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Flow of Discussion (Bottom-up) — Building blocks

 Modules ( performing specific tasks)
« Building blocks ( having specific characteristics )

e Week 3:

- Amplifier models (equivalent circuits):
» voltage amplifier, current amplifier,
+ trans-conductance amplifier and trans-resistance amplifier.

« Cascading of multiple amplifiers.

« Common emitter (CE) amplifier
» operating principle, biasing, analysis and design.
« Common source (CS) amplifier
» operating principle, biasing, analysis and design.
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Concepts Covered:

Model of Voltage Amplifier

1 Model of Current Amplifier

CONCEPTS COVERED
] Model of Trans-conductance Amplifier




Two simple Voltage Amplifiers

« Example circuit (containing BJT or MOSFET)

» Transistors are biased in proper region of operation
Vdd

Ve
Re

T -
Vbe Vout
Vs

Ve T l __TI__ _




Meaning of Model of Voltage Amplifier

« An equivalent linear circuit providing
Dependency of the output signal on the input signal




Meaning of Model of Voltage Amplifier (contd.)

« An equivalent linear circuit providing

Dependency of the output signal on the input signal

st?—e—FJL

Vout = VDUT + 1Iillf::}ut




Model of a Voltage Amplifier

* Represents

v, 4

* Input-to-Output Voltage gain (unloaded) and
* Loading effect at the output and input ports v, i

AN
T




Model of Voltage Amplifier (Contd.)

AN

* Input-to-Output Voltage gain (unloaded) and

* Loading effect at the output and input ports Vout 4

v, 4




A simple Current Amplifier

« Example circuit (containing BJT)
» Transistors are biased in proper region of operation

Vcce

s <+> o llc HC‘C_* lout

’ (5 - 1 —

* Dependency of the output signal on the input signal




Meaning of Model of Current Amplifier

« An equivalent linear circuit providing
Dependency of the output current signal on the input current signal

Vcc

= I R |
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Meaning of Model of Current Amplifier (contd.)

« An equivalent linear circuit providing

Dependency of the output current signal on the input current signal

Vce




Model of a Current Amplifier

* Represents
* Input-to-Output Current gain (unloaded) and
* Loading effect at the output and input ports

"W
T




Model of Current Amplifier (Contd.)

* Represents

i
e Input-to-Output Current Gain (unloaded) and ou
* Loading effect at the output and input ports

D AT
UOUIRIOEL L ROY 1




Model of Trans-Conductance Amplifier

* Represents
e Input-to-Output Signal relationship (unloaded) and
* Loading effect at the output and input ports

v, 4
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Model of Trans-Impedance Amplifier

* Represents
e Input-to-Output Signal relationship (unloaded) and
* Loading effect at the output and input ports

IS
VI

NS S S




Conclusion:

Linearization of Simple Amplifier results to Models of

] Voltage Amplifier,

dCurrent Amplifier,
Trans-conductance Amplifier and
dTrans-Impedance Amplifier

(1 Each of the Models Represent

Input-to-Output Signal relationship (unloaded) and
Loading effect at the output and input ports
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Flow of Discussion (Bottom-up) — Building blocks

 Modules ( performing specific tasks)
« Building blocks ( having specific characteristics )

e Week 3:

- Amplifier models (equivalent circuits):
+ voltage amplifier, current amplifier,
+ trans-conductance amplifier and trans-resistance amplifier.

« Cascading of multiple amplifiers.

« Common emitter (CE) amplifier
« operating principle, biasing, analysis and design.
« Common source (CS) amplifier
» operating principle, biasing, analysis and design.




