Differential Amplifiers
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Differential Amplifiers
Designed to amplify the difference

between two input signal voltages. g
RC

Found in many electronic circuits,
including low and high frequency

amplifiers. —

Almost always used as the input e
stage inside an IC operational .8
amplifier to provide :

Large input impedance .
Rejection of the noise

VEE-




Differential Amplifiers

VCC+

Simple Differential Amplifier é
DC Analysis: RC
VBl — VBZ =0 since Vi1 = Vjp = Vol

Vg =V = —0.7v } <

—0.7 + Vg r

Vo2

RE -

1
Tpr = Ipz = EI Q1 & Q2 are identical

symmetry © By =By

REi |

VEE-




Differential Amplifiers e

AN
Simple Differential Amplifier
Ac small Signal Analysis: Ré R%
Calculate and sketch Vo1(t) and Vo2(t) if vor Vo2
Vil(t) = \{12(t) = 100mV Peak sinusoidal & 2
assuming i
B1= B> Vit [%
and | % 1
:cl _ 1;7c2 — —-100
bel be2
N4
Vo1 _ Vo2 — _100 VEE-

VUpe1 Vpe2



Using superposition

1) let v;1 =100 mV peak,v;; =0




Simple Differential Amplifier
1) let v;1 =100 mV peak,v;y; =0

ég___w/// é% b §

o [ ver Vo2
VA

Vol
Ql

Q2

~N
arl
_I_ vil(t)

vil C_) B

RE

- Using Thevenin theorem



Differential Amplifiers

RC

vil
Vol

hiez h Ql
” = Nipz
fe+1

vil .
if Rg> hy, hib2
Rg || hip2 = hip,




Vo1 Vo2

= —-100
Ubpe1 Vpe2

Ac small signal equivalent circuit
ibl Vo

Vol
Ql

vil

vil hib2



Differential Amplifiers

Simple Differential Amplifier To find ve1 = ve? |:>
AC Small Signal Analysis: Emitter equivalent circuit
ibl Vol jl
hibl vel = ve2
vil vil hib2
Vo1 = =V;1 = 50 mV peak

2

hib1 = hib2



Differential Amplifiers
Vo1 Vo2

AC Small Signal Analysis: =—-100

v v
1 bel be2

Vo1 = Ve = Evil = 50 mV peak ! I
RC o

VUbe1 — Vp1 — Ve1 l
Vpe1r = 100 mV peak — 50 mV peak | [ Vol Vo2
Vpe1 = S0 mV peak K o a L
" Ve =Vy1 = (—100)(50 mV peak) < » _I_
V.4 = —5Vpeak ] 1
i Vol 0
v,1 = —5 V peak !
5 ,.ff " = RE§
_l IIII | -
. [N Il




Vo2

= —100
Vpe2 I
to find v, =v, , “1~N A
we need tofind vy,

Vpe2 = Vp2 — Ve2
= Up2 — Ve2 vit®
Vper = 0 — 50 mV peak

Vpe2 = —D0 mV peak
Vo9 = Voo = (—100)(—50 mV peak)
V,, = +5V peak




Differential Amplifiers
Simple Differential Amplifier

AC Small Signal Analysis:

V,1 = =5V peak

V,o, = +5V peak




AC Small Signal Analysis:

Using same steps for

Vi, = 100 mV peak
Vi1 =0

v,1 = +5V peak
V,, = =5V peak

Differential Amplifiers

100mV

b
vi2(t)

-100mYy

RN

/

Vol
A Vol

1AWA
|




Differential Amplifiers

Simple Differential Amplifier

AC Small Signal Analysis:

now if viy = vy, = 100 mV peak

Vo1 = 0
Vo2 = 0
Vil(t)

ANA
V)

100m\

-100my

100mV

vi2(t)

Yo F
Vo2(t) " frﬁﬁ
+5 ! O
VI”” NN N
_5V| \__/
\ °
> Vo2
/ VO]. N
Vil ‘;
Wiol Yol
T
A Y -
. "-.,x____,-"l -5| e

