Differential Amplifiers
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Differential Amplifiers

Designed to amplify the difference
between two input signal voltages. g

Found in many electronic circuits,
including low and high frequency

amplifiers. —f @

vil(C

Almost always used as the input ?

stage inside an IC operational .8 i
RE

amplifier to provide :
Large input impedance .
Rejection of the noise . VEE-
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VCC+

Differential Amplifiers ~

Simple Differential Amplifier é
DC Analysis: RC R%
Vg1 =V, =0  since vy =v;; =0 Voi Vo2

Vg1 =Vg =-0.7v K o s
07+ Ve rq o T

RE = RE I
B 1
Tpr = Ipz = EI Q1 & Q2 are identical

VEE-
symmetry + By =B,
STUDENTS-HUB.com Uploaded By: anonymous



Differential Amplifiers e

AN
Simple Differential Amplifier
Ac small Signal Analysis: Ré Rc%
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 _ :cz — —-100
bel be2
Vo1 Vo2 Vi{

= = —100

P PENTS Upepom Uploaded By: anonymous




Using superposition

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

Vil(t)

lml/\Um — vilc_)
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HAWA Vo1 V
J U

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

/

RC
02

:

Q2

~N
el

b

RC

Vol
Ql

= REé
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RE

Using Thevenin theorem
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Differential Amplifiers

vil

Rieo

— h'b
hfe-i—l w2

vil

if Rg > h;j,
Rp JLhin ~ hjp
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Vo1 Vo2

= —-100
Ubpe1 Vpe2

Ac small signal equivalent circuit
ibl Vo

vil

vil
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Differential Amplifiers

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

2
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Differential Amplifiers
Vo1 Vo2

—100

AC Small Signal Analysis:
1 Vpe1 Vpe2

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

Ube1 = Vb1 — Vel l
| “ | Vol Vo2

Vpe1 = 100 mV peak — 50 mV peak —

Vpe1 = S0 mV peak " K o a L
" Ve =Vy1 = (—100)(50 mV peak) < » _I_

V.4 = —5Vpeak ] 1

i Vol O
v,1 = —5 V peak !
5 ,.ff »1 = RE§
_l IIII | -
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Vo2

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

Vpe2 = Vp2 — Ve2
= VUp2 — Ve2 vit®)
Vper = 0 — 50 mV peak

Vpe2 = —D0 mV peak
Vo9 = Voo = (—100)(—50 mV peak)

V,» = +5V peak
STUBANTS-HUB.com p Uploaded B_




Differential Amplifiers

Simple Differential Amplifier

AC Small Signal Analysis:

V,1 = =5V peak

V,o, = +5V peak

STUDENTS-HUB.com
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Differential Amplifiers

AC Small Signal Analysis: il q"'\ ff\'. - oz
Using same steps for = \/ | - ) \f\
Voz
Vi, = 100 mV peak >
— +
vi1 =0 _C_)vmt) P =
v,1 = +5V peak Sf\uf\
v,, = —5V peak | |
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Differential Amplifiers

Simple Differential Amplifier valy 5 CN
+5 f{,ﬂ\ //_\\ X ) "k._,p-"l t
AC Small Signal Analysis: Y ' .
now if vy = v;; = 100 mV peak \> -
vOl — O Vi2<t> - Vol 7
voz — O vit( - :
Vil(t) ' g vi2(t) Wol Yol

=

HAYWA HAWA ) S I -
— U — U — . S .5| ]
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Differential Amplifiers

Simple Differential Amplifier +10v

q [\
J t

- 10v \

AC Small Signal Analysis:

Using same steps for ~

v;1 = 100 mV peak >
Vi2 = —100 mV peak W’C) -~ Vol

Vo2 = +10 V peak w(

Vo1 = —10 V peak o ver
AWV VA A
scomy U t o \j < -10V aL\j

STUDENTS-HUB.com Uplo
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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, =

STUDENTS-HUB.com



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.