Concepts Covered:

] Operating principle

) Biasing: Fixed bias

CONCEPTS COVERED

J Analysis: Operating point and Small signal

\ [ Issue in Fixed bias CE amplifier




Basic operation of CE amplifier

- Normally, it is considered as a Voltage Amplifier
* Input is fed at the Base node
* Output is observed at the collector node
* Both, input and output signals are voltage




CE amplifier as Voltage amplifier

* Both, input and output signals are voltage
 Important parameters Av, Ro and Rin are dependent on Q-point

e N TN
e 2 ezt JUTTT

Vout A

v, 4




Basic operation of CE amplifier

« Basic Operation
Base node must have a d.c. voltage

Collector node voltage must be sufficiently high

Biasing is an important aspect keeping transistor in active region
Vcece Vout A




Practical circuit to bias CE amplifier — Fixed bias

 D.C. voltage at the base is defined by Vce, RB and B-E diode
- Capacitor at input port blocks d.c. voltage of the input signal source

« Capacitor at output port blocks the d.c. at collector node to extract only a.c
VA Vcce




CE amplifier — Fixed bias (contd. )

e Circuit at Input port Vin A

% RB - f )I °® lvout
o 1




CE amplifier — Fixed bias (contd..)

 Circuit at Output port
Vcce

Vout




CE amplifier — Fixed bias (contd...)

- Small signal equivalent circuit(s) Ve




CE amplifier — Fixed bias (contd...)

 Mapping small signal equivalent circuit into Voltage Amplifier

Vcc

%Rc

Rs

|

% S }’+
i Vou




CE amplifier — Fixed bias (contd...)

- High frequency Small signal equivalent circuits Vee




Sensitivity of Operating point of CE Amp

« Operating point of Fixed bias CE amp is sensitive on 3 of the BJT

* A series Resistor RE is added at the emitter terminal
to de-sensitize the operating point




Conclusion:
(] Operation of CE Amplifier

] Biasing of CE amplifier:
Fixed bias
 D.C. decoupling capacitors

J Analysis CE amplifier
dOperating point and
dSmall (a.c.) signal

1 Sensitivity problem in Fixed bias CE amplifier
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Concepts Covered:

[ Fixed-biasing vs. Self biasing of CE amplifier

J Analysis: Operating point and Small signal
CONCEPTS COVERED

[ Method of finding parameters in Voltage Amplifier

J Numerical Examples: Analysis and Design




asing o AINPIITIEr: rixea-olas vs. vey-owas

 In Fixed-bias, IB is defined by RB (and Vce — VBE(on) )
 In Self-bias, It and hence Ic are set by RE (and VBB-VBE(on) )




!asmg O! !! ampllller !COH!.. !

« Analysis to find Ic:
Vee Veg = Vegon) + Rpp-Ip + Rp(1 + fp)lp
RC” 14 — (VBB o VBE(DH])
' I + ® " {Rgp + (1 + Br )Rz}
Vg : 4% Rag Vout br (VBB - VBE(DH))
R Ic = Prlp =
_-|—_ Vs ___E _____ \ {RBB + (1 + ﬁF )RE}

= 0l ¢ (Vae = V(o))
0Br  Pr {Rpp + (1 + fr )RE}




!e'l- Emse! !! ampll!ler

e Practical circuit




CE amplifier — Self-bias (contd.)

* Circuit at Input port- Large signal Vin 4 -
s Vep = Vec i 2" —
% Rgg {Rl T RZ} AN L )I T ’

\ - . Rl . RZ _ f Vg % R, . Vout
] Rpp = =}
VS? B-E diode {R; + R,} L 1 It




CE amplifier — Self-bias (contd.)

vin A

 Circuit at Input port- small signal




CE amplifier — Self-bias (contd..)

e Circuit at Output port: Large signal and small signal




CE amplifier — Self-bias (contd...)
- Small signal equivalent circuit and Mapping on V. Amp.




CE amplifier — Self-bias (contd...)
- Finding parameters in Voltage Amplifier




CE amplifier — Self-bias (contd...)

* Finding parameters in Voltage Amplifier considering ro




CE amplifier — Self-bias (contd...)

« Getting back high gain Voo




CE amplifier — Fixed bias (contd...)

