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Differential Amplifiers 
Designed to amplify the difference 

between two input signal voltages.

Found in many electronic circuits, 
including low and high frequency 
amplifiers.

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

 Large input impedance  .

 Rejection of the noise .

vi1
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vi2
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Differential Amplifiers 

Simple Differential Amplifier 

Q1 & Q2 are identical.

∴ 𝜷𝟏 = 𝜷𝟐

DC Analysis:

𝑽𝑩𝟏 = 𝑽𝑩𝟐 = 𝟎 𝒔𝒊𝒏𝒄𝒆 𝒗𝒊𝟏 = 𝒗𝒊𝟐 = 𝟎

𝑽𝑬𝟏 = 𝑽𝑬𝟐 = −𝟎. 𝟕 𝐯

𝑰 =
−𝟎. 𝟕 + 𝑽𝑬𝑬

𝑹𝑬

𝑰𝑬𝟏 = 𝑰𝑬𝟐 =
𝟏

𝟐
𝑰

s𝒚𝒎𝒎𝒆𝒕𝒓𝒚

vi1

Q1

RC RC

vi2

RE

VEE-

VCC+

Vo2

Q2

Vo1

𝑰

𝑰𝑬𝟏 𝑰𝑬𝟐
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Differential Amplifiers 

Simple Differential Amplifier 

Ac small Signal Analysis:

𝐚𝒔𝒔𝒖𝒎𝒊𝒏𝒈
𝜷𝟏= 𝜷𝟐

and

Calculate and sketch Vo1(t) and Vo2(t) if

Vi1(t) = Vi2(t) = 100mV Peak sinusoidal 

vi1

Q1

RC RC

vi2

RE

VEE-

VCC+

Vo2

Q2

Vo1

𝒗𝒄𝟏

𝒗𝒃𝒆𝟏
=

𝒗𝒄𝟐

𝒗𝒃𝒆𝟐
= −𝟏𝟎𝟎

𝒗𝒐𝟏

𝒗𝒃𝒆𝟏
=

𝒗𝒐𝟐

𝒗𝒃𝒆𝟐
= −𝟏𝟎𝟎
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vi1

Q1

RC

RE

RC

Vo1 Vo2

Q2

Using superposition

ሻ𝟏 𝒍𝒆𝒕 𝒗𝒊𝟏 = 𝟏𝟎𝟎 𝒎𝑽 𝒑𝒆𝒂𝒌 , 𝒗𝒊𝟐 = 𝟎
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Simple Differential Amplifier

ሻ𝟏 𝒍𝒆𝒕 𝒗𝒊𝟏 = 𝟏𝟎𝟎 𝒎𝑽 𝒑𝒆𝒂𝒌 , 𝒗𝒊𝟐 = 𝟎

Using Thevenin theorem 

vi1

Q1

RC

RE

RC

Vo1 Vo2

Q2

vi1

Q1

RC

Vo1

RE
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Differential Amplifiers 

𝒊𝒇 𝑹𝑬 ≫ 𝒉𝒊𝒃𝟐

∴ 𝑹𝑬 ║𝒉𝒊𝒃𝟐 ≈ 𝒉𝒊𝒃𝟐

vi1

Q1

RC

Vo1

RE

hib2
vi1

Q1

RC

Vo1

Uploaded By: anonymousSTUDENTS-HUB.com



hib2
vi1

Q1

RC

Vo1

Ac small signal equivalent circuit

vi1
hie1

hib2

hfe ib1

Vo1ib1

Rc

𝒗𝒐𝟏

𝒗𝒃𝒆𝟏
=

𝒗𝒐𝟐

𝒗𝒃𝒆𝟐
= −𝟏𝟎𝟎
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Differential Amplifiers 

Simple Differential Amplifier 

AC Small Signal Analysis:

𝒗𝒆𝟏 =
𝟏

𝟐
𝒗𝒊𝟏 = 𝟓𝟎 𝒎𝑽 𝒑𝒆𝒂𝒌

To find ve1 = ve2 

vi1
hie1

hib2

hfe ib1

Vo1ib1

Rc

ve1 = ve2 

vi1

hib1

hib2

ve1 = ve2

Emitter equivalent circuit

hib1 = hib2 Uploaded By: anonymousSTUDENTS-HUB.com



Differential Amplifiers 

AC Small Signal Analysis:

𝒗𝒃𝒆𝟏 = 𝒗𝒃𝟏 − 𝒗𝒆𝟏

𝒗𝒃𝒆𝟏 = 𝟏𝟎𝟎 𝒎𝑽 𝒑𝒆𝒂𝒌 − 𝟓𝟎 𝒎𝑽 𝒑𝒆𝒂𝒌
𝒗𝒃𝒆𝟏 = 𝟓𝟎 𝒎𝑽 𝒑𝒆𝒂𝒌
∴ 𝒗𝒄𝟏 = 𝒗𝒐𝟏 = −𝟏𝟎𝟎 𝟓𝟎 𝒎𝑽 𝒑𝒆𝒂𝒌
∴ 𝒗𝒄𝟏 = −𝟓 𝑽 𝒑𝒆𝒂𝒌

𝒗𝒐𝟏 = −𝟓 𝑽 𝒑𝒆𝒂𝒌

𝒗𝒆𝟏 = 𝒗𝒆𝟐 =
𝟏

𝟐
𝒗𝒊𝟏 = 𝟓𝟎 𝒎𝑽 𝒑𝒆𝒂𝒌

𝒗𝒐𝟏

𝒗𝒃𝒆𝟏
=

𝒗𝒐𝟐

𝒗𝒃𝒆𝟐
= −𝟏𝟎𝟎

vi1

Q1

RC

RE

RC

Vo1 Vo2

Q2
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 𝒕𝒐 𝒇𝒊𝒏𝒅 𝒗𝒄𝟐 = 𝒗𝒐𝟐 ,

 𝒘𝒆 𝒏𝒆𝒆𝒅 𝒕𝒐𝒇𝒊𝒏𝒅 𝒗𝒃𝒆𝟐

𝒗𝒃𝒆𝟐 = 𝒗𝒃𝟐 − 𝒗𝒆𝟐

= 𝒗𝒃𝟐 − 𝒗𝒆𝟐

𝒗𝒃𝒆𝟐 = 𝟎 − 𝟓𝟎 𝒎𝑽 𝒑𝒆𝒂𝒌

𝒗𝒃𝒆𝟐 = −𝟓𝟎 𝒎𝑽 𝒑𝒆𝒂𝒌

∴ 𝒗𝒐𝟐 = 𝒗𝒄𝟐 = −𝟏𝟎𝟎 −𝟓𝟎 𝒎𝑽 𝒑𝒆𝒂𝒌

𝒗𝒐𝟐 = +𝟓 𝑽 𝒑𝒆𝒂𝒌

𝒗𝒐𝟐

𝒗𝒃𝒆𝟐
= −𝟏𝟎𝟎

vi1

Q1

RC

RE

RC

Vo1 Vo2

Q2
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Differential Amplifiers 

Simple Differential Amplifier 

AC Small Signal Analysis:

Vi1

Vo1

Vo2

5

-5

Vo2

t

5

Vo1

t

-5

𝒗𝒐𝟏 = −𝟓 𝑽 𝒑𝒆𝒂𝒌

𝒗𝒐𝟐 = +𝟓 𝑽 𝒑𝒆𝒂𝒌
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Differential Amplifiers 

AC Small Signal Analysis:

Using same steps for 

𝒗𝒊𝟐 = 𝟏𝟎𝟎 𝒎𝑽 𝒑𝒆𝒂𝒌
𝒗𝒊𝟏 = 𝟎

Vo1

Vo2

5

-5

Vo1

t

5

Vo2

t

-5

Vi1

𝒗𝒐𝟏 = +𝟓 𝑽 𝒑𝒆𝒂𝒌

𝒗𝒐𝟐 = −𝟓 𝑽 𝒑𝒆𝒂𝒌

Vi2(t)
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Differential Amplifiers 

Simple Differential Amplifier 

AC Small Signal Analysis:

𝒏𝒐𝒘 𝒊𝒇 𝒗𝒊𝟏 = 𝒗𝒊𝟐 = 𝟏𝟎𝟎 𝒎𝑽 𝒑𝒆𝒂𝒌

Vi1

Vo1

Vo2

Vi2

V
o

V
o

𝒗𝒐𝟏 = 𝟎

𝒗𝒐𝟐 = 𝟎
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Differential Amplifiers 

Simple Differential Amplifier 

AC Small Signal Analysis:

𝒗𝒊𝟏 = 𝟏𝟎𝟎 𝐦𝑽 𝐩𝐞𝐚𝐤
𝒗𝒊𝟐 = −𝟏𝟎𝟎 𝐦𝑽 𝐩𝐞𝐚𝐤

𝒗𝒐𝟏 = −𝟏𝟎 V peak

𝒗𝒐𝟐 = +𝟏𝟎 V  peak

Using same steps for 
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Differential Amplifier Circuit:

Common Mode & Differential mode Signal

Since the differential amplifier is most often used to amplify 

the difference between two input signals.

𝑙𝑒𝑡 𝑣𝑑 = 𝑣𝑖2 − 𝑣𝑖1

𝑣𝑑 ≡ 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡𝑖𝑎𝑙 𝑚𝑜𝑑𝑒 𝑖𝑛𝑝𝑢𝑡 𝑠𝑖𝑔𝑛𝑎𝑙

𝑙𝑒𝑡 𝑣𝑐 =
𝑣𝑖2 + 𝑣𝑖1

2
𝑣𝑐 ≡ 𝐶𝑜𝑚𝑚𝑜𝑛 𝑚𝑜𝑑𝑒 𝑖𝑛𝑝𝑢𝑡 𝑠𝑖𝑔𝑛𝑎𝑙

∴ 𝑣𝑖2 = 𝑣𝑐 +
𝑣𝑑

2

𝑣𝑖1 = 𝑣𝑐 −
𝑣𝑑

2
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Differential Amplifiers 

Differential Amplifier Circuit:

Common Mode & Differential mode Signal

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.

