>=%¢  LAKIREDDY BALI REDDY COLLEGE OF ENGINEERING

I (AUTONOMOUS)
A

%5.* Accredited by NAAG & NBA (CSE, IT, ECE, EEE & ME)

S Approved by AICTE, New Delhi and Affiliated to JNTUK, Kakinada
PN L.B.Reddy Nagar, Mylavaram-521230, Krishna Dist, Andhra Pradesh, India

Department of Electronics and Communication Engineering

Course Name & Code: Analog Electronic Circuits & 17EC03

Dr. Poornaiah Billa



Multistage Amplifiers

In practical applications, the output of a single state amplifier is usually insufficient,
though it 1s a voltage or power amplifier. Hence they are replaced by Multi-stage
transistor amplifiers.

In Multi-stage amplifiers, the output of first stage is coupled to the input of next stage
using a coupling device. These coupling devices can usually be a capacitor or a
transformer. This process of joining two amplifier stages using a coupling device can be
called as Cascading.

The following figure shows a two-stage amplifier connected in cascade.
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The overall gain is the product of voltage gain of individual stages.

A= A <AL= (Vo VL)% (VO /1 V2)=VO/N1
Where A, = Overall gain, A,;,, = Voltage gain of 1%t stage, and A,,, = Voltage gain of 2" stage.

If there are n number of stages, the product of voltage gains of those n stages will be the
overall gain of that multistage amplifier circuit.



Types of Coupling:

Resistance-Capacitance Coupling:

This 1s the mostly used method of coupling, formed wusing simple resistor-
capacitor combination. The capacitor which allows AC and blocks DC is the main
coupling element used here.

The coupling capacitor passes the AC from the output of one stage to the input of its next
stage. While blocking the DC components from DC bias voltages to effect the next stage.

Impedance Coupling:

The coupling network that uses inductance and capacitance as coupling elements can be
called as Impedance coupling network.

In this impedance coupling method, the impedance of coupling coil depends on its
inductance and signal frequency which is jwL. This method is not so popular and is
seldom employed.

Transformer Coupling

The coupling method that uses a transformer as the coupling device can be called as
Transformer coupling. There is no capacitor used in this method of coupling because the
transformer itself conveys the AC component directly to the base of second stage.

The secondary winding of the transformer provides a base return path and hence there is
no need of base resistance. This coupling is popular for its efficiency and its impedance
matching and hence it is mostly used.



Direct Coupling:

If the previous amplifier stage is connected to the next amplifier stage directly, it is called
as direct coupling. The individual amplifier stage bias conditions are so designed that the
stages can be directly connected without DC isolation.

The direct coupling method 1s mostly used when the load is connected in series, with the
output terminal of the active circuit element. For example, head-phones, loud speakers etc.

Amplifier Consideration

For an amplifier circuit, the overall gain of the amplifier is an important consideration. To
achieve maximum voltage gain, let us find the most suitable transistor configuration for
cascading.

CC Amplifier

Its voltage gain is less than unity.

It is not suitable for intermediate stages.

CB Amplifier

Its voltage gain is less than unity.

Hence not suitable for cascading.

CE Amplifier

Its voltage gain is greater than unity.

Voltage gain is further increased by cascading.

The characteristics of CE amplifier are such that, this configuration is very suitable for
cascading in amplifier circuits. Hence most of the amplifier circuits use CE configuration.



Two-stage RC Coupled Amplifier
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Two CE amplifiers are connected using R & C ol = N i

elements as shown in fig. This type of Q" " Lo -
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coupling 1s known as RC coupled amplifier. %_T =

=

When an AC input signal is applied to the base of first transistor, it gets amplified and
appears at the collector load R; which is then passed through the coupling capacitor C. to
the next stage. This becomes the input of the next stage, whose amplified output again
appears across its collector load. Thus the signal is amplified in stage by stage action.

The important point that has to be noted here is that the total gain is less than the product of
the gains of individual stages. This is because when a second stage is made to follow the first
stage, the effective load resistance of the first stage is reduced due to the shunting effect of
the input resistance of the second stage. Hence, in a multistage amplifier, only the gain of the
last stage remains unchanged.

As we consider a two stage amplifier here, the output phase is same as input. Because the
phase reversal is done two times by the two stage CE configured amplifier circuit.



Frequency Response of RC Coupled Amplifier 1 Raloff  Hign requency
‘«—— Flat response ——

From the above graph, it is understood that the g \/ \/

frequency rolls off or decreases for the £ 5 5

frequencies below 50Hz and for the frequencies = j«—— Band width ——>}

above 20 KHz. whereas the voltage gain for the . .

range of frequencies between 50Hz and 20 KHz 50Hz 20kmz  Frequency ()

1s constant. At low freq. gain reduces because of coupling

We know that,  Xs=1/21fC

capacitor present in ckt. At high gain reduces
because of junction capacitances.

Advantages of RC Coupled Amplifier:

The frequency response of RC amplifier provides constant gain over a wide frequency range, hence
most suitable for audio applications.

The circuit is simple and has lower cost because it employs resistors and capacitors which are cheap.

It becomes more compact with the upgrading technology.

Disadvantages of RC Coupled Amplifier:

The voltage and power gain are low because of the effective load resistance.
They become noisy with age.

