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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:
e (Cascode amplifier using BJTs
e (Cascode amplifier using MOSFETs




Numerical example: Cascode amplifier
R3=2.8kQ and lsias =0 A ]

Vce =12V; R1 =570kQ2; R2 =90 k; R4 = 10kQ;

VA1= VA2 = 100V; 31 = 100; B2 = 200; VBE1(on) = VBE1(on) = 0.6V;
C1=C2=C3=10 yF; CL =100 pF ; Cx =10 pF and Cu=5 pF

Find Operating point, small signal parameters

Find voltage gain, input capacitance and

the upper cutoff frequency




Numerical example: Cascode amplifier |

R;
Rs = 2.8kQ and laiss = 0 A; Rs = 1.3 kQ o OF
Vce = 12V; R1 = 570kQ; R2 = 90 kQ; R4 = 10kQ; CHlas
VA1= VA2 = 100V; 31 = 100; B2 = 200; VBE1(on) = VBE1(on) = 0.6V; R4§I
Ci1=C2=Cs =10 uF; CL = 100 pF ; Ct = 10 pF and Cu=5 pF put SR =
Find Operating point, small signal parameters . &

Find voltage gain, input capacitance and
the upper cutoff frequency

ro1
gm'Vbe1 %




Recall: Numerical Example: CE amplifier

Vce = 12V; VA =100V; B =100; VBE(on) = 0.6V; RB = 570kQ; Rc = 2.8k .
Ci=C2=10pyF; CL=100 pF ; Cx =10 pF and Cu=5 pF

Find Operating point, small signal parameters

Find voltage gain, input capacitance and the upper cutoff frequency




Numerical example: Cascode amplifier |

R;
Rs =10 MQ and leias = 2 mA; Rs = 1.3 kQ o OF
Vce = 12V; R1 = 570kQ; R2 = 90 kQ; R4 = 10kQ; CHlas
VA1= VA2 = 100V; 31 = 100; B2 = 200; VBE1(on) = VBE1(on) = 0.6V; R4§I
Ci1=C2=Cs =10 uF; CL = 100 pF ; Ct = 10 pF and Cu=5 pF put SR =
Find Operating point, small signal parameters . &

Find voltage gain, input capacitance and
the upper cutoff frequency

ro1
gm'Vbe1 %




Numerical example: Cascode amplifier
R3=10 MQ and Isias=2 mA; Rs=1.3 k)

Rc

Rg
Vce =12V; R1 =570kQ; R2 =90 kQ; R4 = 10kQ; (—
VA1= VA2 = 100V; B1 = 100; B2 = 200; VBE1(on) ~ VBE1(on) = 0.6V; N
C1=C2=Cs =10 pyF; CL = 100 pF ; Cxt = 10 pF and Cp=5 pF v .
Find Operating point, small signal parameters

Find voltage gain, input capacitance and = =
the upper cutoff frequency vdd




Numerical Exercise: Cascode amplifier
e Rs =2 kQ and IBIAS =0 mA; Rs =2.25kQ

e Given: for both transistors, (K.W/L) = 1mA/V"~2; A=0.01/V; Vth =1V;

e Vdd =12V, R1=9kQ, R2=3kQ,R3=5kQ,R4a=5kQ;
Rs
M, : Output

e C1=C2=10pF; CL=100 pF; Cgs =10 pF and Cgd =5 pF;
%R1 1 —
M;

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




Numerical Exercise: Cascode amplifier

e Rs =2 kQ and IBIAS=0 mA:; Rs =2.25 kQ

e Given: for both transistors, (K.W/L) = 1mA/V"~2; A=0.01/V; Vth =1V;
e Vdd =12V, R1=9kQ, R2=3kQ,R3=5kQ,R4a=5kQ;
e C1=C2=10pF; CL=100 pF; Cgs =10 pF and Cgd =5 pF;

Find Operating point, small signal parameters

Find voltage gain, input capacitance and

the upper cutoff frequency




Numerical Exercise: Cascode amplifier
e RD =2 k) and Rs = 2.25 k{Q

Given: for the transistor, (K.W/L) = ImA/V"~2; A=0.01/V; Vth =1V; Vg
Vdd =12V, R1=9kQ, R2 =3k Q; !

C1=C2=10 pF; CL =100 pF; Cgs =10 pF and Cgd = 5 pF;
Find Operating point, small signal parameters H
Find voltage gain, input capacitance and +

the upper cutoff frequency )I ”:
VS?




