Introduction to the Amplifier

An amplifier is an electronic device or circuit which is used to increase the magnitude of the signal applied to its
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Small Input Amplification Stage Larger Output
Signal I Toue Signal
n ' ™ au
b 1)
: _ Output
ﬂv T Vi Gain (A) = Tnput T"-flt
Oo— —O

Amplifier is the generic term used to describe a circuit which produces an increased version of its input signal.
Amplifier circuits are different and they are classified according to their circuit configurations and modes of
operation.

Generally, amplifiers can be sub-divided into two distinct types depending upon their power or voltage gain.
One type is called the Small Signal Amplifier which include pre-amplifiers, instrumentation amplifiers etc.
Small signhal amplifies are designed o amplify very small signal voltage levels of only a few micro-volts (uV)
from sensors or audio signals.

The other type are called Large Signal Amplifiers such as audio power amplifiers or power switching
amplifiers. Large signal amplifiers are designed to amplify large input voltage signals or switch heavy load
currents as you would find driving loudspeakers.

In general the classification of an amplifier depends upon the size of the signal, large or small, its physical
configuration and how it processes the input signal

The type or classification of an Amplifier is given in the following table.

Classification of Signal Amplifier

Type of Signal Type of configuration Classification Frequency of operation

Small Commom Emitter Class A DC Current

Large Commom Base Class B Audio frequency(AF)
Commoncollector Class AB Radio frequency(RF)
---do----- Class C HF,UHF &SHF

Important Points to remember:

An ideal signal amplifier will have three main properties: Input Resistance or (R,y), Output Resistance or (Royr) and
of course amplification known commonly as Gain or (A).

Voltage Amplifier Gain

Voltage Gain (A4, ) = Ouitput Voitage _ Vout
Ffaput Voltage i




Current Amplifier Gain

Current Gain (Af) _ Output Current _ ITout
Input Current fin

Power Amplifier Gain
PowerGain(Ady) = A, x 4,

Note that for the Power Gain you can also divide the power obtained at the output with the power
obtained at the input. Also when calculating the gain of an amplifier, the subscripts v, i and p are used to
denote the type of signal gain being used.

The power gain (Ap) or power level of the amplifier can also be expressed in Decibels, (dB). The Bel (B)
is a logarithmic unit (base 10) of measurement that has no units. Since the Bel is too large a unit of
measure, it is prefixed with deci making it Decibels instead with one decibel being one tenth (1/10th) of a
Bel. To calculate the gain of the amplifier in Decibels or dB, we can use the following expressions.

° Voltage Gain in dB: a, = 20*log(Av)

° Current Gain in dB: a; = 20*log(Ai)

o Power Gainin dB: a, = 10*log(Ap)

Note that the DC power gain of an amplifier is equal to ten times the common log of the output to input
ratio, where as voltage and current gains are 20 times the common log of the ratio. Note however, that
20dB is not twice as much power as 10dB because of the log scale.

Amplifier Example

Determine the Voltage, Current and Power Gain of an amplifier that has an input signal of 1mA at 10mV
and a corresponding output signal of 10mA at 1V. Also, express all three gains in decibels, (dB).

The Various Amplifier Gains:

Ay = QutputVoltage _ 1 _ 100
Input Voltage  0.01

_ Output Current _ 10
Input Current 1

AL

1

=10

Ap=AyxA; =100x10 = 1,000

Amplifier Gains given in Decibels (dB):



ay = 20log A, =201l0ogl100 = 40dB
a; = 20logA; = 20logl0 = 20dB

ap, = 10logAp, = 10logl000 = 30dB

Then the amplifier has a Voltage Gain, (Av) of 100, a Current Gain, (Ai) of 10 and a Power Gain, (Ap) of
1,000

Ideal Amplifier

We can know specify the characteristics for an ideal amplifier from our discussion above with regards to its Gain,
meaning voltage gain:

The amplifiers gain, ( A ) should remain constant for varying values of input signal.

Gain is not be affected by frequency. Signals of all frequencies must be amplified by exactly the same
amount.

The amplifiers gain must not add noise to the output signal. It should remove any noise that is already
exists in the input signal.

The amplifiers gain should not be affected by changes in temperature giving good temperature stability.

The gain of the amplifier must remain stable over long periods of time.

Definition and distinction or details of class of amplifiers.

Amplifier classification takes into account the portion of the input signal in which the output transistor
conducts as well as determining both the efficiency and the amount of power that the switching transistor
both consumes and dissipates in the form of wasted heat.

The most commonly used being:

Class A Amplifier — has low efficiency of less than 40% but good signal reproduction and linearity.

Class B Amplifier — is twice as efficient as class A amplifiers with a maximum theoretical efficiency of about
70% because the amplifying device only conducts (and uses power) for half of the input signal.

