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NPTEL ONLINE CERTIFICATION COURSES

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

Department . Electronics and Electrical Communication Engineering

Topic:

Multi transistor Amplifiers




Flow of Discussion (Bottom-up) — Building blocks

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

e Week 6:

« Multi transistor Amplifiers (operation and analysis):
« CE-CC; CS-CD; CC-CC; Darlington pair etc.

« Cascode amplifiers
« CS-CB and CS-CG

« Amplifier with active load.




Concepts Covered:

[l Motivation of mixing different configurations

(J Decreasing output impedance by cascading CC:
e CE-CC
e CC-CC

CONCEPTS COVERED [ Increasing input impedance by preceding CC stage:
e CC-CC
e CC-CE
 Darlington pair

(1 Decreasing output impedance by cascading CD :




Performance metrics of CE / configurations
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Performance metrics of /CC/C = configurations

b (B + DByl 7,) 1 B
QOutput (ﬁ_|_ 1)(RL||T')+ (ﬁ + 1)(RL|| T)—I_ T P 4 ||RL||T' ||T l‘l (ﬁ + 1)

! cC
L TR V. Low V. High V. Low V.Low High




Performance metrics of /CB configurations
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Summary of Performance metrics of CE /CC/CB configs.

“““-“—

High High High High High Good Voltage amp & Current amp
but needs suitable buffers (for cascading )

CC V.Low V.High V.Low V.Low High Voltage mode buffer and Power amplifier

CB  “High” V.Low V.High V.Low V.Low Current mode buffer and voltage gain
with Rs =0 booster




I\/Iulti-configuration amplifiers: CC-CC

“mn-n_

High High High High High  Good Voltage amp & Current amp
but needs suitable buffers (for cascading )

CC V. Low V. High V. Low V. Low High Voltage mode buffer and Power amplifier

CB “High” with V. Low V. High V. Low V. Low Current mode buffer and voltage gain booster
Rs =0




Multi configuration amplifiers: CE-CC

“mn-n_

High High High High High Good Voltage amp & Current amp
but needs suitable buffers (for cascading )
CC V. Low V. High V. Low V. Low High Voltage mode buffer and Power amplifier
CB “High” with V. Low V. High V. Low V. Low Current mode buffer and voltage gain booster

Rs =0




Multi configuration amplifiers: CC-CE

“mn-n_

High High High High High Good Voltage amp & Current amp
but needs suitable buffers (for cascading )
CC V. Low V. High V. Low V. Low High Voltage mode buffer and Power amplifier
CB “High” with V. Low V. High V. Low V. Low Current mode buffer and voltage gain booster

Rs =0




I\/Iulti—configuration amplifiers: Composite transistor

“mm-n_

High High High High High Good Voltage amp & Current amp
but needs suitable buffers (for cascading )
CC V. Low V. High V. Low V. Low High Voltage mode buffer and Power amplifier
CB “High” with V. Low V. High V. Low V. Low Current mode buffer and voltage gain booster

Rs =0




Analysis of CC-CE and CC-CC amplifiers:
Composite transistor (contd.)

Small signal Parameters:
ﬁ(c) = (1+ ;31)/32
?"n(-r:) =1+ (1+ B

© (1+ Bp;
Im = ey + (1 + By)7




Analysis of CC-CE and CC-CC amplifiers:
Composite transistor (contd.) Small signal Parameters:
BO=(1+ BB To = To

Tn(-C) = 1y + (1 + B

e Q,] g(c) _ (1 + ﬁl)ﬁZ
Q, " w1 + (L4 L)




Multi-figuration amplifiers: Darlington pair and CC-CE

“mm-n_

High High High High High Good Voltage amp & Current amp
but needs suitable buffers (for cascading )
CC V. Low V. High V. Low V. Low High Voltage mode buffer and Power amplifier
CB “High” with V. Low V. High V. Low V. Low Current mode buffer and voltage gain booster

Rs =0




Summary of Performance metrics of CS /CD/CG configs.

