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DIODE CIRCUITS
& APPLICATIONS

1.1. Diode

e Atwo terminal semiconductor device with PN junction is called a diode
e A PN junction diode is a two terminal device formed by doping with acceptor and dopant impurities at different
regions.

1.2. VI Characteristics

¢ Inideal condition, a diode works as a short circuit at during forward bias-and open circuit during reverse bias, i.e. like
an ideal switch
e In practical condition a diode works as low resistance, and high resistance at reverse bias, i.e. like a practical switch.

Current [;(mA)
N
For]ward + Reverse Forward
vollage ' bias bias
V, <0 V,>0 .
" 0 :_VBR : " _I_V
Reverse Voltage Voltage : \& Co
Ls Cut- in voltage
Slope
/R,
Ideal Characteristics Practical Characteristics

1.2.1. Application of Diode in Clipper circuit
e The Circuit clips a portion of the input signal
e On the basis of which part the circuit clips, the circuit is named as Positive or Negative clipper

e A series or shunt clipper is named according to the placement of diode in the circuit.
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Positive Clipper
Clips positive portion of the input signal.

D
11
o N 0
¥ I
VR
V.=V, sinot Vs

Response

Negative Clipper
Clips negative portion of the input signal.

D
=, | ©
+ I A +
V.=V sinmt v,
R
o —o
Series Clipper
------ Input
Vot —Output
+I/m ceme ................./\ ............ ﬂ ........... A
VR L] or PR ¥ "
o -
o S S e
' ' ' ' ' '
Vm ............ ‘.\“s’ ................ ‘.t..' ......... ‘\

Response

Application of Diode in Clamper Circuit

e A clamper circuit clamps or adds a DC shift to the input signal.

[ Analog Electronics

A
VO

ESIope=+1

v
=

Transfer Characteristics

Shunt Clipper

|

Slope=+ 1

v
=

Transfer Characteristics

e Based on the polarity of shift, a Positive or Negative clamper is hamed.
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Positive Clamper Circuit
Adds a positive DC shift to the input signal.

C
Il
— ?
. b
v, =V, sinor I T ¢
o °

Negative Clamper Circuit
Adds a negative DC shift to the input signal.

C
Il
[ O
+ i -
. b3
v, =¥, sinor p % W
r
° o

Note: For Proper functioning of clamper circuit, time constant of circuit should be much greater than time period of input
signal (RL.C >>T)

1.3. Application of Diode in Peak Detector

A peak detector detects the peak of the input signal.

Positive Peak Detector
Detects the positive peak of input signal.

------ Input
—N . i —Output
+ lgl abs vl- ;\ ".‘Dnr/' — >
. =C ::R v E . N :
V=V, sinwt $h 0 r N PR P
o ° Dy
R,.C=high
Negative Peak Detector
Detects the negative peak of input signal
—————— Input
D —Output
© o V.(t)y=V, (1)1
—K] ° =Kot
"Dm-t- ' : ' Y L 3
- ¢ 2 N P >
V.=V sinot T b3 R, " \: N ) o)
7 37 : ’ . . . v
° o Doy Dy, ’
r 3r
2 4
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1.4. Application of Diode in Voltage Doubler

e Voltage doubler gives the output as double of the input signal.
o A level shifter or clamper followed by a peak detector gives a Voltage Doubler

V.+V

" i m : N °
| L T

V=V si $ | L 3

=V, smowt (~ P R, : =C 3 R, V,=2V
< \ <

: °
[P n..‘|‘ »l
< Pl >

Positive clamper Positive peak

circuit detector circuit
RC>>T

1.5. Application of Diode in Voltage Multiplier

Using multiple stages of a set of a clamper and peak detector gives voltage multiplier, also called as Cockroft-Walton Voltage

Multiplier.
aao
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ZENER DIODES
REGULATOR CIRCUIT

2.1. Zener Diode VI Characteristics

) A "reverse biased" diode blocks current in the reverse direction, but will suffer from premature breakdown or damage if

the reverse voltage applied across it is too high.
o Zener Diode are basically the same as the standard PN junction diode but are specially designed to have a low

predetermined Reverse Breakdown Voltage that takes advantage of this high reverse voltage.