Input voltage can be represented in terms of a 

common mode and differential mode input signals.
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Differential Amplifier Circuit:

𝜷𝟏 = 𝜷𝟐 = 𝟒𝟎

𝑸𝟏 𝒂𝒏𝒅 𝑸𝟐 𝒊𝒅𝒆𝒏𝒕𝒊𝒄𝒂𝒍

DC Analysis:

𝑹𝑺𝑰𝑩𝟏 + 𝑽𝑩𝑬𝟏 + 𝑹𝑬𝑰 − 𝟏𝟐 = 𝟎

𝑰 = 𝑰𝑬𝟏 + 𝑰𝑬𝟐

𝑰𝑬𝟏 = 𝑰𝑬𝟐 𝒔𝒚𝒎𝒎𝒆𝒕𝒓𝒚

𝑰𝑬𝟏 = 𝑰𝑬𝟐 =
𝟏𝟐 − 𝟎. 𝟕

𝟏𝒌
𝟒𝟏

+ 𝟐 𝟐𝟎𝒌

= 𝟎. 𝟐𝟖𝟐𝟓 𝒎𝑨

vi1

Q1

RC=21K RC=21K

vi2

RE=20K

-12V

12+

Vo1 

Rs=1K Rs=1K

Vo2

Q2

I

𝒗𝒊𝟏 = 𝒗𝒊𝟐 = 𝟎

𝑰𝑬𝟏
𝑰𝑬𝟐
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Differential Amplifiers 

Differential Amplifier Circuit:

AC Analysis:

𝒔𝒊𝒏𝒄𝒆 𝑰𝑬𝟏 = 𝑰𝑬𝟐 𝐚𝐧𝐝 𝜷𝟏 = 𝜷𝟐

𝒉𝒊𝒆𝟏 = 𝒉𝒊𝒆𝟐 = 𝒉𝒊𝒆

𝒉𝒊𝒃𝟏 = 𝒉𝒊𝒃𝟐 = 𝒉𝒊𝒃

vi1

Q1

RC=21K RC=21K

vi2

RE=20K

-12V

12+

Vo1 

Rs=1K Rs=1K

Vo2

Q2
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Ac small signal equivalent circuit

vi1

Rs

hie1

RC

GND1

b1

RE

GND2

RC

GND1

hie2
vi2

Rsib1

ib2

hfe ib1

hfe ib2

c1
c2

e1,e2

Vo1 Vo2

vi1

Q1

RC=21K RC=21K

vi2

RE=20K

-12V

12+

Vo1 

Rs=1K Rs=1K

Vo2

Q2
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Differential Amplifiers 

Differential Amplifier Circuit:

AC Analysis:

𝒗𝒐𝟏 = −𝒉𝒇𝒆𝒊𝒃𝟏𝑹𝒄

𝒗𝒐𝟏 = −𝒊𝒄𝟏𝑹𝒄

𝒗𝒐𝟏 ≈ −𝒊𝒆𝟏𝑹𝒄

vi1

Rs

hie1

RC

GND1

b1

RE

GND2

RC

GND1

hie2
vi2

Rsib1

ib2

hfe ib1

hfe ib2

c1
c2

e1,e2

Vo1 Vo2
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vi1

Rs

hie1

RC

GND1

b1

RE

GND2

RC

GND1

hie2
vi2

Rsib1

ib2

hfe ib1

hfe ib2

c1
c2

e1,e2

Vo1 Vo2

Vi1 Vi2RE

ie1

ie2hib1 hib2To find 𝒊𝒆𝟏

𝒗𝒐𝟏 ≈ −𝒊𝒆𝟏𝑹𝒄

Emitter equivalent circuit

ix

𝒊𝒆𝟐
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Differential Amplifiers 

Differential Amplifier Circuit:

Small Signal Analysis
Using emitter equivalent ckt

𝒗𝒊𝟏 = 𝒗𝒄 −
𝒗𝒅

𝟐

𝒗𝒊𝟐 = 𝒗𝒄 +
𝒗𝒅

𝟐

𝒗𝒐𝟏 ≅ −𝒊𝒆𝟏. 𝑹𝒄

To find 𝒊𝒆𝟏

Vi1 Vi2RE

ie1

ie2hib1 hib2

ix
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Differential Amplifiers 

To find ie11

𝒍𝒆𝒕 𝒗𝒅 = 𝟎

𝒗𝒊𝟏 = 𝒗𝒄 ; 𝒗𝒊𝟐 = 𝒗𝒄

𝒗𝒐𝟏 ≅ −𝒊𝒆𝟏. 𝑹𝒄

𝒊𝒆𝟏 = ie11+ ie12  

Using Superpostion

VC VCRE

ie11

ie21

ix

hib1 hib2

Vi1 Vi2RE

ie1

ie2hib1 hib2

𝒗𝒊𝟏 = 𝒗𝒄 −
𝒗𝒅

𝟐 𝒗𝒊𝟐 = 𝒗𝒄 +
𝒗𝒅

𝟐
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Differential Amplifiers 
Small Signal Analysis
Using emitter equivalent ckt

𝒊𝒆𝟏𝟏 = 𝒊𝒆𝟐𝟏 ; 𝒊𝒙 = 𝟐𝒊𝒆𝟏𝟏

𝒊𝒆𝟏𝟏 =
𝒗𝒄

𝒉𝒊𝒃 +
𝑹𝒔

𝒉𝒇𝒆+𝟏
+ 𝟐𝑹𝑬

𝒊𝒆𝟐𝟏 =
𝒗𝒄

𝒉𝒊𝒃 +
𝑹𝒔

𝒉𝒇𝒆+𝟏
+ 𝟐𝑹𝑬

𝒗𝒊𝟏 = 𝒗𝒄 ; 𝒗𝒊𝟐 = 𝒗𝒄

VC VCRE

ie11

ie21

ix

hib1 hib2

𝒉𝒊𝒃𝟏 = 𝒉𝒊𝒃𝟐

By Symmetry 
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Differential Amplifiers 

ሻ𝟐 𝒍𝒆𝒕 𝒗𝒄 = 𝟎

𝒗𝟏 =−
𝒗𝒅

𝟐
; 𝒗𝟐 =

𝒗𝒅

𝟐

𝒊𝒆𝟏𝟐 = −𝒊𝒆𝟐𝟐

𝒊𝒆𝟏𝟐 =
ൗ

−𝒗𝒅
𝟐

𝑹𝒔
𝒉𝒇𝒆+𝟏

+ 𝒉𝒊𝒃

𝒊𝒆𝟐𝟐 =
ൗ

𝒗𝒅
𝟐

𝑹𝒔
𝒉𝒇𝒆+𝟏

+ 𝒉𝒊𝒃

ix = 0

RE

ie12

ie22

ix

hib1 hib2

Vi1 Vi2RE

ie1

ie2hib1 hib2

𝒗𝒊𝟏 = 𝒗𝒄 −
𝒗𝒅

𝟐 𝒗𝒊𝟐 = 𝒗𝒄 +
𝒗𝒅

𝟐

𝐔𝐬𝐢𝐧𝐠 𝒔𝒚𝒎𝒎𝒆𝒕𝒓𝒚

Uploaded By: anonymousSTUDENTS-HUB.com



Differential Amplifiers 

Differential Amplifier Circuit:

Using Superposition

𝒊𝒆𝟏 =
𝒗𝒄

𝒉𝒊𝒃 +
𝑹𝒔

𝒉𝒇𝒆+𝟏
+ 𝟐𝑹𝑬

−
ൗ

𝒗𝒅
𝟐

𝑹𝒔
𝒉𝒇𝒆+𝟏

+ 𝒉𝒊𝒃

𝒊𝒆𝟐 =
𝒗𝒄

𝒉𝒊𝒃 +
𝑹𝒔

𝒉𝒇𝒆+𝟏
+ 𝟐𝑹𝑬

+
ൗ

𝒗𝒅
𝟐

𝑹𝒔
𝒉𝒇𝒆+𝟏

+ 𝒉𝒊𝒃
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𝒗𝒐𝟏 = +
𝑹𝒄𝒗𝒅

𝟐 𝒉𝒊𝒃+
𝑹𝒔

𝒉𝒇𝒆+𝟏

−
𝑹𝒄𝒗𝒄

𝒉𝒊𝒃+
𝑹𝒔

𝒉𝒇𝒆+𝟏
+𝟐𝑹𝑬

𝒗𝒐𝟐 = −
𝑹𝒄𝒗𝒅

𝟐 𝒉𝒊𝒃+
𝑹𝒔

𝒉𝒇𝒆+𝟏

−
𝑹𝒄𝒗𝒄

𝒉𝒊𝒃+
𝑹𝒔

𝒉𝒇𝒆+𝟏
+𝟐𝑹𝑬

𝒗𝒐𝟏 − 𝒗𝒐𝟐 =
𝑹𝒄

𝒉𝒊𝒃 +
𝑹𝒔

𝒉𝒇𝒆+𝟏

𝒗𝒅
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Differential Amplifiers 

𝒗𝒐𝟏 = +
𝑹𝒄𝒗𝒅

𝟐 𝒉𝒊𝒃 +
𝑹𝒔

𝒉𝒇𝒆+𝟏

−
𝑹𝒄𝒗𝒄

𝒉𝒊𝒃 +
𝑹𝒔

𝒉𝒇𝒆+𝟏
+ 𝟐𝑹𝑬

𝑨𝒅 ≡ 𝑫𝒊𝒇𝒇𝒆𝒓𝒆𝒏𝒕𝒊𝒂𝒍 𝒎𝒐𝒅𝒆 𝒈𝒂𝒊𝒏

𝑨𝒅 =
𝒗𝒐

𝒗𝒅
│𝒗𝒄=𝟎

𝒍𝒆𝒕 𝒗𝒐 = 𝒗𝒐𝟏

𝑨𝒅 =
𝒗𝒐𝟏

𝒗𝒅
│𝒗𝒄=𝟎

𝑨𝒅 =
𝑹𝒄

𝟐 𝒉𝒊𝒃 +
𝑹𝒔

𝒉𝒇𝒆+𝟏
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Differential Amplifiers 

