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UNIT 3

3.1 JFET Amplifiers
It provides an excellent voltage gain with high input impedance. Due to these
characteristics, it is often preferred over BJT.
Three basic FET configurations
Common source, common drain and common gate

3.2 JFET low frequency a.c Equivalent circuit
Figure shows the small signal low frequency a.c Equivalent circuit for n-channel JFET.

o5

Fig3.1 small signal model of JFET
3.3 Common Source Amplifier With Fixed Bias
Figure shows Common Source Amplifier With Fixed Bias. The coupling capacitor C1
and C2 which are used to isolate the d.c biasing from the applied ac signal act as short circuits
for ac analysis.

Fig3.2 Common source circuit of JFET
The following figure shows the low frequency equivalent model for Common Source Amplifier
With Fixed Bias. It is drawn by replacing
e All capacitors and d.c supply voltages with short circuit

Fig3.3 small signal model of CS JFET amplifier

Input Impedance Zi
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Zi= RG
Output Impedance Zo
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ﬁmvp =0 'ﬂ RI:I .-Eﬂ
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Fig3.4 Equivalent circuit model of JFET for output

It is the impedance measured looking from the output side with input voltage Vi equal to Zero.
As Vi=0,Vgs =0 and hence gnVVgs =0 . And it allows current source to be replaced by an open

circuit.

So,
Zy = Rpllrg
If the resistance rd is sufficiently large compared to Rp, then
Z, = Rp g 2> Rp
Voltage Gain A, :
. _ Vo _ Vo
The voltage gain A, = ,, =V
Looking at Fig.  we can write
"":: = —Em Vp [rd "RD}
As we know V] = V; we can write
Vo = =gm Vi (ra [IRp )
Vo
A, = v = Em (ra lIRp )

and if r; >> Ry,

Ay = —-gmRp

Table  summarizes performance of common source amplifier with fixed bias.

Parameter Exact With ry>>Rp
Z Rg Rg
Zs Rolirs Rp
A, =8« (Rpllm) =g= Rp

3.4 Common source amplifier with self bias (Bypassed Rs)
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Figure shows Common Source Amplifier With self Bias. The coupling capacitor C1 and
C2 which are used to isolate the d.c biasing from the applied ac signal act as short circuits for ac
analysis. Bypass capacitor Cs also acts as a short circuits for low frequency analysis.

]
3
“si ;I:cs Z

Fig3.5 Common source amplifier model of JFET

?—gvu
--l

The following figure shows the low frequency equivalent model for Common Source Amplifier
With self Bias.

Fig3.6 Small signal model for Common source amplifier model of JFET

i) Input impedance Z; : Z, = Rg

ii) Output impedance Z,, : Z, = 14 ||Rp

if ry >>Rp Z, = Rp

iii) Voltage gain A, : Ay = =Bm(ra |[Rp)
If ry >>Rp A, = -gmRp

The negative sign in the voltage gain indicates there is a 180° phase shift between input and
output voltages.
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3.5 Common source amplifier with self bias (unbypassed Rs)

Voo
Ry
o
c, G
vio—)
v
s‘_l °
M 2Re
Z RS |

) Fig3.7 Csommon gource amplifier model of JFET

Now Rs will be the part of low frequency equivalent model as shown infigure.
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Fig3.8 Small signal model for Common source amplifier model of JFET
Input Impedance Zi

Zi= RG
Output Impedance Zo
It is given by
2y = Z,"||Rp
m z\d' = 1"'rﬂl
[d V'ul,l

Zo = [rg+ R, u+1)]]| Rp

L, = [rd+R:|:Enrd+1)1" RD

Voltage gain (Av)
Itis given by
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= Y
.ﬁ.\- = \Il
We know that,
Vo = =lgRp
A _ N _~Emfa Rp
YUV g +R,4+Rp+gmRey

Dividing numerator and denominator by r; we get,

A _ vu_ _EERD
, = -2 =
Vi 1+g,.,I.=!.,+—““+":l”r
Ty
If rg >> R, + Rp
A = "'ru= -gmRp

"o T I+gm Ry

Table  summarizes performance of common source ﬁmpliﬁer with self bias.