Class AB Amplifier — has an efficiency rating between that of Class A and Class B but poorer signal
reproduction than Class A amplifiers.

Class C Amplifier — is the most efficient amplifier class but distortion is very high as only a small portion of
the input signal is amplified therefore the output signal bears very little resemblance to the input signal.
Class C amplifiers have the worst signal reproduction.

Class A Amplifier Operation

Class A Amplifier operation is where the entire input signal waveform is faithfully reproduced as the transistor is
perfectly biased within its active region. This means that the switching transistor is never driven into its cut-off or
saturation regions. The result is that the AC input signal is perfectly “centred” between the amplifiers upper and
lower signal limits as shown below.



Class A Amplifier Output Waveform
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A Class-A amplifier configuration uses the same switching transistor for both halves of the output waveform and
due to its central biasing arrangement, the output transistor always has a constant DC biasing current, (l¢o) flowing
through it, even if there is no input signal present. In other words the output transistors never turns “OFF” and is in
a permenant state of idle. hence it requires a heat sink as DC is lost as heat.

Class B Amplifier Operation

The Class-B Amplifier uses two complimentary transistors (either an NPN and a PNP or a NMOS and a PMOS) to
amplify each half of the output waveform.

One transistor conducts for only one-half of the signal waveform while the other conducts for the other or
opposite half of the signal waveform. This means that each transistor spends half of its time in the active region
and half its time in the cut-off region thereby amplifying only 50% of the input signal.

Therefore with zero input signal there is zero output. As only half the input signal is presented at the amplifiers
output this improves the amplifier efficiency over the previous Class-A configuration as shown below.

Class B Amplifier Output Waveform
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Class AB Amplifier Operation

The Class-AB Amplifier is a compromise between the Class-A and the Class-B configurations above. While Class-AB
operation still uses two complementary transistors in its output stage a very small biasing voltage is applied to the
Base of each transistor to bias them close to their cut-off region when no input signal is present.

An input signal will cause the transistor to operate as normal within its active region, eliminating any crossover
distortion which is always present in the class-B configuration. A small biasing Collector current (lcq) will flow
through the transistor when there is no input signal present, but generally it is much less than that for the Class-A
amplifier configuration.

Thus each transistor is conducting, “ON” for a little more than half a cycle of the input waveform. The small biasing
of the Class-AB amplifier configuration improves both the efficiency and linearity of the amplifier circuit compared
to a pure Class-A configuration above.

Class AB Amplifier Output Waveform
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Here we can make a comparison between the most common types of amplifier classifications in the following
table.

Power Amplifier Classes

Conduction o o o o
Angle 360 180 Less than 90 180 to 360
Position of Centre Point of | Exactly on the Below the n be_tween the

. . . . X-axis and the
the Q-point the Load Line X-axis X-axis .
Centre Load Line




Overall Poor Better Higher bi'tetléesrst?r?ar\]nAB
1ci 0, 0, 0,
Efficiency 2510 30% 70 to 80% than 80% 50 to 70%
: None if .
.3'9”"?" Correctly Atthe X-aX|§ Large Amounts Small Amounts
Distortion Biased Crossover Point

OPTIONAL(Badly designed amplifiers especially the Class “A” types may also require larger power transistors, more expensive
heat sinks, cooling fans, or even an increase in the size of the power supply required to deliver the extra wasted power required
by the amplifier. Power converted into heat from transistors, resistors or any other component for that matter, makes any
electronic circuit inefficient and will result in the premature failure of the device.

So why use a Class A amplifier if its efficiency is less than 40% compared to a Class B amplifier that has a higher efficiency rating
of over 70%. Basically, a Class A amplifier gives a much more linear output meaning that it has, Linearity over a larger frequency
response even if it does consume large amounts of DC power.)

In this Introduction to the Amplifier tutorial, we have seen that there are different types of
amplifier circuit each with its own advantages and disadvantages. In the next tutorial about
amplifiers, we will look at the most commonly connected type of transistor amplifier circuit, the
common emitter amplifier. Most transistor amplifiers are of the Common Emitter or CE type
circuit due to their large gains in voltage, current and power as well as their excellent
input/output characteristics.
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of Ne to T, with V¢ =0 and

RL excluded . The SimP\i@\‘ed ¢incvit has infiwnite oLt put

impedance because with Vs=p and evtennal \/a\{-qae

sSouvncée

applied at ovkput ‘\f: 18 found that Tp=o

and hewce TYe =0

Rg: VC’_.. = o (‘,‘ ;TQ_':O]
Te

Approtimate  analysiy’ o] CE Amplfiern
connent 'aam Ar = -hge
IwPo’c resisktawnce R; = hie
Veltoge aai‘v\ Ay = ~he Ry
hie
O\){;POE )\Q.S(S)CQV\CQ Ro = ao

Analysis of ce Amplifien Gsing the apprcimate Medel

T T——
F{s\JLQ.

sShows the €quivalent cincuitk of cc AmPlifien

vsing  twe Q‘pp‘ho‘ﬂim&‘te model  with  +Hhe VCO\\QQ'EC;?\_

gnowwnded mpat  Sighal applied betweew hase and ﬁwund

ond  lead Cmqnecjcecl betweewny emitten. and nound.