+
Forward 4
Current
. _VZ
Reverse Bias |
_VR < I — : +VF
Forward Bias

"Zener" Breakdown
Region

Iz(maX) —_——— - - — -

Reverse
Constant ¥ Current
Zener \bltage —Ir

Works same as a normal PN diode i.e short circuit ideally and a low resistance practically.

1. V <Vz,works asanormal PN diode in reverse bias i.e open circuit ideally and a high resistance practically.

2. 'V >Vz, works as a voltage regulator i.e becomes a source of constant voltage for the connected load.
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™ llﬁl o .—_|I+—o —o o—¢o ° 0
Vz
Zener Diode Reverse Biased Reverse Biased Forward Biased
(with Breakdown) (without Breakdown)

Tz
o—ﬁ—c o—_|V|Tm—o o—‘v‘\éW—o o—+|V|_—o
z z 7

Zener Diode Reverse Biased Reverse Biased Forward Biased
(with Breakdown) (without Breakdown)

Operating Conditions for Zener diode to maintain break down characteristics:

1. Current through Zener diode, 17 (mee) <1 <17 (may
2. The magnitude of open circuit reverse voltage across the Zener diode should be greater than or equal to Vz.

e Iz (knee) is the minimum current required for the Zener diode to work as a voltage regulator
o Iz (max) is the maximum current the Zener diode can operate without damaging the device. It is specified by
manufacturer.

Zener Diodes are used to produce a stabilised voltage output with low ripple under varying load current conditions.

Iin 1
+ 1. \ 5
ae) - < Vo=V,
- Ve 2 R, (Regulated)
Output voltage : Vy =V, = Zener voltage
V, -V,

e Inputcurrent: I, =— - 0
e Source resistance : R _Vi—Vo

I +1

e Zener power dissipation : PZ(max) = Iz(max)VZ

Note: Zener diodes can also be connected together in series along with normal silicon diodes to produce a variety of different
reference voltage output values

00oa
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BJT BIASING
AND REGION OF OPERATION

3.1 Operating Region of BJT

Emitter o—— # P n ——o Collector

Base
where, Je = Base-Emitter Junction

Jc = Collector-base Junction

In this region, Je operating in forward bias while Jc operating in reverse bias. It is used as amplifier.

Both Je and Jc are operating in forward bias and is used as switch (ON).

Both Je and Jc are operating in reverse bias and is used as switch (OFF).

In this region, Je in reverse bias and Jc in forward bias. It is used as attenuator.

Some Standard values for npn transistor.

Si Ge

Vee (Active Region) 0.7V 0.2
Vee (Saturation region) 08V 0.3V
Vce (Saturation region) 0.2V 0.1V

Vee (Cut-off region) 0V -0.1V

INote : If nothing is mentioned then we will assume transistor is silicon type|
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3.2. Different Methods used to Identify Operating Region of BJT

Assume transistor in Saturation Region

1. lc=Pls
2. Vce= VCE(sat)
3. lgmin) = Tc(san) (Bdc = hfe)

dc
4. If Ig > Is (min) then transistor will work in saturation region otherwise in active region.

Assume transistor in active region.
1. Ic= Bdc Ig
2. |E=|C+|B=(|+Bdc)|B

Vg >0 for npn transistor

3. For active region = .
g {VCB <0 for pnp transistor

000
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Low FREQUENCY
BJT AMPLIFIER

4.1. Amplifiers

Amplification stage

]m lcul
Small % > olp > T ° Large
input Va Gain= 7o V., output
signal p o Signal
4.1. Small Signal Modelling of BJT
1. h-parameter modelling:
l, 1,
+ +
h
V, V.
! parameter 2

{Vl}:{hll Mz}{h}
I [hor hyo ||V
Vi =hygly + bV
Vo =hyly +hyoVy

h
, . L
+ +
< 1
< —
v, Ve Yl 3RV
(o,
V, . .
h,=-% = inputimpedance =h,
Il V,=0
V, _ ;
h,=-%  =reverse voltage gain =h,
211,=0
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I .
h, =-2% = forward current gain =h;
Il \V,=0
I .
h,, =\72 = output admittance =h,
21,=0

h-parameter model

i
b c
Be—r— «—0 C
< S 1
$h hi, $—
< > 4 h0
i
E
ib Ic
Be——— < eoC
< . <l
:E B, Bi, :E r, r, Model
< <
i
E
, .
B o——— «—e0 C
+
> >
V.3 9.V, ST r.Model
T T pi-Model

E
Relation between small signal modelling parameters
1. h =Br,=r,
2. h; =B
3. P o =Va /leqg = if no early effect

0
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EQ

| Note: Practically ro = 0, and 1/ho = oo, if not mentioned explicitly.