Parameter Bypassed Unbypassed R;
Rg
Exact fg>>Rp Exact rg >=Rp
Z Rg Rg Rg Rg
z, Bo |l ra Ro [rs + R{gwrat1)] |l Ko [rs + Rs{gats + 1] 1l Rp
or or
[+ Rsfu + 1)1 |l Rp [ra+ Rs (0 + 1)1l Rp
Ay LT - g Rp - fm R = Bm Rp
1+gn I‘.'-I-R":;R“ 1+ g Rs

3.6 Common source amplifier with Voltage divider bias (Bypassed Rs)

Figure shows Common Source Amplifier With voltage divider Bias. The coupling capacitor C1
and C2 which are used to isolate the d.c biasing from the applied ac signal act as short circuits
for ac analysis. Bypass capacitor Cs also acts as a short circuits for low frequency analysis.
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Fig3.9 Common source amplifier with Voltage divider bias(Bypassed Rs)

The following figure shows the low frequency equivalent model for Common Source Amplifier
With voltage divider Bias

..................................

T -

r
Z

Fig3.10 small model of Common source amplifier with VVoltage divider bias(Bypassed Rs)

The parameters are given by

Rc = Ri||Rz
Zi = Rg
= Ri1||R2
Z, = 14 ||Rp
if 1y >>Rp Z, = Rp
Ay = -gn (14 lIRp)
If ry >>Ry Ay = —gm Rp

The negative sign in the voltage gain indicates there is a 180° phase shift between input and
output voltages.
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3.7 Common source amplifier with Voltage divider bias (unbypassed Rs)

Fig3.11 small model of Common source amplifier with Voltage divider bias(without
Bypassed Rs)
Now Rs will be the part of low frequency equivalent model as shown in figure.

G) OmVes o o
:

N
I

It is important to note that, here, Rg = Ry || Rz .
Zi = Rg =Ry ||R:
or Zy = rg+ Ry (u+1)

Zo = [rg+gm Roty + R, ]| Rp

or Zo = [rg +Ry w+1)]||Rp
Ay = _E“F;“*'R
1+ng.+—-’——D
Ty

3.8 Common Drain Amplifier
In this circuit, input is applied between gate and source and output is taken between source and
drain.
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Fig3.12 Circuit of Common Drain amplifier

In this circuit, the source voltage is

Vs = Vgt+Ves
When a signal is applied to the JFET gate via C1 ,VG varies with the signal. As VGS is fairly

constant and Vs = Vg+Vgs, Vs varies with Vi.
The following figure shows the low frequency equivalent model for common drain circuit.

. ) 1
Vs (%) My =
""'II HG 5

T
-Fig3.13 small model of Common Drain amplifier
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Fig3.13 Simplified small model of Common Drain amplifier
Zi= RG
Output Impedance Zo
It is given by
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Z, = ZLHR:
where 2, = Vo
Id V'F ]

Applying KVL to the outer loop we can have,

V4V -V, = 0
As Vi = 0,
IVF_ = Vp

Looking at Fig. we can write that,

Emvp = Iy
But VVgs = Vo, so
Em""rn = Iy
W 1
Foro= 0
° Iy Em
1
Z, = —||R
- Il Ry
Voltage gain (Av)
It is given by
- v“
Ay =
Looking at Fig. we can write that,
Vo = =1y (rg [IRs)
Vo = -Emvg:s I.Ifd lIRs }
But
Vo= =V +\,

-~ Vo + [ -gnVes (rg [IR) ]

Substitute the value Vo and Vi. Then
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“Em "'"p{rd || Ky )

A, =
“Ves (1+gm (g [[Ry))
Emlrg [|Rs)
T+gm(rg |[|Rs)
if ry »> R,
_ gm Ry
Av = l+gn R,
if gmﬂi}}]

Ay = 1, butitis always less than one.
Common drain circuit does not provide voltage gain.& there is no phase shift between input and
output voltages.
Table summarizes the performance of common drain amplifier

Exact rg >> Rp
Zi R R
Z —-1- R -—1- R
= Il Ry = IR,
As Ben (ru |l Rli Em er
T+ g, (rs || Ra) 1+gnm R,

3.9 Common Gate Amplifier

In this circuit, input is applied between source and gate and output is taken between drain and
gate.

Fig3.14 Circuit diagram of Common gate amplifier
In CG Configuration, gate potential is at constant potential. so, increase in input voltage Vi in

positive direction increase the negative gate source voltage. Due to Ip reduces, reduces, reducing
the drop IpRp. Since Vp= Vpp-IpRp, the reduction in Ip results in an increase in output voltage.
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Fig3.15 small signal model for Common gate amplifier

1. Input Impedance (Zi)

It is given by
4 R, I Z
And
] - vi
Zi = 4
I,{Hg""vﬂi}-"d
Iy = T+g, Vg
l = Ird Em vgs
_ Vi-IRp
where Iy = Sy -
After substituting and simplification,
Rp
Vi _ H.ﬂi— ra+Rp
T4
And
l'd+R.p

4= RIZ=RIGER
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Ifry >> Ry and g, ry >> 1 then we can write,