𝑨𝒄 =
𝒗𝒐

𝒗𝒄
│𝒗𝒅=𝟎

𝒍𝒆𝒕 𝒗𝒐 = 𝒗𝒐𝟏

𝑨𝒄 =
𝒗𝒐𝟏

𝒗𝒄
│𝒗𝒅=𝟎

𝑨𝒄 =
−𝑹𝒄

𝟐𝑹𝑬 + 𝒉𝒊𝒃 +
𝑹𝒔

𝒉𝐟𝐞+𝟏

𝑨𝒄 ≡ 𝑪𝒐𝒎𝒎𝒐𝒏 𝒎𝒐𝒅𝒆 𝒈𝒂𝒊𝒏

𝒗𝒐𝟏 = +
𝑹𝒄𝒗𝒅

𝟐 𝒉𝒊𝒃 +
𝑹𝒔

𝒉𝒇𝒆+𝟏

−
𝑹𝒄𝒗𝒄

𝒉𝒊𝒃 +
𝑹𝒔

𝒉𝒇𝒆+𝟏
+ 𝟐𝑹𝑬
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Differential Amplifiers 

𝑪𝑴𝑹𝑹 ≡ 𝑪𝒐𝒎𝒎𝒐𝒏 𝑴𝒐𝒅𝒆 𝑹𝒆𝒋𝒆𝒄𝒕𝒊𝒐𝒏 𝑹𝒂𝒕𝒊𝒐

𝑪𝑴𝑹𝑹 = │
𝑨𝒅

𝑨𝒄
│

𝑪𝑴𝑹𝑹 =

𝟐𝑹𝑬 + 𝒉𝒊𝒃 +
𝑹𝒔

𝒉𝒇𝒆+𝟏

𝟐 𝒉𝒊𝒃 +
𝑹𝒔

𝒉𝒇𝒆+𝟏

𝑻𝒐 𝒊𝒏𝒄𝒓𝒆𝒂𝒔𝒆 𝑪𝑴𝑹𝑹 𝒘𝒆 𝒏𝒆𝒆𝒅 𝒕𝒐 𝒊𝒏𝒄𝒓𝒆𝒂𝒔𝒆 𝑹𝑬
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vi1

Q1

RC=21K RC=21K

vi2

RE=20K

-12V

12+

Vo1 

Rs=1K Rs=1K

Vo2

Q2

𝑪𝑴𝑹𝑹 =

𝟐𝑹𝑬 + 𝒉𝒊𝒃 +
𝑹𝒔

𝒉𝒇𝒆+𝟏

𝟐 𝒉𝒊𝒃 +
𝑹𝒔

𝒉𝒇𝒆+𝟏

𝑰𝑬𝟏 = 𝑰𝑬𝟐 =
𝟏𝟐 − 𝟎. 𝟕

𝑹𝒔
𝟒𝟏

+ 𝟐𝑹𝑬
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𝑹𝑻𝑯 = 𝟓𝒌ǁ𝟓𝒌 = 𝟐. 𝟓𝒌

𝑽𝑻𝑯 =
𝟓𝒌

𝟓𝒌 + 𝟓𝒌
−𝟐𝟎 = −𝟏𝟎 𝑽

Differential Amplifier with constant current source:

𝑰𝑬𝟑 =
𝟏𝟎 − 𝟎. 𝟕

𝟐. 𝟓𝒌
𝟏𝟎𝟏

+ 𝟐𝒌
= 𝟒. 𝟔𝟓 𝒎𝑨

vi1

Q1

RC RC

vi2

2K

Rs Rs

Q3

5K

5K

Q2

+20V

-20V

2K

-20 V

Q3

RTH
2.5K

VTH=-10V

𝜷 = 𝟏𝟎𝟎

1

ℎ𝑜𝑒3
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Differential Amplifiers 

Differential Amplifier with constant current source:

𝑰𝑬𝟑 =
𝟏𝟎 − 𝟎. 𝟕

𝟐. 𝟓𝒌
𝟏𝟎𝟏

+ 𝟐𝒌
= 𝟒. 𝟔𝟓 𝒎𝑨

𝒉𝒊𝒆𝟑 = 𝜷
𝑽𝑻

𝑰𝑪𝑸𝟑
= 𝟎. 𝟓𝟓𝟗𝑲

RE=2K

-20 V

Q3

5K

5K

2K

-20 V

Q3

RTH
2.5K

VTH=-10V
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Differential Amplifiers 

Ac small signal  equivalent circuit for the  constant 

current source:

2K

-20 V

Q3

RTH
2.5K

VTH=-10V

R TH

hie3

RE=2K

GND2

ib3

VT

IT

hfe ib3

1

ℎ𝑜𝑒3

b3 c3

e3
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Differential Amplifiers 
Ac small signal  equivalent circuit for the  constant current source:

𝑉𝑇 =
1

ℎ𝑜𝑒3
𝐼𝑇 −

ℎ𝑓𝑒

ℎ𝑜𝑒3
𝑖𝑏3 − ℎ𝑖𝑒3 + 𝑅𝑇𝐻 𝑖𝑏3

𝑖𝑏3 = −
𝑅𝐸

𝑅𝐸+ℎ𝑖𝑒3+𝑅𝑇𝐻
𝐼𝑇

∴ 𝑅𝑜 =
𝑉𝑇

𝐼𝑇

=
1

ℎ𝑜𝑒3
+

ℎ𝑓𝑒

ℎ𝑜𝑒3

𝑅𝐸

𝑅𝐸 + ℎ𝑖𝑒3 + 𝑅𝑇𝐻
+

ℎ𝑖𝑒3 + 𝑅𝑇𝐻

𝑅𝐸 + ℎ𝑖𝑒3 + 𝑅𝑇𝐻
𝑅𝐸

𝑅𝑜 ≈
1

ℎ𝑜𝑒3
+

ℎ𝑓𝑒

ℎ𝑜𝑒3

𝑅𝐸

𝑅𝐸 + ℎ𝑖𝑒3 + 𝑅𝑇𝐻

VT

IT

R

RE

R TH+hie3

ib3

1\hoe3
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 𝑙𝑒𝑡
1

ℎ𝑜𝑒
= 80𝐾 , ℎ𝑖𝑒 = 0.559𝑘

ℎ𝑓𝑒 = 100 , 𝑅𝐸 = 2𝑘, 𝑅𝑇𝐻 = 2.5𝑘

𝑅𝑜 = 3.25 𝑀Ω

𝑅𝑜 ≈
1

ℎ𝑜𝑒3
+

ℎ𝑓𝑒

ℎ𝑜𝑒3

𝑅𝐸

𝑅𝐸 + ℎ𝑖𝑒3 + 𝑅𝑇𝐻

𝑪𝑴𝑹𝑹 =

𝟐𝑹𝑬 + 𝒉𝒊𝒃 +
𝑹𝒔

𝒉𝒇𝒆+𝟏

𝟐 𝒉𝒊𝒃 +
𝑹𝒔

𝒉𝒇𝒆+𝟏
𝑹𝑬 𝑹𝒐

vi1

Q1

RC RC

vi2

2K

Rs Rs

Q3

5K

5K

Q2

+20V

-20V
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Differential Amplifiers 

Bipolar transistor current sources:

𝑰𝑪 = 𝑰𝑺 𝒆
𝑽𝑩𝑬
𝑽𝑻

𝑰𝒇 𝑸𝟏 𝒊𝒔 𝒎𝒂𝒕𝒄𝒉𝒆𝒅 𝒕𝒐 𝑸𝟐

𝜷𝟏 = 𝜷𝟐 ; 𝑰𝑺𝟏 = 𝑰𝑺𝟐 ; 𝑽𝑻𝟏 = 𝑽𝑻𝟐

𝐀𝐧𝐝 𝐬𝐢𝐧𝐜𝐞 𝑽𝑩𝑬𝟏 = 𝑽𝑩𝑬𝟐

1.Current mirror  : Simple

∴ 𝑰𝑪𝟏 = 𝑰𝑪𝟐 = 𝑰𝒐

Q2

VEE-

VCC+

IR Io=Ic2
R

Q1

Q1 and Q2 are In the active region
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𝑲𝑪𝑳 𝑰𝑹 = 𝑰𝑪𝟏 + 𝑰𝑩𝟏 + 𝑰𝑩𝟐

 𝑰𝑪𝟏 = 𝑰𝑪𝟐 ; 𝑰𝑩𝟏 = 𝑰𝑩𝟐

 ∴ 𝑰𝒐 = 𝑰𝑪𝟐 =
𝑰𝑹

𝟏+
𝟐

𝜷

Q2

VEE-

VCC+

IR Io=Ic2
R

Q1

To find 𝑰𝒐 in terms of 𝑰𝑹

.

