '
R1 T lj’
LT A ¥ AR
Vi) ‘10 R .

4. Circuit Diagram:-Basic circuit diagram for inverting and non-mvitio

amplifiers are schematically shown in fige(1) and hg. (2) respeciziety

: -
Rg Gora)
““— —*%Nv AN
Ry I ’
_l—- 10 (< 2. 1 _
,T; VNN \’\f'"”“‘-'*"‘, '
O e I:J V < ..:L
»nC F,. N
N7 e e+ e e e e e s e % =)

e e i \

’rfd (_I_:) Jwv (,)'\/'{'):"2 . --/'\-f”' )—.I |.(1>-—|\()1_
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N . nnn(=sv-q o__
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AN NV_ARAL » LAY oy s R oA Ve
V) OP-AMP ASINVERTING AMPLIFIER. ;
[N

3 Connect the circuit as shown in fig.(1). N
(2) Switch ON the instrument using ON/OFET toggle switch.

Set the input supply voitage to 1 V DC and nete down the output

N’
"

(3
voltage using DC voltmeter.

(4)Repeat step — 3 for different input voltages.

(1) OP-AMP AS WON-INVERTING AMPLIFIER-

(1) Cennect the circuit as stiown in Hg.(2).

(2) Switch ON the instrument using ON/OFT toggle switch.

(3)Séi the input supply voltage to 1 VDC and note down the cuiput
voltage using DC voltmeter.

(4) Repeat step-3 for ¢ifferent input veltages,



6. Observation Table:-

7

»

]

Tabie-1. Pov Inverting amplifier

TV et TV (Theoritienl) (volt (,m (l l.lchun \’(!
S No. | Vigvolt) | Vi (Pheoritical) (voll) ‘ i)(ve i) -
i \ ) B N,
P . T - o * i \
" I I
3 LR M \\
- i ERemes | = wE \\-,l
4 o g |
] = - T — ~ f
S .
5 R AR )
il
Table-2. For Non-Inverting amplifier
S. No. Viu(volt) | Vo (Theoritical) (volt) out (Pr lC‘lCdll("mf)._
1
-ﬁ—\\n
i \ B
] T
3
B B ‘\‘!
< L ] i o g,
LS _
Caleulations:-

tihe ouipit voltage of the invering amolbifis
~— ———— — i
_'\/ out — -V n (I{(/Rq)

Py

- The output voltage ofthe Non-inverting amplifier

7 5 ) 1\/.\|
Vour = t‘/m i NS )

1 .
jlesalisg-

It 1s cicar

19 19

practical values of ontput voltages arc approximately equal. Henc

works as an inverting and non — invertin g umplifier.,

Precautions :-

¥ Aliconnecticns should be tight.
P Readings should be taken « ery carelully,

from the table-i and table- 2 that the the

oretical @

¢ the op-d
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W

Lyttt o Q des 0 . ¥ » .
Ciect - Stady of eperational woiplificr (741) as integrator,
Apparatus Required :- Op-amp. Kit, connection wires, CRO with probe.

;-". . - N ) ) 1. ) o J . ’ . . v
fheery and Formula used - The Op-amp is o versatile device that can be used to

amplify de as well as ac input sipnals and was originally designed for computing

such mathematical functions as «

with the addition of suitable external feedback coimponents the modern day. Op-amp
! _ .
can be used for o variety of app

active filters, oscillators, comparators, reguiators and others.

lntegrator is a circuit in wiich the output voltage waveform is it inicg

ni: such @ cireuit 1s obtained by using a Jasic inverat:

the inpui.veitzge wavefor

ji%er con:fimuraton i the feedback resisior Ry is s replaced by a capacitor Cr

addition. subtraction, multiplication and integration,

[ applications such as de and ac signal amplification,

The expression for the output veltsge V. can be obuained by wTiing
oot Lurrent eguation at node Vi
11 b 1[, l/ ‘l“
/'
Since Ipis.negligible small therefore [ = Iy ;
e " /
wh and vohage across tha

wie know that the relationship between current throug

17 o

capaciior s

v,
l( = r..- o =
i di
Thereloic,
V"’: £ V;I d(‘/ = ‘/ )l
el C/ PN ra i
R, at
Jowever, V) =1, = 0, beeause A s very larpe.

Therefore, !