“““-“—

High V. High  High High High

CD V.Low V.High V.Low V.Low High

CG “High” V.Low V.High V.Low V.Low
with Rs =0

Good Voltage amp
but needs suitable buffer (for cascading )

Voltage mode buffer

Current mode buffer and voltage gain
booster



CS CD configuration

-_mm-n_

High V. High  High High High Good Voltage amp
but needs suitable buffer (for cascading )

CD V. Low V.High V.Low V.Low High Voltage mode buffer

CG High”withRs=0 V.Low V.High V.Low V.Low Current mode buffer and voltage gain booster




Conclusion:

Motivation of mixing different configurations

(d Decreasing output impedance by cascading CC:
e CE-CC
e CC-CC

1 Increasing input impedance by preceding CC stage:
e CC-CC
e CC-CE
e Darlington pair

(1 Decreasing output impedance by cascading CD :
e CS-CD
Yet to cover Numerical example
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NPTEL ONLINE CERTIFICATION COURSES

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

Department . Electronics and Electrical Communication Engineering

Topic:

Multi transistor Amplifiers (contd.)




Flow of Discussion (Bottom-up) — Building blocks

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

e Week 6:

« Multi transistor Amplifiers (operation and analysis):
« CE-CC; CS-CD; CC-CC; Darlington pair etc.

« Cascode amplifiers
« CS-CB and CS-CG

« Amplifier with active load.




Concepts Covered:

CONCEPTS COVERED

(1 Numerical examples on
| =  CE-CC




Recall: Numerical Example: CE amplifier —Fixed-bias

Vcec =12V; VA =100V; B = 100; VBE(on) = 0.6V; RB = 570kQ; Rc = 3.3kQ .
C1=C2=10uF; CL=100 pF ; Cx =10 pF and Cu=5 pF

Find Operating point, small signal parameters and voltage gain
Find the upper cutoff frequency




Numerical Example: CE—CC amplifier

Vdd =12V; VA =100V; B =100; VBE(on) = 0.6V; Ct = 10 pF and Cu=5 pF;
R1=570kQ; R2=3.3kQ2; R3=1.2kQ; C1=C2=10 yF; CL =100 pF.

Find Operating point, small signhal parameters and voltage gain
Find the upper cutoff frequency




Recall: Numerical Exercise ( CS amplifier)
Given: for both transistors, (K.W/L) = ImA/NV™2; Vth =1V,
Vdd =12V, R1=9kQ,R2 =3k Q,RD =3k Q;
C1=C2=10uF; CL =100 pF; Cgs =10 pF and Cgd =5 pF
Find small signal parameters, Av, Rin and Ro
Find Lower and upper cutoff frequencies




Numerical Exercise: CS-CD amplifier

Given: for both transistors, (K.W/L) = 1ImA/V™2; Vth =1V,
Vdd =12V, R1=9kQ,R2=3kQ ,R3=3 kQ,R4=15kQ;
C1=C2=10pF; CL =100 pF; Cgs =10 pF and Cgd =5 pF
Find small signal parameters, Av, Rin and Ro

Find Lower and upper cutoff frequencies




Recall: Numerical Exercise: CE amplifier —Self-bias

e Vcc =12V; B = 200; VBE(on) = 0.6V; R1 = 9.9kQ; R2 = 3.3kQ; Rc=2.7 kQ; RE= 1.2 kQ
e C1=C2=10puF; CE=100 pyF ; CL =100 pF; Cx =10 pF and Cu=5 pF

* Find Operating point, small signal parameters, voltage gain, lower and upper
cutoff frequencies




Numerical Exercise: CE(self bias)-CC amplifier
. }/%ckzﬂuv; B =200; VBE(on) = 0.6V; R1 = 9.9kQ; R2 = 3.3kQ; R3=2.7 kQ; RE= 1.2 kQ; R4 =

e C1=C2=10uF; CE=100 uF; CL =100 pF; Cax =10 pF and Cu=5 pF

 Find Operating point, small signal parameters, voltage gain, lower and upper cutoff
frequencies




Numerical Exercise: CC-CE amplifier

Vcec =12V; B =100; VBE(on) = 0.6V; R1 = 98MQ; Rc= 2.7 kQ; RE= 1.2 kQ)
C1=C2=10 pyF; CE=100 pF ; CL =100 pF; Cx =10 pF and Cu=5 pF