𝑰𝑩𝟏
𝑰𝑩𝟐

𝑰𝑪𝟏
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Differential Amplifiers 

Bipolar transistor current sources:

1.Current mirror  : Simple

1) 𝒊𝒇 𝜷 = ∞
𝑰𝒐 = 𝑰𝑹

2) 𝒊𝒇 𝜷 = 𝟏𝟎𝟎
𝑰𝒐 = 𝑰𝑹 ; 𝟐% 𝒆𝒓𝒓𝒐𝒓

𝑲𝑽𝑳: 𝑽𝑪𝑪 = 𝑹 𝑰𝑹 + 𝑽𝑩𝑬𝟏 − 𝑽𝑬𝑬

𝑰𝑹 =
𝑽𝑪𝑪 + 𝑽𝑬𝑬 − 𝑽𝑩𝑬

𝑹

Q2

-VEE

+Vcc

Io

IR

Q1

𝑰𝒐 = 𝑰𝑪𝟐 =
𝑰𝑹

𝟏 +
𝟐
𝜷

To find  𝑰𝑹

R
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Bipolar transistor current sources:

1.Current mirror  : Simple

𝑰𝒇 𝒕𝒉𝒆 𝒂𝒓𝒆𝒂 𝒐𝒇 𝒕𝒉𝒆 𝑬𝑩 𝒋𝒖𝒏𝒄𝒕𝒊𝒐𝒏
𝒐𝒇 𝑸𝟐 𝒊𝒔 𝒎 𝒕𝒊𝒎𝒆𝒔 𝒕𝒉𝒂𝒕 𝒐𝒇 𝑸𝟏

∴ 𝑰𝑺𝟐 = 𝒎𝑰𝑺𝟏

𝑰𝑹 =
𝑰𝑪𝟐

𝒎
+

𝑰𝑪𝟐

𝜷𝒎
+ 𝑰𝑩𝟐

Q2

-VEE

+Vcc

Io

IR

Q1

𝑨𝒏𝒅 𝒔𝒊𝒏𝒄𝒆 𝑽𝑩𝑬𝟏 = 𝑽𝑩𝑬𝟐 and 𝜷𝟏= 𝜷𝟐 ; 𝑽𝑻𝟏 = 𝑽𝑻𝟐

∴ 𝑰𝑪𝟐 = 𝒎𝑰𝑪𝟏

𝑰𝑪 = 𝑰𝑺 𝒆
𝑽𝑩𝑬
𝑽𝑻

𝑲𝑪𝑳: 𝑰𝑹 = 𝑰𝑪𝟏 + 𝑰𝑩𝟏 + 𝑰𝑩𝟐
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Q2

-VEE

+Vcc

Io

IR

Q1

𝑰𝑹 =
𝑰𝑪𝟐

𝒎
+

𝑰𝑪𝟐

𝜷𝒎
+ 𝑰𝑩𝟐

𝑰𝑪𝟐 = 𝒎𝑰𝑪𝟏

∴ 𝑰𝑪𝟐 = 𝑰𝒐 = 𝑰𝑹

𝒎

𝟏 +
𝒎 + 𝟏

𝜷
𝒊𝒇 𝜷 = ∞

𝑰𝒐 = 𝑰𝑪𝟐 = 𝒎 𝑰𝑹
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Bipolar transistor current sources:

Output – Impedance:

Ac small signal equivalent circuit

Q2

VEE-

VCC+

IR Io=Ic2
R

R

hie2

ib1

ib2

RoRo 

hfe ib1 hfe ib2

hie1

𝐓𝐨 𝐟𝐢𝐧𝐝 𝐑𝐨 =   
𝑽𝑻

𝑰𝑻
Q1

c2

e2

b2b1c1

e1
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Differential Amplifiers 

Bipolar transistor current sources:

Output – Impedance:

𝑇𝑜 𝑓𝑖𝑛𝑑 𝑅𝑜′

R hie1

ib1

IT
+

VT
-

hfe ib1

𝑅𝑜′
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Bipolar transistor current sources:

Output – Impedance:

𝐓𝐨 𝐟𝐢𝐧𝐝 𝐑𝐨′=   
𝑽𝑻

𝑰𝑻

𝒈𝒎𝟏 =
𝒉𝒇𝒆𝟏

𝒉𝒊𝒆𝟏

R hie1

ib1

IT

+
VT
-

hfe ib1

𝒊𝒃𝟏 =
𝑽𝑻

𝒉𝒊𝒆𝟏

𝑰𝑻 =
𝒉𝒇𝒆

𝒉𝒊𝒆𝟏
𝑽𝑻 +

𝑽𝑻

𝑹║𝒉𝒊𝒆𝟏║
𝟏

𝒉𝒐𝒆𝟏

𝐑𝐨′= 𝑹║ 𝒉𝒊𝒆𝟏║
𝟏

𝒉𝒐𝒆𝟏
║

𝟏

𝒈𝒎𝟏

𝑰𝑻 =
𝑽𝑻

𝑹║
𝟏

𝒉𝒐𝒆𝟏
║𝒉𝒊𝒆𝟏

+ 𝒉𝒇𝒆𝒊𝒃𝟏
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Differential Amplifiers 

Bipolar transistor current sources:

Output – Impedance:

𝑰𝑻 = 𝒉𝐟𝐞 𝒊𝒃𝟐 +
𝑽𝑻

𝟏
𝒉𝒐𝒆𝟐

𝒊𝒃𝟐 = 𝟎

∴
𝑽𝑻

𝑰𝑻
=

𝟏

𝒉𝒐𝒆𝟐

hie2

ib2

Ro hfeib2 IT
+

VT
-

𝐓𝐨 𝐟𝐢𝐧𝐝 𝐑𝐨 =   
𝑽𝑻

𝑰𝑻
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Bipolar transistor current sources:

2. Bipolar mirror with base-current compensation:

𝑸𝟏 , 𝑸𝟐 𝒂𝒓𝒆 𝒎𝒂𝒕𝒄𝒉𝒆𝒅

𝜷𝟏 = 𝜷𝟐 ; 𝑰𝑺𝟏 = 𝑰𝑺𝟐 ; 𝑽𝑻𝟏 = 𝑽𝑻𝟐

𝐀𝐧𝐝 𝐬𝐢𝐧𝐜𝐞 𝑽𝑩𝑬𝟏 = 𝑽𝑩𝑬𝟐

∴ 𝑰𝑪𝟏 = 𝑰𝑪𝟐 = 𝑰𝒐

𝑰𝑩𝟏 = 𝑰𝑩𝟐

∴ 𝑰𝑹 = 𝑰𝑪𝟏 + 𝑰𝑩𝟑

𝑰𝑬𝟑 =
𝟐𝑰𝑪

𝜷

Reduce the B dependence

Q2

VEE-

VCC+

Io

VCC+

IR Q3

Q1

𝑰𝑩𝟑 =
𝑰𝑬𝟑

𝛃 + 𝟏

R
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Bipolar transistor current sources:

2. Bipolar mirror with base-current compensation:

∴ 𝑰𝑹 = 𝑰𝑪 +
𝟐𝑰𝑪

𝜷 𝜷 + 𝟏

∴ 𝑰𝒐 = 𝑰𝑹.
𝟏

𝟏 +
𝟐

𝜷𝟐 + 𝜷

Current source with a current transfer 

ratio that is much less dependent on B 

than that of  the simple current mirror.

Q2

VEE-

VCC+

Io

VCC+

IR Q3

Q1

R
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Bipolar transistor current sources:

2. Bipolar mirror with base-current compensation:

𝑹𝒐 =
𝟏

𝒉𝒐𝒆𝟐

Q2

VEE-

VCC+

Io

VCC+

IR Q3

Q1𝐼𝑅 =
𝑉𝐶𝐶 + 𝑉𝐸𝐸 − 𝑉𝐵𝐸3 − 𝑉𝐵𝐸1

𝑅

Show that   :

R
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Bipolar transistor current sources:

3. The Wilson Current:

Q1

VEE-

VCC+

Ic

Q3

IoIR

Q2

ሻ𝟏 Reduce the B dependence

ሻ𝟐 𝑰𝒏𝒄𝒓𝒆𝒂𝒔𝒆 𝑹𝒐 =
𝒉𝒇𝒆

𝟐

𝟏

𝒉𝒐𝒆𝟑

𝑸𝟏 , 𝑸𝟐 𝒂𝒓𝒆 𝒎𝒂𝒕𝒄𝒉𝒆𝒅

𝑰𝑪𝟏 = 𝑰𝑪𝟐 = 𝑰𝑪

𝑰𝑹 = 𝑰𝑪 +
𝑰𝑪 𝟏 + ൗ𝟐

𝜷

𝛃 + 𝟏
= 𝑰𝑪 𝟏 +

𝟏 +
𝟐
𝜷

𝛃 + 𝟏

R
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Bipolar transistor current sources:

3. The Wilson Current:

Q1

VEE-

VCC+

Ic

Q3

IoIR

Q2

𝑰𝒐

𝑰𝑹
=

𝑰𝑪 𝟏 + ൗ𝟐
𝜷 ൗ

𝜷
𝜷 + 𝟏

𝑰𝑪 𝟏 +
𝟏 + ൗ𝟐

𝜷
𝜷 + 𝟏

∴ 𝑰𝒐 = 𝑰𝑹.
𝟏

𝟏 +
𝟐

𝜷 𝜷 + 𝟐

𝑰𝒐 = 𝑰𝑪𝟑 =
𝜷

𝜷 + 𝟏
𝑰𝑬𝟑 =

𝜷 𝟏 +
𝟐
𝜷

𝜷 + 𝟏
𝑰𝑪

𝑰𝒐 = 𝑰𝑹

𝟏

𝟏 +
𝟐

𝜷 𝜷 + 𝟐

R
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Differential Amplifiers 

The Wilson current mirror

Q1

VEE-

VCC+

Ic

Q3

IoIR

Q2

𝑇𝑜 𝑝𝑟𝑜𝑜𝑓 𝑡ℎ𝑎𝑡 𝑅𝑜 ≈
ℎ𝑓𝑒

2

1

ℎ𝑜𝑒

R
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Bipolar transistor current sources:

The Equivalent circuit  for a diode connected transistor

Q1

VT hie

IT
ib

` hfeib

𝑰𝑻 = 𝒉𝒇𝒆𝟏𝒊𝒃𝟏 +
𝑽𝑻

𝒉𝒊𝒆𝟏║
𝟏

𝒉𝒐𝒆𝟏

𝒊𝒃𝟏 =
𝑽𝑻

𝒉𝒊𝒆𝟏

∴
𝑽𝑻

𝑰𝑻
=

𝟏

𝒈𝒎𝟏
║𝒉𝒊𝒆𝟏║

𝟏

𝒉𝒐𝒆𝟏

𝑹𝑻𝑯 ≈
𝟏

𝒈𝒎𝟏
≈ 𝒉𝒊𝒃𝟏

b1

b1

c1

c1

e1

e1
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Two Port Model for the current mirror