-an »
i o s

1 2
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e e ctropies {(Practical Manuat) T
e output volye age can be glyy,

TN e [0 ".'i' 3 “
amned by i itegrating both sides wnh wP >cl : .

Vit d(-V,)
—— i oo li
\,n Ry ll " dr ¢

= Cr (=W 4 Vo (ga)
Therefore,

A

| e S oA
"3“~~~~f0l,,,dt < o AP R R o I g

Where C is the integration constant

. ac an O\{ln
\ Voltage 1, time ¢ = 0 seconds. When Vi, = 0, the integrator works
)

S—. = to
‘ ifi is i ; T cuit (Xep = )
- loop amplifier, this 18 because the capacitor Cyacls as an open circui ( cf

: afue G outpu:
and is proportional to the value of the P

> ~L r]d tuc aris
the input offset voltage Vi, In other words the ; input offset voltage Vio @ b

F
. . J g ,.)c ot dhc Output 193]
of the mput current chmom capacitor Cy produce the error voltage at ¢

‘ry . . fb-’)
. {2Y to reduce the
the ntegrator. Ther efore in the practical integrator shown in ng. =)

.1

R | “10"
. ag ithe feedback (,QpaL
crror voltage at ihe cutput, a-resistor Ry is connected across the aoe

. ' i o e ~ea §) 7oy ||']t]0]11 the
Cr. Tbus Ry limits the low frequency gain and hence minimizes the varis

outvut vo ]tag,\

]

F‘é'@ ‘F}a./)fc _T.wi:e'(}ho&(m_ ik
l , .
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6. Calculaiion -
Input Voltage Vj,(square wave) = =« volt (p — )
Fl‘oqucnc.y of V, =+ KHz
~ Output Vy(triangular.wave ) = .- volt (p 1)
Frequency of Vg = =+ Kz
Now,

v ! ! 7. at
Yo = —-7)‘“7-‘ ‘i‘:- at
— \'l\‘f Jin —

— oo ees POIL
7. Result :- It is clear from the calculation that equation (A) 18 verified.
S. Precautions :-
I. Al the connections should be tight.

1. Readings of CRO should be takea very care ohy.



._ ___EXPERIMENT NO.-&

)
L. Ibjeet - St tdy of operational un uplifier (1C741) us differentintor.

e

== Appdratus Required :- Op-amp. kit, connection wires, CRO with probe,

-2 Theory and Formula used :- The Op-amp is a versatile device that can be used to

amplify de as well as ac input signals and was criginally designed” for computing

such mathematical [unctions as addition. subtraction muliiplication and integration,

with the addition of suitable extern: 1l feedback components the modern ¢ ay. Op-amp

can be used for a variety of applications such as Je and ac signal amplification,

unchllv . osciliators, comparators, reculators ard others, :

3 K
Lifferentiator is a cireuit thar performs e mathenition! operation o

RN

differenuation: that is the outpui veltage waver

1S dGervative of ke oinow
wan clorm. The differentiator AV e constructed o basic mveriing anmlibor i

Input resistor I\, is lLPLlLLd by a capucitor C,.

Phe expression for the oulpul voltuge can e obiained irom Kirehiolt

i's
current sguation written at node V. s S llows:

le =1+ I
Since, iy=0 therefore Io=1,

| C ’-i( n = VoV =V,
3 ! 1 dt I Ry

But, Vi =V, =0V (approx.), because A is very |

JU0C.

Therefore,
AV,
(‘ s'\‘u-l . VO
N Bt o Sy
dt . R "
(ll/.,, b
Vo = —R..C, DTl o Ha s hnvlon d S RN e vy e AA)

Thus the output Vo is equal to the RpC, tres the negative instantaneous

f\l
e
o

H R

of change of the input voliage Vin with cme. Since the differendaton

rerforms the{rewzw of the integrators function, a cosine wave input wili

»n}t‘d(_e d Slll(-' WIAVEe O ltt]lk!l o a lI.‘.lx !l.'l: thl‘{ \\i” l)"() }'\“‘l" i “‘(:“:;!(. WA



ause it .

Olltput. l'lO\N(;‘V(_‘l" thO dl“Cl‘L‘H[lilt()l' ()‘ “2-’,-(") VVIH II()t (‘0" /

: anc
o components Ri

practical problems. By the addition of tw
in fig.(2) I'his

circuit 15 a4l

problems can be corrected as shown
differentiator.