- High frequency Small signal equivalent circuits




Numerical Example: CE amplifier —Fixed-bias
* Vee = 12V; B = 100; VBE(on) = 0.6V; RB = 570kQ; Rc = 3.3kQ;
Find Operating point, small signal parameters and voltage gain




Numerical Example: CE amplifier —Self-bias

* Vee = 12V; B = 2003 VBE(on) = 0.6V; R1 = 9.9kQ; Rz = 3.3kQ; Rc= 2.7 kQ; RE=
1.2 kQ

Find Operating point, small signal parameters and voltage gain
VCC




Design guidelines: CE amplifier —Fixed-bias
* Vee = 12V; B = 100; VBE(on) = 0.6V




Design guidelines: CE amplifier —Self-bias

* Vee = 12V; B = 2003 VBE(on) = 0.6V




Conclusion:

[ Self biasing stabilizes Q-pt of CE amplifier

J Analysis: Operating point and Small signal

J Methods of finding parameters in Voltage Amplifier
J Use of by-pass capacitor to get back gain

(dNumerical Examples of CE amplifier: Analysis and Design
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Concepts Covered:

Fixed-biasing vs. Self biasing of CE amplifier
Analysis: Operating point and Small signal
Method of finding parameters in Voltage Amplifier
CONCEPTS COVERED
(J Numerical Examples:
1 Operating point stability

U Finding performance metrics

] Design guidelines




Numerical Example: CE amplifier —Fixed-bias

* Vee = 12V VBE(on) = 0.6V; RB = 570kQ; Rc = 3.3kQ;
»Find Operating point, for 3 =100 and B = 200




Numerical Example: CE amplifier —Self-bias

* Vece = 12V VBE(on) = 0.6V; R1 = 9.9kQ; Rz2 = 3.3kQ; Rc= 2.7 kQ; RE= 1.2 kQ
» Find Operating point for 3 = 200 and 3 = 200




Numerical Example: CE amplifier —Fixed-bias
* Vee = 12V; B = 100; VBE(on) = 0.6V; RB = 570kQ; Rc = 3.3kQ;
» Find small signal parameters of transistor and, voltage gain, Rin and Ro




Numerical Example: CE amplifier —Fixed-bias (contd.)

* Vee = 12V; B = 100; VBE(on) = 0.6V; RB = 570kQ; Rc = 3.3kQ;
» Find Output swing (distortion free output signal) and Power dissipation
» Comment about Cutoff frequencies

Vcc

Rc
Rg




Numerical Example: CE amplifier —Self-bias

* Vee = 12V; B = 2003 VBE(on) = 0.6V; R1 = 9.9kQ; Rz = 3.3kQ; Rc= 2.7 kQ; RE=
1.2 kQ

» Find small signal parameters of transistor and, voltage gain, Rin and Ro
VCC




Numerical Example: CE amplifier —Self-bias (contd.)

* Vee = 12V; B = 2005 VBE(on) = 0.6V; R1 = 9.9kQ; R2 = 3.3kQ; Rc= 2.7 kQ; RE= 1.2 kQ
» Find Output swing and Power dissipation
» Comment about Cutoff frequencies




Numerical Example: CE amplifier —Self-bias (without CE)

* Vee = 12V; B = 2003 VBE(on) = 0.6V; R1 = 9.9kQ; Rz = 3.3kQ; Rc= 2.7 kQ; RE=
1.2 kQ

Find small signal parameters and voltage gain
VCC

Re




Design guidelines: CE amplifier —Fixed-bias
 Given: Vcc = 12V; 8 = 100; VBE(on) = 0.6V
 Find: Rc, RB, C1, C2
Important performance metrics: Av, Output swing, d.c. Power, Rin, Ro, Cin




Design guidelines: CE amplifier —Self-bias
 Given: Vcc = 12V; 8 = 100; VBE(on) = 0.6V
 Find: Rc, Ry, R2, RE, C1, C2, CE
Important performance metrics: Av, Output swing, d.c. Power, Rin, Ro, Cin