Numerical Exercise: Cascode amplifier

e Rs =5k and IBIAS =2 mA; Rs=2.25 kQ

e Given: for both transistors, (K.W/L) = 1mA/V"~2; A=0.01/V; Vth =1V;
e Vdd =12V, R1=9kQ, R2=3kQ,R3=5kQ,R4a=5kQ;
e C1=C2=10pF; CL=100 pF; Cgs =10 pF and Cgd =5 pF;

Find Operating point, small signal parameters

Find voltage gain, input capacitance and

the upper cutoff frequency




Conclusion:

(d Numerical examples:
e Cascode amplifier using BJTs
e Cascode amplifier using MOSFETs
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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:

Amplifiers with active load




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:

1 Motivation of using active load

] Basic operation and analysis of
e CS amplifier with active load
e  CE amplifier with active load

CONCEPTS COVERED
d Practical amplifier circuits with active load:

e CS

« CE




Recall: Basic operation of CE amplifier with passive load
Limitation on voltage gain

Vin A Vee Voul 1

. ; LDUWJ

RC VOul A
N Aniwiwl
O > t

+Jd +
Vs Ve T |c=? ivout =7 \j U U \




Recall: Basic operation of CS amplifier with passive load

Limitation on voltage gain
vin A VDD_ VOUU

UI




Basic operation of CS amplifier with active load
voltage gain enhancement




Small signal analysis of CS amplifier with active load

voltage gain enhancement
Vin A Voo vouti

Vsez =w, ‘p_ %[_\ -ﬂu
\%\f\f\-f-bf ['M1 ]V U' U \ |




Basic operation of CE amplifier with active load
voltage gain enhancement

Vce X




Small signal analysis of CE amplifier with active load
voltage gain enhancement

Vce .

Vin A




Practical circuit of CE amplifier with active load
voltage gain enhancement

Vin & Vee Vout A

-8 |

I ¢ |/Q1 TV:
'




Analysis of Practical CE amplifier with active load
vol\j(age gain enhancement

Vin A _L J

Vout A

wZ Er) i—|%°+ )ﬂ_ D'{'\WD ;
\%\f\—f\yf‘}f Vs§” \/:_Q I l U \ V K

- r
VbeZI % <l>gm2 Vpe2 % M2
+

t




Practical circuit of CS amplifier with active load
voltage gain enhancement

Vin A VDD vﬂut i




Conclusion:

Motivation of using active load

(d Basic operation and analysis of
e CS amplifier with active load
e  CE amplifier with active load

e CS
 CE

(J Yet to cover Numerical examples

Yet to cover Design guidelines

d Practical amplifier circuits with active load:
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Numerical Example: CE amplifier —Fixed-bias
* Vcc =12V; B =100; VBE(on) = 0.6V; RB = 570kQ; Rc = 3.3kQ;
»Find small sighal parameters of transistor and, voltage gain, Rin and Ro




Numerical Example: CE amplifier —Fixed-bias (contd.)
* Vcc =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 of CS amplifier

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

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

R
=3 %D

T
O
+
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Course Name: Analog Electronic Circuits
Faculty Name: Dr. Pradip Mandal

Department . Electronics and Electrical Communication Engineering

Topic:

Amplifiers with active load (contd.)




Concepts Covered:

1 Motivation of using active load

(J Basic operation and analysis of
e CS amplifier with active load
e CE amplifier with active load

CONCEPTS COVERED
J Practical amplifier circuits with active load:
e CS
e CE
J Numerical examples and Design guidelines
e CE amplifier with active load

CS amplifier with active load




Numerical example: CE amplifier with active load
(voltage gain enhancement)
31 =100; B2 =200; VBE(on)1 = VBE(0on)2 = 0.6V; Va1 =100V, VA2 =100V,
e Cnl=Cn2 =10 pF; Cul =Cp2 =5 pF

 Vcc =12V, RB1 =570kQ; RB2 =1.14MQQ; CL= 100pF
» Find operating points and values of small signhal parameters of transistors
» Find Output swing (distortion free output signal)

Vce
R

2
RB1§
o
— .

Q
B2
v ? )I ¢ |. Q1 lvout

—0




Numerical example: CE amplifier with active load (contd.)