Due to poor impedance matching, power transfer will be low.

Applications of RC Coupled Amplifier:

They have excellent audio fidelity over a wide range of frequency.

Widely used as Voltage amplifiers

Due to poor impedance matching, RC coupling is rarely used in the final stages.



Transformer Coupled Amplifier

We have observed that the main drawback of RC coupled amplifier is that the effective load
resistance gets reduced. This is because, the input impedance of an amplifier is low, while
its output impedance 1s high.

When they are coupled to make a multistage amplifier, the high output impedance of one
stage comes in parallel with the low input impedance of next stage. Hence, effective load
resistance is decreased. This problem can be overcome by a transformer coupled amplifier.
In a transformer-coupled amplifier, the stages of amplifier are coupled using a transformer.

This transformer coupling provides good — T s
impedance matching between the stages of et 7
amplifier. The transformer coupled amplifier is n 3' 3, EID'
generally used for power amplification. "

The transformer which is used as a coupling device in this circuit has the property of
impedance changing, which means the low resistance of a stage (or load) can be reflected as a
high load resistance to the previous stage. Hence the voltage at the primary is transferred
according to the turns ratio of the secondary winding of the transformer.



Frequency Response of Transformer Coupled Amplifier

The gain of the amplifier 1s constant only for a small
range of frequencies. The output voltage is equal to the
collector current multiplied by the reactance of
primary. Frequency (f)

Voltage gain (dB) ——>

At low frequencies, the reactance of primary begins to fall, resulting in decreased gain. At
high frequencies, the capacitance between turns of windings acts as a bypass condenser to

reduce the output voltage and hence gain.
So, the amplification of audio signals will not be proportionate and some distortion will also

get introduced, which is called as Frequency distortion.

Applications
The following are the applications of a transformer coupled amplifier —

Mostly used for impedance matching purposes.

Used for Power amplification.
Used in applications where maximum power transfer is needed.



Advantages of Transformer Coupled Amplifier

The following are the advantages of a transformer coupled amplifier —
An excellent impedance matching is provided.

Gain achieved is higher.

There will be no power loss in collector and base resistors.

Efficient in operation.

Disadvantages of Transformer Coupled Amplifier

The following are the disadvantages of a transformer coupled amplifier —

Though the gain is high, it varies considerably with frequency. Hence a poor frequency
response.

Frequency distortion is higher.

Transformers tend to produce hum noise.

Transformers are bulky and costly.



Direct coupled amplifier:
which 1s especially used to amplify lower frequencies, such as amplifying photo-electric
current or thermo-couple current or so.

As no coupling devices are used, the coupling of the amplifier stages i1s done directly and
hence called as Direct coupled amplifier.
T Vee

The transistor in the second stage will be an NPN
transistor, while the transistor in the first stage §
will be a PNP transistor and so on. This is
because, the variations in one transistor tend to
cancel the variations in the other. The rise in the
collector current and the variation in 3 of one
transistor gets cancelled by the decrease in the
other.

o
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The input signal when applied at the base of transistor T,, it gets amplified due to the
transistor action and the amplified output appears at the collector resistor R, of transistor T,.
This output is applied to the base of transistor T, which further amplifies the signal. In this
way, a signal is amplified in a direct coupled amplifier circuit.
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Advantages

Frequency —-

The advantages of direct coupled amplifier are as follows.
The circuit arrangement is simple because of minimum use of resistors.
The circuit is of low cost because of the absence of expensive coupling devices.

Disadvantages

The disadvantages of direct coupled amplifier are as follows.

It cannot be used for amplifying high frequencies.

The operating point is shifted due to temperature variations.

Applications

The applications of direct coupled amplifier are as follows.

Low frequency amplifications.
Low current amplifications.



Comparisions : compare the characteristics of different types of coupling methods discussed till now.

Transformer

S.No Particular RC Coupling , Direct Coupling
Coupling
Frequency response |Excellent in audio frequency
1 range Poor Best
2 Cost Less More Least
3 Space and Weight | [ egs More Least
4 Impedance matching | Not good Excellent Good
For amplifying
: . For Power
5 Use For voltage amplification , , extremely low
amplification

frequencies




n-Stage Cascaded Amplifier
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Voltage gain :
The resultant voltage gain of the multistage amplifier is the product of voltage gains of
the various stages.

A=Ay Ay A,

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

P
Nim'“ﬂfﬂ.’ I’]=R‘“andF3=R—

. % %o % %
N = 10 lﬂgm \’i: =10 lﬂgm v:,. =10x2 lngm FL =20 Iﬂﬂm Vi



Ex. Let us consider two stage amplifier circuit shown in fig. The first stage in the circuit
is a CE amplifier and Second stage is a common collector amplifier. Calculate input and

output Impedances , voltage gain and current gain with the following h-parameter
h, =2k, h;=50, h =0, h_=

: w mr bt o
__--L\'ﬂi
Cq _ Ba P Ez
———— —— ———— T
To 2 le2 fig 1
G heels Rca D heels Rez W,
= | | 1 = |
R Rai Riz Raoz R,

Fig. 2.4 Approximate h-parameter equivalent circuit
Analysis of second stage (CC amplifier) - ]
a) Current gain (A