4.2. Procedure of AC analysis

Do the mid frequency analysis

() C;,+Ce,Ce = short circuit

C,,C,,C,, — Open circuit
(b) all DC independent voltage source — Short circuit
All independent current source = open circuit

Replace BJT with small signal equivalent.

Current Gain (A) =— 12/ 11
Input Resistance (Ri) = Vi/l1

Voltage Gain (Ay) = V2/V1
Output Resistance (Ro) = 1/Output Admittance (1/yo) = 12 /V2 | Vs=0

R A

AAAA
LAA LAY
e~

|
~
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Parameter Current Gain | Input Resistance Voltage Gain Output Resistance
h-model L _ R =h, , R R, = o0
A hfe A/ — A X% °
i
R'L =R IR,
re model A=-B . _B , , Y
Ri_rrc_gm A’/:A’XR_IT:_BXRL RO:rO:I—A[VA:OO]
R r, ¢
, . R Ry=fy =00 [V, =c0]
A ==g,R =—
re
R'L =R IR,
v

AAAA
AAAAL
=

Parameter Current Gain Input Resistance Voltage Gain Output Resistance

Ré,zoo

h-model A =-h, R=h, +(1+ hfe)RE A=A xR—'I'
R

. -R
AR

E

R =R.IR

fe model A=-B Ri=r. +@+B)Re A=A R Ry=00 [V, =]
Ri

WA
r+1+p)R:  R:
[A+B)R > ]

R =R.IR

A =
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e
C
R, B
C,
p E I Vo
v.Q I 5
3r 7 3k,
[ |
R' = R
Parameter | Current Gain Input Resistance Voltage Gain Output Resistance
h-model A =1+h, R =h, +(1+ hfe)R'L A = AR <1 R - R, +h,
R 1+h,
R'=R.IR R, = Effective source
e L impedance
=1 R = 1+B)R; ' ;
re model A =1+ L =r +(1+PB)R, A,lz @+B)R. 10 RO_R;:Brn Ifr. >R
r +@+p)R,
o
R=RelIR, R°_1+B~[3
N 1
Ro =T =-__
B On
RS E g
i / A B
+ B3
4Q) v, 4B V, $Re
Parameter | Current Gain Input Resistance Voltage Gain Output Resistance
h-model A, _ h,, <1 a hie A, _ ARL R, = o0
1+h, 1+h, R
R.=Rc
re model . B . r. 1 1xR L V. =
- ~1 AP P S r L ' =0 =0
Ao AREETRY ) A =17 "R Ri=o =]
m
R =Rg
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Rs, Ri, Rs, Ri, Rs, Rs,

J—J—Jl X

- O @ ® @ Vy
P L]

Ri1 Ro, Ri, 0, Ri; Ri,
1. R, # f (R Ra)
Rlef(RiZ)

2. R, # f(R.R,)
R, = f (R01)

3. Ri [cascade] = R; (1°* stage)
4. o/p Ro (cascade) = Ron (last stage)
5. A\/ = Avl X A\/2 X A\/3 X oo AN

(for proper impedance matching)
6. A=A x A xAig X ...... Ain

(for proper impedance matching)

Loading Effect

_J> o Olp
|"AV1 RLlj [ Ay, jRLZ
Ri, 1

1. The decrease in the gain of first stage due to low value of input impedance of second stage is called Loading effect
2. Loading effect occurs in BJT amplifiers, and not in JFET and MOSFET amplifiers because they have a very high

input impedance.

e A combination of CE followed by CB is referred as Cascode amplifier

e CE acts as input stage and CB acts as output stage.
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e Cascode amplifier can amplify both voltage and current
e Also known as direct coupled amplifier because output of CE configuration is directly connected to input of CB

configuration.