-100mYy




Differential Amplifiers

Simple Differential Amplifier Hov /ﬁ\ 8\
a

AC Small Signal Analysis: - 10v \

Using same steps for ~

V;1 = 100 mV peak
Vi = —100 mV peak () | -

v,, = +10 V peak

v,1 = —10 V peak

100mV

vilf)
B
AN A




Differential Amplifier Circuit:
Common Mode & Differential mode Signal

Since the differential amplifier is most often used to
the difference between two input signals.
let vy = vy — Vjq
vy = Dif ferential mode input signal
Viz + Vi1

2
v, = Common mode input signal

let v, =



Differential Amplifiers

Differential Amplifier Circuit:
Common Mode & Differential mode Signal

Input voltage can be represented in terms of a
common mode and differential mode input signals.

In the usual application of the differential amplifier ,
the differential mode input is desired and to be

amplified , while the common mode input is to be
rejected.



Differential Amplifier Circuit: o

RSIBl + VBEl + REI — 12 —_ O

DC Analysis: mm) Vi =Vip =0 é %
RC=21K RC=21K

Vo2

[=1Ig +1Ig ol —
Igy = Igy |[symmetry] _ L I
12— 0.7 Il |
IE1:IE2 1k RE=20K
a1 + (2)(20k)
= 0.2825mA B1=pB, =40 12V

Q and Q, identical

Rs=1K




Differential Amplifiers

12+

Differential Amplifier Circuit:

AC Analysis:

since Igy =1z, and B1 = B

hie1 = Rijez = hy,
hip1 = hipz = hyy

-12V



RC=21K§

Rs=1K :
vilo

Vol
Qi1

RC=21K

Vo2

Q2

RE=20K

-12v

Rs=1K

vi2Q®

v ip1P1[
vilo
ghiel
-

% Ac small signal equivalent circuit

cl

° Vol Vo2

el,e2

RC RC
)hfe ibl
GND1

¢

\

c2

D

GND1




Differential Amplifiers

Differential Amplifier Circuit:

cl ib2

AC Analysis: M\)-o . vol Vo2 ——\W\—

Rs iblbl Rs
A . hie2 )
Vllo RC ch @hfe ib2 § VIZO
§hie1 <'> hfe ibl o
GND1

el,e2
» RE
Vo1 = _hfelbch §
Vo1 = —lca1R, =
Vo1 = _lech



c2
AAA ) o—— ° Vol Vo2 o

Rs b1

el,e2

vitQ® RC RC
i hfe ib1
§hle1 <') — GND1 GND1

@hfe ib2

I0Z \

——W\—

Rs
fhiez

Vo1 = _iech
To find iel 2

GND2

Vil e

Emitter equivalent circuit

hfe+1

hib1

iel

RE




Differential Amplifiers

Differential Amplifier Circuit: To find iel =)
Small Signal Analysis _ _ _
Using emitter equivalent ckt
Va
Vit = V¢ — s . Rs
2 hf€+1 hibl ie2 hib2 h’f€+1
4
Vip =V, +—
i2 C 2

_ vir (2
v,1 = —lel.Rc



: : . s s : . _ts
Differential Amplifiers hibl o5 hib2 T,

v,1 = —lel.Rc

Using Superpostion

iel =ie11+ ie12

To find ie11 W—W—P—— W MWV—

let v;=0 lell

B | - vc(i) RE VC
Vit = V¢ ;5 Vi ="V

-




Differential Amplifiers

Small Signal Analysis
Using emitter equivalent ckt R ~ _Rs
5 1 heeiq hibl ie21 hib2 h. 4
Vi1t = V¢ 5 Vi2 =V MW— W—P—— W MW
lell
By Symmetry
. . vc(i) RE ve( T
le11 = le21 5 lx = 2le11 |
. vC 3
le11 = R, - =
h;p + + 2Rp =
5 ey hip1 = hip?
. vC
le21 =
hip + 5~ + 2R,

hfe+1



. . oL Rs ] RS
Differential Amplifiers hibl oy hib2 T,

2) letv, =0 Yen

(Using symmetry)

le12 = —le22

le12 = R.