STUDENTS-HUB.com



Differential Amplifier Circuit: 12+

PaN
DC Analysis: mm) Vi =Vip =0

RSIBl —+ VBEl + REI —12 =0 RC=21K$ RC=21K%
Vo2
I =1+ 1Igy Vol ~
Igy = Ig; [symmetry] _ T _
12 - 0.7 Il | il
IEl :IEZ 1k RE=20K
X+ (2)(20K)
= 0.2825mA f1=p2 =40 12V

Q and Q, identical
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Differential Amplifiers

12+

Differential Amplifier Circuit:

AC Analysis:

since Igy =1z, and B1 = B

hie1 = Rijez = hy,
hip1 = hipz = hyy

-12V
STUDENTS-HUB.com Uploaded By: anonymous



RC=21K§ RC=21K
Vo2
Vol
--JNNAr—{: a1 Q2
Rs=1K
vilo
w
RE=20K
-12V

STUDENTS-HUB.com

Rs=1K

vilo

—AVW)-e—

vi2Q®

Rs b1

ghiel

cl

° Vol

el,e2

% Ac small signal equivalent circuit

Vo2

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

Vo1 = _hfeibch RE§

GND2

Vo1 = —laaRc ]

Vo1 = _lech
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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

STUDENTS-HUB.com
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Differential Amplifiers

Differential Amplifier Circuit:

Small Signal Analysis
Va

Vi1 = V¢ — 7

Va

Vip = V¢ T 7

v,1 = —lel.Rc

STUDENTS-HUB.com

To find ie1 =

Using emitter equivalent ckt

Re o R,
hf€+1 bl ie2 hib2 h’f€+1
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. . . po R i _Rs
Differential Amplifiers hibl o5 hib2 T,

hfe+1

v,1 = —lel.Rc

Using Superpostion

iel =ie11+ ie12

To find ie11 WM—W——T—€—W W—
let v; =0 lell

- - vc(i) RE ve( ™
Vi1 = V¢ , Vi2 = V¢ o

STUDENTS-HUB.com - Uploaded By: anonymougs



Differential Amplifiers

Small Signal Analysis
Using emitter equivalent ckt Rs . i
g q hf€+1 hibl ie21 hib2 hf€+1
Vi1t = V¢ 5 Vi2 =V MW— WP —— W MW
lell
By Symmetry
L vc(i) RE ve( T
le11 = le21 5 lx = 2le11 |
. v, IX
le11 = R, = =
h;;, + + 2Ry =
tb hfe+1 hibl — hibz
. vC
le21 = R,
h;p, + hfe+1 + 2R
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Differential Amplifiers Rs R

Fro.; Nbl o5 hib2 hf.:l—l
2) letv, =0 Je
__Vd. _ Va
(Using symmetry)
le12 = —le22
ix=0 .
—Vq
o /2
le12 = R
h > | hib
fe+1 vd/ _
. . 2
le22 = R
*— + hy
STUDENTS-HUB.com fe+1 Uploaded By: anonymous



Differential Amplifiers

Differential Amplifier Circuit:

Using Superposition
Vg
. V¢ /2
le1 = R R
h;, *— + 2R >— 4 h;
th hfe+1 E hfe+1 b
(%
i . Ve d/z
e2 — R R
h;, *— + 2R >— 4 h;
th hfe+1 E hfe+1 th
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Differential Amplifiers

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

Ad = Dif ferential mode gain

ag=Ye| .
— D=
U Ad — C
let v, = vy, 2 hy, R
Vy1 l hfe+1
Ad =— |, _
d v, v.=0
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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;, +

STUDENTS-HUB.com fe+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 =

STUDENTS-HUB.com



CMRR = . fe+l
2 h;p S
( tb hfe+1)
vil(?)
12 -0.7
Igr = Tp2 = g
s L 2R,

41

STUDENTS-HUB.com
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Differential Amplifier with constant current source: T

g =100 Rcé

R,y = 5kl5k = 2.5k
Vg = 20) = —-10V
TH 5k4—5k( 0)

RTH
/ 2.5K

VTH=-10V 2K

ol

10 — 0.7

Ig3 =
2.5k
STUDENTS-I]_[GIOI#_ Zk

Q3

=4.65mA 20V

~

vil

Rs

+20V

Ql

.

Q2

5K

5K

qu

3

\

1
hoe3

Rs
Vi2

| Upll!adeli'ﬁéy: anq_)r]y%rmus



Differential Amplifiers
5K

Differential Amplifier with constant current source:

10—-0.7
101 + 2k

-20V

%
h: = pI—T = 0.559K
CQ3 VTH=-10V 2K

T

STUDENTS-HUB.com -20V Uploaded By: anonymous



Ac small signal equivalent circuit for the constant

current source:

