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The Operational Amplifier

Designed to do mathematical operations such as
addition , subtraction ....

Very high voltage gain ; 200,000
Very High input impedance ; 10M ohm
Very small output impedance ; 750hm

- r i
! L& utput
ain Level

STUDENTS-HUB.com Uploaded By: anonymous



Operational Amplifiers

N

Offset null 1 | 1 UAT41 3 |No connection

Inverting input| 2 7 | +Vce

Non inverting input| 3 6 |output

-Vcclz E Offset null 2

UA741 opamp Pinout and External appearance

oV. (inverting input) +V=VCC
a I a & a D

T

Qs \—'@g Q12 e Qi3

(noninverting
input) | ' . Qia
. 1
A :
Rs= Q19 Qis Re=
39k " 270

Q;—“—@u
o

»- - * >

offset null

>50kQ | -V=-V
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Operational Amplifier

Transfer characteristic Curve:

’
+Vsat

VO _ < Advd

_ Vsat
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Vsat

Aq
V
> vd > — 3%
Ag
Agq

Vo(t)

V,sat |

Positive Saturation region
|
I
|

-V,sat/Ad |

| V,sat/Ad Vd(t)

— -V,sat

Megative Saturation
Region
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Vo(t)

+15V
+13V Visat - Positive Saturation region
|
I
I
-V,sat/Ad | & 65“‘\/
/l V,sat/Ad vd(t)
— 65uV " |
I
I
Negative S aturation T Visat -13V
Region

let 4V, =415V ; Ad = 200,000

o -I__Vsat=i13v

~Ifvd > 65uVv ; Vo =+13V

~IfVvd< — 65uV ; V, = —13V
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Op-amp Model in the Linear Regioh:\

o M o)
+13V st Positive Saturation regio Zo
| +
| ) +
sat/Ad : Gsuv Vd ZI§ QAd.Vd
— 65V | e
: o =
Negative Satur . '13V

If the Op-Amp is IDEAL and in the Linear Region:

ZI =0Q) ,Z0=0Q ,Ad =
Two Assumptions

1)vd=0 =) V(+) = V()

2) i(+)=i(-) =0
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] +15V
I(+)
~ 7, :
+ - 3 + 6
Vd () 741 > ° Vv,
el
B 2
£n
1 sy | 5 =
13
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Op-amp Linear Applications:

1. Inverting Amplifier

a) Since V(+)=0 ;- V(-) =0

. D
And i, = R—S_

b) Since i(-)=

C') VO = 'RFiF
Vo = -Rpig
Vo= —2 V%
Vo Rp

) S NTI'SVlSU B_.com R i

(Virtual ground) 0

0 ;o.o iF=.

The voltage gain does not depend on. RL

ls

Op-Amp is ideal
2 N
T—lF—D v

=
lo
vs ) RS v
=
/ B i

+Vsat > VO > — Vsat

lo < lo,max
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Op-Amp Linear Applications:
1. Inverting Amplifier

Design an inverting amplifier to

provide A, =-200 THWV A
Solution : i .
A, =— ’;—F =-200 - Tf " +

- i v RS vo
.- =200 =

[ L\ / |

Let Ri = 20K =

> Ry = 4000K Z1 =R,

15
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Op-amp Linear Applications: N

o
fi1> A‘I/:f" O ﬁc
> = »;\I\
. vi(®) T_ _ /I/ N
2. Inverting Adder > ¥l
1 2 T_ L < Vo
1- Since V(+)=0 7 w0 ‘
L T Ideal Op Amp L
V(-)=0 -
_r1 o, s _V2 =
ll_R1 b2 R, ' Rp
. U3 Vo =- (—V1 - Vz"' V3)
iz =—> 2
37 R,

If Rl—Rz—Rg—RF—R
i - il -+ iz -+ i3
’ Vo =- (V1+V 5+ V3)

2- Since i(-)=0 ;- ifp = ig

16
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Op-amp Linear Applications:

2. Inverting Adder f =
fi1> % L \2c

R3

2> —>
+ AN +
Vl(—) f R2 /I/ +
3 A v R|§
v2() f Vo
3 C Y )

o0 Ideal Op Amp

If R1=R2=R3=R —

R R
And Rp= — = —
R ‘ Averager
Vi+Vo+V
Vo=-(——)

3
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Op-amp Linear Applications:

3. Non Inverting Amplifier

1- Since V(+)=V|

V(-) =V
.V,
li = R_l

2- Since i(-)=0 ;

iF=ii

3-V, = Rpiy+ Ryi;

mm) UV,
Vo
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(1+ )V

(1+ 2 V()

IF ldeal Op Amp
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Op-amp Linear Applications:
Non Inverting Amplifier

Design a non inverting amp/iﬁer IF ~
to provide A,,= 100

Solution :
A, =1 =100

- BF _ gg
R.