ix=0




Differential Amplifiers

Differential Amplifier Circuit:

Using Superposition

Vd

. V¢ /2

le1 = R R
Vd

i , = Ve /2

€ R R

h;, + ——+ 2R - hy,






Differential Amplifiers

Rcvd Rcvc
Vo1 = + R o R
h;;, + + 2Rg
2 (hlb + hfe+1> ib hfe+1

Ad = Dif ferential mode gain

Ad —_ & 0 R
— Vo=
U Ad — C
let v, = v,q 2(hyy 4 R
Vy1 y hfe+1
Ad = — V=0

Va




Differential Amplifiers

Rcvd Rcvc
Vo1 = + R o R
h;p + + 2R
2 (hlb T hfe+1) b hfe+1
Ac = Common mode gain
Vo
Ac = — _
vc Vd 0

let v, =V,

Vo1
Ac = _
v, “Ud—O
—R
Ac = < R.
2Rg + h;, +

hfe+1



Differential Amplifiers

CMRR = Common Mode Rejection Ratio
CMRR = | Ad
' Ac

R
hfe+1

R
2 (hlb + hfe_l_l)

To increase CMRR we need to increase R

2R + h;, +
CMRR =




vil(t]

ZRE + hlb | h
CMRR = . fe+l
2| h;p 4 S
( tb hfe+1>
12 -0.7
Igy = Igp; = R,
s L 2R,

41

RC=21K

Rs=1K




Differential Amplifier with constant current source: T

g =100 Rcé

R,y = 5kl5k = 2.5k
Vg = 20) = —-10V
TH ™ 5k + Sk( 0)

RTH
/ 2.5K

Q3

VTH=-10V 2K
10—-0.7
_ _ 20V
I[a; ——:ZIE;lc-+-:ZI‘-—-‘4.(55;171/1

101

\

vil

Rs

+20V

Ql

.

Q2

5K

5K

‘ -20V

Rs
Vi2



Differential Amplifiers
5K

Differential Amplifier with constant current source:

10—-0.7

Ies =555
101

= 4.65mA

+ 2k

-20V

%
h: = pI—T = 0.559K
CQ3 VTH=-10V 2K

T

20V



Differential Amplifiers

Ac small signal equivalent circuit for the constant
current source:

VTH=-10V

T

RTH
2.5K

-

RTH§

2K

pe3

-20V/

ib3

b3

hfe ib3
hie3 (' !

hoes

VT



Differential Amplifi
Ac small signal equivalent circuit for the constant current source: \
1\hoe3 T

1 hfe . .
Vi = n [T h ip3 — (Mie3 + Rry)ips
oe3 oe3
] — RE R TH+hie3
‘b3 = Rg+hiez3+RTH Ir h
|4 1 h R
“ R, = i R, = } fe E
IT hoeB hoeB RE T hieB T RTH
1 hee Rg (hiez + Rry)

hoes | hoes Rg + hiez3 + Rry R + hie3s + Ry

R



1 + hfe RE
hoe3 hoe3 RE + hieB + RTH

R, =

> let — = 80K, hy, = 0.55%

oe /
’hfe = 100 ,RE — Zk, RTH — 25k

» R, = 3.25 MQ

R,
2Ry + h;p + hfe+1 o

R
2| h;, +
( tb hfe+1)