Differential Amplifiers

RTH
2.5K

VTH=-10V

T

STU DENTS-HUB.com

/

RTHEE

2K

pe3

-20V/

ib3

b3

hie3

. hoes VT
G hfe ib3

RE=2K

GND2

/
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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
‘. Ro — 1 R, = } fe E
IT hoeB hoeB RE T hieB T RTH
1 hee Rg (hiez + Rry)

| | R
hoes hoes Rg+ hie3s+ Rry  Rp+ hijes + Rry 8
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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

CMRR =

STUDENTS-HUB.CO fe+1




Differential Amplifiers

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

1.Current mirror : Simple / \

@ VCC+
I- =1 Vr
C s € R
IR lo=lc2 W
If Q4 is matched to Q,
Ql Q2
B1=PB2 ; Is1=1Ig; Vi1 =Vp;
And since VBEI — VBEZ
IC1=ICZ=IO \ VEE-

STUDENTS-HUB.com — —Uploaded By:. anghymous
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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

STUDENTS-HUB.com



Differential Amplifiers VAN

| Vcc
Bipolar transistor current sources: R IR
1.Current mirror : Simple oY
1) if = oo '
I, = Ig Ql Q2
2) if =100
I, =1p ; 2%error
To find I l VEE
KVL VCC — RIR+VBE1_VEE IR
. I, =1I¢c; =
I = Vee +Vee — Ve 1+ 2

STUDENTS-HUB.com R Uploaded By: angymous



Bipolar transistor current sources:

+Vcc
VBE
Ir=1IcelVr

1.Current mirror : Simple lo

If the area of the EB junction
of Q2 is mtimes that of Q1 Qi Q2

Ig; = mlg

And since Vggy = Vpggy and B1=B, ; Vi1 =V l-VEE
ICZ — m161

Icz Ic,
KCL: Ip= I;q+1gq+1Ipy Ip = 1

m 6
STUDENTS-HUB.com gpélded By: anonymous




Ico I

Ip= 24+ 247
R= "t em e
lez = mlcy +Vce
m
Icp =1, = Ip m+ 1 IR
1+ B
if p=oo
Q1
I, =1c; = mlpg

STUDENTS-HUB.com



VCC+

Bipolar transistor current sources:

Output - Impedance: IR
To find Ro = -~ 01
It

Ac small sighal equivalent circuit

/ Ro’
c1 b1

ib2

b2

1 hfe ibl ‘) hie2 () holez

hael

e2
\

STUDENTS-HUB.com - Uploaded By: anonymous




Differential Amplifiers

Bipolar transistor current sources:

Output - Impedance: Ro'

To find Ro’

" hfe ib1

VT IT

STUDENTS-HUB.com e Uploaded By: anonymous



Bipolar transistor current sources:

To find Ro'= -~

It 1

Output - Impedance:

ibl

G) hfe ibl hiel

V
It = 1 d + hyelpg
R|| R, | i1
h V
Iy = hf" VoA —— .
iel R H hi.1 “ P 0'=

STUDENTS-HUB.com oel

. Vr
l —
b1 hiel

_ hfel

R hiex || 5= Il 5o

el gml
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Differential Amplifiers
N

Bipolar transistor current sources: if;

Output - Impedance. 2 R Shie2 O Sz @

To find Ro = “r
It L
] Ve = =
IT — hfe lp2 T 1 L
her
in — 0
Vv, 1
IT her

STUDENTS-HUB.com Uploaded By: anonymous



Bipolar transistor current sources:

2. Bipolar mirror with base-current compensation:

Q.,0Q0, are matched

Bi1=PB ;Is1=1Ig5; Vg =Vpo
And since Vggq = Vg % vecs
R

Ici =1 =1,

Igy = Ip,
Ip = 1I¢q + Ip3 @
I3 21
In, = e 4
B3 + 1 IE3 = ﬁ

STUDENTS-HUB.com

| IR (V

PAN

VCC+

YAN

21
B

A

Lot

Reduce the B dependence

Ioy

o | &

=&

AV 4

Q2

VFﬁcSIoaded By: anonymous



Bipolar transistor current sources:

2. Bipolar mirror with base-current compensation:

21,
I — I + | VCC+A e
R C ﬁ(ﬁ + 1) X vees
- | IRCV KQ3 loy
IO — IR' 1 | 2 :%
B2+ B @ b —
g q

Current source with a current transfer
ratio that is much less dependent on B VEE-

\vg
than that of the simple current mirror.
STUDENTS-HUB.com Uploaded By: anonymous




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-
STUDENTS-HUB.com ‘Lploaded By: anonymous