Let Ri =10K
s Ry = 990K

19
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Op-amp Linear Applications:
: N

4. Buffer , Unity Gain

1- Since V(+)=V, ; -~ V() = Vq

~_
2- Vo= V() =V, i S

Buffer is a special Case of ng v R'§ Vo
non inverting amplifier for which:

IF vs()
R; =00 S — =

RL Vo

20
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Op-Amp Buffer
| Vin
Vout = Vin

|solates loading effects

V=10V T V=10V T
10KQ < 10KQ <
1. V01=5V ’]"' Vo2 = 0.098V
10KQ = KA = _
- Vee=10V O
‘ ‘ 2 11000 T
-
10KQ
10K =
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Op-amp Linear Applications:

5. Non-inverting Adder

MN
R
Ideal Op Amp Vec
R +/( * 4:
-Vcce RI
e N I
- R/2§
= R R i
= (vi+v2)/2(°
V1 V2 VTH - V1+V2 O
2
1 L Rry =3 =

22
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R A
Vcc

Oo——0

v

R .\, Vi+V
VORS Vo = (1+ 2 )( 12 ) =V, +V,
= R/2
= If we have n signal :
e let Ry = (n-1)R
1 Vo=Vi+V,+ . L. +V/y

23
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Op-amp Linear Applications: v
_ Ideal Op Amp vec
6. Voltage Subtraction w—l N§ .
20 " ’ ¥ RL Vo
Using superposition 23
a) Let V1 =0 —_ Vl@ e
~ Vo =—= V5, (Inverting amplifier) =
i3 —W\——
b) Let VZ =0 R4
02 - (1 + [\V]CC\

M
R3 + o]
( non mvertmg ampllfler) 4"/] .

ng v RLg Vo
~ Vo =(1 + ) :

4-V2
3
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: _ Ry R,
h VO _(1 T R3 ) (R1+R2

)Vi— =V,

VO — aV1 — sz

= If R1:R3:R
and R2=R4=mR

Vo = m(V1 —V;)
Basic Difference Amplifier

25
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Op-amp Linear Applications:

Ideal Op Amp
Basic Difference Amplifier - R
VO — m(V1 — Vz) e—o
Zil = R+mR RL§ Vo
ZiZ =R
*It has low input impedance —

*To Change the gain, we must =
change two resistors.

26
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Vo = m(V,—V,)

¢ -®
RL§ Vo VO = m Vab
L MN
= R
m=1 N
Vcc
b
e 1,
@VS '_+// +
ds i
W\' Vcc RL
Vap = Vs R é Y v
R

s VO =Vs
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Instrumentation Amplifier:

Ideal Op Am
Zi2 P P

o Vv

B aR —

V,1 =(R+aR +R)I ()

Vo1 -(1+ ~) (V1-V3)
Vo =Vo1= (1+; ) (V1_Vy) =
Zi_ oo Zi1
Ziy- nQ

To change the gain -
change a

a<< 1

28
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Measuring small resistance change

E1 — Ry E= E
R1+R1 2
__R _ __R 2
2 = RiRiAR C- 2R+aR © Vo =(1+;)(E1 —E3).

E, AR

Ei —E; = E(2R+AR) / Sensor

AR is very small EJ_ | )
E AR /§'R

El _EZ :EE

2
V,=(1+2) (E; —E;)
Let (1+§) = 400

AR -
Vo =(400)( 7 )E

V, = 100 E(%R)

STUDENTS-HUB.com
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Measuring small resistance change

L
V, = 100 E(A?R)

If R = 10K =
AR =0.1K

=1% change

s 1V per 1%

change in resistance

STUDENTS-HUB.com

Sensor

If Vo =2V — AR = 0.2K
IfVo=0.1v == AR=0.01K

If Vo=0.01V ===) AR =0.001K
IfVo=1mV === AR-= 0,0001!%(0
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\oltage to current Converter

a) Floating load

Since V(+) = Vi
V(-) = Vi
I; = Z—
Io=1=

STUDENTS-HUB.com

Ideal Op Amp
RL
—A\W
<+ |L
Ri it-)=0
Rl
< .

— Vi

G
.
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High-Resistance DC Voltmeter

Im: Ii

If V;=+1V - I, = +1ImA

Ri —_ 1k
If V;=-1V - I, = -1mA Ri
MV

STUDENTS-HUB.com
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-10V

+1mA
Mv

If V;=+10V — I, =+1mA

If V;=-10V - I, =-1mA
| R; =10k |

ov

s
» /—\ﬂ[m
37
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-10V

STUDENTS-HUB.com

: 2

R3

«1m
>_

1

ov

+10V
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\Voltage to current Converter  geal op Amp

b) Grounded load
Vi =V()=5 V,

IL —_ 11 + Iz
VeV E-V;
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Current to Voltage Converter

A |deal Op Amp

| Vcc
V(+)=R1 O- T
R i+) |- —O Vo
Vo=(1+3) V(+) i
R -Vcc
VO=(1+ﬁ)RI v
V, =KI
— R
K=2R R

42
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Integrator

 So far, the input and feedback components have been resistors. If the
feedback component used is a capacitor,, the resulting connection is
called an integrator.