- M _gp oy Ll
Z = Kl ‘R‘“Em

g_m Id

2. Output Impedance Zo

It is given by

Z,=141Rp

If l'd > R[}

3. Voltage gain (Av)
It is given by

Using KVL to the outer loop, after simplification

-la+Rp
=l4(rg + Rp)
l4gmra

syt
ﬁ"-‘u’_;

_ RD“"’gm ra)
- Tda +RD

[fry>>Rpand g 1y >> 1

Rp(gmra) _
L

A, =
d

D Em

Table summarizes the performance of common gate amplifier
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Exact s »> Rop
4 R |E~—r’*H—3! Ry | =
5 | 1+ Om T | T o Om
2:_; fui RD RD
A\- RD¢1+gm Td:l Gm HI':l
iq+ Rp

3.10 Multistage Amplifiers

In practice, we need amplifier which can amplify a signal from a very weak source such as a
microphone, to a level which is suitable for the operation of another transducer

such as loudspeaker . This is achieved by cascading number of amplifier stages, known as
multistage amplifier

1. Need for Cascading
For faithful amplification amplifier should have desired voltage gain, current gain and it should
match its input impedance with the source and output impedance with the load. Many times these
primary requirements of the amplifier can not be achieved with single stage amplifier, because of
the limitation of the transistor/FET parameters. In such situations more than one amplifier stages
are cascaded such that input and output stages provide impedance matching requirements with
some amplification and remaining middle stages provide most of the amplification.
We can say that,
e When the amplification of a single stage amplifier is not sufficient, or,
e When the input or output impedance is not of the correct magnitude, for a particular
application two or more amplifier stages are connected, in cascade. Such amplifier,
with two or more stages is also known as multistage amplifier.

2. Two Stage Cascaded Amplifier

Vig | Stage 11V, V| Stage2

Fig3.16 Cascaded amplifier
Vil is the input of the first stage and Vo2 is the output of second stage.
So,Vo2/Vil is the overall voltage gain of two stage amplifier.
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Vao = M2

.nﬂh.r=

3. n-Stage Cascaded Amplifier

Stage 1 |v V| Stage 2 V2 ¥, | Stagen

Fig3.17 Multistage amplifier

Voltage gain :
The resultant voltage gain of the multistage amplifier is the product of voltage gains of the
various stages.

Av = Avl Av2 ... Avn

Gain in Decibels

In many situations it is found very convenient to compare two powers on logarithmic scale rather
than on a linear scale. The unit of this logarithmic scale is called decibel (abbreviated dB). The
number N decibels by which a power P2 exceeds the power P1 is defined by

B,
N = 10 log “E-.;-

Decibel, dB denotes power ratio. Negative values of number of dB means that the power P2 is
less than the reference power P1 and positive value of number of dB means the power P2 is
greater than the reference power P1.
For an amplifier, P1 may represent input power, and P2 may represent output power.
Both can be given as
Vo

“3
P = E—.andﬁ:E

Where Ri and Ro are the input and output impedances of the amplifier respectively.Then,
Vs /'Rq

N = 10 lr.-gm \'I/R
i i
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If the input and output impedances of the amplifier are equal i.e. Ri = Ro=R, then

-

V. 2 v, V,
N = 10 lugm 1"-"_“2 =10 1D,gm [$J= 10 KZ'DENTTEEIDEWTT

4. Gain of Multistage Amplifier in dB
The gain of a multistage amplifier can be easily calculated if the gain of the individual stages are
known in dB, as shown below
20 logio Av = 20 logso AVl + 20 log1pAV2 +...  + 20 logig Avn
Thus, the overall voltage gain in dB of a multistage amplifier is the decibel voltage gains of the
individual stages. It can be given as
AvdB = AvldB + Av2dB + ... + AvndB

Advantages of Representation of Gain in Decibels
Logarithmic scale is preferred over linear scale to represent voltage and power gains because of
the following reasons :

e In multistage amplifiers, it permits to add individual gains of the stages to calculate
overall gain.

e [t allows us to denote, both very small as well as very large quantities of linear, scale by
considerably small figures.

For example, voltage gain of 0.0000001 can be represented as -140 dB and voltage
gain of 1,00,000 can be represented as 100 dB.

e Many times output of the amplifier is fed to loudspeakers to produce sound which is
received by the human ear. It is important to note that the ear responds to the sound
intensities on a proportional or logarithmic scale rather than linear scale. Thus use of dB
unit is more appropriate for representation of amplifier gains.