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 Yy . rasd
)
IC1=IC2=IC Q2 j < > Ql
Ic I
2 ’ ’
IR — IC + —_ IC 1 I VEE-
B +1 B +1 Upldaded By: anonymous
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Bipolar transistor current sources:

3. The Wilson Current:

2

I, =1Ic3 = P Es—ﬁ(l-l_ﬁ)
? p+1 p+1

1, 1c(1+%/5)("/g 4 1)

I, 1+ 2

SRR PP/

1
I, = I ’

1 1
STUDENTS-HUB.com BB+ 2)

Q2

VEE-
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Differential Amplifiers

The Wilson current mirror ~

VCC+

|
hee 1 R IR
To proof that R, =

2 h,, | 'CT\
Lo F

STUDENTS-HUB.com



Bipolar transistor current sources:
The Equivalent circuit for a diode connected transistor

, /b1 c1 \ / \

IT -
1 1
VT<_> hie <'> hoel - c
| hfeib ) al
e 7 /
. Vr :
It = hfellbl | 1 N - .
hiel H h0€1 VT 1 1
M
Im oe
i1 = Vr 1
o1 Rie Rty = — = hypy

STUDENTS-HUB.com 9dm1 Uploaded By: anonymous




Two Port Model for the current mirror

VCC+

+ +
loy
IR CD

Vi Ql Q2 V2

Q3

/
%
/r\

A 4
} 2 1
, » < > Q
* 1 h 1 ¥
V1 — ie2 gm2V1 — V2 VEE-
- Im1 CV) hoez } N

STUDENTS-HUB.com - Uploaded By: anonymous



— —
Two Port Model for the current mirror
+ h 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

STUDENTS-HUB.com
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Two Port Model for the current mirror

-

O

Q2

V2

\
STUDENTS-HUB.com

-

o
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Differential Amplifiers

. 2\
The Wilson Current: vees
h e 1 Ioy
To proof R, = —1% . R 101+
2 h083 (B+1)- -
Ich K’ e
21, [-16(1 N E)l
By
Q2 j < > Ql
Ic Ic
B B
VEE-
A4

STUDENTS-HUB.com Uploaded By: anonymous



Differential Amplifiers

The Wi :
- A
VCC+

4 ™
. hies ~ hfeib3 IR<V> Ic(1 +%)
(Bt=1)
+ Ic
VX
Oy ”
iy \ |
@2 J—
“ &
p

Wy
oy
S | =
S
2
=
o
By

e AT

TUDENTS-HUB.com



s —

ib3 Ix
S| breibs Source transformati
0 ]
A 4 /" 1/hoes
1 o

1§ om =
i (T) 2 Moy hfe ib3 /hoe3
| " J

STUDENTS-HUB.com



The Wilson current mirror

Ve +Fe (1+1>1+1'b
l = — — 1
X hoeB ’ hoe3 Imi X Imi ;

% (1 + 1)1 +(1 hfe)'b
— — l
X hoeB Im1 X Im1 hoeB ’

1 1 h 1
> — and L& » —

since

ib3

hoeB Im1 hoeB Imi

1 h
 ——"L

Vy = ib; — (1)

hoeB
[ 1 1

1
— = Iy + | hjez +—+
hoez Imi X (le3 Im1 hoez

hoeS

STUDENTS-HUB.com
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I+ (=

hoez

Im1

sub (3) into (2) »

- + hle3 + ) lb3 >
062

> —— 4 hyps b

hoez Idm1

Iy +

ib; — (4)»

hoez

ib3




The Wilson current mirror

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

STUDENTS-HUB.com




4. Widlar Current Source:

- To Produce Very small Io
- To increase Ro

KVL: Vggy = Vggy + Rplg,

I I

VT l?’lﬂ T VT lnﬂ + REIEZ
ISl ISZ
I |

VT lnﬂ_VT lnﬂ — REIEZ
ISl ISZ

if Qqand Q, are matched

STUDENTS-HUB.com

I
VT lnIC_l =REIE2

C2
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I
VT lnIC_l :REIEZ

C2
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4. Widlar Current Source: > , <
H hO€2
+ To Find Ro: 1 RN ON
m1 §
O
= RE§ VX
1 h R
R, ~ 7— hf ° E ;
oe? oe2 RE + hiez | gml