4. Clrcuit Dingram:-

| ! V. R r
' '["“”'“‘Wv\/\/\/\f/""“
>
!
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P ocedure :—

L)
.

jo-y
r—
.

R
.
ot

v

M.

ASE |

.

Make the-connection as shown in fig (2).

Set Ry = 27000, Ry = 100K, Ry = 1OKG), () = byl

S~

C,} - O zU\f’

N—
A

CE= 0.005.U
R l-. TS l‘;‘ ’(“ ":

Apply the' wiangular wave input, voltage Vin (in-built) and observe s

amplitude and frequency on CRO.

Switch on the unit and cbserve the outpun (square wave) amplitude and

A s 00 e e PSS ST, -t S 2

frequency on CRO.

labulate the amplitude and frequency of iaput and oulput by varying the

frequency of the input by frequency.

Verify the results with the help ol equation (A).

Calenintion -

input Voltage V;,(triangular wave) = -+ .- volt (p — p)

Frequency of V;, = - - Kilz

Outiut ¥V { square weve) = covalt (p — )
Frequency ol V, = - - KHz
Now, \

A"
C”/,'“
\‘ Vo= —R;C, S

7\

= (100 X 107 X 2.2 X 1079)

= e 0L

~—~—— e

_‘_“’zn

dt

7 Result - It is clear from the calculation that equation (A) is verified.

8. Precautions :-

|

/1

/

il

All connections should be tight.

Readings of CRO should be taken very caelully,

.~

[



Experiment no. — ¢4
Aim:- designing of a first order low pass filter using op-amp.
Apparatus; - op-amp. (741) resistance, capacitance, connecting wires.

Theory :- Active Low Pass Filter

'rl__'hl;a most common and easily understood active filter is the Active Low Pass

liter. Its principle of operation and frequency response is exactly the same
as th_ose for the previously seen passive filter, the only difference this time is
that it uses an op-amp for amplification and gain control. The simplest form of
a low pass active filter is to connect an inverting or non-inverting amplifier, the
same as those discussed in the Op-amp tutorial, to the basic RC low pass
filter circuit as shown.

First Order Low Pass Filter

Non-inverting

Low Pass Filter ’
unity amplifier

R

LGN, -
I EOEEEE | . !
Vin 177 2zaRC/; .

. - pit) S st > s : VOUt
1 |

. \ 4

O » : O

This first-order low pass active filter, consists simply of a passive RC filter
stage providing a low frequency path to the input of a non-inverting
operational amplifier. The amplifier is configured as a voltage-follower (Buffer)
giving it a DC gain of one, Av = +1 or unity gain as opposed to the previous
passive RC filter which has a DC gain of less than unity.

The advantage of this configuration is that the op-amps high input impedance
prevents excessive loading on the filters output while its low output impedance
prevents the filters cut-off frequency point from being affected by changes in

the impedance of the load.



S main
¢, although the

nce is

While this configuration provides good stability to the filter, it
disadvantage is that it has no voltage gain above one. Howeve i
voltage gain is unity the power gain is very high as its output impe

Gain of a first-order low pass filter

: - Vot ’/1/"
Voltage Gain, (Av) — = = - 5

Vin A
i a
'\{ 1+ %)
e Where:

«  A: = the pass band gain of the filter, (1 + R2/R1)

« f =the frequency of the input signal in Hertz, (Hz)

«  fc =the cut-off frequency in Hertz, (Hz)

Thus, the operation of a low pass active filter can be verified from the
frequency gain equation above as:

Vout

f
o

« 1. Atvery low frequencies, f < fc Vin

Vout _ A _ g7074
Vin - 2 i

Vout

« 3. Atvery high frequencies, f > fc Vin
Thus, the Active Low Pass Filter has a constant gain A: from OHz to the high
frequency cut-off point, f.. At f. the gain is 0.707A; and after f. it decreases
at a constant rate as the frequency increases. That is, when the frequency is
increased tenfold (one decade), the voltage gain is divided by 10.