Vce

 B1=100; 32 = 200; VBE(on)1 = VBE(on)2 = 0.6V; VA1 =100V; Va2 =100V; !
e Cnil=Cn2 =10 pF; Cul = Cu2 =5 pF SES &
 Vcc =12V; RB1 =570kQ; RB2 =1.14MQ; CL=100pF i
> Find voltage gain, Rin, Ro and Cin T e :
» Find the Upper Cutoff frequency v, g\? n— L&

- r
Vbe2I m2 $9m2 Vpe2 % lo2
+

RBZ




Performance comparison with CE amplifier with Passive load
 Vcc =12V; B = 100; VBE(on) = 0.6V; RB = 570kQ; Rc = 3kQ; Ca=10 pF; Cu=5 pF

Active




CE amplifier with active load having stable bias ‘
 B1=100; 32 = 200; VBE(on)1 = VBE(on)2 = 0.6V} . Vee
e VA1=100V; VA2=100V; Cxal = Cn2 = 10 pF; Cul = Cu2 =5 pF . ] @

 Vcc =12V; RB1 =570kQ; RB2 =1.14MQ; CL=100pF
» Find voltage gain, Rin, Ro and Cin

W
> Find the Upper Cutoff frequency v ? !




CE amplifier with active load having stable bias
 B1=100; 32 = 200; VBE(on)1 = VBE(on)2 = 0.6V}

* VA1=100V; VA2=100V; Cal =Cn2 =10 pF; Cul =Cpu2=5 pF Q,

 Vcc =12V; RB1 =570kQ; RB2 =1.14MQ; CL=100pF Re1 %Rsz_
» Find voltage gain, Rin, Ro and Cin ' I/_HW +
» Find the Upper Cutoff frequency v ? = L& o

I %
n2 <*>gm2 Vbe2 r02
2

Re

(g <r>gmybe1 % Mo1




Numerical example: CS amplifier with active load

e (Kn.W1/L1) =1mA/V™2, (Kp.W2/L2) =4mA/N2; Vthl =1V, Vth2=-15V, A1=A2=0.01/V,
e Cgsl =Cgs2 =10 pF; Cgdl = Cgd2 =5 pF
* Vbp =12V, R11=9kQ, R12 =3k Q, R21 =95kQ, R22 =25k Q , CL= 100pF

» Find operating points and values of small signal parameters of transistors
» Find Output swing (distortion free output signal)

vDD

8 o (IR




Numerical example: CS amplifier with active load (contd.)
e (Kn.W1/L1) =1mA/NV"2, (Kp.W2/L2) =4mA/NV"2; Vthl =1V, Vth2=-15V, A1=A2=0.01/V,
« Cgsl=Cgs2 =10 pF; Cydl = Cgd2 = 5 pF e

* Vob =12V, R11=9kQQ, R12 =3k Q, R21 =95kQ, R22 = 25k Q , CL=100pF
» Find voltage gain, Rin, Ro and Cin
» Find the Upper Cutoff frequency




Comparison with CS amplifier having passive load
e (Kn.W/L) =1mA/VN2; Vth=1V, Vdd=12V, R1=9kQ, R2=3kQ,Rp =3k Q; CL.=100pF

Active

Passive




Numerical example:

CS amplifier with active load having stable bias
e (Kn.W1/L1) =1mA/NV"2, (Kp.W2/L2) =4mA/N"2; Vthl =1V, Vth2=-15V, A1=A2=0.01/V,
e Cgsl=Cgs2 =10 pF; Cgdl =Cgd2 =5 pF

* Vob =12V, R11=9kQ, R12 =3k Q, R21 = 35kQQ, R22 = 25k &, CL=100pF
» Find operating points and values of small signhal parameters of transistors

X CimA Mirtrnaat C‘\Al;h\? (AictAaviinn free Output Signal)
DD




Numerical example:
CS amplifier with active load having stable bias (contd.)
e (Kn.W1/L1) =1mA/NV"2, (Kp.W2/L2) =4mA/N"2; Vthl =1V, Vth2=-1.5V, A1=A2=0.01/V,
. Cgsl = Cgs2 = 10 pF; Cydl = Cgd2 = 5 pF e

* Vbp =12V, R11=9kQ, R12 =3k Q, R21 =35k, R22 = 25k 2, CL= 100pF
» Find voltage gain, Rin, Ro and Cin
» Find the Upper Cutoff frequency




Conclusion:

Motivation of using active load

(J Basic operation and analysis of
e CS amplifier with active load
e  CE amplifier with active load

d Practical amplifier circuits with active load:
e CS
e CE

(J Numerical examples and Design guidelines
e CE amplifier with active load and comparison with passive load
e CE amplifier with active load having stable bias
e CS amplifier with active load and comparison with passive load
CE amplifier with active load having stable bias
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