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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:

Analysis of simple non-linear circuit containing a BJT




Flow of Discussion (Bottom-up) — Building blocks

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

e Week 2:
 Analysis of simple non-linear circuits (each containing one transistor)

* Input-output transfer characteristic of a non-linear circuit.

* Introducing the notion of signal amplification.

 Linearization of input-output transfer characteristic of a non-linear
circuit (w.r.t. an operation point)

and, introducing the notion of small signal equivalent circuit.

« Small signal models of transistors.




Concepts Covered:

] Analysis of non-linear circuit containing one BJT

(J Common Emitter configuration

 Input-Output Characteristic of CE configuration
CONCEPTS COVERED

[ Notion of signal amplification




Analysis of a circuit containing one BJT

« Example circuit 1 (no resistor at base bias)

 FiNnd operation condition of the transistor
 IB, Ic and VCE

Vs Ve

 Information known, in active region: Il

VBE

~ 1© ) h) VBE




Analysis of a circuit containing BJT (Contd.)

« Example circuit_1 (contd..) Vee

Steps to follow: — R
Find, Is " R | v ]vc
L) T

I = I,SE} .E(VT




Analysis of a circuit containing BJT (Contd..)

 Generalized method to find Vce vee -
Steps to follow to : vee | R
1. Combining Pull-dn and pull-up chars s R —
2. Rearrangement of pull-up char Ve IVC
il

3. Superposition of Pull-dn and }
rearranged pull-up chars. SF




Analysis of a circuit containing BJT (Contd...)

« Example circuit_2 (having resistor at base bias)
 FiNnd operation condition of the transistor

e IB, Ic and VcE Re
« Needs additional sub-steps to find le Ry




Analysis of a circuit containing BJT (Contd....)

« Common Emitter circuit
with varying input

Vce

Re




Analysis of a circuit containing BJT (Contd.....)

« Common Emitter circuit
Input-Output Transfer characteristic

Vce

Re




Analysis of a circuit containing BJT (Contd.....)

« Common Emitter circuit
Notion of signal amplification

Vce

Re




Analysis of a circuit containing BJT (Contd.....)

« Common Emitter circuit
Numerical example

Vce

Re




Conclusion:

 Analyzed non-linear circuit containing BJT

J Two Example circuits

(J Common Emitter configuration
 Input-Output Characteristic of CE configuration

INotion of signal amplification
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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:

Analysis of simple non-linear circuit containing a MOSFET




Concepts Covered:

] Analysis of non-linear circuit containing MOSFET

J Example circuits — how to find circuit solution ?

(d Common Source configuration with varying inputs
CONCEPTS COVERED

 Input-Output Characteristic of CS configuration

J Notion of signal amplification

(J Numerical examples




Flow of Discussion (Bottom-up) — Building blocks

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

e Week 2:
 Analysis of simple non-linear circuits (each containing one transistor)

* Input-output transfer characteristic of a non-linear circuit.

* Introducing the notion of signal amplification.

 Linearization of input-output transfer characteristic of a non-linear
circuit (w.r.t. an operation point)

and, introducing the notion of small signal equivalent circuit.

« Small signal models of transistors.




Analysis of a circuit containing MOSFET

« Example circuit_1 we, W

Ips = 2t I (Ves — Vth)z(l + 4,Vps) Vﬂg = (Vgg — V;h )
ox




Analysis of a circuit containing MOSFET (Contd.)

« Example circuit_1

KW
Ips = ET(VGS — Vrh)z(l + 1,,Vps)

— VDS = (VGS o Vth)




Analysis of a circuit containing MOSFET (Contd..)

« Example circuit_1 (contd..)
Steps to follow: Vo Yoo ;

1. Find, Ibs : o

KW
Ips = ET(VGS — Vrh)z(l + 1,,Vps)

Ve VGJ \\I' Ips = f(Vss, Vps)

B

2. VR=R. Ibs — 1

3. Vbs= VDD - VR




Analysis of a circuit containing MOSFET (Contd...)
 Generalized method (graphical illustration)

Steps to follow: V Voo

1. Combining Pull-dn and pull-up chars bb = i

2. Rearrangement of pull-up char 1 - y
3. Superposition of Pull-dn and R Gl ] ’

rearranged pull-up chars. = = =




Analysis of a circuit containing MOSFET (Contd....)