A = 1 + h,, =1 + 50 =51

b) Input resistance (R,;) :

Riz = hije + (1 + hp) Rpga = 2 K + (1 + 50) 4.7 %102 = 241.7 KQ
Voltage Gain (A,5) :
Az xRy Az x Rgx 51 =4.7 %103

A = = = = 0.991
Rz R 241.7 =103




Analysis of first stage (CE amplifier) :
a) Current Gain (A;,) =

.lal.gl == — hfe = — 50
b) Input resistance (IR;,)
R; = h,=2K
c) Voltage gain (A ;) :
A xR :
A, = —R-_:l_ where R, = R Il Ra
= 33K | 2417 K=
gy 50; 125 K _ _si2s

Overall voltage gain (A,) :
Av s M wl < PN we = - 81.25 =% 0,991 = — 80.51

voltage gain (Ayg)
A, =

sverall
Vs Vo Vi
» 1

Vs Vi Vs

Looking at Fig. 2.5 we can write

R
Ve — il
' W Rs + R
. Va Riy R
aw - = = Ay
A‘s Vi - Rs +Ri " R, + R
2K
X =- = — 53.67
Fig. 2.5 80.51 = TRKIIEK 53
Jutput Resistance (R,) :
izol ] (= o]
o= Ry Il Rey = =[|3.3K=33K
— Rs + hie
B = Tk . )
= R:,: +h1i_- - 3-3!(-!-21( .- & = R:.,l
- 1+ hye 1+50
= 103.9 Q2

R, Il Rgz = 103.9 || 4.7 K = 101.65 Q



Overall Current gain (A) :
Iﬂ In le! xI_b_z_xh-

A e
I
where L’, = -1, 2 =-Ay
I I2
- . Lo Ra __ 33K
C, B, 1. Rp+Rq 2417K+3.3K
g“‘“ Ro - - (.01346
o la . 4,
Fig. 2.6 e
5 Ai = =1 x-—Aizx-ﬂ.Ulﬂﬂiﬁx—An

15510015485 - (-50) = - 34,323



Two-stage RC Coupled Amplifier analysis(Two Stage CE-CE Cascade Amplifier )
2.6 Two Stage RC Coupled CE-CE Cascade Amplifier

Fig. 2.14 shows that CE-CE cascade amplifier, with their biasing arrangements.

arge and act as a short circuit for ac signal we
as shown in

3
:* . !
Assuming all capacitors arbitrarily 1

can draw h-parameter equivalent circuit for CE-CE cascade amplifier,
Fig. 2.14.

Let us calculate R;, A; A, Ri, A, and A, if circuit parameters are : R, = 1 K,
Re, =15 K, R, = 100 ©, R, = 4 K, Rg, = 330 Q with R; = 200 K and R, = 20 K for
first stage and R, = 47 K and R, = 4.7 K for second stage.. Assume that h;, = 1.2 KQ,

h, = 50, h,, = 2.5x 10~ and h,, = 25 x 10”° A/V.

R o e i S Ly, R ===u Vg —
- 2oy < asileirstaeed
D Nommod | valtim3 turnn.a.‘] %

DAREN L P

"__:Rc'l_ : —

runl!;it.-‘;_:;:frf)_-"lr;.l';';'.i'uJ norrmoz ol 19 sonfuokirad s o seusuad cunde Jugnl

iter 2ok

2r llow e agsilny zobivong noiiswsgilnos witims noramos ot iedd woml Sl
e W e Fig. 2.15 h-parameter, equivalent gircuit.for, CE-CE cascade amplifier.
15 Fig. 2.14 CE-CE Cascade amplifier | . .. .., ; :

Analysis of second stage
h, R, = 25x107% ¥ 4 ¥X10? = 01 we ran use appryimate anclysis

Current gain (A, ) = - hy, =-50

Input Impedance (R,, ) = h;, = 1.2KQ

A-XR, —50X4X10°
Voltage gaind ., = _R = 127102 = —166.67




Analysis of first stage:
R’=R_ /R, //R)// R, =15k // 4Tk // 4.7k // 1.2k =881.8€2

h,,R; = 25x107° X 881.3 = 0.022

og

h, ER; < 0.1,50 we can use approximate analysis for first stage
Current gain (A, ) = - hy, =-50

Input Impedance (R, ) = h;, = 1.2KQ

. A,.XR,' —50X881.8
Voltage gaind , = 7 = 2% 108 = —36.74

|

Over all Voltage gain (A ) = A, XA, = (-166.67) X( -36.74) =6123.45

Over all Voltage gain include source (A ) = A, X [(R;)) / (R;;7R,)] =3248.6
R.’=R1//R2// Ril =220k //20k// 1.2k =1.13 k

Output Resistance (R,) :
R, =Ry, // R, = infinity // 15k=15k
Ry,’= R, // R, = infinity // 4k=4k



CE-CB cascode amplifiers: In cascode two amplifier circuits are vertically connected.
Which provides high input impedance as well as good voltage gain and good frequency
response

Fig. 2.16 Cascode ampilifier



Th_e 51mplit:led h-p.:tramel:’er equivalent circuits for cascode amplifier is drawn by
replacing transistors with their simplified equivalent circuits, as shown in the Fig. 2.18.