Ty = (\+ L‘F6>Ib
V Fiq: Skmpli’«{l;ezi
I
nee T e Hybnid medel fon
the cc cincort




l) connewnt aQW\ -
p———ae op—

Ar = ,—:E_i_ = £1+h;e>fb = (v+ l'\.(:e_)
Iy Ty

2) In_‘?o’c Nesistance

Vy, = Iphie -+ (1 hpe) Ty Re
RL Z ol ‘/\“Le -+ (|+ l’\_(:g> RL

3> Veoltage av

Ve (*+h,|:e) Ty R
Avz — = —
Vi ( hie T, + (1 + \"F'ﬁ) Ty RL]
AL = (‘*h{ie) Ky hie + C\+‘n{ie_!> Ry - hie
V- - 7 =
hie + C|+h{3€> Ry hie + Clvhge) R
hie
Ay = | -
hie +([+h{le>RL |
hle ( .. R{ - h\\e. 4 C\'\"f\_FQ_)Rg
AV - \ -— R [
’ Lt

4) Ovtpot impedqnce =

odmittonce Shont cincuit current in 6P terwu)
ocvtpot EWMQ;& (YQ)

open  cincuit \folkoae bln olp tesinal,

shont Cincuit Cusent

- (1+\n{:e>T—b = (u+ h@e) &

in ookpot  tenminaly

Rs +"\1€,
. B i\t Yoltage
open cinew aﬂ s
bln ookput tenminalsg
1+ h ' hie + Rg
Yo = = L+ hee
Rs + hie

. . : - R Ru
cokpot impedance including  Ru ‘e Rp o]




Anolysis  of cB Amplifien UVSing the approximate medel
\J

Flaune Shows  +he eguivalent cincoit of ¢R
amplifien. 0sing the apprnomtimatre Model, with +the base
émouvxded/ tnpot S\‘aY\QL is applied betweewn emitten awnd
base and leod Connectred between Colleckton and base
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T ‘, hee T,
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LY \'\le

‘ e l

Lot the CB  Cincuie

F:a:vsimplsf{ed Hybnid medel

9 cuorren 6qivl !

v R -Te — hee Ty
e igure obove r = —
Faom th ‘F‘a Ie Te
Ie — ~— C Ib + I(’_>
Te = - (Tp + hge Tp ) = = (1+hee) T
~hee T h
A = .__Lé, - _ﬁ_ = —"\.(Z‘b
~(i+hpe) Ty t+hie
7_) Inpot Resistawnce
h_\
Ve
Tnpot TResistance Ry = —
Te
From F\‘GOAe Ve = - T Wie , Te = -(hH+ V\{le>Ib
he o
Ry = _ ¢ Wik
i 4+ \\,@e
3> 'Vo\%a e GQ\W\".
Y
A\; = ¢

Ve




VC, = =Ty \'\ie

hee R

Ay = _i___._.
hie

) outp\)’c I Pec\oance

= -hee Tb Ry

Ro = = wity Vszo, Rz o
Te
\’\&Vlce I(_ =0
T Iy =0
WikW Vg = 6 Te =0 and b
- RO st VC - &
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Apprnonimate Hvqués.‘s O‘}, CB  AMplifes
") cornent aq\‘V] Ax = ___F__ - _"\-Pb
L+ hee
) ¢ hie - W
2) Inpot Resistawnce R = ' = = ik
L+ \r\{le
! \ - h e R
3) Volfaae 8q\h Ay \g\l_
hie
Q\’Ot Resigstance Rp =
Lok ANa\M SIS sl ¢¢  Amplifern
Apprommate d
1) Curnent 6OAV1 Ar = (v+ V\@Q)

2) Tnpot  nesistance

3) VOL’(:O@Q acﬁv\

"t—) ook pPot Resistownce Re =

av

Ri= hie + (14 hee)Re

hie
R

hie + Rg

1+ hee




Preblemn @ a cE Amplifiern. s dnawn by a 'UOl't‘OLde Source
of Ivntenval Nesistance N3 = 8oo and  the Load imPeclqnce
8 o TNesistawnce RL = loocon-.- The h Panametens agne

hie = Ik, hne = 27<|5Lf‘, L\{‘_Q25O and hee = 25MA[V'
Compoté the cuarent getn Az, inpot fesistance Ry ,
vm%uae 8q€v) Av , and outpat 7Nesistance Ro Using exvact

cma\dscs and  appriowimate cmcxtdsq‘s.

