UNIT-III
BJT HIGH FREQUENCY ANALYSIS
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MULTISTAGE AMPLIFIERS
The amplification of a signal by a single amplifier may not be enough in most of the practical cases. Hence in these cases, two or more amplifiers are used in series to get sufficient amplified signal. The amplifiers are coupled in such a manner that the output of the first stage becomes the input for the next stage. Connecting the amplifiers in this manner is known as cascading the stages. When a number of amplifiers are connected in cascade, the overall voltage gain is equal to the product of voltage gain of individual stages.
In general the output terminals of one stage cannot be connected directly to the input of the next stage. A suitable coupling network is required to connect two stages. This coupling network should not permit the dc voltage at the output of one stage to pass into the input of the next stage. Otherwise the biasing condition of the second stage will be upset. Further the loss of voltage, when the signal passes from one stage to the next must be minimum. The three coupling devices generally used are
(i) Resistance - Capacitance (RC) coupling
(ii) (ii) Transformer coupling
(iii) (iii)Direct coupling
RC coupling scheme consist of a series capacitor C and a parallel resistor R. C acts as a short circuit for ac signals while it behaves like an open circuit for dc signals. In transformer coupling scheme, the transformer ensures that the ac signal is transformed from the amplifier to the load, while at the same time, insulating the load from the dc signals. When dc signals have to be amplified, direct coupling is the simplest and the best to use.
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Variation of hybrid-pi parameter:
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an important high frequency characteistics of transistor i unity-gain bandwidth,(fy). this s
defined as the frequency at which shortcircuit current gain

.
A

has decreased tothe value one.
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Applying KCL at collector terminal provides an equation for short circuit collector current
Lo = g = b

input terminal B,
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The above frequency response y, is inthe form of single pole low pass circuit
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“The 3-db frequency of [y [s given by
@ = gy 4P = Gute
The frequency at which |hy| declines o value 1 i to denoted as e which can be determine as

follows
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Common emitter at high frequency:
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Multistage Amplifier:

Characteristic Common Common Common
Base Emitter Collector
Input impedance Low Medium High
Outputimpedance  Very High High Low
Phase Angle (3 1800 [
Voltage Gain High Medium Low
Current Gain Low Medium High
Power Gain Low Very High Medium

> Common emitter amplifier is most popular BJT amplifier due to high
power gain.

> Ideal amplifier should have high input impedance, low output impedance,
high voltage and current gain.

> Single Stage amplifier is not able to provide enough gain, power and full-
fill all the requirement of an ideal amplifier --------- Need Multistage

amplifier 2
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Multistage Amplifier: Characteristics

Stage Number Characteristics
1 2 3 4 Rin Rout Voltage gain
CE CE Medm  Medimm  High
CE CC Medium  Low Meditm
CC CE High Medium  Medium
cc cc Veryhigh ~ Verylow <1
CE CE CE Medium  Medium  Extremely high
CE CE CC Medinm  Low Very high
CE CC CE Medium  Medium  Very high
CE CC CC Medium  Verylow  Medium
CC CE CE High Mediun Very Ligh
CC CE CC High Low Medium
cC cC CE Veryhigh ~ Medium  Medium
cc cc e Veryhigh ~ Verylow <1
CC CE CE CC  High Low Very high
Descriptor. Rin or Rout tage g:
Low Tess than a few undred Oluns
Medium A few hundred to a few thousand Ohms less than 50
High a few thousand to a few ten thousand Ohms 5010 500
Very high ‘many tens of thousands of Ohms 500 10 5000

Extremely high Over one hundred thousand Ohms Over 5,000
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Multistage Amplifiers

Practical amplifiers usually consist of a number of stages connected
in cascade.

» The first (input) stage is usually required to provide
» a high input resistance
<+ a high common-mode rejection for a differential amplifier

» Middle stages are to provide

< majority of voltage gain

» conversion of the signal from differential mode to single-end mode
< shifting of the dc level of the signal

» The last (output) stage is to provide

» a low output resistance in order to

» avoid loss of gain and

<+ provide the current required by the load (power amplifiers)
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Multistage Amplifier: Gain Calculation

Procedure:

Input imped:

1.

of next stage is

Do dc analysis

2. Find r’, for each stage
3.
4. Using r’;and r; to find A, for

Find r for each stage

each stage

load of current stage.