R B y ool
n o ey Ea2 = !_g_\bz C2 - =
— — T e gt  — =
i 3. #
fea lez leo I
o

Vs @ Re Pie GD Pe1lpa Nz

- —— — . —g—
= _ ot - - - <
B,

= Ria Roa Ra Roz Ro

L
1

Fig. 2.18 Simplified h-parameter equivalent circuit for CE-CB amplifier
= 200 K, R; = 10 K and

Let us consider the circuit parameters are : Rg = 1K, R,
= 1.1 K and h, = 50.

R, =3 K. and transistor parameters for both transistors are : h,,.
Analysis of second stage (CB amplifier) :
a) Current gain (A;;) =

> he _ 50 _
Az = T he e = e

b) Input resistance (R;;) :

hie 1.1K
e ik - = 21.56 Q2
Rz 1+ he 1+50

c) Voltage gain (Ayz) =
A2 Rpa 0-933'231(: 136.36

Az = Riz - T 21.56

Analysis of first stage (CE amplifier) :
a) Current gain (A;,) :
Ail Sl =S hfl.’ = — 50

b) Input resistance (R, :
R, = h,=11K



allage gamn vl = = = U
YR, 1.1k

Querall Veltage gain(4,) = 4,,X4,, = —0.98X136.356 = —133.63

Overall Input Impedance (R;) =R,;//Rg=R;;// R, // R,=1.1k // 200k // 4.7k // 10k=986.1Q

Output Impedance (R, ) = R, // R =00 // 3k=3k

R,, = _



Darlington pair (or) CC-CC amplifier: The cascade connection of two emitter
followers(CC) is called Darlington Connection.

schion 01 vy o +Vee

Figure shows direct connection of two
stages of emitter follower amplifier circuit,
its gives large current gain and increases the v,

: : 4
input impedances : B ‘]
[~ R -
: : — : Ro
Assume load Resistance R;, h,. R;<0.1, Ri =g
Therefore we can use approximate analySiS Fig. 2.74 Darlington emitter follower circuit
for analysing second stage. Below fig. . o second stage -
help Is(l+
Show h-parameter model for second ) Cument Gain (Ap): Ay = 12 Je il BEEE
stage(CC stage). . Tk = e ()
-— I b) Inpu‘l‘ Resistance {Rii) :
H——FN_:NETV_‘_. -‘_12‘ E_ Ri! = Ilif
h (1+hg )ty
J " f [:: ° jl Applying KVL to outer loop we get,
UZ CP hh[h ) §RE Vy- Iip Pie = LR = 0
.‘.Vz = Ih2hie + IoRE
L | lf.z_ = hie o+ l‘LRE
— T ® Thz Ib2
3 L .
R{g = hie * AiZRE since, f;; b Aiz
W@

R
R, = h,+ 1+ Re
. .. 3)

Rp = (1+ he) Re v b << (14 hye) Re
g =



Analysis of first stage : We can see load resistance of first stage is the input resistance of
the second stage i.e R,=R;;. R, is high, usually it does not meet the requirement
h,.R; <0.1.So we use exact analysis method for analysis of the first stage.

. o ) C i :
Exact h-parameter equivalent circuit for P e

CC amplifier hoow 2B
h,V I Ipy

re "cal

E1th—'-,":j;:ﬂ' +\- ﬁlgh-%
o

rrmmw
-

[ ‘ ‘5‘11=lni

i hfﬂ ib‘;(E hwinﬂ vﬂ&‘l §RL1 ={1+hlG]RE Iﬂ'l = - {[b] + I;-])

V
1 + : and I, =

= h
| N !eI!:J + hue vl:'el = hfalbl + huq.- {-' Ih! RL )
1

= thb] + hoa ]1:1 RL]
Bla 2% Subsh'tuting value of |

o IN equation 4 we get

Rl a2
= =0t bl o

. 1¢R
Sl R » R
1 L t.'l:]t'l - Ihl {‘1 + hrcj ' Ll) [bl = hf[‘]bl - hmlej R”
S .I_?L & l+hh
L vy
We know that, R, = (144 ]
ie) Ry
An = I_"'l_ = 1+hfr v [5}

"It T+hee (1+hg) Re

1+l'lf.,
1+hDe hy, Rg

whe>>1



n

b) Input resistance (R)) : R,

Applying KVL to output loop we get
Vil he=h Vo +Vgy = 0
2Vi = Iyhie + by Ve = Ve

1

The terms h,, V is negligible since h,, is in the order of 2.5 x 107
Ihye = (= TRy = Iyhye + TRy

. Vi 1
~ Ry = T =h, + T:‘T“ Ry = h + ARy,
Rt = h + Ay (1+hg) R e (6)

Substituting value of A, we get,

Vi (1+hg)(1+he)Re
.= —==h
Ra I e ¥ 14hge hee Re

(1+hg)*Re PO

Ri= het {1 Re

Ry = (J"'hfc)zRE o+ by << U‘-‘*‘hfe:'zRg A8~

1+hge hee Re 1+hge hfe Re

Dverall Current Gain (A)) :

x (14 hg)

Ai = A“ x Aﬂ

3 1+hh

" 1+4+hge (1+hg)Re
g (ke

: 1+hm(1+hln]'RE




Darlington pair with biasing Resistors:

The effective input impedance R;’=R;//Rz=Rj

The intension behind the designing of Darlington
pair is to get the higher input impedance. Due to
biasing resistors the input resistance is going to be
decreases.