STUDENTS-HUB.com Uploaded By: anonymous
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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
Icr
Veez — Vpgr =Vr lnE IR
Ico
Veez = Vpe1 +Vr l"m Qi Q2
0.7+V+1 10HA
= 0. n
! 1mA VEE-

ploaded By: anonymous
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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-
STUDENTS-HUBROn= 942 K Too Large , Not LIJDpToa tical

aded By: anonymous



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 — 07 V

Ve —V
p_Yec=VBE1 _ g 5 Q
Ip

I, Ry = Vyln—
I,

smaller resistor ; smaller chip area

STUDENTS-HUB.com Uploaded By: anonymous



Multitransistor Current Mirror

+VCC
I\

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

T
"H a1 Q2 Q3 Q4

N4
ﬁ -VEE

STUDENTS-HUB.com Uploaded By: anonymous



Generalized Current Mirror T

To Generate bias currents for
different amplifier stages in an IC L, A A A
QU ~ < ~
SR |2~fv.
Vee +Vee —Vep1r — Vez 14
Ip = RY
R
if B — 0 13y
-
Since |VBE| For all the transistors are equal

11 :IR;IZ — ZIR, 14_: 31R

STUDENTS-HUB.com “VEE vee  Uploaded B§/E7£anonymous



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
in e pn gl
Ips1 = 5 Kny (—) (Ves1 —Vr) lo
2 L/4

1 (W A I
[ I, = 1052}= EK"Z (T) (Vgsz —Vr) QE"}
| 2

{ Ip =Ipgy + 11 + Iy = Ipgq }

- _ Il

STUDENTS-HUB.com Uploaded By: anonymous



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.,

L, (7)
I—°= I/lll/ 2 = current gain
= (T),
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Mosfet Current Sources:

The Basic mosfet Current Source

+VDD

If we have matched Transistors

IO IR<'> J lo
E— 1
IR Q1 Q2

I, = Ip current mirror

L
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Mosfet Current Sources: 4

R, 4 |
——— £
( gm vgs2 ”
1
" rdsl '>gm - CD Rds2 o - N
- - N 4
IT ” J_
I R _ 1
iy a2 R, =—— HRHrdsl =
Ro CD gm vgs2 rds2 T gml
Vr
R, =—
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Mosfet Current Sources:

The Wilson mosfet current mirror l lo
<'> IR Q3
Q4, Q, are matched @
I,= Ig

R, = gmyrds;rds,

L
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Mosfet Current Sources:

Two Port Model for Mosfet Current Mirror

il
r/ \w I—c> : .g
al 1
(5_|/ lE,> v+1 rc s1§ ﬁ) 2 e veee
_ gmvgsl ? rd
L L
-
o / \ o
1 i1

E § <V> rds2

o o




Mosfet Current Sources:
Cascode mosfet current mirror

1 (W
Ipsi1 = zK,(Vgs1 — V1) (—) = Ip
2 L/,

1_ (W
Ipss = EKn(VGSZ - Vr) (—)2 =1,

1, _(7),
(),

STUDENTS-HUB.com
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IR "
»R, =rds; + rds,(1+ gmrdss3) @)“ Q

D
@-@/

R, = rds, rds; gm
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. V
Find Av= =2
Vi
Let RC — 5k,
ICQ — 1mA,
1

hoe
Rl =10k

=120k

and

STUDENTS-HUB.com

Circuits With Active Load

R1

VCC+

PAN

AMA—

C1

R2

"W\

]
@ " Volt)
C2
RL
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VCC+

&

Ac Small signal equwalent Circuit

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

STUDE®TS-HUB.cont= >




Circuits With Active Load

> | Vo(t)

"‘C} Rl\\R2§ hie§ Cv hfe ib o € RL§

. 1\+ = 1 -
Vo = —hyeip | Rc|[Ry| >
v o¢ To increase |Av|,R; T,V g |

: i
b =7 — Transistor enters saturation
le

e (el )
sAD = R-||R
v hie ¢ H : H hoe

Av = —gm QRC“RL | . )= _125 ‘e = Vee - Releo

STUDENTS-HUB.co o€
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Amplifier With an Active Load

Ac Small signal equivalent Circuit

Ql

1

STUDENTS-HUB.com Uploaded By: anonymous

b3

1
hie3 hfe ib <'> a




Amplifier With an Active Load

Av = —gm ( H “R ) ‘ [
hoes ™ hoe3 - hie3 hfe ib Cv) hi3 % - ! RL
1

let = 120k
hoe3 - -
> = 80k =
1062_1 p — 1846 v;;R; = ©
y41CQ — m V0: — 1247 Ui;RL:].OOk
— 318 vi;RL = 10k
h I
agm=-22="5%_38460
hieB VT
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Differential Amplifiers