In other words, the gain decreases 20dB (= 20*log(10)) each time the
frequency is increased by 10. When dealing with filter circuits the magnitude
of the pass band gain of the circuit is generally expressed in decibels or dB as
a function of the voltage gain, and this is defined as:

« 2. At the cut-off frequency, f = fc

F

Magnitude of Voltage Gain in (dB)



Av(dB) = 20log,, ( o |

, ) o e N OLL
-3dB = ;‘.()I()gm[ 0.707 \</«::: l
/

Active Low Pass Filter Example No1 .
Design a non-inverting active low pass filter circuit that has a gain of ten at low

frequencies, a high frequency cut-off or corner frequency of 159Hz and an
input impedance of 10KQ.

The voltage gain of a non-inverting operational amplifier is given as:

R,
— 4 £ = 'I 0
b )

Assume a value for resistor R1 of 1kQ rearranging the formula above gives a
value for R2 of:

R,=(10-N xR =9 x1Q =9kO

So for a voltage gain of 10, R1 = 1kQ and R2 = 9kQ. However, a 9kQ resistor
does not exist so the next preferred value of 9k1Q is used instead. Converting
this voltage gain to an equivalent decibel dB value gives:

Gain in dB = 20log4 = 20log10 = 2048

The cut-off or corner frequency (fc) is given as being 159Hz with an input
impedance of 10kQ. This cut-off frequency can be found by using the formula:

"/C — —2—7—'5—}2—5 Hz | where fc=159Hz and R = 10kQ.

By rearranging the above standard formula we can find the value of the filter
capacitor C as:



~ 1
2R fc R 2nx 159 x 10kQ2

Thus the final low pass filter circui ith i onse is given
below as: P circuit along with its frequency resp

Low Pass Filter Circuit

Vin R =10kN
C=100nF == Vout
R2 = 9kiQ
% R1 =1k
Ov
O 1 —O

Frequency Response Curve

S Vout Corner
Gain=2000g =, Frequency
{ PassBand fe
20dB - |
yrap (Rl e SBUI
ST, A ; | -20dB/Decade
£ . Frequency
3 Response :
i
0dB i
0 fo = 159Hz Hz

If the external impedance connected to the input of the filter circuit changes,
this impedance change would also affect the corner frequency of the filter

(components connected together in series or parallel). One way of avoiding
any external influence is to place the capacitor in parallel with the feedback

resistor R2 effectively removing it from the input but still maintaining the filters
characteristics.



However, the value of the capacitor will change slightly from

being 100nF to 110nF to take account of the 9k1Q resistor, but the formula
used to calculate the cut-off corner frequency is the same as that used for the
RC passive low pass filter.

/]

fc = , Heritz
‘ 2nC R,
Observation table :-
Fixed input volgae (Vin) = ...................
G i ] dB)
Ls.no. Frequency f (Hz) ol/p voltage V:"\t,zg/ev‘,:"na;" | 20|og;nVc(> '/ Vin

A N wl p o

i
|
|
|
L

|
i
|
i
1
]
|
|

l,
!_

Result :-

Precautions:-



Experiment no. - o7
Aim:- designing of a first order High pass filter using op-amp.
Apparatus: - op-amp. (741) resistance, capacitance, connecting wires.

Theory :- First Order High Pass Filter

Non-inverting

High Pass Filter | ,
, unity amplifier
C I
oL f——1—
4 \/ ' I
!
.= _.l__— |
w5 £2zRC
Vin ~ e E
R g |
|
i
v i

Technically, there is no such thing as an active high pass filter. Unlike
Passive High Pass Filters which have an “infinite” frequency response, the
maximum pass band frequency response of an active high pass filter is limited
by the open-loop characteristics or bandwidth of the operational amplifier
being used, making them appear as if they are band pass filters with a high
frequency cut-off determined by the selection of op-amp and gain.

In the Operational Amplifier tutorial we saw that the maximum frequency
response of an op-amp is limited to the Gain/Bandwidth product or open loop
voltage gain ( A, ) of the operational amplifier being used giving it a bandwidth
limitation, where the closed loop response of the op amp intersects the open

loop response.
A commonly available operational amplifier such as the uA741 has a typical
“open-loop” (without any feedback) DC voltage gain of about 100dB maximum
reducing at a roll off rate of -20dB/Decade (-6db/Octave) as the input
frequency increases. The gain of the uA741 reduces until it reaches unity
gain, (0dB) or its “transition frequency” ( ft ) which is about 1IMHz. This
causes the op-amp to have a frequency response curve very similar to that of

a first-order low pass filter and this is shown below.