The solution of this problem is to use a Bootstrap \ 4
connection at input side.

Darlington pair with Bootstrap connection: It is used to improve the input Impedance.

*Vee

C 1s high value such that at all operating frequencies it is short circuited

R3 is high value R,
R, C :
g2
E3
Ve v [~ 1 —1
INIENE
e s B e

Fig. Bootstrap emitter follower



Analysis of amplifiers at high frequencies:

Transistors at high frequencies: At low frequencies, we have assumed that the
response of the transistors to change of input voltage or current is instantaneous and
hence we neglect the effect of shunt capacitance in the transistor.

But at high frequencies, we consider the effect of shunt capacitance. The parasitic or
stray or junction capacitance is invisible but exist between parts of components or
junctions.

So at high frequencies, the transistors are analysed by considering junction capacitance.

At low frequencies transistors are analysed by using h-parameter model, but it is not
suitable at high frequencies because of the following reasons.

1. The values of h-parameters are not constant at high frequencies.

2. At high frequencies h-parameters are having complex nature.

CE- transistor analysis at high frequencies : At high frequencies transistor are analysed
by using hybrid - 7 model.

At high frequencies , the base is divided into actual base B and virtual base B!, in between B
and B!, resistance ( 1! ) exist it is known as base spreading resistance.

We consider the effect of capacitances Cy, Cy». .



We know, forward bias P-N junction exhibits a
capacitance effect called diffusion capacitance 1.e. Cy,, or
C. and reverse bias P-N junction exhibits transition
capacitance denoted as Cy,, or C_

To analyse the transistor, consider the base
spreading  resistance rb’b, resistance and
capacitance between base and collector 1.e. 1.,
and C_ and resistance and capacitance between
base and emitter i.e. 1., and C, .

The Hybrid-nt or Giacoletto Model for the Common Emitter amplifier circuit
1

B T
W
Tbb' B’ |
B o——AAN +T-| | ©C
C
1 —— C é ®
I, = —— C |
v Bpe e Ve Tee™ Bee g, Vv
E o _‘llf oF
’JT'

Fig. 3.1 Hybrid - n C.E BJT Model



Typical values of hybrid-m parameters at I =1.3 mA

L

—F_mmetﬂr Meaning Value
Eom Mutual conductance of transistor 50 mAN
[ Base spreading resistance 100 O
e OF Resistance between B' and E 1 k2
Brve Conductance between B' and E 1 m mho
e OF Resistance of reverse biased P-N junction| 4 MO
between base and collector
Br'c Conductance of reverse biased P-M 025 x 10 mho
junction between base and collector
Tee OF Output resistance between C and E 80 K
Ece Conductance between C and E 12,5 x 10% mho
G Junction capacitance between B and E 100 pF
Lo Junction capacitance between base and 3 pF
collector

Typical values depends on temperature and I...




Determination of Hybrid-1r Transconductance (g,,).:

Transconductance (g,,) is the ratio of change
in the collector current due to change in
voltage across base-emitter junction.

ol
AV,

Gm /V-g — constant

Collector current in active region I.= alg +I,

Differentiating above equation gl = adl:

Substitute @] ¢  in above equation

_ ﬂaIE B BIE
Im dVy' g - Vg VB’E :VE
The emitter diode resistance r, is given as v
£
'r' —
E aer

ot | R

o —



The emitter diode is a forward biased diode and its dynamic resistance is given &

V'I E‘

I =

where Vr is the “volt equivalent of temperature”, defined by
N, kT

q

where k is the Boltzmann constant in joules per degree kelvin (1.38x10-2]/¥
the electronic charge (1.6x10-'? C).

I - o o
Gm = 3 Im = Ty le= alg +g

For npn or pnp, g, should be positive. I, >> I,

ol = I -1,
Iﬂ
gi‘]"l = I-"I'_I-
I, gl 16X1071° I I,
= = —£t= X £=11600 =
gm =KT ~ KT~ 138X102 " T T
q
0 I. 11600 [ I- (mA
At room temperature , 300°K g, = 11,600 = Xl = . (mA)
T 300 26X10 26

.=1.3mA, g,=0.05A/V
l.=10 mA, gm =400 mA/V



3.3.2 The Input Conductance gpe

Fig. 3.3 (a) and (b) shows the hybrid-n model and the h-parameter rrnm::-::lp'.'l e
configuration at low frequency, respectively. At low frequency, all capacitors are
negligible and hence not drawn in Fig. 3.3 (a)

I, - C

r; . - rﬂ‘c
e b B AP
T oo I
vh" rbl"ﬂ' m¥be ca
l o E
E

L=

Fig. 3.3 (a) Hybrid-x .model for CE configuration at low fregquency

il _'c

From the circuit

Iﬂ' = h'fEIIE'.' + JI'E'EILIFEEI

o E
3 (b) h-parameter model for CE configuration at low frequency

Making V.

« = 0, ie. output short circuit, the short circuit current
as

gain hg js dﬂ“*

n

h e =

—

b -

CE configuration. Looking at T
i!b 1
Hence I, flows into e and Vi, s 1

Now, consider the hybrid-r model for
have rye = 4 MQ >> 1.