12+

AN
RC=21K§ RC=21K%
AC Analysis: Input Impedance — Vo2
—'VV\'—K Q1 Q2
vilO
since Igy = I, and B1 =B, ~ Re-20K
hiel — hieZ — hie 12V

hibl — hin — hib
STUDENTS-HUB.com



vil

Ac small signal equivalent circuit

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
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To find the input impedance

P
Rs jb101
vil RC RC
hiel hfe ib1 oNDL GNDlI

cl

—vW—

RE

Base equivalent circuit

Rs hiel hie2

ib1 > «—— b2

Vil g RE (L+hfe)

STUDENTS-HUB.com



Input Impedance:

Base equivalent circuit

Dif ferential mode input impedance =

Va
Lig=—
lp

v.=0

Common mode input impedance = Z;,

vC
Lic =+~
lp
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Input impedance |

Vg Rs hiel hie2
Lig = —— -
lp B ib1 LG
a Vg vy Vil g g RE (1+hfe) l e
Vit= =55 Vi2 = 2
Zid — Z(RS + hie) hie1 = hie2 = hie
v, Rs hiel hie2
ZiC — . ib1l ib2
Lp - |
vd=0
Vil Ve RE (1+hfe) l _ o ]
Vi1 = V¢ ;5 Vi2 = V¢ e LX 21

Zi = Rsibelie + 2(1 + hye)RE



Differential Amplifiers Using Darlington and FET
Differential Amplifiers Using Darlington

To find Ac & Ad.:

Emitter equivalent circuit

1+ hfeD 1+ hfeD

hibD RE1l

vil e Ro

RE2

STUDENTS-HUB.com

Ql

f+vcc
ch RC
Q@ Q3 viZO
RE RE

¥

—®qs

* +VEE
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Differential Amplifiers Using Darlington and FET

Differential Amplifiers Using Darlington

To find Zid:
Base equivalent circuit ()
RE(1 + heep) RE(1 + hyep) R

RS hieD hieD RS

vir (2 Ro(1+hfeD) vi2(1)

STUDENTS-HUB.com

Rs

f +VCC

RCS

Ql

Q2

RE RE -«

oL
hfe=200
7 (D) o

* +VEE
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Input Impedance:
Base equivalent circuit

RE(1+ hsep) RE(1 + hsep)
vd ibl RS hieD hieD RS
Zig = 7
b1 v.=0 Vil Ro(1+hfeD) Vi2
— Vg _ Va
Vit= =5 Vi =
(Zid = 2 (RS + hieD + RE(l + hfeD)) }
Ve
Lic = l_
b vg=0

Vi1 = V¢ ; Vi2 = V¢
Z;. = Rs+ hiep + RE(1 + hysep) + 2R, (1
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Differential Amplifiers Using Darlington and FET
Differential Amplifiers Using FET

Ac Small signal equivalent Circuit:

ids1 Vol

— e
1L

Vo2
Rd
ii?

: >
1 ids1 )

Ro

STUDENTS-HUB.com

vil
R

& T? 1 -

1

VDD+

PAN

0 (o]

Q

-

1

vo2 :I*—
vi2Q®

[e} 4

48
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Differential Ampllflers Usmg FET

ids1 Vol PN
gl (1) €«
vil y Rd # —} § RD?
l - o vol °vo_2:|<_
) ‘£1 ¢ S A viz(®)
Vo1 = -ids1.Rd ° Rit ’ e
Rd ~ T1ds Rd rds
1+u 1+p © 1+ 4

) L 1+u 1+ u 4s / \
M\ MN T

u+1

wee  de——L
WG 03 u <>

STUDENT®=HUB.com =
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Differential Amplifiers Using FET

Source equivalent Circuit: Rd_ TS ‘R rds
. 1+p 1+uw 1+pu 1+1 g
Vil = V., — 761 ill wWv M Wy WWv (
Va
ry — — [+ [+
Vi2 Ve + > ”:‘_1v|1<_> RO§ %VQC_)
. ixY
1)To find Ag;setv,=0 L L L
— vd L] ]
Vi1 = T ids, = -ids, 1 ( Vd) - " i}
Vi :ﬂ ids _H+1 2 . dﬂ+1 d
27 2 1™ Ry +rds Vo1—2 Rd+rds)
u+1 u+1

lﬁTﬁD&lT§N@@W tTy Uploaded By: anonymous



H
Vo1 = 2 (Rd T TdS)
u—+1
D
Ad =UL1
d v.=0
U
Rayr 1

STUDENTS-HUB.com



Differential Amplifiers Using FET
Ac Small signal equivalent Circuit:

Rd ~ 1ds Rd rds
. Vo1 T+u 14w T+u 1+ E g
2)To find Ac = — >—AM—WW MY wv—¢
UC .1=0 ids1
d_
vil = V. K vin -_I- RO§ K vi2 -_I-
. u+1 u+1
'Ulz o vc iX
i, =2ids1
[ ad
vC
: : , +1
R,y +rds\ 2R
p+1 ) =70
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R, L

Vy1 = ptt
oL ™ /Ry + rds)\ ¢
”‘I‘l IZRO
U
A, = Tt
¢ (Ry+rds
(CL+1 )+2R0
A rds + R; + 2R + 1]
CMRR = |-2| = (+ 2R+ 1
Ac Z(Rd+TdS) |
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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 ....

" e ~\ ( . ) ( ) (
Vi« . High DC
1 R‘ff' Gain Level OUIpULE VO
. 1 ) . Amp _ Shifter |

viy

Current
Source
STUDENTS: Tom
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The Operational Amplifier
DC Level Shifter

/ +12VA \

Tomakev, = 0,when %
- — 8k
Vi1 = V2 = 0

R, = ?177?
Rry = 2.3k||3.7k = 1.418 k
Vyy = 2.3k (—6) = -2.2V
TH= 9 3k +3.7k - V=
_VTH_O-7‘|'6 IGND8 2.3K2™
IEZ_ R —
3k + ~—1H
B+1

IEZ —_ 1.0285 mA

STUDENTS-HUB.com
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Ip3 = —— = 0.02mA >

IC3 = 1mA

12 = 8k(163 +IBl) +O7+RCIE1 + 0

15k
Vif ' ) =
‘ 3.7K <
GND8 2.3K 9

THE FUNCTION OF THE CAPACITOR
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Ac Small signal equivalent Circuit:

>

The Operational Amplifier

-

.

Vth

Rth

\

J

+12V

Emitter equivalent circuit R%
R,

vo_

R,+ R+

v
Rie1 + Rep ©

hee

Vo = Vthn
STUDENTS-HUB.com

1

h
R

VO

H

.

|||
'

T3 RC§

15k
Vo(t)
Vi
e K;
‘ 3JK% 3K
GNDS 2.3K 3
= 1 6V
= \ V4
X Y,
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Complete Operational Amplifier \

i Q5 pnp DC Level Shifter
|

ALL & = oo

+15 V?
< <
$25k0 $23k0
+10V'
+10YVY
Yi1 : A i
Q Q
0——-‘\ I P——O oV Q
0.7 v -0.7
S0 u:Tb 3500 p—
S e A s
: * »-L Qe
0.4 mA
|
} 210Ky

g, “§olo2Y -10.2

V'/

pe |
-9 Y -109 V|8
0.4 mA > 1
$w2e F4E
- 2_27

<

Q6 Output Stage CC

‘b
10.4T kQ :‘:

outp Q1and Q2 Differential
Amplifier

Q3 and Q4 High Gain

~1svd

STUDENTS-HUB.com
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Jrizy o [ AllL B = 100

DC Analysis :

Vi2=Vi1 =0

Vi s
I__ «~10V
10 VLQJ O

= , -
T +07V Qe
>
210kg
9 oulipul
-102V l/Qu :

ALL B =loo

ov
-
~109V[i8mA 000 3 < 5K
< T
247K9 I A
R.27 k0 1

|

VB7 = VB8 = (10K) . (-15V)/(10K+4.7K =-10.2V

VE7 = VE8 =-10.2V-0.7V = - 10.9V
IE7 = (+15 - 10.9 )/RE7 = 0.4mA

STUDENTS-IE8 B-cen5 -10.9 )/RE8 = 1.8mA



ICQ1 = 1CQ2 = 0.51E7 = 0.2mA

- _ _ ' ol ]
ICQ3 =1CQ4 = 0.5IE8 = 0.9mA ) ol .4
0 = 3.3K (IC4-IB5) + VBES5 - 1.48K IE5 . e le—' |
IE5 = 1.53 mA 7[ %
e o7vi—f.
IC5-1B6
VBE6+5K IE6 - 10.47K (IC5-IB6) = 0 . Jy L L
109 V]1.8 mA “‘.“"”‘v‘f»: ;d
IE6 = 3mA IS =
or IE6="" - 3mA o R s