Since V(+)=0 ;.. V(-) =0

Vi (Virtual ground) Ideal Op Amp
i = "p Sincei(-) =0 Vel
110 : M
iy =l = q L () g
R =0 Lf (o)
Vowry = —Ve(t) —\NN——
t Vi(t) :
1 @ +
—_ 1 - i
Ve(t) = C_[ lf(t)dt +Ve (07) RL Vo(t)
0
if Ve(07)= 0 1 (- L
; tV,-(t) Vo = _R_CJ V;(t)dt
Vo(t) = _E R; dt 0
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Differentiator
Since V(+)=0 ;. V(-) =0

. . dv;(t)
licy = Loy = C—;

Since i(-) =0

_ _ ldeal Op Amp
Leey = Lfo R
V —_ " . . R ! e

o) = ~lf (DR Livy = ler) et 0
Vo(t) = — <C dl;ift)> (R) Vi(t)@ : + L.

Rt Vo(t)
dv;(t) 1
Vo = —RC dt B = 1
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Comparator : Zero —Level detector

A
+Vcc

Exact analysis:
When vd >65uV ; Vo=+V,; Y
When vd < —65uV ; Vpg=-Vg,;

Approximate analysis

When vd > 0V ; Vo=+Vg,
When vd < 0V ; Vo= -Vgut 68
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Comparator

V;(t)=5sinwtv
i VSClt - i13 Vv

V,sat

5V

A

Vo(t)

- Zero —Level detgctor

+Vcc

-5V

-V,sat

'-------
oo ®

WhenV; >0V ;
stuolMhemslon < 0V

When vd > 0V ; Vo=+V4
When vd < 0V ; Vo=-Vsat

Vo=+Vy vd =v;

69
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Non Zero —Level detector

A
Vcc
V;(t)=5sinwtv ;\> o
i VSClt - i13 \'"/ ~
V=7 P v RL§
WhenV; > 2V ; Vop=+Vu i
WhenV; <2V ; Vo=-Vgut =
V,sat Vo(t)
VR
mwf/\\ ' When vd > 0V ; Vo=+ Vg,
When vd < 0V ; Vo=-Vsat
-V,sat |

Vd =Vi'2 -0
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Practical Non Zero —Level detector

A
15
Application 13'(%
_\\ Vo~
+ o~
———— In -15
—_— = 4 v RL§
—_————— VIQ
fv\,_\’-/'\/ \
e | —» | pressure |
Sensor =  sensor =
The pressure sensor generates a voltage proportional to
the water level in the tank V() =2V
Whe_n waterI IIevelbrlealches the WhenV; >2V ; Vy=+V
Maximum aliowablie Iever When Vi <2V ; V0= - Vsat

) Vi=2V a
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\Voltage—Level detector with LEDs:

When V; >2V ; Vo=+Vsu
Red LED is ON

A
15

oo y /]> |
When Vi < 2V ; VO - - Vsat ViC% v RED ¥ N Greer
= 2k§ 2k

Red LED is OFF

WhenVl-=2V ’ V0= 0
and the Red LED are OFF

72
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Over Temperature sensing Circuit

R1 1as T |
R1 = Resistance of the thermistor.

R2 is set equal to the resistance of the . %
Relay @ \ N.O %

thermistor at the critical temp.
.. . R13 §R VAcc Lamp
R =100k This is the thermistor ﬂ[éji : &

R

1)At Normal temperature (T<T.) _ <> =

Ry > R,
V()_Rl +R; € < V¢
1
V(-) = S Ve ~ Relay is denergized
~ switch is open
S V() > v(+) o, - Vop‘ - Vsat Lamp is OFF
. transistoris cutoff ; I-=0 73
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Over Temperature sensing Circuit

Sensor

2)When T=T ~ Eq 3

R1 —_ RZ

Vcc
4

Relay CP \ N.O "0

-
N,

1
V(+) = V(-) = 5 Vee L =

“Vop= 0 =
~ transistor is in cut off ;
I-=0

= Relay is denergized

~ switch is open

stookampds OFF

74
Uploaded By: anonymous



Over Temperature sensing Circuit
3- WhenT > T,

Sensor
Rl < RZ \ Relay CP \N.O Ac@
RZ 1 Rlﬁ | R \VI“\ I) ® Lamp
V + - V - + MWV
( ) Ry +R cc = 2 Vcc /VI/ Rb N
1 S
V(-) = 5 Vee £