Find Operating point and small signal parameters,

Find the values of input resistance, input capacitance and voltage gain




Numerical Exercise: Amplifier using Darlington pair
Vcec =12V; B =100; VBE(on) = 0.6V; R1 = 98MQ; Rc= 2.7 kQ; RE= 1.2 kQ)
C1=C2=10 pyF; CE=100 pF ; CL =100 pF; Cx =10 pF and Cu=5 pF
Find Operating point and small signal parameters,
Find the values of input resistance, input capacitance and voltage gain




Conclusion:

d  Motivation of mixing different configurations

d Decreasing output impedance by cascading CC:

. CE-CC
. CC-CC
O Increasing input impedance by preceding CC stage:
. CC-CC
. CC-CE

. Darlington pair

[ Decreasing output impedance by cascading CD :
. CS-CD

(1 Usefulness of CC and CD through numerical example
(d Examples on
= CE-CC
= (CS-CD
CC-CE and amp. Darlington pair
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NPTEL ONLINE CERTIFICATION COURSES

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

Department . Electronics and Electrical Communication Engineering

Topic:

Multi transistor Amplifiers (contd..)




Flow of Discussion (Bottom-up) — Building blocks

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

e Week 6:

« Multi transistor Amplifiers (operation and analysis):
« CE-CC; CS-CD; CC-CC; Darlington pair etc.

 Cascode amplifiers
« CS-CB and CS-CG

 Amplifier with active load.




Concepts Covered:

d Continuing multi-configuration amplifiers:
= CE-CB
= Cascode amplifier using BJTs
=  CS-CG

CONCEPTS COVERED Cascode amplifier using MOSFETs




Performance metrics of CE / configurations

Vee

I
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L AT —gn®clln)  Rpllre) (Rell 1) (en+ e gmBell )

1 CE
- - High High High High High




Performance metrics of /CB configurations

53+ ““—-“
t

t—— OQutput (R1+T') R 4 + r R . R Cﬂ_
In(Rell 7o) rall m=ies Rall o + gt (R Il |R2))

“High” with V. Low V. High V. Low V. Low

CB




Multi configuration amplifiers: CE-CB

“mn-n

High High High High High Good Voltage amp & Current amp
but needs suitable buffers (for cascading )
CC V. Low V. High V. Low V. Low High Voltage mode buffer and Power amplifier
CB “High” with V. Low V. High V. Low V. Low Current mode buffer and voltage gain booster
Rs =0

Vdd

Vce IBIAS1; } } % R,

% Re +—— Output
Rs




Multi-configuration amplifiers: CE-CB and Cascode amplifier




Analysis of Cascode amplifier and comparison with CE amp.

= Biasing and operating point of BJTs

= Small signal analysis

= Voltage gain

= Qutput impedance

* Inputimpedance and
= Input capacitance




Analysis of Cascode amplifier and comparison with CE amp.

= Biasing and operating point of BJTs R,
= Small signal analysis %RQ %

= Voltage gain q = Outedt
Output impedance R4§ ™
Input impedance and ——
Input capacitance




CS-CG configuration

-_mm-n_

High V. High  High High High Good Voltage amp
but needs suitable buffer (for cascading )

CD V. Low V.High V.Low V.Low High Voltage mode buffer

CG High”withRs=0 V.Low V.High V.Low V.Low Current mode buffer and voltage gain booster




Multi-configuration amplifiers: CS-CG and Cascode amplifier

Vdd

.Vdd ‘ é R3




Multi-configuration amplifiers: Cascode amplifier using MOSFET

Biasing and operating point of MOSFETs
Rs
(—
M, \ Output

= Voltage gain
Output impedance

* |nput impedance and
= |nput capacitance

_ _ Vdd
= Small signal analysis
Rs

}I L




Multi-configuration amplifiers: Cascode amplifier using MOSFET

Vdd
= Biasing and operating point of MOSFETSs i 2 &
= Small signal analysis Rs
= Voltage gain M, Fo°ut|out
Output impedance |

Input impedance and
Input capacitance




Conclusion:

Continuing multi-configuration amplifiers:

= CE-CB

= Cascode amplifier using BJTs and its analysis

=  (CS-CG

= Cascode amplifier using MOSFETs and its analysis

d Yet to cover Numerical examples
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