5K
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\
Review 2 Ac Analysis :Differential Mode Analysis

If we have RE1= RE2
RC=21K§ RC=21K% RCVd
— Vo2 1701 — R
—m—t a1 Q2 ]—MN—RFlK | 2 (hlb + RE1 + R )
10 ) ~ vi2Q®) fe+1
v VAV
l i <+ S Rcvg
RE=20K 02 —
R
2| h; RE1 ++—=
-12V ( 7 h’f€+
R v, Rcvg

V,y1 = Vo2 —
R R
2| hy, + 5 2| hyp + 37—
Q th hfe+1> ( b hfe"'l)
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+15Vo

f \ +I15Vo
- : ' jS 1.WEk0
. $33xm
P i +12v .
S ) ‘ <
Tutn 3 25%0 .
-

A

+10 v

! l
+10V
. RTH1 RTH2 )
J R - :

|

i y re 4
+iov + +
1o @ R vk vth1( _ ith2( _
jo.7 v -0.2 V| ) 93V [1LEmA
- 09 93V [1AmA \ / -
: = 03IV 4 /Q. ‘ _J — T +0TV
04 mA —/ 0.4 mA L
%— $10ke oviput ! £ 0 J
,},\i-lo.zv =102V g O oV Q,\i-m,zv -102V ¢ Qs
.
-109Y -109V|L.8mA SROSL - of -
0.4 mA Ji ; l047k0 3 Sk0 e 109y -108VI[L8mA 000 i:
w2k 3470 - 3mA e 3470
-2 10 4
l .27 k0
~svl

All B =100
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Rth4

Vth4

-

.
210k J
-102V g

P
Qy 10.47 k9 3
>
. -105V(l8mA .00 i: $su0
‘b ! -
n2k0  $47K0 3 mA
R2K0 1

All B =100
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Ac Small signal Analys ...

—f% ¢

hie1 = 13kQ ;: ALL & =loo
hie2 = 13kQ LI .
hie3 =2.89KQ Tt
hie4 =2.89KQ oy
hie5 = 1. 7KQ ) T
hie6 = 0.87KQ

(+1i1)Rc1 | % s
Vth1 = 2 |

Rel+hib1+Rs1/(hfe+1) e G

Rs1=0 vd1= Vi2 - Vi1 Vthl?m”é’ Q}ﬁ?
Vth1 = 69.4 Vd1 Rth1 = Rc1 = 25K g =
_ (+%)Rc1 OT e
- — 2 Q j-lo2y =102V o
Vth2 = - Vth1 Rel+hib1+Rs1/(hfe+1) m__f“’-” -‘°-"l‘1‘-’““

Vth2 = -69.4 Vd1 ]
STUDENTS-HUB.com Rth2 = 25K vl




Rth4

ImA
' Vth4
+0.7V ‘ﬁ—_ﬂ
| iy -
" Q.
‘l i 10 k0 ‘—’\L—ﬂ >
T J outpul 10.47 kQ ::
% -102Y -102V 1 Oy . oV
- -105 YV . -109V|l.8mA 10.47 kO iE EE &
02K0  $47%0 3 mA
.27 k0 1
-15 vl
vd4
vind = U gy Rth4 = 3.3k
Re4+hib4+Rs4/(hfe+1) )
Red =0
Rs4 = 25K

Vd4 = (Vth2 - Vth1)
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Ac Small Signal Equivalent Circuit Of the DC Level Shifter and the Output Stage

Rth4 ib5

Vihd

.13
L
) 10.47k h'eﬁ% G)
hfe ib%

5k

AW

vo = 5k ie6 ; ie6 = (1+hfe) ibb

b6 = 10.47k . hfe ib5
10.47k+hie6+5k(1+hfe)

— vth4
Rth4+hie5+1.48k(1+hfe)

ib3

Vo = - 5540 vd1 = + 5540 (vi1 - vi2)
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V. (inverting input)
M

Qs ‘—Elg Q2 b’—’
(noninverting
input) l
¥
OL@T Q

offset null

R4=
SkQ

A offset null
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Operational Amplifier

11
L)
v
.
1 1 b 11 11 ) |

741 Op-Amp Pin out
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