CMRR =




Differential Amplifiers

Bipolar transistor current sources:
Q1 and Q2 are In the active region

1.Current mirror : Simple / \

@ VCC+
I =IgelVr
c = Is R
IR lo=Ic2 Y
If Q4 is matched to Q,

Q1 Q2
P1=PB2 ; Is1 =1s2; Vp1 =Vrpy K‘

And since VBEI — VBEZ

Ici =1c2 =1, VEE-



To find I, in terms of Ip

»KCL Ip= Igq+1Igq+1Igy | vecr

» Iy =1I¢y ; Igy =1Ipy IR
Ioq |
Ix a1
> I, =1 =—
1+E




Differential Amplifiers VAN

| Vcc

Bipolar transistor current sources: R IR
1.Current mirror : Simple oV
1) if p=o '
I, = Ig Ql Q2
2) if =100
I, =1p ; 2%error
To find I R N\ l VEE
KVL VCC — RIR+VBE1_VEE IR

Vee + Vg — Vg fo=Tcz =

2
IR= P 1+F




Bipolar transistor current sources: PN

+Vcc
VBE

IC=ISeVT

IR
1.Current mirror : Simple loy

If the area of the EB junction
of Q2 is mtimes that of Q1 Q1 l(‘ Q2

Ig; = mlg

And sinceVgg1 = Vg, and B1=B5 ; Vr1 =Vr VEE
ICZ — m161

KCL: Ip= I;q+1gq+1Ipy Ip = —+ 1



Ico I

Ip= 2424
R= "0t gm 182
Icp = micq

m
Ico =1, =1p p—
1+ B
if p=o
IO:IC'Z: mIR

+\V/cc

Ql

IR




Bipolar transistor current sources:

Output - Impedance:
To find Ro = -~

It
Ac small sighal equivalent circuit

/ c1 b1

i hfe ibl ()

—

oel

Ro’

ib2

b2

VCC+

IR

Q1

hie2

e2

O




Differential Amplifiers

Bipolar transistor current sources:

Output - Impedance:

To find Ro’

Ro'

IT



Bipolar transistor current sources:

To find Ro'= -~

T

Output - Impedance:

[

ib1
hi G) hfe ibl hiel
oel

+ hfelpq

Vr

= . Vr
lp1 —
! hiel
hfel

IT — VT
R ” ” hlel
h
fe
I V-
T hlel !

1
R H hiel “ m RO R “ hlel H e1

| o



Differential Amplifiers
N

Bipolar transistor current sources: if;

Output - Impedance: S Ry She (e

To find Ro = Ir

IT

Vel =
1 =
her

It = hfe iy +

ipz =0
vr 1
IT her




Bipolar transistor current sources:

2. Bipolar mirror with base-current compensation: 7//\\(

Q1,Q; are matched Reduce the B dependence

P1=PB2 ; Isy =1Ig2; V1 =Vp

- | VCC+A VCC+A
And since Vg1 = Vpeo
R§
Iy =12 =1, | (] K oy
Igy = Ip; 2
IR=IC1+IB3 Ql j < > KQZ
Ic I
B B
IE3 ZIC

Ip, = __ ¢
B3 B+1 Ig3 = B

VEE-



Bipolar transistor current sources:

2. Bipolar mirror with base-current compensation:

o Tp=1 2lc |
CR=le T D R;
1 |
e IOZIR' 7
1=[f2+ﬁ

Current source with a current transfer
ratio that is much less dependent on B
than that of the simple current mirror.

PaN
VCC+

IR<:;

VCC+

PAN

X/

Ql

21

oy

7\

(&

(&

VEE-

Q2



Bipolar transistor current sources:

2. Bipolar mirror with base-current compensation:

Show that

| we] .