Q2

I2

I1

Q1

+

V2

-

+

V1

-

Q1

VEE-

VCC+

Ic

Q3

IoIR

Q2
i1

i2

+
V2
-

+
V1
-

gm2V1
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Two Port Model for the current mirror

𝑽𝟏 = 𝒉𝟏𝟏 𝒊𝟏 + 𝒉𝟏𝟐 𝑽𝟐

𝒊𝟐 = 𝒉𝟐𝟏 𝒊𝟏 + 𝒉𝟐𝟐 𝑽𝟐

𝒉𝟏𝟏 =
𝒗𝟏

𝒊𝟏
│𝒗𝟐=𝟎 =

𝟏

𝒈𝒎𝟏
║𝒉𝒊𝒆𝟐 ≈

𝟏

𝒈𝒎𝟏

𝒉𝟏𝟐 =
𝒗𝟏

𝒗𝟐
│𝒊𝟏=𝟎 = 𝟎

𝒉𝟐𝟏 =
𝒊𝟐

𝒊𝟏
│𝒗𝟐=𝟎 =

𝒈𝒎𝟐 𝒉𝒊𝒆𝟐

𝟏 + 𝒈𝒎𝟏 𝒉𝒊𝒆𝟏
≈

𝒈𝒎𝟐

𝒈𝒎𝟏
= 𝟏

𝒉𝟐𝟐 =
𝒊𝟐

𝒗𝟐
│𝒊𝟏=𝟎 = 𝒉𝒐𝒆𝟐

i1

i2

+
V2
-

+
V1
-

gm2V1
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Two Port Model for the current mirror

Q2

I2

I1

Q1

+

V2

-

+

V1

-

i

i

𝒉𝟏𝟏 =
𝟏

𝒈𝒎𝟏

𝒉𝟏𝟐 = 𝟎

𝒉𝟐𝟏 = 𝟏

𝒉𝟐𝟐 = 𝒉𝒐𝒆𝟐

+

-

𝑖1 

𝑣1 

+

-

𝑖2 

𝑣2 

+

-

ℎ11  

ℎ22  

ℎ12𝑣2 

ℎ21𝑖1 
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Differential Amplifiers 

The Wilson Current:

𝑻𝒐 𝒑𝒓𝒐𝒐𝒇 𝑹𝒐 ≅
𝒉𝒇𝒆

𝟐
.

𝟏

𝒉𝒐𝒆𝟑

Q1

VEE-

VCC+

Ic

Q3

IoIR

Q2

Uploaded By: anonymousSTUDENTS-HUB.com



Differential Amplifiers 
The Wilson current mirror

hie3

ib3
Ix

vx

i

hfeib3

i

𝑅o =
𝑉𝑥

Ix

Q1

VEE-

VCC+

Ic

Q3

IoIR

Q2
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hie3

ib3
Ix

vx

i

i

1/hoe3

hfe ib3 /hoe3

hie3

ib3
Ix

vx

i

hfeib3

i

Source transformation 
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The Wilson current mirror

𝑉𝑋 +
ℎ𝑓𝑒

ℎ𝑜𝑒3
𝑖𝑏3 =

1

ℎ𝑜𝑒3
+

1

𝑔𝑚1
𝐼𝑋 +

1

𝑔𝑚1
𝑖𝑏3

𝑉𝑋 =
1

ℎ𝑜𝑒3
+

1

𝑔𝑚1
𝐼𝑋 +

1

𝑔𝑚1
−

ℎ𝑓𝑒

ℎ𝑜𝑒3
𝑖𝑏3

𝑠𝑖𝑛𝑐𝑒
1

ℎ𝑜𝑒3
≫

1

𝑔𝑚1
𝑎𝑛𝑑

ℎ𝑓𝑒

ℎ𝑜𝑒3
≫

1

𝑔𝑚1

𝑉𝑋 =
1

ℎ𝑜𝑒3
𝐼𝑋 −

ℎ𝑓𝑒

ℎ𝑜𝑒3
𝑖𝑏3 → 1

−
𝑖

ℎ𝑜𝑒2
=

1

𝑔𝑚1
𝐼𝑋 + ℎ𝑖𝑒3 +

1

𝑔𝑚1
+

1

ℎ𝑜𝑒2
𝑖𝑏3 → 2

𝑖 = 𝑖𝑏3 + 𝐼𝑋 → 3

hie3

ib3
Ix

vx

i

i

1/hoe3

hfe ib3 /hoe3
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𝑠𝑢𝑏 3 𝑖𝑛𝑡𝑜 2

0 =
1

ℎ𝑜𝑒2
+

1

𝑔𝑚1
𝐼𝑋 +

1

𝑔𝑚1
+ ℎ𝑖𝑒3 +

2

ℎ𝑜𝑒2
𝑖𝑏3

𝑠𝑖𝑛𝑐𝑒
1

ℎ𝑜𝑒2
≫

1

𝑔𝑚1
𝑎𝑛𝑑

2

ℎ𝑜𝑒2
≫

1

𝑔𝑚1
+ ℎ𝑖𝑒3

0 =
1

ℎ𝑜𝑒2
𝐼𝑋 +

2

ℎ𝑜𝑒2
𝑖𝑏3 → 4

hie3

ib3
Ix

vx

i

i

1/hoe3

hfe ib3 /hoe3
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The Wilson current mirror

𝑉𝑋 =
1

ℎ𝑜𝑒3
𝐼𝑋 −

ℎ𝑓𝑒

ℎ𝑜𝑒3
𝑖𝑏3 → 1

𝑢𝑠𝑖𝑛𝑔 4 𝑤𝑒 𝑔𝑒𝑡 𝑖𝑏3 = −
𝐼𝑋

2

∴ 𝑉𝑋 =
1

ℎ𝑜𝑒3
𝐼𝑋 +

ℎ𝑓𝑒

2

1

ℎ𝑜𝑒3
𝐼𝑋

∴
𝑉𝑋

𝐼𝑋
=

ℎ𝑓𝑒

2
+ 1

1

ℎ𝑜𝑒3

∴ 𝑅𝑜=
𝑉𝑋

𝐼𝑋
≈

ℎ𝑓𝑒

2

1

ℎ𝑜𝑒3

hie3

ib3
Ix

vx

i

i

1/hoe3

hfe ib3 /hoe3
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𝑰𝑪 = 𝑰𝑺 𝒆
𝑽𝑩𝑬
𝑽𝑻

4. Widlar Current Source:

- To Produce Very small Io
- To increase Ro

𝐾𝑉𝐿 ∶ 𝑉𝐵𝐸1 = 𝑉𝐵𝐸2 + 𝑅𝐸𝐼𝐸2

𝑉𝑇 𝑙𝑛
𝐼𝐶1

𝐼𝑆1
= 𝑉𝑇 𝑙𝑛

𝐼𝐶2

𝐼𝑆2
+ 𝑅𝐸𝐼𝐸2

𝑉𝑇 𝑙𝑛
𝐼𝐶1

𝐼𝑆1
− 𝑉𝑇 𝑙𝑛

𝐼𝐶2

𝐼𝑆2
= 𝑅𝐸𝐼𝐸2

𝑖𝑓 𝑄1 𝑎𝑛𝑑 𝑄2 𝑎𝑟𝑒 𝑚𝑎𝑡𝑐ℎ𝑒𝑑 𝑉𝑇 𝑙𝑛
𝐼𝐶1

𝐼𝐶2
= 𝑅𝐸𝐼𝐸2

Q2

-VEE

+Vcc

Io
IR

RE

R

Q1

Q2

-VEE

+Vcc

Io

IR

RE

Q1

𝑰𝑪𝟏 ˃ 𝑰𝑪𝟐 =  𝑰𝟎
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𝑉𝑇 𝑙𝑛
𝐼𝐶1

𝐼𝐶2
= 𝑅𝐸𝐼𝐸2

Q2

-VEE

+Vcc

Io
IR

RE

R

Q1𝒊𝒇 𝜷 = ∞

𝑉𝑇 𝑙𝑛
𝐼𝑅

𝐼0
= 𝑅𝐸𝐼𝑂

𝐼𝑅 =
𝑉𝐶𝐶 + 𝑉𝐸𝐸 − 𝑉𝐵𝐸1

𝑅
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- To Find Ro: hie2

ib2

RE

VT

IT

hfeib2

Q2

-VEE

+Vcc

Io
IR

RE

R

Q1

VX

4. Widlar Current Source:

𝑅𝑜 ≈
1

ℎ𝑜𝑒2
+

ℎ𝑓𝑒

ℎ𝑜𝑒2

𝑅𝐸

𝑅𝐸 + ℎ𝑖𝑒2 +
1

𝑔𝑚1
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Design a simple current mirror to generate Io= 10uA

given that 𝑽𝑩𝑬 = 0.7 V @ 1mA

Assume B = ∞ ,  VCC = 10V   and VEE = 0V 

We need to find the value of 𝑽𝑩𝑬 @10uA 

𝑽𝑩𝑬 = 𝑽𝑻 𝒍𝒏
𝑰𝑪

𝑰𝑺

𝑽𝑩𝑬𝟐 − 𝑽𝑩𝑬𝟏 = 𝑽𝑻 𝒍𝒏
𝑰𝑪𝟐

𝑰𝑪𝟏

𝑽𝑩𝑬𝟐 = 𝑽𝑩𝑬𝟏 + 𝑽𝑻 𝒍𝒏
𝑰𝑪𝟐

𝑰𝑪𝟏

= 𝟎. 𝟕 + 𝑽𝑻 𝒍𝒏
𝟏𝟎𝑯𝑨

𝟏𝒎𝑨
= 𝟎. 𝟓𝟖 𝑽

Q2

VEE-

VCC+

IR Io=Ic2
R

Q1
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Differential Amplifiers 
Design a simple current mirror to generate Io= 10uA