« Common Source (CS) circuit
Any change with resistance at the gate bias ?




Analysis of a circuit containing MOSFET (Contd.)

« Example circuit_2 KW
o Isp = EI(VSG — Ve D?(1 + ApVsp )

= | vSGi ., Vsp 2 (Vsg = Verl)




Analysis of a circuit containing MOSFET (Contd...)
 Generalized method (graphical illustration)

Steps to follow: Voo Voo

1. Combining Pull-dn and pull-up chars _ = IC

2. Rearrangement of pull-up char V T '_*’

3. Superposition of Pull-dn and SG J Vel SR [VD
rearranged pull-up chars. \Jr> lsp




Analysis of a circuit containing MOSFET (Contd....)

« Common Source (CS) circuit
with varying input




Analysis of a circuit containing MOSFET (Contd.....)

« CoOmmon Source circuit
Input-Output Transfer characteristic

Vdd




Analysis of a circuit containing MOSFET (Contd.....)

« CoOmmon Source circuit
Numerical example to find operating point

Vdd




Analysis of a circuit containing MOSFET (Contd.....)

« CoOmmon Source circuit
Notion of signal amplification

Vdd




Analysis of a circuit containing MOSFET (Contd.....)

« CoOmmon Source circuit
Numerical example to find it voltage gain

Vdd




Conclusion:

1 Analyzed non-linear circuit containing MOSFET
J Example circuits

(J Common Source configuration

 Input-Output Characteristic of CS configuration
INotion of signal amplification

(J Numerical Examples
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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:

Linearization of non-linear circuit containing BJT




Flow of Discussion (Bottom-up) — Building blocks

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

e Week 2:
* Analysis of simple non-linear circuits (each containing one transistor)

 Linearization of input-output transfer characteristic of a non-linear
circuit (w.r.t. an operation point)

and, introducing the notion of small signal equivalent circuit.

« Small signal models of transistors.




Concepts Covered:

Linearization of non-linear circuit containing Transistor

1 Notion of Small signal equivalent circuit
CONCEPTS COVERED
] Small signal models of BJT

d Usage of small signal models




Linearization of Input-Output Transfer Characteristic

« Example circuit_1 (containing a BJT)

e Find effect of variation in Vbe on
e Ib, Ic and Vece Vee

 Information known, in active region:

IV
Tnee 1Y ) x(




Linearization of Input-Output Transfer Characteristic

« Example circuit_1 (containing a BJT) Ve
R
e Find effect of variation in Vbe on Vee —
e Ib, Ic and Vce Ve
IB R — —-IT__ —
—
Ve | <‘|r Ic = PBr Ig

 Information known, in active region:

I, ~ [P .E(I%E) I = [ .e(%g)

5




Linearization of Input-Output Transfer Characteristic

« Example circuit_1 (Continued)

e |lc:

Vepp+ T.?E;E) Vcece

L =I.+i,= If).e( VT




Linearization of Input-Output Transfer Characteristic

Ve

« Example circuit_1 (Continued)

* Vce=Vout: Re
VBE |
L=I+i = IS‘:E).E(VT)+ V—E-m T
T Vbe Vout
Vout = Vee — Re. (I + i) Vee

Vour = (Vee — Re- 1)




Linearization w.r.t. Q- pt.: small sighal transfer characteristic

« Example circuit_1 (Continued) Vee
Ic VS. Vbe and Vout VS. Vbe

otion of small signhal equivalent circuit:




Linearization w.r.t. Q- pt.: small signal equivalent ckt.

« Example circuit_1 (Continued) Vee
 Drop out the d.c. parts
e Use new set of parameters:




Linearization w.r.t. Q- pt.: small signal equivalent ckt.