Numerical Example: Cascaded CE amplifier
* Vee = 12V; B = 1005 VBE(on) = 0.6V; RB1 = RB2 = 570kQ; Rc1 = Rcz = 3.3kQ;

» Find over all voltage gain using Av, Rin and Ro of each stages
Vce

RC1 RBZ RC2
RE?-‘I

-+




Numerical Example: Cascaded CE amplifier (cond.)
* Vee = 12V; B = 200; VBE(on) = 0.6V; R1 = R3 = 9.9kQ; R2 = R4 = 3.3kQ; Rc1 =
Rcz2 = 2.7 kQ; RE1 = RE2 = 1.2 kQ
» Find over all voltage gain using Av, Rin and Ro of each stages




Conclusion:

[ Self biasing stabilizes Q-pt of CE amplifier
Analysis: Operating point and Small signal
Methods of finding parameters in Voltage Amplifier
] Use of by-pass capacitor to get back gain in self-biased CE

(dNumerical Examples of CE amplifier: Analysis and Design




dm: wY T —

NPTEL ONLINE CERTIFICATION COURSES

Thart
S =




Y
= /!
v

l,"'

:

NPTEL 0”:ii'E CERTIFICATION COURSES

Course Name: Analog Electronic Circuits
Faculty Name: Dr. Pradip Mandal

Department : Electronics and Electrical Communication Engineering

Topic:

Common Source Amplifier




1ISCUSS101

ottom-up

 Modules ( performing specific tasks)
« Building blocks ( having specific characteristics )

e Week 3:

- Amplifier models (equivalent circuits):
» voltage amplifier, current amplifier,
+ trans-conductance amplifier and trans-resistance amplifier.

« Cascading of multiple amplifiers.

« Common emitter (CE) amplifier
operating principle, biasing, analysis and design.

« Common source (CS) amplifier
» operating principle, biasing, analysis and design.




Concepts Covered:

] Operating principle

] Biasing: Voltage bias
CONCEPTS COVERED
. Analysis: Operating point and Small signal

J Mapping to Voltage amplifier and
Transconductance amplifier

LINumerical Exercise




!asm operation 0! !! ampllller

- Normally, it is considered as a Voltage Amplifier
- Input signal is fed at the Gate node
* Output signal is observed at the Drain node Rp
* Both, input and output signals are voltage

Vin 4 T
Vgs Vout
Oy NN Lo Vise l
t 2T 1

* Voltage biasing ” — —

- Biasing is an important aspect keeping transistor in saturation regioxg
* Gate node to Source node must have a d.c. voltage
* Gate terminal has “zero” d.c. current and hence, voltage bias
- Drain node voltage must be sufficiently high

""‘ﬁ‘:i
)
%‘4

g —
Sy
AN
1 S
e

-




!! ampll!ler as !oltage ampll!ler

* Both, input and output signals are voltage
 Important parameters Av, Rin and Ro are dependent on Q-point

e BN TIEITL
e 2 ezt JUTTT

Vout A

v, 4




!asm operation 0! !! ampll!ler !reco"ect!

o KW
ds < ‘Idsz IDS-I_Ids:EL

« With linear approximation :
| K.W
lgs = T(V{?S _ Vth)'vgs = JZ'I‘DSH'W v

L e

Vour = Vpp — Rp.(Ups + igs)

_(VGS + vgs o th)2

2.1ps

(V{}S _ Vch)' g%

2.1, K.W

L

.V

1%

as



Practical circuit to bias CS amplifier

« D.C. voltage at the Gate is defined by Vdd, R1 and Rz
- Capacitor at input port blocks d.c. voltage of the input signal source

« Capacitor at output port blocks the d.c. at Drain node to extract only a.c.
A Vq Vout