=l

[

Gain for an Active High Pass Filter

Vout

Voltage Gain, (Av) = -
Vin

e  Where:
*  A-=the Pass band Gain of the filter, ( 1 + R2/R1 )
f =the Frequency of the Input Signal in Hertz, (Hz)

e fc=the Cut-off Frequency in Hertz, (Hz)
Just like the low pass filter, the operation of a high pass active filter can be
verified from the frequency gain equation above as:

Vout < A

- F
* 1. Atvery low frequencies, f < fc Vin

Vout _ A _ g707A,

_...._.E...'.‘_"'
Vin -~ J2

Vout ~ A

* 2. Atthe cut-off frequency, f = fc

Tl .
- 3. Atvery high frequencies, f > fc Vin
Then, the Active High Pass Filter has a gain A: that increases from OHz to
the low frequency cut-off point, f. at 20dB/decade as the frequency increases.

At f. the gain is 0.707*A:. and after f all frequencies are pass band
frequencies so the filter has a constant gain A: with the highest frequency

being determined by the closed loop bandwidth of the op-amp.

When dealing with filter circuits the magnitude of the pass band gain of the
circuit is generally expressed in decibels or dB as a function of the voltage

gain, and this is defined as:
Magnitude of Voltage Gain in (dB)

Av(dB) = 20!0910(

Vou tJ

Vin

. -3dB = 20!0910[0.707 \"C?Ut]

Vin




For a first-order filter the frequency response curve of the filter increases by
20§iB/decade or 6dB/octave up to the determined cut-off frequency point
which is always at -3dB below the maximum gain value. As with the previous
filter circuits, the lower cut-off or corner frequency ( fc ) can be found by using
the same formula:

o Licli

- 2nRC
The corresponding phase angle or phase shift of the output signal is the same

as that given for the passive RC filter and leads that of the input signal. Itis
equal to +45° at the cut-off frequency fc value and is given as:

Phase Shift ¢ = tan’

2mfRC J

A simple first-order active high pass filter can also be made using an inverting
operational amplifier configuration as well, and an example of this circuit
design is given along with its corresponding frequency response curve. A gain
of 40dB has been assumed for the circuit.

\,

Inverting Operational Amplifier Circuit

R2
| A
.[lv €1 R1
o~ | | ——-
T e T Av »———C‘J
Ay= -T2 0 +
K i Vc|>ut
I K
| JTaRe l
O O

Frequency Response Curve
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Active High Pass Filter Example No1

A first order active high pass filter has a pass band gain
corner frequency of 1kHz. If the input capacitor has a va
the value of the cut-off frequency determining resistor an
the feedback network. Also, plot the expected frequency respon

With a cut-off corner frequency given as 1kHz and a capacitor of 10nF, the
value of R will therefore be:

- S . L 5 = 15.92kQ
- 2nf.C  2w.1000.10x10

of two and a cut-off

lue of 10nF, calculatg
d the gain resistors In
se of the filter.

or 16kQ to the nearest preferred value.
Thus the pass band gain of the filter, A is therefore given as being: 2.

AF=’I+—R—2, .'.2-'=1+52 and Bﬁ:’l
1 R, R,

As the value of resistor, R, divided by resistor, R, gives a value of one. Then,
resistor R, must be equal to resistor R,, since the pass band gain, A; = 2. We
can therefore select a suitable value for the two resistors of say, 10kQ each
for both feedback resistors.

So for a high pass filter with a cut-off corner frequency of 1kHz, the values
of R and C will be, 10kQ and 10nF respectively. The values of the two
feedback resistors to produce a pass band gain of two are given

as: R, =R, =10kQ



The data for the frequency response bode plot can be obtained by substitqting
the values obtained above over a frequency range from 100Hz to 100kHz into
the equation for voltage gain:

)
Vout A' [ / C J

Vin | * (//(J

Voltage Gain, (Av)

Frequency, f = & ° | Voltage Gain/ | - Gain, (dB)
(Hz) & 3§ L (Vo/Vin)i i 20log( Vo / Vin))
100 0.20 -14.02

Y
200 0.39 -8.13
500 0.89 -0.97
800 1.25 1.93
1.000 1.41 3.01
3.000 5 1.90 556
5.000 l 1.96 5.85
\
10.000 1.99 598
50.000 } 2.00 6.02




The frequency response data from the table above can now ,be. plouggezsat a
shown below. In the stop band (from 100Hz to 1kHz), the gain incre S aricy
rate of 20dB/decade. However, in the pass band after the cut-off fred limit 0
fe = 1kHz, the gain remains constant at 6.02dB. The UPPe""equeantional
the pass band is determined by the open loop bandwidth of the oper circuit
amplifier used as we discussed earlier. Then the bode plot of the et

will look like this.