given that VBE = 0.7 V @ 1mA

Assume B=∞ , VCC = 10V   and VEE = 0V 

𝑽𝑩𝑬 = 𝟎. 𝟕 𝑽 @ 𝑰𝑪 = 𝟏𝒎𝑨

𝑽𝑩𝑬 = 𝟎. 𝟓𝟖 𝑽 @ 𝑰𝑪 = 𝟏𝟎𝝁𝑨

𝑲𝑽𝑳 ∶ 𝑽𝑪𝑪 = 𝑹 𝑰𝑹 + 𝑽𝑩𝑬

𝒔𝒊𝒏𝒄𝒆 𝛃 = ∞

𝑰𝑹 = 𝑰𝒐 = 𝟏𝟎𝝁𝑨

∴ 𝑹 = 𝟗𝟒𝟐𝑲 Too Large , Not Practical

Q2

VEE-

VCC+

IR Io=Ic2
R

Q1

VEE = 0V

VCC = 10V 
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Design a Wedlar current source to generate Io= 10uA

given that 𝑽𝑩𝑬 = 0.7 V @ Ic=1mA

Assume B=∞ , VCC = 10V   and VEE = 0V 

A𝒔𝒔𝒖𝒎𝒆 𝒕𝒉𝒂𝒕 𝑰𝑹 = 𝟏𝒎𝑨

∴ 𝑽𝑩𝑬𝟏 = 𝟎. 𝟕 𝑽

𝑹 =
𝑽𝑪𝑪 − 𝑽𝑩𝑬𝟏

𝑰𝑹
= 𝟗. 𝟑𝐤

𝑰𝒐 𝑹𝑬 = 𝑽𝑻 𝒍𝒏
𝑰𝑹

𝑰𝒐

∴ 𝑹𝑬 = 𝟏𝟏. 𝟓𝒌
𝒔𝒎𝒂𝒍𝒍𝒆𝒓 𝒓𝒆𝒔𝒊𝒔𝒕𝒐𝒓 ; 𝒔𝒎𝒂𝒍𝒍𝒆𝒓 𝒄𝒉𝒊𝒑 𝒂𝒓𝒆𝒂

Q2

-VEE

+Vcc

Io
IR

RE

R

Q1

VEE = 0V

VCC = 10V
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Multitransistor Current Mirror

𝑰𝟏 = 𝑰𝟐 = 𝑰𝟑 =
𝑰𝑹

𝟏 +
𝑵 + 𝟏

𝜷

If β is finite and all the 

transistors are matched: 

Q2 Q3
Q4

-VEE

+VCC

I1
I2

I3

Q1

𝑰𝑹
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Generalized Current Mirror

𝑰𝑹 =
𝑽𝑪𝑪 + 𝑽𝑬𝑬 − 𝑽𝑬𝑩𝟏 − 𝑽𝑩𝑬𝟐

𝑹

𝒊𝒇 𝛃 → ∞

To Generate bias currents for 

different amplifier stages in an IC

Q4

-VEE
-VEE -VEE

vcc vcc
vcc

I1

I2

I3

I4
IR

𝑹

Q1

Q2

Since ∣VBE∣ For all the transistors are equal

𝑰𝟏 = 𝑰𝑹 ; 𝑰𝟐 = 𝟐𝑰𝑹 ; 𝑰𝟒 = 𝟑𝑰𝑹
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Mosfet Current Sources:

The Basic mosfet Current Source

𝑺𝒊𝒏𝒄𝒆 𝑽𝑮𝟏 = 𝑽𝑫𝟏 𝒂𝒏𝒅 𝑽𝑮𝑺 = 𝑽𝑫 𝑺

𝑽𝑫𝑺 > 𝑽𝑮𝑺 − 𝑽𝑻

𝑰𝑫𝑺𝟏 =
𝟏

𝟐
ഥ𝑲𝒏𝟏

𝑾

𝑳 𝟏
𝑽𝑮𝑺𝟏 − 𝑽𝑻

𝟐

𝑰𝒐 = 𝑰𝑫𝑺𝟐 =
𝟏

𝟐
ഥ𝑲𝒏𝟐

𝑾

𝑳 𝟐
𝑽𝑮𝑺𝟐 − 𝑽𝑻

𝟐

𝑰𝑹 = 𝑰𝑫𝑺𝟏 + 𝑰𝑮𝟏 + 𝑰𝑮𝟐 = 𝑰𝑫𝑺𝟏

∴ Q1 is operated in the pinch off   region

Q2Q1

Io

IR

+VDD
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∴
𝑰𝒐

𝑰𝑹
=

𝑾
𝑳 𝟐

𝑾
𝑳 𝟏

≡ 𝒄𝒖𝒓𝒓𝒆𝒏𝒕 𝒈𝒂𝒊𝒏

𝑺𝒊𝒏𝒄𝒆 𝑽𝑮𝑺𝟏 = 𝑽𝑮𝑺𝟐

𝒂𝒏𝒅 𝑽𝑻𝟏 = 𝑽𝑻𝟏, and ഥ𝑲𝒏𝟏= ഥ𝑲𝒏𝟐

𝑰𝑹 = 𝑰𝑫𝑺𝟏 =
𝟏

𝟐
ഥ𝑲𝒏𝟏

𝑾

𝑳 𝟏
𝑽𝑮𝑺𝟏 − 𝑽𝑻

𝟐

𝑰𝒐 = 𝑰𝑫𝑺𝟐 =
𝟏

𝟐
ഥ𝑲𝒏𝟐

𝑾

𝑳 𝟐
𝑽𝑮𝑺𝟐 − 𝑽𝑻

𝟐

Q2Q1

Io

IR
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Mosfet Current Sources:

The Basic mosfet Current Source

If we have  matched Transistors

𝑰𝒐

𝑰𝑹
= 𝟏

𝑰𝒐 = 𝑰𝑹 𝒄𝒖𝒓𝒓𝒆𝒏𝒕 𝒎𝒊𝒓𝒓𝒐𝒓

Q2Q1

+VDD

Io

IR
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Mosfet Current Sources:

ഥ𝑹𝒐

R
rds1

VT

gm vgs2

g1

gm vgs1 
Rds2 

d2

ഥ𝑹𝒐 =
𝟏

𝒈𝒎𝟏
║𝐑║𝒓𝒅𝒔𝟏

𝑹𝒐 =
𝑽𝑻

𝑰𝑻
= 𝒓𝒅𝒔𝟐

Ro` rds2
VT

IT

gm vgs2

g1

Q2Q1

Io

IRg2d1

g2
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Mosfet Current Sources:

The  Wilson mosfet current mirror

𝑸𝟏, 𝑸𝟐 𝒂𝒓𝒆 𝒎𝒂𝒕𝒄𝒉𝒆𝒅

∴ 𝑰𝒐= 𝑰𝑹

𝑹𝒐 ≅ 𝒈𝒎𝟑 𝒓𝒅𝒔𝟑 𝒓𝒅𝒔𝟐

Q1Q2

+VDD

Io

Q3IR
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Mosfet Current Sources:

Two Port Model for Mosfet Current Mirror

rds2

i1

rds1

g
1

g
2

gmvgs1

gm2 vgs2   

rds2

i1
i2

+
v2
_

+
v1
_

Q2Q1
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Mosfet Current Sources:

Cascode mosfet current mirror

𝑰𝑫𝑺𝟏 =
𝟏

𝟐
ഥ𝑲𝒏 𝑽𝑮𝑺𝟏 − 𝑽𝑻

𝟐
𝑾

𝑳 𝟏
= 𝑰𝑹

𝑰𝑫𝑺𝟐 =
𝟏

𝟐
ഥ𝑲𝒏 𝑽𝑮𝑺𝟐 − 𝑽𝑻

𝟐
𝑾

𝑳 𝟐
= 𝑰𝒐

𝑰𝒐

𝑰𝑹
=

𝑾
𝑳 𝟐

𝑾
𝑳 𝟏

Q2Q1

+VDD

Io
IR

Q3Q4
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𝑹𝒐 = 𝒓𝒅𝒔𝟑 + 𝒓𝒅𝒔𝟐 𝟏 + 𝒈𝒎 𝒓𝒅𝒔𝟑

𝑹𝒐 ≈ 𝒓𝒅𝒔𝟐 𝒓𝒅𝒔𝟑 𝒈𝒎 Q2Q1

+VDD

Io
IR

Q3Q4
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Circuits With Active Load

𝑳𝒆𝒕 𝑹𝑪 = 𝟓𝒌 ,
𝑰𝑪𝑸 = 𝟏𝒎𝑨,

𝒂𝒏𝒅
𝟏

𝒉𝒐𝒆
= 𝟏𝟐𝟎𝒌

𝑹𝒍 = 𝟏𝟎𝒌 vi C1

R1

R2

```

RC

C2

Vo(t)

RL

VCC+Find   Av =  
𝑽𝒐

𝑽𝒊
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Ac Small signal equivalent Circuit

vi C1

R1

R2

```

RC

C2

Vo(t)

RL

VCC+

vi R1\\R2 hie

Vo(t)

Rc RL

Ib

hfe ib
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Circuits With Active Load

𝑽𝒐 = −𝒉𝒇𝒆𝒊𝒃 𝑹𝑪║𝑹𝑳║
𝟏

𝒉𝒐𝒆

𝒊𝒃 =
𝒗𝒊

𝒉𝒊𝒆

∴ 𝑨𝒗 = −
𝒉𝒇𝒆

𝒉𝒊𝒆
𝑹𝑪║𝑹𝑳║

𝟏

𝒉𝒐𝒆

𝑨𝒗 = −𝒈𝒎 𝑹𝑪║𝑹𝑳║
𝟏

𝒉𝒐𝒆
= −𝟏𝟐𝟓

𝑻𝒐 𝒊𝒏𝒄𝒓𝒆𝒂𝒔𝒆 𝑨𝒗 , 𝑹𝑪 ↑, 𝑽𝑪𝑬 ↓
→ 𝑻𝒓𝒂𝒏𝒔𝒊𝒔𝒕𝒐𝒓 𝒆𝒏𝒕𝒆𝒓𝒔 𝒔𝒂𝒕𝒖𝒓𝒂𝒕𝒊𝒐𝒏

vi R1\\R2 hie

Vo(t)