= Iy rye. Simi ’
S T b fee- Similarly, 5 el

I": = Em vb‘c

— gm Ib Ibe vh’t = ]1'.' Ty
Ic -
T. = Bm TFrpe

b



Substituting value of I /I, in equation (8) we get

hf‘ = Em Twe
or
h g
o = o By o
Em

The he Xt
el
or
- ghf = IIC‘
vT hﬁ:

» We can sa ;
y that, over the range of currents for wh

+ Twe is di :
¢ rectly proportional to temperature and e

Proportional to collector current

The feedback conductance(g,.):
Let us consider h-parameter model for CE-configuration with input is open circuit 1.e. I, =0

IfI,=o

< C

Vi=Vee=h Vg

o E
3 (b) h-parameter model for CE configuration at low frequenc,



Now consider the hybrid-r model for CE configuration as shown in Fig. 3.4.

Moo i Tl

B bc il

H ANN—— ¥g ©
I

Vie ImVie gfm Vee

RS i
Fig. 3.4
With Iy = 0, V. can be given as
Vee = Ii (toe + Toe )
Ve W

e e
Ib'c + I'b'e

The voltage between B' and E, Vy. can be giiren as

Ve = Ii rpe
Ve
- WV = [pe ——— wee (14)
. b'e b'e Toe + The
With Ir = 0
Vi = WVive

fb'evce
Ib'e + Ih'e

of V; in equation (12) we get,

Substituting va lue
Mbe Vce

he V =
L Thc + Th'e
Ip'e
. h = —
" " M + Toe
. rb.": = hn rh"c =+ hﬂ: rh'=

* (1- hee) Toe = hpe Fie



1 — N, Ty o

rb!‘ﬂ - rb‘rﬂ‘ =
i& h’rg Lo
N,
gblrl:= == }I-rggbnrg
Th'e

Substitute r,., in above equation

_ hge Vr
e = [Tc | hre
[le| he

gbt = hf;:vT

3.4 The Base Spreading Resistance Ipp' : _
- . er model for CE configuration. The input resistance yj

st ysameices I with hybrid-r model input resistance with outp

output shorted (Vee = 0) is hie-
shorted is rw + 've -

hie = Tow + Tbe
ey = HhNie — Tbe |
Substituting value of rye from equation (11) we get,

he V1 Al

Ty = hil: = IC



The Output conductance g ..

-parameters the output conductance is given as

|
hge = .”':
[ = 3

Using h

Now, consider hybrid-n model for CE configuration, shown in Fig. 3.4. ApPP

KCL to the output circuit we get
Ve

Cee

+ Em vb‘c +II

Ic =

Substituting value of I, from equation (13) we get,
Vee

Lee

Vcﬂ'
gm b'e 't c 4+ I'bve

I =

substituting value of Vi, from equation (14) we get

o = ——\'ﬂr"‘-’E + Em ( Toe Vee + Ve
Tee Toe + Twe Npe + Mhe

Dividing both sides by V., we get

Ve Tee Toctpe I+ Ih'e

I—c-‘—1_+gmrb't+ 1

1 h
= — +—F : i
Tce Tb'e + Mpe * iy, he = gm e (eq. 10)
- -.]_ + {hfe +1}
Iee e + Th'e . {ZUJ
1 h e

o
rﬂ-‘ Ip'e + Iye

Il
|

* hpe >>1 ... (21)



Substituting value of :fc in equation (19) we get

ce

hﬂt - i-}-—hfﬂ_
e Ib'e + Ib'e

1 he

= —

Tee Ih'e

hoe = Bee +gh‘chfr_

Bee = hoc _gh'fhl'e

 Iye > Ipe

.. (22)

o (23)

.. (29)

Hybrid — & capacitances: This model have two capacitances those are diffusion

capacitance and transition capacitance.
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3.6 CE Short-Circuit Current Gain as shown

Consider a single stage CE transistor amp
the Fig. 3.6.

i r RLI
lifier with load resisto

"o

i ! C

"o B’ - = —_—

Eeo WA ! = % rf . I *

| e |
fore ——Ce Ve Ve Toe Ry Ioe

- . [ ] -

Fig. 2.6 The hybrid-= circuit for a single transistor with a resistive load R_

For the analysis of short circuit current gain we have to assume Rp = 0. With
=0, i.e. output short circuited r.,. becomes zero, ry., C. and Cypc appear in parallel.
nen C(Coc) appears between base and emitter, it is known as Miller capacitance

w)- Its admittance is given as jw C,, '5"‘—' joChre (1 + gm R
b

Hence, the Miller capacitance is Cy; = Cpe (1 + g, K)

=

bt I, & Here, R, =0
g eew = o= T (C)
. n —" g AS Tpe >> Fber r';,-.-_- is_ neglected.
i e i With these approximation we get
: simplified hybrid-n model for
o — = I3 short circuit CE transistor, as
z

shown in the Fig. 3.7.

g- 3.T Simplified hybrid-n model for short circuit

Parallel combination of rpe.
CE transistor

and (C. + Cc¢) is given as
|
1

e ¥ jo(Ce + Cc)

Cpre ™

=] rh.'*. = Ta 1
L4+ jorpe (Ce + Cc ) (1)




y This simplifies hybrid-m= model as shown in the Fig. 3.8.