« Example circuit_1 (Continued) Vee
 Drop out the d.c. parts
 Use new set of parameters:

— aIE Vbe Vout
gﬂ’t. aVbE VBE__I__ i
GI ]'1 -
== av,.




Small signal Model of BJT

* New set of device parameters
* Values depend on the Q-pt.

_ 6IC Vbe T‘\fcmu’[
gﬂ’t. aVbE Ve - l
[0 ]"1
(2 aVbe




Small signal Model of BJT (contd.)

* New set of device parameters
* Values depend on the Q-pt.

_ alc :be Vout
Im = By, I L
GI ]'1
?" s
T oV,




Usage of Small signhal Model of BJT

* Numerical Problem (no resistor at base bias) vee

* Find the Operating point
 Find the values of small signal parameters
 Find the small signal voltage gain A




Usage of Small signhal Model of BJT

« Numerical Problem_ 2 (with resistor at base bias)
* Find the Operating point vee
 Find the values of small signal parameters
 Find the small signal voltage gain Re




Conclusion:

Linearization of non-linear circuit containing Transistor
J Small signal equivalent circuit through linearization
J Small signal model of BJT having different set of parameters

(J Small signal model is used to simplify analysis & calculation
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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:

Linearization of non-linear circuit containing MOSFET




Flow of Discussion (Bottom-up) — Building blocks

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

e Week 2:
* Analysis of simple non-linear circuits (each containing one transistor)

 Linearization of input-output transfer characteristic of a non-linear
circuit (w.r.t. an operation point)

and, introducing the notion of small signal equivalent circuit.

« Small signal models of transistors.




Concepts Covered:

Linearization of non-linear circuit containing Transistor

1 Notion of Small signal equivalent circuit
CONCEPTS COVERED
] Small signal models of MOSFET

l Usage of small sighal models of MOSFET




Linearization of Input-Output Transfer Characteristic

« Example circuit_1 (containing a MOSFET)

e Find effect of variation in Vgs on
e |lds and Vds Vop

Vds = (Vgs _ Vth)




Linearization of Input-Output Transfer Characteristic

« Example circuit_1 (containing a MOSFET)

» Find effect of variation in Vgs on Ver = Ro

e lds and Vds Vo —| I y
Rp 1 _'I__

VQ_I_ i \JF lgs = f(vgs, Vis)

L

 Information known, in saturation region:

KW 2 KW 2
las = __(Vgg_ Vth) (1+ ﬂans) = ET If‘;.s— Vth)




Linearization of Input-Output Transfer Characteristic

« Example circuit_1 (Continued) Voo
e lds :

. KW 2
Ids — IDS + lgs = ET(VGS + vgs o th)




Linearization of Input-Output Transfer Characteristic

« Example circuit_1 (Continued)
e VVds =Vout: Ro
Ids — IDS‘ + ids T

KW 2.1, K. W Veo Vout
2 I ( GS th) \/ L vgs Vs i




Linearization w.r.t. Q- pt.: small sighal transfer characteristic

« Example circuit_1 (Continued)
Ids VS. Vgs and Vout VS. Vgs




Linearization w.r.t. Q- pt.: small signal equivalent ckt.

« Example circuit_1 (Continued)
 Drop out the d.c. parts Rop
 Use new set of parameters:




Linearization w.r.t. Q- pt.: small signal equivalent ckt.

« Example circuit_1 (Continued)
 Drop out the d.c. parts Rop
 Use new set of parameters:

_ 0lgs Vgs 5 TVmu’[
gm. — aV Ve i

gs

Ja = — = v,




Small signal Model of MOSFET

* New set of device parameters
* Values depend on the Q-pt.

_ a'{ds Vs 5 TVmu’[
Im = oV Ve i




Usage of Small signal Model of MOSFET

e Numerical Problem

VDD
* Find the Operating point -
« Find the values of small signal parameters 0
 Find the small signal voltage gain T
Vs 5 Vout
oo £ | l




Conclusion:

Linearization of non-linear circuit containing Transistor
Small signal equivalent circuit through linearization
1 Small signal model of MOSFET having different set of pars.

Small signal model is used to simplify analysis & calculation
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