B, 1, Ic G, "---\‘. E, I, ICZ G,
—o0—p— ——0—— ——0—>—] Vi
CE , CB I

S 0

© T R
E . B
! (Direct : =
L coupling)
o Ve

R, ¢

R
G,
Bypass Capacitor B
|2 @
L 0

- EE ——— I/Pof 2" stage

oV,

A
-~
o

+— s
O/P of 1" stage

1. Transconductance (gm) = A|[CB] X gm[CE]

2. Input Impedance (Ri) = R; [CE]

3. Output Impedance (Ro) = Ro [CB]

4. Current Gain (A)) = A/ [CB] x A [CB] > A [CE]

5. Voltage Gain (Av) = Ay [CB] x Ay [CE] > - Av [CB]

e Series combination of two CC configurations.

e Also referred as direct coupled amplifier
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(Direct
coupling)

1. Transconductance (gm) = Ai [2" stage] x gm[1* stage]
Input Impedance (Ri) = Ri [1* stage]

Output Impedance (Ro) = Ro [2" stage]

Current Gain (A)) = A; [1% stage] x Ai [2™ stage]
Voltage Gain (Ay) = 1

o ~ w0

00oa
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MOSFET
AMPLIFIER WITH BIASING

5.1. MOSFET

Source (S) GTatc D (Drain)

(L LLLLLL L

p-substrate

J) Body

e Source : terminal through which majority charge carrier enters into the SC bar.

e Drain : terminal through which majority charge carriers leaves the SC bar.
e Channel: path between source & drain by which majority carrier travel from source to drain

e Gate : Terminal to control the flow of charge carrier from source to drain

Symbol :
oD ] D
.—| ——p——oB ._| B
or G ‘
°S S
e P-channel Enhancement type MOSFET :
OD D

— s or 1 E{B

w

°S
¢ N-channel Enhancement type MOSFET.
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The current flowing from source to drain via the channel. It is a function of aspect ratio of MOSFET and applied voltages
VGS, and Vps.

1 W Vs
I =§anox T|:(VGS —Viy )VDS _% }

It is a figure of merit indicates that how well a transistor convert the voltage to the current

adlp
=—2-V_. =const.
gm 6VGS DS
In cut-off Region:
MOSFET works as an OFF switch.
Vgs < V7
|D =0

In Triode Region:
MOSFET works as a resistor

Vgs > V7
Vbs > (Ves— V1)

1 w Vos
Io =§anoxf|:(ves —Vry )VDS i :|

ol

W
—B2 =const.)=g, =p Cox—V,
. (Vos )=0n =M, L oS

In Saturation region :
MOSFET works as on ON switch

Vgs >> Vr

Vps =Ves ~Viu

1 W
. :E“ncox I[VGS —Viy ]2

W
and gm = anox T[VGS — Vi ]

2|DS&I

Vs — Vi

w
O, = 2Mncox (T] ID

On =
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e Biasing is a process of applying the operating point of device.
e Three operating regions.

Cut-off Vs < Vr

Linear: Vgs >Vr [Vps <Vgs —Vr

Saturation: Vgg >Vg [Vps <Vas —Vr

e There are three types of biasing
(1) Fixed bias
(2) Drain to base bias
(3) Potential divider bias

1. Fixed Bias Configuration:

by kVL
Ve —Ves—IpRs =

= Ves = Ve—IbRs 0—'
V, +

|
o
-«
o

Assume operating in saturation mode . Vas — l'D

Find Ip from standard drain current equation Rs

kVL in output loop -

Vpp — IpRp —Vps — IpRs =0

= Vps = Voo—Ipo(Rp+Rs)

Now checks VDS & Vs — Vr condition for saturation.

True — assumption correct

False — assumption false, assume linear & solve again.

2. Drain to Gate Bias [ Yoo

As Vos = Vas 2Rp
Vbs > Ves— V7 lID

MOS biased in saturation region.