Mpow C Il.
Bo—7p— = <
e I
zZ Vie ImVe
J Ee 1_ =
Fig. 3.8 Further simplified hybrid-n model
Look at Fig. 3.8 we can write Ve = IpZ
. G i LB e (2)
- Ih
The current gain for the circuit shown in Fig. 3.8 can be given as
] o V "
A = e = I = — BEm Ve
II‘J Ih
y Substituting value of Ve / I from equation 2 we get, “
. "".gm Mh'e
- I+ joo rge (Ce + Cc) 2 q
From equation (10) of section 3.3 we know that hpe = 2m Toe-
A - _hle
' 1+ jo e (Ce + Cc) e
Current gain )
& Looking at equation (4) we cant

that current is not constant. It de
on frequency. When ﬁ'equenpm‘d?
small, the term containing § l-:}r '
small compared to 1 and Niekis atn,-
_frequenc}r_, Ai = —hge. But as frequ h"
increases MA; reduces as oy

shown
= Frequency Fig. 3.9, own iy




Let us put

1
2“%@(Cn+ﬁzi

Substituting value of fp in equation (4) we get,

[

I

Ay = =l
1+j-f—
IAi] = —-_h_f__l_
HE
At f = &
IAil - hﬁ

o



L L% a .
3.7°60urrent Gain with Resistive Load

Consider a single stage CE transistor amplifier with load resistance Ry, as shown
in the Fig. 3.10.

Eo
Fig. 3.10 The hybrid-nr model for a single transistor with resistive load

L L "N

The ..fé',;uutput circuit ree is in parallel with Ry. For high !'ruquen-::}r m

(1 as compared to r.. and hence we can neglect r... Using Miller's thl;'ﬂrl-. o1 |

/Eiﬁ 'we and C¢ to simplify the analysis. Cm, W
Fig. 3.11 shows the simplified hybrid-r model for a single transistor ,:

load. With e,

~
SR A "o B

l
. '::' =] ..-.Ci rb‘E I'b.‘:

r
i e K 2Tk

a mvh'-u

o

Fig. 3.11 Simplified hybrid-n model for a single transistor with resistive
Cad

#

Further simplification of input circuit



The value ry./(1 = K) >> 1y, (1 K) and hence pe/ (1 —

K) which is in pa
with ry. can be neglected.

Cc also resolved by Miller's theorem,

1l vy
joCc X 1
B I—E JjoCc (1+gm Ry)

C
1_%-;‘ . C,':CF (1+gm Ry)

As C. and C are in parallel, the total equivalent capacitance is given as

Cea = CetCc (14 g, Ry)

rbb_"
i o—N—

Bl

From equation (2) we can say that input
capacitance is increased. Ce (1 +gm Ryi) 18
called Miller capacitance (Cy ). With these
approximations input circuit becomes, as

Eo— shown in Fig. 3.12.
Fig. 3.12

oS T Ce*Clivg,Ry)

Further simplification for output circuit
At output circuit value of C¢ can be calculated as

1 1
= - K = =100
]GJC{: jI.IJCC
K-1
K
K

C“[K-l) ¥ Se



This value of rype is very high in comparison with load resistance Ry which is
parallel with ry.. Hence ry. can be ignored. :

Fig. 3713 shows the further simplified hybrid-n model of single transistor in CE
configuration with load resistance.

"bb B C
= =
i T
My'e e G,q= gmvlfg R._ Vc,
Ce+Cc(1+g,Ry) l
E o o> . = A

Fig. 3.13 Further simplified hybrid-r model for CE with R

Parallel combination of ry. and Ceq is given as

The ¥~ .
Z = 0 Ceq
Z Ip'e + 3
jw Ceq
- Th'e

1 +jm I'bte C:q

This gives equivalent circuit as shown in Fig. 3.14.




LUURINE AT FIE. 3.14 we can write

Vhr,«_. = lhz
. Vpe
Sl

The current gain for the circuit shown in Fig. 3.14 can be given as

o I, ~ —“EBm vb‘e
i' . I
Substituting value of Vie /Iy from equation (4) we get,
Substituting value of Z from equation (3) we get,
iy ae __I_glll Th'e - "h{u i -
i +i@%we Coy  T+j2nfny, Cpy * Mle = B T
1
t - —_—
A = I_hkf
j ) RS
ﬂ[ fy ]
; hi
A = e



[y

n

At f

hi:h&.
V2

The f:—l. is the frequency at which the transistor’s gain drops by 3 dB
ies from its value at low frequency. It is given as

or 1/42

— 1
'H — —_— e
2nnye Cog
) 1 =
2n npe [Co+Cc (14 Em RL]I
At R, =0
i ] o s (8)

2 nrye |Ce+ Ccl .