3.11 Small signal Analysis of MOSFET
Common-Source Configuration

w3 1T L. =

T [ —-

Vs
Fig3.17 Common-Source Configuration of MOSFET
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NN 2 o

D
Re Uy r, Ry R,
EmUsgs

Fig3.18 small signal model of Common-Source Configuration of MOSFET

0 |

0—e
%)

Rm — RG

R, =r/IRy
Aw - _gm ('r-:} RD }

This configuration serves as the gain stage. The disadvantage is high output impedance.
Capacitor CS is included such that the stage is connected to a current source for biasing

Common-Gate Configuration
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Fig3.18 small signal model of Common-gate Configuration of MOSFET

2021-2022 Jeppiaar Institute of Technology


http://easyengineering.net/

EC8351- Electronic Circuits | Dept of ECE

‘4“r'o — &m 'RU

This amplifier provides gain and is useful when a specific (low) Rin is required. This is,
e.g., the case when the impedance needs to be matched, as with transmission lines (e.g. to 50 Q).
Another application of the CG configuration is that it acts as a current buffer (current gain close
to unity, small Rin, large Rout).
Source Follower (Common-Drain Configuration)

T

o]

G D

AN > ® O O > O
i

§ R, Uy g 7 -
¢QI”7C"\
— — o
S
-O

Fig3.20 small signal model of Common-drain Configuration of MOSFET
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1 1
Ro:;a.-'."cr—to—
Som Oom
4 = En
o l+g, 1

This configuration acts as a voltage buffer. It provides no gain, but has low output
impedance. It is typically the last stage in a multi-stage amplifier.

3.12 Cascaded Amplifiers

§ R,
. ° O Vpgr
| i, @ e

‘ J

Fig3.21 Cascaded amplifier Configuration of MOSFET

Vinl sl Vin2

=
g

Vs Rin A1 Vim “Vinz R;
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Fig3.20 small signal model of Cascaded Configuration of MOSFET

_ gml'j‘z!
‘dva] l+ng3
Am2=gne2'R4

RalzRQ
R, =R,
Rin]:‘R]
1
Ryy =—
g;mz

By grouping the different factors in this expression, we can find a physical interpretation
for the cascading. This physical interpretation can be used to guide simulation or analysis of the
different stages separately, before combining them into a cascaded amplifier.

Vw % Ve [ Ru o _Re |[, R
Vo Vg VW R, + R . R.,+R, o2 R, +R,
L —~ e ~ o
Gam of stage 1 with Gamn of stage 2 with
actual source and 1deal source and
loaded by stage 2 loaded by R:
QUESTIONS

2 MARKS

O©COoOoONO OIS, WN -

. What is meant by small signal?

. What is the physical meaning of small signal parameter ro?

. Write the equation for small signal condition that must be satisfied for linear amplifiers.
. Draw the small signal equivalent circuit common source NMOS.

. What is another name for common drain amplifier?

. Draw the source follower amplifier circuit.

. List the applications of MOSFET amplifiers.

. Compare the characteristics of three MOSFET amplifier configurations.

. Draw the small signal equivalent JFET common source circuit.

10. How does a transistor width-to-length ratio affect the small signal voltage gain of a common
source amplifier?

11. How a MOSFET can be used to amplify a time varying voltage?

12. How does body effect change the small signal equivalent of the MOSFET?

13. Why in general the magnitude of the voltage gain of a common source amplifier relatively

small?

14. What is voltage swing limitation?
15. What is the general condition under which a common gate amplifier would be used?
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16. State the general advantage of using transistors in place of resistors in integrated circuits.
17. Give one reason why a JFET might be used as an input device in a circuit as proposed to a
MOSFET.

18. What are features of cascode amplifiers?

19. What are the applications of BICMOS?

20. Discuss one advantage of BICMOS circuit.

16 MARKS

1. Describe the operation and analyze the basic JFET amplifier circuits.

2. Derive the small signal analysis of common source amplifier.

3. Develop a small signal model of JFET device and analyze basic JFET amplifiers.

4. Explain graphically the amplification process in a simple MOSFET amplifier circuit.

5. Describe the small signal equivalent circuit of the MOSFET and determine the values of small
signal parameters?

6. Sketch the small signal high frequency circuit of a common source amplifier & derive the
expression for a voltage gain, input & output admittance and input capacitance.

7. Sketch a simple source-follower amplifier circuit and discuss the general ac circuit
characteristics.

8. Characterize the voltage gain and output resistance of a common-gate amplifier.

9. Apply the MOSFET small signal equivalent circuit in the analysis of multistage amplifier
circuits.

10. Explain common source amplifier with source resistor and source bypass capacitor.

11. Write short notes Voltage swing limitations, general conditions under which a source
follower amplifier would be used.

12. Describe the characteristics of and analyze BiCMOS circuits.
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