Applying KVL Voo — IbRp — Vs =0 2, EJDS
Vbs = Vop—IbRp +V e

GS
as saturation, lo = k[Vgs —Vr ]2 +
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. - : V
3. Potential Divider Bias T DD
By voltage division Vg = Vop xRy
Rl =+ R2 Rl g gRD
Is = Ip

Ves = Vg — IpRg

B
GS
A . _ 2 & R
ssume saturation, lo = k[Vgs —V¢ ] find Ip, Vs, Vos 2 § § Rg
Vs > Vs — Vr saturation. L 1
otherwise assume active. i :
Small Signal (or) AC Analysis
(nMOS) (pMOS)
]q =0 D D
o— > e o) o— o o

R Cls
[
Vs
Ig Vs Ip
B B 0 < : oV0
| + l
S (0]
Rs Ves OnVos RplIRL
RIR, |
Vg :
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.= Vs

R [ Ry
2. lo =~ 9ImVas
3. A =—0n[RIRY]
4. Rn=Rs +[R1[IR:]
5. VS :Is'Rin
6. Vo =—09mVes (Ro [IRL)

V, Ry || R
7. A\/:_Oz_gm( D” L)[RlllRZ]

VS Rin
8. Rout = Rp (Load open)

(b) RC coupled amplifier without bypass capacitor:

R, [| R, 8s

=
N
il —AN— =
A J
~
to
=)
s
PAN
AN
3
<
o
i —AM—<—
= o
w)
—_ (o]
= ~

io = ~OmVgs

R IRp] 9mVis

Rin = R +[RIIR:]
Vx = Vs +0nVgsRs
= (1+0nR)Vgs

Vo
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= _RlR
(RUIIR; +Ry)

R || Ry + Ry
= | —=——2 |1+ g,R)V,
= Vx { R||R, 1+ 9gnRs) gs

Voltage gain =

<|<

n

e It copies the ref current flowing at the input of the system to the output.
e Itisalso known as practical current source.
e |tis designed by using IC technology.

Vet

'refé | e
M i

+
VGS]. VGSZ—
T
Ves1 = Ves2 = Ves
1 W 2
let = EHXCOX(le(VGS -Vr) ...(1)
_ 1 W

|out A E HXCOX (T)z (\/GS —VT )2 vee (2)
ﬂ = _(W/ L)
Iref w/ L)l

as now output current is independent of output resistance, if (VTV) :(
1

<

jz - Iout = Iref

e
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T1and T, are in current mirror.

= |D2 = Iref M}
| (W/L)

T.and T3 are in current mirror.
= 1 M}
Ds L (WiLy

T4 and Ts are in current mirror - pMOS

| | F(W/L)s . | WiL)s
O T P Wi, | B Wi,

5.2. MOSFET Amplifiers

(@]

1]

o

]
-

- N)

O

0\4

1 = [ |

R’ ) Ry’ R'=o Ry’
(a) CS MOSFET amplifier without Rs (b) AC equivalent of CS MOSFET amplifier without Rs

oV,

4

Gi‘_
e
=

©o
3
£<
G
AAAA
VVVV
el

a
@
AAAA-
VVWV
AAAA.
VWV

AAAA

Fig. (a) CS MOSFET amplifier with Rs
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g b D
——06G 0 oV,
+
b
+ gmvgs :: f
>
v 9 v $ s
gs < <
S_ :: RD :: RL
> >
S
i o R,
= S |
R'=w

i R,
Fig. (b) AC equivalent of CS MOSFET amplifier with Rs
Common Drain MOSFET Amplifier and its AC Equivalent circuit

I,=0

\Q
RS RL
R'=o0
2. S

+

VVVV
S

<
W
<

(a) CD MOSFET amplifier (n-channel enhancement) (b) AC equwalent of CD MOSFET amplifier

Common Gate MOSFET Amplifier and its AC Equivalent circuit
Y

DD

RD

a0

Fig. (@) CG MOSFET amplifier (n channel enhancement)
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D
o oV,
|RD |
= R
Fig. (b) AC equivalent of CG MOSFET amplifier
e CS without Rs CS with Rs Common drain Common Gate
parameter
Input R'=oo [+ |.=0 —o [ | =0 R.'— R.'zi
resistance ' [ g } R [ 9 ] A ¥ ' O
ROI = ro [7\. ES 0]
Output 1 Ro'=1p +(L+1)Rs Ro'~ 1 Ro'=ro +Rs (1+p)
resistance | Ry'=o [A=0] {r():}hl—} Ry'=o [ifA=0= ry =] Om Ry =00 [ifA=0= 1y =o0]
D
R~ R L~ OnR R
Voltage (R AV ;ﬂ??mRIII_R ) R.'+ Iy +Rg (1+ 1) A 1+9g,R.’ A= R
ain = -
g SR (RU'=RpIR.) (RL'=Rs|IRL) (RU"=r [IRo [IRL)
Does not exist
Current ; _ ; ¥ T
gain Does not exist [Ig =0 A] Does not exist [Ig =0 AJ I:Ig _0 A] A '=10