The Frequency Response Bode-plot for our example
Gain (dB)
1006 4

6.02dB

0de

%20 dB/decade
-10d8 + ! :
~14.02dB

-20a8 |¢

{

Stopband i t< Passband >

-30d8

> 7

100kHz

i 3 3 3 3113
T L4 T LS R a
o

10kHz
Frequency, (Hz)

3 3
T T

|
!
!
i
[
[
{
i

100 1kHz

#
JC

Applications of Active High Pass Filters are in audio amplifiers, equalizers or
speaker systems to direct the high frequency signals to the smaller tweeter
speakers or to reduce any low frequency noise or “rumble” type distortion.
When used like this in audio applications the active high pass filter is
sometimes called a “Treble Boost” filter.

Result :-

Precautions:-



INSTRUCTION MANUAL
FOR

ACTIVE FILTERS USING OPERATIONAL AMPLIFIER
Active Filter Circuits have been designed to study the characteristics of aActive Filter.

ra

The instrument c'omprises of.the following built in parts :-

1. Fi.x?\d. guﬂt‘pgt‘gp regulated power s.upply of +16V.
One bp_\e{rqt_iénal amplifier IC 741 is placed behind the front panel & important connections
are brought on sockets,
Different combinations of registance and capacitors are provided on the front panel.

A

oy THEORY
By using operational amplifier IC and reactive elements we can build active filters. Active filters
have several advantages over passive filters. Active filters can also have variable voltage gain,
allow easy tuning of cutoff frequencies, etc. b

CLASSIFICATION OF ACTIVE FILTER :-
‘We can'classify the active filterinthree catagories

A First order low pass active filter.

B. Second order low pass active filter. (Band

C. Second order high pass active filters. (High Pass)

.Pass)

A. First Order Low Pass Filter :- S
rder low pass filter. Atlow frequencies

Figure (1) shows one way tobuild an active first o
the capacitor appears open and the circuitacts like an inverting amplifier with a voltage gain of

_R2/ R1.As the frequency increases, the capacitivé reactance decreases causes the voltage
agin to dropoff. As the frequency approaches infinity, the capacitor appears shorted and the

voltage gain approaches zero. =
B. Second Order Low Pass Filter (Band Pass Filter) :-
rst order low pass filter except for minor

Second order low pass filter.is similar to fi
modifications. In first order low pass filter the gain decreases 6db/octave beyond the cutoff
frequencies. A second order low pass filter is one that decreases 12 db/octave beyond the cut-

off frequency.

.C. Second Order High Pass Filter:-
A High Pass Filter is that which passes high frequencies but stops lower ones. So at
3 oL as we decrease the frequency output will also

‘higher frequencies output will be maximum but

. decrease.

’v,. »
Pyres SR G
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PRy TR ALY
‘r
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oA 0,011
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‘ 112 101,
Gonnocl the olroull Ax ® 1!40 ",
ahown In ¥, (1), ‘[ i
A ’

Connoct  the  Audlo N""”UY .
. - "roquen '
Frequenay  Funellon lfmilnllnn

()

Gonoralor nerot he Input - Ganorator . G |
: A
of tho clreult and CRO
A2y =

across oulpul, T
Switch ON all (ho FIG. (1)

Instruments ono by ono. a )
- ) r 4 L
Set the output of Audlo Fraquoncy Funciion Gonerator al 8ine wave signal of 1g,

frequency. Adjust tho slgnal lovel to got 1V paak (o paak at tha output of the filter on ¢,
Now Incroase tho froquoncy In small elops towards 1kiHz & note dovin the obzervation .

observalion table.
Flot a graph Frequency va Qulput galn,

B. Sccond Crder Low Pauy Filter (Band Pnﬂu.l]’lllor) -

1.

Connect

the circult

as shownin

Fig. (2). Audio
Connect Frequenc
the Audlo [Function

Gonorator

Frequency
Function

Generator
across the Input of the clrcultand CRO across output,

Switch ON all tho Instrumants one by one.