R B 1 VCC+

’ hoe2 R § IR (v K a3 loy
|
~ Vec +Veg — Vgez — VaEs |5
IR — R a1 j < » Kaz
i i

VEE-



Bipolar transistor current sources:

3. The Wilson Current:
A
1)Reduce the B dependence | e
hfe
2) Increase R, = ; hl R§ IR e loy
oe3 | T K )
Q.,Q, are matched oY . rasd)
)
IC1=IC2=IC Q2 j < > Ql
I I,
2 ’ ’
I (1 +2/ ) 1+%
B I ﬁ VEE-

Ip =1, + 1.\ 1
kR0C B+1 ¢ B+1 il



Bipolar transistor current sources:

3. The Wilson Current:

B ”(”%)

Io=163=ﬁ_|_11153= 511

1, 1e(1+%5) /g1 o)
o 2
I y (1 1+ /'3>

- p+1

Ic

ot lo=1g
veet 1+ BB+ 2)
R
IR 1.(1 + %) loy
(B:t1) 0
Ich [——2[
% [[C(l + F)T
by
I > al
le I
P B
VEE-
YV




Differential Amplifiers

The Wilson current mirror ~

VCC+

|
hee 1 R IR
To proof that R, =

2 h,, | 'CT\
Lo F




Bipolar transistor current sources:

The Equivalent circuit for a diode connected transistor

c1

Ql

! : - 4
ib
1
VT _> h'e% C) % N
c 'hfeib - L)1
el | /
_ Vr :
| T — h fel L b1 1 . €
hiel H hoel ﬁ _ i “ n. . H 1
% IT Im1 ‘e hoel
T
lp1 = 1
P17 hyeq Ry = — = hjpy

Imi1




Two Port Model for the current mirror

VCC+

+ +
loy
IR CD

Vi Ql Q2| V2

Q3

/
%
/r\

A 4
B 2 1
, » < 4 Q
N 1 h 1 ¥
Vi D ie2 gm2Vv1 — V2 VEE-
- Im1 CV) hoez } 77 N




— —
Two Port Model for the current mirror
+ n 1 +
i V1 P ie2 gm2vi( y V2
Vi=hqy1 i1+ hVy - ’ ® foez
ip =hyq iy +hy V)
v1 1 1
hi1 =+ ‘vZ:O =—[|hifez =~—
lq gml gml i
h,, = -2 — h
n V1 B 22 = lij=0 = Mge2
12=—liy;=0 =0 1
(%’
h ) - 9Im2 hieZ » 9Im2 —1
21 — 7 lvy=0 — ~ =
11 1+ gm1 Rier Im1



Two Port Model for the current mirror

-

\IZ (o

BN
1 i 1
Im1 GP § hoez'
hi{s = —
1 Imi
hiz =0



Differential Amplifi
The Wilson Current: vecr
h 1
fe IR
T R, = .
o proof R, 2 ho
Q2

ers
2\
I.(1+ %)
B+1) 0
1 K! 1+
- La+p)
by
~
» I( > Ql
< Ic
B B
VEE-




Differential Amplifiers

The Wi 1
AN
VCC+

> 0
. hies ~ hfeib3 IR <V> Ic(1+ %)
(Bt=1)

() /'C "
A 4 B Ny
E- — - ; I_j
- B

Wy
oy
S | =
S
2
=
o
By

= e A\



ib3

-

hieg | hfeib3

Source transformati

ib3

!

/" 1/hoes
4—_11
ie3
hfe ib3 /hoe3

" Y,

A 4

L 1
oe2




Vx

The Wilson current mirror

h 1 1
+ e ib3=( +—>

hoeB hoe3

V-(l + 1)1
X hoeB Im1 X

l

1 1

since
hoeB gml

1

hoeS

Vy = Iy —

hoez

1
— gm1 IX+ (hi63 +

i = ibs + Iy

> —— and

Imi

IX +_ lb3

1

Imi

1 he )
+ — b
(gml hoeB ;

hee

h083

fe ib; -

hoeB

1 N 1
Im1 hoez

- (3)

>»> —

1

ib3

Imi

(1) |

) ib; - (2)




I+ (=

hoez

sub (3) into (2) »