00oa
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FEEDBACK
AMPLIFIERS

6.1. Introduction

6.1. Feedback

It is a process of taking sample from output and mix with input.

Amplifier "
A
+ Feedback |
According to type of mixing two types of feedback.
I. Negative Feedback
If sample gets subtracted from supply.
X=X-X ;
R i %4 | Amplifier
X — Y A X,

A Feedback |

)}f {8
1. Overall Gain:

AF = A

1+ AB
gain reduced by (1 + AB)
ifAB >>1 = | As =1

p
2. Bandwidth:
Gain x B.W. = Constant

= (B.W.); = (BW) (1+Ap)

so, bandwidth increased by (1 + AB)
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3. Noise and Distortion

without feedback:
Vo = AVi+Vn+V,
with Feedback
Vo = AN —BV,)+VN +Vp
N Vo= A% . W . W
1+A3 1+A3 1+AB

Hence, noise and distortion reduced by (1 + AB)

4. Frequency Response:

5. Gain Sensitivity:
aAf /Af A aAf
Sg = =—X—
oNA A OA

_ A o[ A
- A oA| 1+ AB
1+ A3

= (1+AB)[

_1+AB

L+ Ap)-M] 1
1+ AB)?

6. Desensitivity

O
1

S

g

I1. Positive Feedback
If sampled signal gets added with input then it is called as positive feedback.

Amplifier
A ° X,

t Feedback (B)

Fy
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(a) Gain
Xo XiA XiA
Af = —= =
Xs  Xi=X¢ X —ABX;
A
= Xo = [1_—} Xs
= A A ractically |AB| < 1
1- 78 p y :
Effects:
1. Reduces bandwidth of system.
2. Increase noise, as well as distortion of system.

Negative feedback amplifiers classificed into 4-types.

1. Series Series Feedback
2 Series Shunt Feedback
3. Shunt Series Feedback
4 Shunt Shunt Feedback

6.2. Classification of Amplifier

In the feedback amplifier

Xg—*

A Mixter Network

°X

Amplifier
A
+
t Feedback () |«
+
i 1@

Voltage Mixing

Vi=Vs—Vf

Ri increase

Current Mixing

li=ls— It

Rin decrease
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B-Sampling Network

+ 1

A RL% v, A %RL
Y —
7

A

+
p v, p
I,
Voltage Sampling Current Sampling
R, decrease R, increase
(1) Series-Shunt Feedback: (Voltage Amplifiers)
+
+ -
VSd") v, Ampjilﬁcr v
— db ~ -
VJ, -
Feedback [+
B Vo
Observations:
Gain = A
1+AB
Bandwidth = BW[1+A,p]
(Rn)f = RiL+ A, Bl
R)f = o
1+ AP

(2) Shunt-Shunt Feedback : (Trans-resistance Amplifiers)

+
I i ’ An“g)il)ﬁer RL% v,

M

Feedback [+
®
Gain:
i = BVO
R
lin = — . S
() 7k,
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R R R
V:Rl—L:R L S = (R U -BV,
¢} M In|:RL+ROj| m|:RL+RO RS+Rm ( m) (S B O)
Vo[l +B(Rn)] = IsRys
j— = \i: Rms
I 1+BRys
Observations:
1. Gain (Rm)i = _Rms  gecreased.
1+ RysB
2. (R); = Ri__ decreased
1+ RsB
3. (Ro)t = Ro decreased.
1+ RysB
3. Series-Series Feedback Current Series Feedback (Trans-Conductance Amplifier)
I{)
T I Y
V. v, m =V,
s _|_ p Vf+ z_v . 1 K
A
1 Fecdback g 1
(B) -
Observations:
1. lo_ Om
Vs 1+GB
2. (Rin)t =Rin(+GpB)
3. (Rt =Rol+Gy)
4. Shunt-Series Feedback : (Current Amplifier)
Ith [o