Set the output of Audio Frequency Function Generator at sine wave signal of 100+
frequency. Adjust the signal level fo get 1V peak to peak at the output of the filter on CR”
Now Increase the frecuency in emall steps towards 10kHz & note down the observatic”

“In observation table,

Plota graph Frequency vs Output galn,



C. Second Ordor High Pagg Filtar:

shown in Flg. (3),
equency Function

1,
2.

2 o

o

Connect the circuit ng
Connect the Audlo Fr

CRO acrosy output

Swi '
iteh ON all the INstruments one by one

Set the output of Audio Fre

frequency.

Gonorator ncross the input of the circuit and

Quoency Funclion Generator at sine wave signal of 1kHz

Nowincrease the frequ
the freqiondy In small st eps towards 100kHz & note dowm the observation

in observation table.

Plota graph Frequency vs C:;utput gain.
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%: Input Input Output Gain=0utputAmpmudg
No.| Frequency Amplitude Amplitude / Input Amplitude
1.
2.
3.
4.
.
ka' r

OBSERVATION TABLE



Experiment No: @ (\

ASTABLE MULTIVIBRATOR USING IC 555
AIM

‘ . . [
To design and set up astable multivibrator of 1000 1z frequency and 60% duty cyc
using I1C 555

THEORY

. . . \ . ‘ ; ’ illations. The
1C 555 timer is an analog 1C used for generating accurate time delay or oscillations fh

entire circuit is usually housed in an 8-pin package as specificd in figures | & 2 below. A series

connection of three resistors inside the 1C sets the reference voltage levels to the two

2 1., . A . -
comparators at —I,.and ;l'(,(.. the output of these comparators setting or resetting the flip-
d

flop unit. The output of the flip-flop circuit is then brought out through an output buffer stage.
In the stable state the Q output of the flip-flop is high (ic Q low). This makes the output (pin 3)
low because of the buffer which basically is an inverter. The flip-flop circuit also operates a
transistor inside the IC, the transistor collector usually being driven low to discharge a timing
capacitor connected at pin 7. The description of each pin s described below,

Pin I:  (Ground): Supply ground is connected to this pin.

Pin 2:  (Trigger): This pin is used to give the trigger input in monostable multivibrator.

When trigger of amplitude greater than (1/3)Vcc is applied to this terminal
circuit switches to quasi-stable state.
Pin 3:  (Output)

Pin4  (Reset): This pin is used to reset the output irrespective of input. A logic low

at this pin will reset output. For normal operation pin 4 is connected to Vce.

Pin5  (Control): Voltage applied to this terminal will control the instant at which the

comparator switches, hence the pulse width of the output. When this pin is not
used it is bypassed to ground using a 0.0 1 uF capacitor.

Pin6  (Threshold): If the voltage

applied to threshold terminal is Ground [ 1 N8/
greater than (2/3)Vce, upper

comparator switches to +Vsat Trigger ] 2
and flip-flop gets reset. 555
Output[] 3 6 [ Threshold

J]+Vcc
7 |2 Discharge
Pin 7 (Discharge): When the output is

low, the external capacitor is ~ Reset[]] 4 5 [JControl
discharged through this pin

. . ‘igure 2: 1C 555 pin diagy
Pin8  (Vcc): The power supply pin Figure 2: IC 555 pin diagram
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Control © /
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Figure 1: IC 555 Functional block diagram

Astable multivibrator using IC 555

One popular application of the 555 timer IC is as an astable multivibrator or clock

Circuit. Figure 3 shows an astable circuit built using 2 external resistors and a capacitor to set
the timing interval of the output signal. Capacitor C charges toward Vec through external

2
resistors R4 and Rs. Referring to figure, the capacitor voltage rises until it goes above — V-
]

This voltage is the threshold voltage at pin 6, which drives comparator 1 to trigger the flip-

flop(Q low Q high) so that the output at pin 3 goes low. In addition, the discharge transistor is
driven on, causing the output at pin 7 to discharge the capacitor through resistor Rs. The

capacitor voltage then decreases until it drops below the trigger level -_I;V(.(.. The flipflop is
>

triggered so that the output goes back high and the discharge transistor is turned ofT, so that the
capacitor can again charge through resistors Ry and Rp towards Vce.