(Z, of next stage is R, of current stage)
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Multistage Amplifiers: Frequency Response
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Multistage Amplifiers: Low cut off Frequency

If n identical stages are connected together then overall voltage gain

at lower frequency is given by:

A iow =Autiow * Avziow X Algiow -seeeseee

where n is the number of cascaded stages. Since
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Multistage Amplifiers: High Cutoff Frequency
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Multistage Amplifiers: Frequency Response

The cutoff frequencies for cascaded amplifiers with identical values
of f,, andf, are found using

i BT

i, = 7,— - ﬂzJZ% 1 i N
2=l

where n is the number of cascaded stages.

When Each stage has a different lower & upper critical frequency

» When the lower critical frequency, f, , of each amplifier stage is
different, the dominant lower critical frequency, f', equals the
critical frequency of the stage with the highest f, .

» When the upper critical frequency f.,, of each amplifier stage is
different, the dominant upper critical frequency f',, equals the
critical frequency of the stage with the lowest f_,
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Types of Coupling:

In a multistage amplifier the output of one stage makes the input of the
next stage. Normally a network is used between two stages so that a
minimum loss of voltage occurs when the signal passes through this
network to the next stage. Also the dc voltage at the output of one stage
should not be permitted to go to the input of the next. Otherwise, the
biasing of the next stage are disturbed.

The three couplings generally used are.
1.RC coupling

2. Transformer coupling

3. direct coupling

Problem: A transformer coupling is used in the final stage of a multistage amplifier. If the output impedance of

transistor is 1kohm and the speaker has a resistance of 100hm. Find the turm ratio of the transformer in order o
transfer maximum power o the load (speaker).

Solution: For maximum power transfer, the Impedance of the primary should be equal o the output impedance of

the transistor and impedance of secondary should be equal 10 the load impedance.
Primary impedance = output impedance of transistor = 1kohm; Secondary impedant

il

impedance of load = 100hm
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RC coupling
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It has excellent frequency response in a audio frequency range and
cheaper in cost.

The drawback of this approach is the lower frequency limit imposed by
the coupling capacitor and poor impedance matching.
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Transformer coupling

Transformer coupling is mainly used in
power amplifiers.

Cs capacitor is used to make other
point of transformer grounded, so that
ac signal is applied between base and
ground.

The drawback of this approach is the
poor frequency response.

Direct coupling

Direct coupling is the coupling
method in which the output of one
stage is directly connected to the
input of the next stage.

Direct coupling is used in
differential and operational
amplifiers.

+Vee
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Comparison of different type of coupling

Characteristic  R-C coupling Transformer Direct Coupling

coupling

Frequency  Excellent in audio Poor Best
Response frequency range

Cost Less More Least

Space & Less More Least

Weight
Impedance Not good Excellent Good
Matching

use Voltage Power amplification amplifying extremely

amplification Tow frequency
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The Hybrid-pi CE Transistor Model:

The hybrid-pi or Giacoletto model of common emitter transistor model is given below.
‘The resistance components in this circuit can be obiained from the low frequency h-
parameers.

For high frequency analysis transistor is replaced by high frequency hybrid-pi model and

voltage gain, current gain and input impedance are determined.
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ryymohimic base spreading resistance

v emsmall change in voltage across base emittr junction

Tyemresistance between B'and E

pe=diffusion capacitance between B and .

o= resistance between B and C

e diffusion capacitance between B and C

o= resistance between C and E

GmVpremcurrent generator
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onductance and capacitance:

ANl the resistance components i the hybrid-pi model can be obi

CE configuration

+ Tonsistor Tansconductance(gmy="l/,

where fe=collector current in mA
Vimthermal voltage which s nearly equally to 26mA at room temperature.
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The Input Conductance(gpc)= "/r"f/l,d.Am/,%

where hy=short circuitcurtent gain of CE configuration
The Feedback Conductance(ghe)= hredie

where h,c=reverse voltage gain when the input i open-circuitd.
‘The Base Spreading Resistance(rs = hie-Te
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Where i minput resistance with output shoried
«The Output Conductance(§ee= hoe-(1Hye) gme
ited.

where hoe=conductance with the inpu open

Hybrid -pi capacitance:

« There are basically two types of capacitances i pn juncion diode ic. one is junction
capactance and otheri diffusion capaciance.

« “The active mode BIT has one forward biased pn junction and one reverse biased pn
junction.in case of npn BIT the capacitances associated with pn junctions are labeled
a5:Cmjunction capactance associate with reversed biased CBI

Gem junction capacitance assocate with forward biascd EB)
Caemiiffusion capaciance associate with forward biased EBJ

+ The diffusion capacitance and juncton capacitance associa

withforvand bised EBY
e sppeand e and ca be combined 85
=Gt =
o Typially G i i therangs from facton of B 10 fow pF whers 8 C i i e rnges
on fow pF 100 of pF, which i daiote by o