& V(+) > V()
transistor is conducting

© Vop = +Vsat ~ Relay is energized

- Lamp is on s
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Schmitt Trigger Comparato

Vcce

\I\ Vo
) o

1.Assume Vy = +Vg,

V(-) = Vi Vi) (!D /VI/
R v R1
V(+) = R1+2R2 (+ Vsar) = Vur §
vd> 0 Rz
R C—
Ry +Ry ("' sat) V >0 B 1L
LV < (+ Vge) Inverting Schmitt trigger comparator
R1 +R sat
R
~aslongas V; < erz (+ Vsar) ) | \) T
Vo = tVsat \
R, Nur RNT
Butwhen V; >—— (+ Vsq) \ Y
1 2 ~N
N
gT%DSEVI\\II'IIéCHrl]JE!:gom( Vsat) Uploaded By: anonymous



Schmitt Trigger Comparator

2. Assume Vi = -V, A

Vcc

V(-) = Vi ~L_ "

__Ro _ :
V(+) = R{+R sat) - VLT Vi(t)é} /VI/
vd< 0 v R1§
R>
Ri iR, (-Vsat)- Vi < O R2
V >R1 +R ( Vsat) = 1
R
" Iong s Vi > R4 i'RZ (- Vsat) e \’\354-:{\-_3:;
Vo = -Vsat ﬁ\ K |
RZ _ Ny ~Nu N
Butwhen V; < P ( Vsatﬂ e
Vo switch to (+ Vgge) L |

82
STUDENTS-HUB.com Uploaded By: anonymous



Schmitt Trigger Comparator

Hysteresis voltage = Vg = Vyt — Vit
Vyur = Upper Threshold voltage

Vyr = R1 = (*Vsar)

V,r = Lower Threshold voltage

R
Vit =R1+2R2 (' Vsat)

Vit

Vut

STUDENTS-HUB.com
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Schmitt Trigger Comparator

Vit

Signal Wave form

R V,sat
2

Vo switch to (+ Vsat) Vut//'\\
R- n

when V; >
R4

Vo switchto (- Vgge)

-V,sat

STUDENTS-HUB.com
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Room Thermostat

+12V
: —~—0

l-L © 2.2k B

) 2N3702 — )2N3702

VR=47K
. 5
1C1 _ {: i
1 wm3spz NC 6
o % JRLA
0.68k
' S
RIS
L o v

85
STUDENTS-HUB.com Uploaded By: anonymous



Room Thermostat

10mV/C 400mV/C

Non Inverting
Amp
Gain=40

TR2
TR1 Switch (2)
Switch (1)

RED Av4
\ _ \ Relay C)

/N'

)2N3702 -—

10k

s 100k
P

T wssoz

IR |

L
~] 6
- 2 licz
400mV/E 100k lﬁiu\/\* e
N¢| 3 1+

GHO

{__JRLA

3 \ -
390k€ W-E\n/u

27M
, é 30k
10k %

86
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Schmitt Trigger Comparator —MAN—

Room Thermostat

V, =400mV/C
1.Let VO —_ + Vsat —_ +1O
vd> 0

V(-) =4v
100K 2700K

V() = 100K+2700K(+ Vsar) + 2700K+100K G
For vd> 0; V; > 3.777V 2

10

+ O

Vo

<« Y

~Aslongas V; > 3.777V; Vo=+Vy
Butwhen V; < 3.777V ; V,switchto (- V)

3.777V
9.44C

87
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Schmitt Trigger Comparator

NN
o
+
Vo
2. Let VO = = VSClt —_ +2
vd< 0
V(-) =4V =
. 100K ) 2700K o >
V(+) = 100K+2700K( Vsat) +2700K+100K Vi 1

For vd<0 ; V;< 4.072V

~—

~Aslongas V; < 4.072V; Vo =-Vgu : .

3.777Vv 4.072v

Butwhen V; > 4.072V; Vg switchto (+ Vg,

88
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Schmitt Trigger Comparator

1)When T > 10.37 C, Vo = +Vsat
Transistor (2) is Off, Relay is
denergized and Heater is Off.

2)Then T <9.44 C, Vo = -Vsat
Transistor (2) is On , Relay is
energized
and Heater is on.

11 |12
1 wv3soz 1 E.E’ﬂg;/\ 14 e :
GHO 1
' 390k§
: | . §30k

_ . 10k
STUDENTS-HUB.com- %

Vo
10 < k >>
<< Y ~
3.777V 4.072Vv Vi ’
9.44C 10.37C
v
B RLA
89
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