- + hle3 + ) lbg >
062

Im1

> —— 4 hyps b

hoez Idm1

Iy +

ib; — (4)»

hoez

ib3




The Wilson current mirror

Ve = g ey (1)
— — L SN
X h0€3 X h063 ’
. . Ix
using (4) we get ib; = —
1 hee 1
Vy = Iy + |
X hoeS X 2 hoeB X
v h 1
_X — (ﬁ 4+ 1)
IX 2 h083
V h 1
R0= _X ~ fe

Iy 2 hoes

+
Q hfe ib3 /hoe3




4. Widlar Current Source:

- To Produce Very small Io
- To increase Ro

KVL: Vggy = Vggy + Rplg,

I I

VT l’n,ﬂ T VT lnﬂ + REIEZ
ISl ISZ
I |

VT lnﬂ_VT lnﬂ — REIEZ
ISl ISZ

if Qqand Q, are matched




I
VT lnIC_l :REIEZ

C2




4. Widlar Current Source: > , <
H hO€2
- To Find Ro: 1 hie2 OR
gml §
e
= RE§ VX
1 h R
Ro ~ I fe E




Design a simple current mirror to generate lo= 10uA

given that Vg = 0.7V @ 1mA
Assume B =« , Vcc =10V and Vee = OV

We need to find the value of Vg @10uUA

Ic
Ve =Vrln+ vees
S
Ico
Ve — Vper =Vr lnE IR
Ico
Ve = Vpepr +Vr l"E al
0.7+V,1 10HA
= 0. n
g 1mA

— () 58V



Differential Amplifiers
Design a simple current mirror to generate lo= 10uA

given that VBE = 0.7V @ 1mA
Assume B=« , Vcc = 10V and Vee = OV

VCC+

VCC = 10V

R
IR

Q2

KVL: VCC = R IR VBE Qi

since 3 =

Ip =1, =10uA VEE = ov] VEE-
~ R =942K Too Large , Not Practical



Design a Wedlar current source to generate lo= 10uA

given that Vg = 0.7V @ Ic=1mA
Assume B=« , Vcc = 10V and Vee = OV +Vec

Assume that Ip = 1mA
IR+

VCC = 10V

" VBEl =0.7V

Ve —V
p_Yec=VBE1 _ g 5 Q
Ip

I, Ry = Vyln—
I,

smaller resistor ; smaller chip area



Multitransistor Current Mirror

+VCC

NP @ Ir
If B is finite and all the 14
transistors are matched: 24 13y
Q3 Q4

-VEE



Generalized Current Mirror T

To Generate bias currents for
different amplifier stages in an IC L, A A A
Q1| ~ < I~
SR |2~fv.
Vee + VEg — VEp1r — Ve 14%
Ip = RY
R
if B — 0 13y
o KL
Since |VBE| For all the transistors are equal

11 :IR;IZ — ZIR, 14_: 31R

-VEE VEE -VEE



Mosfet Current Sources:

The Basic mosfet Current Source ,
SinceVg =Vprand Vs =Vp g +VDD
Vpsl > [Vgs — V7l

.+ Q1 is operated in the pinch off region
nhe pn g
Ips1 = 5 Kny (—) (Ves1 —Vr)
2 L/4

[ I, = 1052}= 11_(112 (K) (Vgsz2 — Vr)? ﬁ@
)2 L/,

{ Ip =Ips1 +1gq + 16z = Ipsq }

l.o



1_ W >
Ip =Ipsq = EKm (T)l Vgs1 — V1)
1 W

I, =Ips; = EI_(nZ (L

) (Vgs2 — Vr)*
2

Since VGSl — VGSZ

and Vi =Vrq, and I_{n1= K.,

w
I, L), _ Coai
=Wy S current gain
L




Mosfet Current Sources:

The Basic mosfet Current Source

If we have matched Transistors

I,

%2 _1
Ip

I, = Ip current mirror

+VDD

"

Q2

£

J.o



Mosfet Current Sources:

R,
1
.d1 g.l_ _.g2
d2
gm vgs2
R <'>gm vgsl
rdsl CD Rds2
/ =+
+ =
-
/2 =
R, =
gl ¢ g2
d m vgs2 Vi
Ro’ D BM VESZ 452
! R,