Yy
=

o+

Current < 1

I < : S l I; Amplifier (Ai) R,: o
O —

Feedback ]
(B +
]U
Observations:
1. lo_ A
Iy 1+AB
R.
2_ . — in
(Rm)f 1+ A| B
3. (Ro)r =R+ AP
0aa
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OPERATIONAL
AMPLIFIERS

7.1. Op-amp

A difference amplifier (amplifies the difference between two inputs)

Voa
+V.va! ...............
Non-inverting ¥, o s
input T
Va < >V,
Inverting 0 {
input
--------------- 7er
v

where, V4 =V; -V,
Op-amp Characteristics/Parameters

Vv,
1. Open Loop Voltage Gain £A= V—Oj The internal gain of op-amp without any feedback.

1
Ideally = oo; Practically = very high
2. Gain Bandwidth Product (GBW): Unity gain bandwidth product i.e. GBW = 1 refers to be behavior that the gain

reduces at the same rate as frequency increases.

3. Input Resistance (Ri =|—']: It is the internal input impedance of the op-amp.
[

Ideally = o ; practically = very high
. Vo :
4. Output Resistance | R, =|— . Ideally = 0 ; practically = very small
(o]
5. CMRR (Common Mode Rejection Ratio) : Metric used to quantify the ability of the device to reject common-mode
signals.

Ideally CMRR is infinite, Practically very high.
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CMRR =‘ﬁ‘
A

e CMRRindB =20log

Al _
/x‘ (A —(A)es

6. Slew Rate:

The maximum rate of change in output voltage per unit of time

av,
dt

_| Do
av,

max 1

av;

dt

av,
dt | ..

X

=|Ac |

max

SRz‘

max

e Offset voltage (Vos): If the two transistors are not perfectly matched, an offset will show up as a non-zero DC offset
at the output.

e Bias current (lpias): The transistor inputs actually do draw some current. The bias current is defined to be the average
of the currents of the two inputs.

e Offset current (los): The difference between the input bias currents.

Parameter Symbol Ideal
Open loop voltage A o
Unity gain frequency Funity (GBW) 0
Input resistance Rin ©
Output resistance Rout Zero
Input bias current Ibias Zero
Input offset current linos) Zero
Input offset voltage Vin(os) Zero
Slew rate Sr o0
Common mode rejection ration CMRR o0
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7.2. Common Op-amp Circuits

VOA |
+V |

sat

satl |

Vo =Vsae 5 Vi> Vg

Vo=—Vsar 3 Vi <Vg

R

o AAAA,
Vv LA AL

R

VO_ —
v "R

7.33

GATE WALLAH ELECTRONICS AND COMMUNICATION HANDBOOK



[ Analog Electronics

Voltage Follower

Non Inverting Summing Amplifier

AAAN

—I vy V —

R Var
V', o——AMW +

R
V, o—ANMA——

R
V; o—amA—

——oV,

VO 21(\/1 +V2 +V3) 1+&
3 R,

Inverting Summer

VO :—Rf (
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RQ
Ideal Integrator Practical Integrator
R./'
A !
R C,
V, L, V)/?V\ v = VS o——MW
—0 VU o I/E)
+
—1 V- -R. IR
V,=— dt v, _ R
RC Vs, SR,C; +1
Ideal Differentiator Practical Differentiator
RI
R, AVA
AN
R C
C V. e—wv—| 3
Vin H - —o
p!() +
+
. V. —SR,C
VO=_RfC:_\/in _0:—f
dt Vi 1+sRC
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Input V; =V, sinot

— Toy —

1' 0
b3 Rz
) D
—— _Vm/
VUT VsatRZ = _VsatRZ
>
R +R, R +R,
Hysteresis Curve:
AVO
P= P P +V.,
VN
A 4
» |
mn
Vir A Vr
A 4
4 sat

Ve = Vur =Vir
2V

% sat
R +R,

000

@+
[ A )

For more questions, kindly visit the library section: Link for web: https://smart.link/sdfez8¢]d80if

PW Mobile APP: https://smart.link/7wwosivoiced4
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