Solotion qivew  data

Ns = 8oo s ; RL = 1005 , hie = 1lra l’Tne, = 2xigh

)

\’\ﬁe =50 , and hee = 25 Ay

- Exock A_Y\&'L},ls.‘ &' —
\J

| ~hge
Cunnent é,advl Arx = - - 48.78
1 + l"\oe_ RL
| | hee h
Inpot Resistawnce. Ri = hije - fe hne = 990-24 0
hog + L :
R
\loltoae @OJV\ AV bt .QI Re - -49.9¢
. R.
Oo’cpot Resistawce
hee hse ‘
Yo = hoe - ,_{2____ = 194 %62 mne
hie + Rs
Re = L = Bl 49 ko
Yo

APpnewimate Analysig
—Lhommate  Analys

AI = —»\_FQ, = - 50




Ay = -hge Ri - 5o X 000
hie

ti

- 50

i

loed
(Rg = a0

P_M~ A Vo\{—&ae Scunce o{, Imtenval ﬁes%bqv,ae
Rs = Geo drives a

cc QmPLcQ-;e:\_ Uéina lead Aegigtance
RL = 2c005. The ce

h - Faname_behs ane hte Z 1200 0
J

7

\'\ne - oxich }\Fe = 66 and hoe = 25MH)V= CO“‘:PO'&Q the
connent aﬁm Ar , ‘mPot- Resistance R; , ’Vo\-toae. 6Q(“ Av,

) ¢ and
and outpot 7esistance Rpo ©3'ng exack analysis

-~ 4 S .
c\P?nmumcrtQ QY\&\U =X

?ﬂ Convensdion Ffenmoloe :
\r\;c = "\‘Le - l200JL
hee = u(w»\\aej - - (\+6o)= -6V
knc = |
hoe = hoe = 25 MA[|V
Exact

A\na\gs\s !

“hec
Ar = = 58-045
hee h
Ri = hie - ™% _ uz 39 K5
' Y. +hee
Ar R
Ay = = = 09893




ovtpot Admittawnce

""-FC, \'\hc.
Yo = hee = —m——
l"ic t Rg
= Re = ~— = 34.39b6 A1

D

Appnnﬂima’ce A”\&\;ts"s

Ay - l-\—\r‘\,(ze = 1+ 66= 6]
Ry = hle + Cl+\'\’,pe'_> RL Z 123.2 ko
l,\\
Ay = 1 - e - 0-99
Ri
hie + Rg ,
Ro = : = 343 e
i+ hee
Problem :
Fon a

CB  ftransisten Amplifien dniven by a vcl*caae

Sounce  of  ntemwal Nesistance Ry = 12000 , Hhe load

impedance is o fesigton Re=10oon. the h-pornameteny

Aane hiy = 2200, hay = 3XI5Lf', hep = —O'Cl@}' hob:o'b’}”}’\/-

Com?ote the. cCurrent aq‘w) Ar , TIrnpuot impedavme \2;’
Vot{»o@e gain Av, ovenall VOH—OUQ Gq‘.v\ Avs , oven a\\
Curnent 6&3\4 Axs , ootput impedownce Ry and Ppower @in

Ap using  etact and appnowimate CLV\Q\US\‘S.

Solutipn:
ConR@nt .aqgn Ar = - heb - o-9g
4+ hOb Re
heb hanp :
input j:mPe_dQVlC& Ri=z hiyy - -L__?__ = 223N

Yt + hobh




f‘\: ?L

0:-9% X 100D

\ = - = 439
voltoge gaivy Ay = == = o 3 *
' \ Ay Ry ,
ove nal) \/o({-Oﬁe 6&!\/\ Aygy = - 68092
R'\*RS
. : AT R
ovenoll (uarent 6(:“\0 Ars = 5. - 0-9¢ 2
‘R‘\"\“RS
h h
ootpot  Admittance Yo = hew - tb b = o745 %158
e R< Mmnp
Re = A = DI'3A¥MA
Yo
Poloes '60@\/\ Ap - Ay Ax = 43.06
Approwimate Analy sis
)
D Ar = _hep = 6:98

Z) Ri = hip = 29 1

3) Ay = hte RL
: ' h(e
Q9X 1000
9 v = 1
lfo o
Av = LSk
@ Ro = @
HVS, 91’5, AF ot
Same as  that of
Exact

av\q\d a5 .

Cenuunsion  Jforamulae

_-L\_Fe
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| + hpe
[ = k@e: ~heb — 49
L +hhfb
hip = -—b—‘}——
L+ hpe
= hie = hio C\—Hrqz e>