VT

- %J IR\

Q2

i Q1

A
1
— R [|rds;4 i—

Imi1




Mosfet Current Sources:

The Wilson mosfet current mirror

Q4, Q, are matched

R, = gmyrds;rds,

+VDD

C\D R




Mosfet Current Sources:

Two Port Model for Mosfet Current Mirror

1
- —
a1 2 1 7
BlE s b &
_ gmvgsl ? rd
l o
[ 1L
o / \ o
1 i1
E § <V> rds2
o o
\ = _/




Mosfet Current Sources:
Cascode mosfet current mirror

1_ L (W
Ips1 = EKn(VGSl —Vr) (T) = Ip
1

1_ (W
Ips; = zK,(Vgs2 — Vr) (—) =1,
2 L/,




IR "
ds3) “ @
ds; + rds,(1+gmr @
>R0 = Tass3

(I
@.‘-/

rds, rds; gm
R, =




Circuits With Active Load

: _ Yo
Find Av = ”

[

Let RC — 5k,
ICQ — 1mA,

1
=120k

VCC

hoe "

Rl = 10k @ -

;o
i

4,
iR

RL

o)
Vo(t)



VCC

-
i

Ac Small signal equwalent Circuit

% b Vo(t)
(¥ 1 R
VI\- Rl\\RZ hie (' hfe |b hael ‘ RL




Circuits With Active Load

) Vo(t)

TR I JNOPRE S Ut

. 1\+ = 1L o
Vo = ~hye (Rl e ) -
oe

_ v; To increase |Av|,R; T,V g |
b =7 — Transistor enters saturation
le
Av = RC RL
n \RellRull 7~

1 Vep -2V - R 1

Av = —gm (Rc | R, | n ) =—-125 ¢E=Tcc ¢ e
oe



Amplifier With an Active Load




Amplifier With an Active Load

Vo
Av = — R
1% gm( 033 H oe3 “ L) :% hfeib<'> h:g,é_% hi RL
1

let =120k
hoe3 - -
> = 80k =
1062_1 p — 1846 v;;R; = ©
y1CQ — m VO — < —1247 ViiRL =100k
— 318 vi;RL = 10k
h I
wgm=-22="2_38460

hleB VT



Differential Amplifiers

22;
AC Analysis: Input Impedance =
Rs=1K : "
vilO
since Igy =1Ig; and B1 =, = REZOKJ%
hie1 = Riez = Ry 2

hip1 = hipz = hyy




Ac small signal equivalent circuit

vil

RE=20K
cl 2
Ao . Vol Vo2 C.
12y Rs i1l
vit®) RC RC§ @hfe ib2
§hie1 hfe ibl . n
w = —

el,e2

3

GND2




To find the input impedance
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Input Impedance:

Base equivalent circuit
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Differential Amplifiers Using Darlington and FET
Differential Amplifiers Using Darlington
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Differential Amplifiers Using Darlington and FET
Differential Amplifiers Using Darlington
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Differential Amplifiers Using Darlington and FET

Differential Amplifiers Using FET

Ac Small signal equivalent Circuit:
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Differential Ampllflers Usmg FET
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Differential Amplifiers Using FET
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Differential Amplifiers Using FET

Ac Small signal equivalent Circuit:
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The Operational Amplifier

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

Designed to do mathematical operations such as addition ,
subtraction ....
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The Operational Amplifier

DC Level Shifter A
To make v, = 0,when é
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THE FUNCTION OF THE CAPACITOR




Ac Small signal equivalent Circuit:

The Operational Amplifier
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Complete Operational Amplifier
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Complete Ope'rational Amplifier :
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Review 2 Ac Analysis :Differential Mode Analysis
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Ac Small signal Analys ...
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Ac Small Signal Equivalent Circuit Of the DC Level Shifter and the Output Stage
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Operational Amplifier
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