From equation we can say that maximum possible value for fi is [y As Ry

-reases Ceq increases decreasing fu, as shown in Fig. 3.15.

|
IAi|1

: ' Frequency
Rz Rur M

cie 2 1% Variation fy with Ry



Parameter f;: The frequency at which the transistor short circuit CE current gain drops by

3db or 142 tlmes from its value at low frequency. It is given by

[ B S EI'H"EI.I ils
[l =
j 2“ rb.l.' {CE =+ CC]
or i~
- Ebe
2'."[(‘:._. + Cc]
o 3 Em Em
or h fe 2“{(_"“ T CC] " Bbe = E; = -E_

3.3 Parameter fr

It is the frequency at which short circuit CE current gain becomes unity.
At f = fp, equation (6) becomes
| he

1 =

—_—
1+[ﬁ-]
| fe

il f)

. (10)



6.2 Parameter f,

It is the frequency at which the transistor’s short circuit CB current gain drops by
4B or 1/4/2 times from its value at low frequency. The expression for f, can be
arived is the similar manner as for fg.

The current gain for CB configuration is given as

~hg

ﬁ.i -
W
g,

|
where fu = 2 ntnye (1+hp)Ce

I+he _ he . (8)
2ane Ce 2%Ine Ce

hm e (9)

& LR
1-&{%)

I

|A; |

At f

Il

n

L

|A |



g Gain Banawidth Product

9.4 Gain Bandwidth Product for Voltage

The gain bandwidth product for voltage gain is given as

'Anhm flul = ;Avmr"r:“hhﬂl'x ]
- Rs~he 2aR, Cq
_ ~heRg i
= ,
s Tl 3 2 |i]"h.,r (roy R, |
Moy | —Fm——r |
Foe * Toor =R,y |
- P-r'-r.-r
] _hrfRLH 1'
R, + h e 2%C,, Fie({Tey R, ,"
[R;_h“} ‘f
hic = rye +ryy |
-he R

27Coq Thee (Mo + Ry)

—Bm Trwe RL
27Ceq Toe (M + Ry)

Vo b =g e

ol gm R'L- !
27Coq (o + K)
i

v (1)



This equation can be further simplified as follows

Em o Ry
ZHE_C:+C('[|+gm F:«L]] R:+rhh"

|Aﬂxrlli =

Cy = Ce+Cc(1+gm Ry)

= Em .. v gm R >>1
237:'_-(:«:"1"{:1:' 7Hm RL] Rs"'rhb' o i
" R—L 2::(1- Cd

= R, +rw  27[Ce +Cc (27fr CIRL]

Em = ZTI."rT Cc /
RLi 3 EHC, 'r'r

Ry a fr
R, +rpy 1+2nafy Cc Ry

Rp - fr
Rs+fhh' ]'!'Z'Ef']' CC' RL

» [Avo xfy| =



3.9.2 Gain Bandwidth Product for Current

The gain bandwidth product for current gain is given as

i —hﬁ: RS 1
| Asiow xfit | = [Aso x| = g1 *70R C
5 ! ¢ €q

By similar analysis with replacement of ~ hfe Rs instead of — hg Ry we ge

gm R,-, fT Rs

—
—
—

A, - '
\ lm:’(fﬂ l ZKC(RE"]'rhb') 1 +2 Tl:fTCC RL R5+rhb'

o and A yso which characterize the transistor stage

The quantities fiq, A
ce between Rs and Ry with quantities fy, A

on both Ry and R,. The dependen
A .., is shown in Fig. 3.18.



Individual lower cut-off frequencies produced by an external capacitors for BJT

1
We know that f=5—2¢

1
2nRC

fcz

lower cut-off frequencies produced by an external capacitors Cg,C,Cy

Overall cut-off frequency of an amplifier fi=11 J fis + fic + iz

Individual cut-off frequencies produced by an external capacitors Cg,C,Cp 1s 1 g T} o1 &

1
s = 21(Rs + R)C;
1
ﬁlﬂ = 7
m(Ry + R, )C,
- 1
o [(h ER”*)/{R ]C R,=R1/R2//Rs



For FET 1

'EGZZZR{RS4-RG)cg

o 1

Y2 2m(R,+ RDCy
fLS'

"~ 271G

Overall lower cutoff frequency FET

fo= L1+ 1 + 2

Overall higher cutoff frequency:

B 1.1

fa =
LA N
le H?2 H3




The gain of multistage amplifiers at any frequency below lower cut-off frequency of
Individual stage can be given as

Al
AV —_ mid

f_L o
1+ (%)
The gain of multistage amplifiers at any frequency above higher cut-off frequency of
Individual stage can be given as

ﬂfr2

Aﬂ

mid

L (;:;)2]“’2

sz

Lower 3dB frequency:
Lower 3db frequency of individual stages

fL{:’nd:’ua’du al)

J2tn—1 f; _is lower 3dB of single stage

() =

Upper 3db frequency:
fir () = FaagenayV 2 /n — 1

Overall Bandwidth:
B.W(n) = B.WyqV2'/n—1



Frequency response of amplifier:

Impact of various capacitors depend on
the frequency of interest

Impendence of capacitors (1/mC)

f—0

All Caps are open.
This limit is used
to find low-
frequency Caps

[f— o

All Caps are short.
This limit is used
to find high-
frequency Caps.

Computing f7:

High-f caps are open.
Low-f caps included.

Mid-band:
High-f caps are open
Low-f caps are short.

f(Hz)
(log scale)

Computing f:
High-f caps are included.
Low-f caps are short
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Frequency Range and Capacitance

Cmiajmg L b pons
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