Rc RL

Ib

hfe ib

𝑽𝑪𝑬 = 𝑽𝑪𝑪 - 𝑹𝑪 𝑰𝑪𝑸
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Amplifier With an Active Load

Ac Small signal equivalent Circuit

hie3 RLhfe ib

Vo(t)

Q2 Q1

R

V

     VO

RLQ3
vi

b3 c3
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Amplifier With an Active Load

hie3 RLhfe ib

Vo(t)

𝒍𝒆𝒕
𝟏

𝒉𝒐𝒆𝟑
= 𝟏𝟐𝟎𝒌

𝟏

𝒉𝒐𝒆𝟐
= 𝟖𝟎𝒌

, 𝑰𝑪𝑸 = 𝟏𝒎𝑨
𝑽𝒐 = ቐ

− 𝟏𝟖𝟒𝟔 𝒗𝒊 ; 𝑹𝑳 = ∞
− 𝟏𝟐𝟒𝟕 𝒗𝒊 ; 𝑹𝑳 = 𝟏𝟎𝟎𝒌

− 𝟑𝟏𝟖 𝒗𝒊 ; 𝑹𝑳 = 𝟏𝟎𝒌

𝑨𝒗 = −𝒈𝒎
𝟏

𝒉𝒐𝒆𝟑
║

𝟏

𝒉𝒐𝒆𝟑
║𝑹𝑳

∴ 𝒈𝒎 =
𝒉𝒇𝒆𝟑

𝒉𝒊𝒆𝟑
=

𝑰𝑪𝑸

𝑽𝑻
= 𝟑𝟖. 𝟒𝟔 Ω
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Differential Amplifiers 

AC Analysis: Input Impedance

𝒔𝒊𝒏𝒄𝒆 𝑰𝑬𝟏 = 𝑰𝑬𝟐 𝐚𝐧𝐝 𝜷𝟏 = 𝜷𝟐

𝒉𝒊𝒆𝟏 = 𝒉𝒊𝒆𝟐 = 𝒉𝒊𝒆

𝒉𝒊𝒃𝟏 = 𝒉𝒊𝒃𝟐 = 𝒉𝒊𝒃

vi1

Q1

RC=21K RC=21K

vi2

RE=20K

-12V

12+

Vo1 

Rs=1K Rs=1K

Vo2

Q2
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Ac small signal equivalent circuit

vi1

Rs

hie1

RC

GND1

b1

RE

GND2

RC

GND1

hie2
vi2

Rsib1

ib2

hfe ib1

hfe ib2

c1
c2

e1,e2

Vo1 Vo2

vi1

Q1

RC=21K RC=21K

vi2

RE=20K

-12V

12+

Vo1 

Rs=1K Rs=1K

Vo2

Q2
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Vi1 Vi2

Rs Rshie1 hie2

RE (1+hfe)

To find the input impedance 

Base equivalent circuit

ib1 ib2

vi1

Rs

hie1

RC

GND1

b1

RE

GND2

RC

GND1

hie2
vi2

Rsib1

ib2

hfe ib1

hfe ib2

c1
c2

e1,e2

Vo1 Vo2
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Base equivalent circuit

Input Impedance:

𝑫𝒊𝒇𝒇𝒆𝒓𝒆𝒏𝒕𝒊𝒂𝒍 𝒎𝒐𝒅𝒆 𝒊𝒏𝒑𝒖𝒕 𝒊𝒎𝒑𝒆𝒅𝒂𝒏𝒄𝒆 ≡ 𝒁𝒊𝒅

𝒁𝒊𝒅 = ቤ
𝒗𝒅

𝒊𝒃 𝒗𝒄=𝟎

𝑪𝒐𝒎𝒎𝒐𝒏 𝒎𝒐𝒅𝒆 𝒊𝒏𝒑𝒖𝒕 𝒊𝒎𝒑𝒆𝒅𝒂𝒏𝒄𝒆 ≡ 𝒁𝒊𝒄

𝒁𝒊𝒄 = ቤ
𝒗𝒄

𝒊𝒃 𝒗𝒅=𝟎
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Input impedance

Vi1 Vi2

Rs Rshie1 hie2

RE (1+hfe)

𝒁𝒊𝒅 = ቤ
𝒗𝒅

𝒊𝒃 𝒗𝒄=𝟎

𝒁𝒊𝒅 = 𝟐 𝑹𝑺 + 𝒉𝒊𝒆

𝒁𝒊𝒄 = ቤ
𝒗𝒄

𝒊𝒃 𝒗𝒅=𝟎

𝒁𝒊𝒄 = 𝑹𝑺 + 𝒉𝒊𝒆 + 𝟐 𝟏 + 𝒉𝒇𝒆 𝑹𝑬

hie1 = hie2 = hie

ib1 ib2

𝒗𝒊𝟏= −
𝒗𝒅

𝟐
; 𝒗𝒊𝟐 =

𝒗𝒅

𝟐

𝒗𝒊𝟏 = 𝒗𝒄 ; 𝒗𝒊𝟐 = 𝒗𝒄

𝒗𝒅

𝟐
−

𝒗𝒅

𝟐

Vi1 Vi2

Rs Rshie1 hie2

RE (1+hfe)

ib1 ib2

𝒗𝒄

𝒗𝒄

ix = 2ib1

ix = 0
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Differential Amplifiers Using Darlington and FET
Differential Amplifiers Using Darlington

hfe=200

𝑻𝒐 𝒇𝒊𝒏𝒅 𝑨𝒄 & 𝑨𝒅:

vi1

RC RC

vi2Rs
Rs

R

VCC+

RE RE

Q2

Q1

Q3

Q4

Q5

Q6Q7

+VCC

+VEE

vi1

hibD hibD

Vi2Ro

ie2 ie3
RE1 RE2

Emitter equivalent circuit
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Differential Amplifiers Using Darlington and FET

Differential Amplifiers Using Darlington

hfe=200

𝑻𝒐 𝒇𝒊𝒏𝒅 𝒁𝒊𝒅:

vi1

RC RC

vi2Rs
Rs

R

VCC+

RE RE

Q2

Q1

Q3

Q4

Q5

Q6Q7

+VCC

+VEE

Vi1

RS hieD hieD RS

Vi2

ib1

ib4

Ro(1+hfeD)

Base equivalent circuit
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Base equivalent circuit

Input Impedance:

Vi1

RS hieD hieD RS

Vi2

ib1

ib4

Ro(1+hfeD)

𝒁𝒊𝒅 = 𝟐 𝑹𝑺 + 𝒉𝒊𝒆𝑫 + 𝑹𝑬 𝟏 + 𝒉𝒇𝒆𝑫

𝒁𝒊𝒅 = ቤ
𝒗𝒅

𝒊𝒃𝟏 𝒗𝒄=𝟎

𝒁𝒊𝒄 = ቤ
𝒗𝒄

𝒊𝒃 𝒗𝒅=𝟎

𝒁𝒊𝒄 = 𝑹𝑺 + 𝒉𝒊𝒆𝑫 + 𝑹𝑬 𝟏 + 𝒉𝒇𝒆𝑫 + 𝟐𝑹𝒐 𝟏 + 𝒉𝒇𝒆𝑫

𝒗𝒊𝟏= −
𝒗𝒅

𝟐
; 𝒗𝒊𝟐 =

𝒗𝒅

𝟐

𝒗𝒊𝟏 = 𝒗𝒄 ; 𝒗𝒊𝟐 = 𝒗𝒄
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Differential Amplifiers Using Darlington and FET

Differential Amplifiers Using FET

Ac Small signal equivalent Circuit:

vi1

RD RD

vi2

VDD+

R

VCC+

-VSS

Io

vo2vo1

vi1

g1

rds

Rd

Ro

Rd rds

ids1

ids1

ids2

vi2

s
2

s
1

d2
g2

gmvgs
gmvgs

d1
Vo1 Vo2
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Differential Amplifiers Using FET

vi1

RD RD

vi2

VDD+

R

VCC+

-VSS

Io

vo2vo1

Vi1 Vi2RO

ids1

ids2

ix

vi1

g1

rds

Rd

Ro

Rd rds

ids1

ids1

ids2

vi2

s
2

s
1

d2
g2

gmvgs
gmvgs

d1
Vo1 Vo2

𝝁

𝝁 + 𝟏
𝝁

𝝁 + 𝟏

Vo1 = -ids1.Rd
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Differential Amplifiers Using FET

Source equivalent Circuit:

ሻ1 𝑇𝑜 𝑓𝑖𝑛𝑑 𝐴𝑑 ; 𝑠𝑒𝑡 𝑣𝑐 = 0

𝒗𝒊𝟏 = −
𝒗𝒅

𝟐

𝒗𝒊𝟐 =
𝒗𝒅

𝟐

𝒊𝒙 = 𝟎 𝒔𝒚𝒎𝒎𝒆𝒕𝒓𝒚

𝒗𝒐𝟏 =
𝑹𝒅

𝝁
𝝁 + 𝟏

𝒗𝒅

𝟐
𝑹𝒅 + 𝒓𝒅𝒔

𝝁 + 𝟏

𝒊𝒅𝒔𝟏 =

𝝁
𝝁 + 𝟏

−
𝒗𝒅
𝟐

𝑹𝒅 + 𝒓𝒅𝒔
𝝁 + 𝟏

Vi1 Vi2RO

ids1

ids2

ix

𝑣𝑖1 = 𝑣𝑐 −
𝑣𝑑

2

𝑣𝑖2 = 𝑣𝑐 +
𝑣𝑑

2
𝝁

𝝁 + 𝟏

𝝁

𝝁 + 𝟏

𝒊𝒅𝒔𝟏 = -𝒊𝒅𝒔𝟐
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𝒗𝒐𝟏 =
𝑹𝒅

𝝁
𝝁 + 𝟏

𝒗𝒅

𝟐
𝑹𝒅 + 𝒓𝒅𝒔

𝝁 + 𝟏

𝑨𝒅 = ቤ
𝒗𝒐𝟏

𝒗𝒅 𝒗𝒄=𝟎

𝑨𝒅 =
𝑹𝒅

𝝁
𝝁 + 𝟏

𝟐
𝑹𝒅 + 𝒓𝒅𝒔

𝝁 + 𝟏 Uploaded By: anonymousSTUDENTS-HUB.com



Differential Amplifiers Using FET

Ac Small signal equivalent Circuit:

𝒗𝒊𝟏 = 𝒗𝒄

𝒗𝒊𝟐 = 𝒗𝒄

𝒊𝒅𝒔𝟏 =
𝒗𝒄

𝝁
𝝁 + 𝟏

𝑹𝒅 + 𝒓𝒅𝒔
𝝁 + 𝟏

+ 𝟐𝑹𝒐

Vi1 Vi2RO

ids1

ids2

ix

ሻ2 𝑇𝑜 𝑓𝑖𝑛𝑑 𝐴𝑐 = ቤ
𝑣𝑜1

𝑣𝑐 𝑣𝑑=0

𝝁

𝝁 + 𝟏

𝝁

𝝁 + 𝟏

𝒊𝒙 = 𝟐𝒊𝒅𝒔𝟏

𝒊𝒅𝒔𝟏 = 𝒊𝒅𝒔𝟐

𝒊𝒙 = 𝟐𝒊𝒅𝒔𝟏
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𝒗𝒐𝟏 =
− 𝑹𝒅

𝝁
𝝁 + 𝟏

𝑹𝒅 + 𝒓𝒅𝒔
𝝁 + 𝟏

+ 𝟐𝑹𝒐

𝒗𝒄

∴ 𝑨𝒄 =
𝑹𝒅

𝝁
𝝁 + 𝟏

𝑹𝒅 + 𝒓𝒅𝒔
𝝁 + 𝟏

+ 𝟐𝑹𝒐

𝑪𝑴𝑹𝑹 =
𝑨𝒅

𝑨𝒄
=

𝒓𝒅𝒔 + 𝑹𝒅 + 𝟐𝑹𝒐 𝝁 + 𝟏

𝟐 𝑹𝒅 + 𝒓𝒅𝒔

vi1

RD RD

vi2

VDD+

R

VCC+

-VSS

Io

vo2vo1
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The Operational Amplifier

Very high voltage gain  ; 200,000

Very High input impedance ; 10M ohm

Very small output impedance  ; 75ohm 

Designed to do mathematical operations such as addition , 

subtraction ….

Diff-

Amp

Output 

Stage

DC 

Level 

Shifter

High 

Gain 

Amp

Current 

Source

𝒗𝒊𝟏

𝒗𝒊𝟏

vo
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The Operational Amplifier

DC Level Shifter

𝑻𝒐 𝒎𝒂𝒌𝒆 𝒗𝒐 = 𝟎, 𝒘𝒉𝒆𝒏
𝒗𝒊𝟏 = 𝒗𝒊𝟐 = 𝟎

𝑹𝑻𝑯 = 𝟐. 𝟑𝒌ԡ𝟑. 𝟕𝒌 = 𝟏. 𝟒𝟏𝟖 𝒌

𝑽𝑻𝑯 =
𝟐. 𝟑𝒌

𝟐. 𝟑𝐤 + 𝟑. 𝟕𝒌
−𝟔 = −𝟐. 𝟐 𝑽

𝑰𝑬𝟐 =
𝑽𝑻𝑯 − 𝟎. 𝟕 + 𝟔

𝟑𝐤 +
𝑹𝑻𝑯

𝛃 + 𝟏

GND8

1V

Vi

``

15k

T3

8k

T1

RC

Vo(t)

T2

3.7K
2.3K

-6V

3.7K

+12V

3K

𝑹𝑪 =    ?????

𝑰𝑬𝟐 = 1.0285 mA
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𝑰𝑩𝟑 =
𝟏−𝟎.𝟕

𝟏𝟓𝒌
= 𝟎.𝟎𝟐𝐦𝐀

𝑰𝑪𝟑 = 𝟏𝐦𝐀

𝟏𝟐 = 𝟖𝒌 𝑰𝑪𝟑 + 𝑰𝑩𝟏 + 𝟎. 𝟕 + 𝑹𝒄𝑰𝑬𝟏 + 𝟎
∴ 𝑹𝒄 ≅ 𝟑. 𝟑𝒌

GND8

1V

Vi

``

15k

T3

8k

T1

RC

Vo(t)

T2

3.7K
2.3K

-6V

3.7K

+12V

3K

𝑰𝑪𝟑 + 𝑰𝑩𝟏

≅ 𝟒𝑽

0V

THE FUNCTION OF THE CAPACITOR
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The Operational Amplifier

𝒗𝒐 =
𝑹𝒐

𝑹𝒐 + 𝑹𝒄 +
𝒉𝒊𝒆𝟏 + 𝑹𝒕𝒉

𝒉𝒇𝒆 + 𝟏

𝒗𝒕𝒉

𝒗𝒐 ≈ 𝒗𝒕𝒉

Ac Small signal equivalent Circuit:

Vth hie1

Ib1

Rth

RC

vo

``

Ro

hfeib1

GND8

1V

Vi

``

15k

T3

8k

T1

RC

Vo(t)

T2

3.7K
2.3K

-6V

3.7K

+12V

3K

Emitter equivalent circuit
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Q1and Q2 Differential 

Amplifier

Complete Operational Amplifier

Q6 Output Stage  CC

Q3 and Q4 High Gain 

Amplifier

Q7 and Q8 Current Source

Q5 pnp DC Level Shifter 
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VB7 = VB8 = (10K) . (-15V)/(10K+4.7K  = -10.2 V

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

DC Analysis  :

Vi2 = Vi1 = 0

IE8 =( +15 -10.9 )/RE8   =  1.8mA

All β = 100

Complete Operational Amplifier  :  
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0 = 3.3K (IC4-IB5) + VBE5 - 1.48K IE5

IE5 = 1.53 mA

VBE6+5K IE6 - 10.47K (IC5-IB6)   =  0

IE6 = 3mA

ICQ1  =  ICQ2  =  0.5 IE7  =  0.2mA

ICQ3  = ICQ4  =  0.5 IE8   =  0.9mA

Or  IE6 = 
𝟎−(−𝟏𝟓ሻ

𝟓𝑲
=   3mA

1.48K

10.47K

IC5-IB6

IC4-IB5
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𝒗𝒐𝟏 =
𝑹𝒄𝒗𝒅

𝟐 𝒉𝒊𝒃 +
𝑹𝒔

𝒉𝒇𝒆+𝟏

𝒗𝒐𝟐 = −
𝑹𝒄𝒗𝒅

𝟐 𝒉𝒊𝒃 +
𝑹𝒔

𝒉𝒇𝒆+𝟏

Differential Mode Analysis

vi1

Q1

RC=21K RC=21K

vi2

RE=20K

-12V

12+

Vo1 

Rs=1K Rs=1K

Vo2

Q2

Ac Analysis   :

If we have RE1= RE2

𝒗𝒐𝟏 =
𝑹𝒄𝒗𝒅

𝟐 𝒉𝒊𝒃 + 𝑹𝑬𝟏 +
𝑹𝒔

𝒉𝒇𝒆+𝟏

𝒗𝒐𝟐 = −
𝑹𝒄𝒗𝒅

𝟐 𝒉𝒊𝒃 + 𝑹𝑬𝟏 +
𝑹𝒔

𝒉𝒇𝒆+𝟏

RE RE

Review
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110

vth1 vth2

RTH1 RTH2

All β = 100
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111

Rth4

Vth4

vth1 vth2

RTH1 RTH2

All β = 100
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Ac Small signal Analysis

hie1  = 13kΩ

hie2 = 13kΩ

hie3  = 2.89KΩ

hie4  =2.89KΩ

hie5 = 1. 7KΩ

hie6 = 0.87KΩ

Vth1  =  

+
𝒗𝒅1

𝟐
𝑹𝑐1

𝑹𝒆𝟏+𝒉𝒊𝒃1+𝑹𝒔1/(𝒉𝒇𝒆+𝟏ሻ

Rth1 = Rc1 = 25K

vd1= Vi2 – Vi1Rs1 = 0

Vth1 = 69.4 Vd1

vth1 vth2

RTH1 RTH2

Vth2 =  - Vth1 =    
− +

𝒗𝒅1

𝟐
𝑹𝑐1

𝑹𝒆𝟏+𝒉𝒊𝒃1+𝑹𝒔1/(𝒉𝒇𝒆+𝟏ሻ

Vth2 =  -69.4  𝑉𝑑1

Rth2 = 25K Uploaded By: anonymousSTUDENTS-HUB.com
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Rth4

Vth4

vth1 vth2

RTH1 RTH2

Vth4 =  
− +

𝒗𝒅4

𝟐
𝑹𝑪4

𝑹𝒆𝟒+𝒉𝒊𝒃4+𝑹𝒔4/(𝒉𝒇𝒆+𝟏ሻ
= 829 𝑉𝑑4

Re4 = 0

Rs4 = 25K

Vd4 =  (Vth2 – Vth1)

Rth4 = 3.3k
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Ac Small Signal Equivalent Circuit Of the DC Level Shifter and the Output Stages :

vo = 5k ie6 ;  ie6 = (1+hfe) ib6

ib6 =  
10.47𝑘 . ℎ𝑓𝑒 𝑖𝑏5

𝟏𝟎.𝟒𝟕𝒌+𝒉𝒊𝒆𝟔+𝟓𝒌(𝟏+𝒉𝒇𝒆ሻ

ib5 =  
− 𝑣𝑡ℎ4

𝑹𝒕𝒉𝟒+𝒉𝒊𝒆𝟓+𝟏.𝟒𝟖𝒌(𝟏+𝒉𝒇𝒆ሻ

Vo = - 5540 vd1  =   + 5540 (vi1 – vi2)

Rth4

Vth4
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Operational Amplifier
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