CS amplifier — Equivalent circuit for Q-pt analysis

Vout A

Vgs A Vdd /VW-\K- §R1 é’E'H(T) +
— ] Il
Vs ? % R, _om
T




CE amplifier — Small signal equivalent circuit




CE amplifier — Mapping to Voltage amplifier and
Ve Transconductance amplifier




CS amplifier (Contd.) Ve

- High frequency Small signal equivalent circuits IR %RD




Numerical Example of CS amplifier

* Given: (K.W/L) = 1mA/V”*2; Vth =1V, Vdd =12V, R1 =9kQ,R2=3kQ,RD
=3k Q

* Sequence of calculation: D.C. voltage at the Gate; Ips; gm; Av




Conclusion:
] Operation of CS Amplifier
] Biasing of CS amplifier:
J Voltage bias
 D.C. decoupling capacitors
[ Analysis CS amplifier
JOperating point and
dSmall (a.c.) signal
J Mapping to Voltage Amp. and Transconductance Amp

J Numerical example
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Concepts Covered:

] Design guidelines of CS amplifier

J Numerical Exercise
CONCEPTS COVERED




Numerical Example of CS amplifier: Analysis

* Given: (K.W/L) =1mA/V”*2; Vth =1V, Vdd =12V, R1 =9kQ, R2 =3k Q,
Rp=3kQ

* Sequence of calculation: = % Rp
v D.C. voltage at the Gate; 1 !

Ibs;

gm;

Av

Input and output resistances

AR NI

<
wn
A
N
<
2




Design guidelines of CS amplifier

* Given: (K.W/L) = 1mA/V”*2; Vth =1V, Vdd = 12V | %
+ Find suitable value of R OFO

Resistors and Capacitors

\| ||:
1l |
* Output swing Vsﬁ\? A%RZ
- Vaa —Ves = V)b o L L L _

_ 2
* Voltage gain
2 Ips-Rp
.Rp =
Jm- 11D Ves—Vin)

Start with Ips and then (Vs — Vith)




Design guidelines of CS amplifier (contd.)
« Given: (K.W/L) = 1mA/V”*2; Vth =1V, Vdd = 12V, .

Start with Ips = 0.5 mA: % R;

VGS = Vith + Ags =




Design guidelines of CS amplifier (contd.) ‘

« Given: (K.W/L) = 1mA/V”*2; Vth =1V, Vdd = 12V,

. 2k,
With Ibs = 0.5 mA: % R
VGS = 2V

\|
y “ I|: Vout
» Maximum Output swing  Vaa = (Vs — Vin)} Sﬁ\’? R l _
2
_ {Vdd o (VGS o th)} - - g
2.1ps

Rp

 Value of Rb:




Design guidelines of CS amplifier (contd.) ‘
« Given: (K.W/L) = 1mA/V”*2; Vth =1V, Vdd = 12V,

With Ibps = 0.5 mA: % R, % Ro
Performance of the amplifier:

\|
* Output swing : Vs : R, Il: You
Vg = Ves < Vi) .

* Voltage gain: 2 : - -

2 Ips.Rp
(Ves—Vin)

* Input and Output resistances:

Im-Rp =




Design guidelines of CS amplifier (contd.)
« Given: (K.W/L) = 1mA/V”*2; Vth =1V, Vdd = 12V, .

Start with Ips = 2 mA: % R;

VGS = Vith + Ags =




Design guidelines of CS amplifier (contd.) ‘

« Given: (K.W/L) = 1mA/V”*2; Vth =1V, Vdd = 12V,

. 2k,
With Ibps = 2 mA: % R
VGS = 3V

\|
y “ I|: Vout
» Maximum Output swing  Vaa = (Vs — Vin)} Sﬁ\’? R l _
2
_ {Vdd o (VGS o th)} - - g
2.1ps

Rp

 Value of Rb:




Conclusion:

J From Device parameters and supply voltage we obtain

values of different resistors in CS amplifier

CDiscussed through Numerical Exercise
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