CIRCUIT DIAGRAM & DESIGN
Take Vy¢ = 10V and f= 1000 Hz and duty cycle = 60 %

Thenr=1ms, 1=0.6 ms, /.= 0.4 ms



o +10V

A
3.3kQ 8 4
7
RB
56 k0 555 )
———o0 Qutput
6
2
0.1 Cl'j‘ T ! s_l_ c
Ap
T 0.01 uF
o —0

0<
wl= )

Vo

Figure 4 Waveforms of voltage across the capacitor and output voltage

Assume C=0.1 pF

1, =0.693x R, xC then Rg=5.77kQ  take Rg = 5.6 kQ
1, =0.693x(R,+R,)xC  then RA=3.06kQ take Ra =3.3 kQ

The resistance Ra and Rp should be in the range of 1k to 10k to limit the collector current
of the internal transistor.

PROCEDURE

I. Set up the circuit after verifying the condition of IC
2. Observe the waveforms at pin number 3 and 6 of the IC

RESULT

Astable multivibrator using timer IC 555 is designed and setup, and the wavetorms are
obtained.
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Monostable Multivibrator using 555 timer.

A monostable multivibrator often called a onc-shot multivibrator, is a pulse gencrator circuit in
which the duration of the pulse is determined by the R-C network, connected externally to
the 555 timer. In such a vibrator, onc statc of output is stable while the other is quasi-stable
(unstable). For auto-triggering of output from quasi-stable state to stable statc encrgy is stored by
an externally connected capacitor C to a reference level. The time taken in storage determines the
pulse width. The transition of output from stable state to quasi-stable state is accomplished by

external triggering. The functional block of monostable mode of operation is shown in figure.

4‘8.’ +Vee
~AWA
Comparator 1
al— 2+
oul
v Trigger 2
cg- — o=
5kQ
!&C ; Comparator 2
3
Operation

Initially, when the output at pin 3 is low i.e. the circuit is in a stable state, the transistor is on and

capacitor- C is shorted to ground. When a negative pulse is applied to pin 2, the trigger input

falls below +1/3 Vcc, the output of comparator goes high which resets the flip-flop and

consequently the transistor turns off and the output at pin 3 goes high. This is the transition of the

output from stable to quasi-stable state, as shown in figure. As the discharge transistor is cut-ott,

the capacitor C begins charging toward +Vcc through resistance R with a time constant equal to

RC. When the increasing capacitor voltage becomes slightly greater than +2/3 V¢, the output of



i :reb
o saturation. thereby

. . . ’ » oy = or !()CS )
comparator 1 goes high, which scts the Mlip-Nop. The transistor ¢ i s back o

' ' imer pocs Thus the ou
discharging the capacitor C and the output of the timer goes low. Tl
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Derivation for Pulse Width
The voltage across capacitor increases exponentially and is given by
% = V(1 -c-my
I V% = 2/3 Vo
Y = Ve (1 - '/R)

then

-1 = —c-lm

Wi WiN

% = c‘lﬁ:l!

TR = - 1096

t = + 1.098 CR
t = 1.1 CR
where Cin farads, R in ohms, t in seconds.



Key points : Thus, we can say that voltage across capacitor will reach 23 Vec in
approximately 1.1 times, time constant i.¢ 1.1 RC,
Thus the pulse width denoted as W is given by,

W = LIRC

Schematic Diagram of 1C 555 in Monostable mode

The schematic diagram shows only the external components to the timer.

-0 *VCC

Pin 1 is grounded. Trigger input is applied to pin 2. In quiescent condition of output this input is
kept at + Vcc. To obtain transition of output from stable state to quasi-stable state, a negative-
going pulse of narrow width and amplitude of greater than + 2/3 Ve is applied to pin 2. Output
is taken from pin 3. Pin 4 is usually connected to the supply to avoid accidental reset. Pin 3 is
grounded through a 0.01 pF capacitor to avoid noise problem. Pin 6 (threshold) is shorted to pin
7. A resistor R is connected between pins 6 and 8. At pins 7 a discharge capacitor is connected

while pin 8 is connected to supply Vce.

Applications of 555 in monostable mode

The applications of IC 555 in monostable operation ir.clude
1. Linear Ramp Generator

Pulse Width Modulator

Frequency Divider

9

Sl

Missing Pulse Detector



