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Background Theory

Classes of amplifiers

Amplifiers in electronics come in many different types, there are class A amplifiers, class B amplifiers
and also a class C amplifiers. Each type of amplifier has its own different characteristic from any
other type of amplifier, these characteristics can change between every amplifier, but each amplifier
is produced with the same characteristics in mind, these characteristics are linearity, signal gain,
efficiency and power output. In electronics class A amplifiers are the most commonly used type of
amplifier, this is because they the simplest type of amplifier, this can be shown by its name “class A”
this means that it's the best type of class. The class A amplifier out of all the amplifiers has the best
sound as well as it has a low signal distortion. Class A amplifiers use a single transistor that is
connected in a way that allows a configuration that allows both halves of a waveform of the
transistor always having a current flowing through it.

Figure 1.

The class B amplifier was created to solve heating and efficiency issues that come with the class A
amplifier. Within the class B amplifier there are two types of transistor present in the amplifier,
these transistors are either a bipolar or a FET, each for a halve of a waveform with an output
situated as a push pull arrangement, this is because each transistor amplifies only halve of the
waveform.
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Figure 2.

The class C amplifiers design allows it to have the best efficiency of all the types of amplifiers but by
having the best efficiency it also has the worst linearity of all amplifiers. The class A and B amplifiers
are both linear amplifiers as the output signals amplitude and phase are both related to the input
signals. However the class C amplifier is massively biased to the point that the output current is at 0
for the majority of the time of a signal cycle. /
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Figure 3.



Operational amplifier

Operational amplifiers are high-gain, DC coupled amplifiers with a differential input with a single
output. In specific configurations, op amps produce an output that can sometime have a potential to
output a signal that is significally greater than what the input signal is. Op amps were first used to
perform mathematical operations in either linear, non-linear and frequency dependant circuits.
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Part 1 - Transistor Amplifier Design and Performance Measurement
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Figure 5.

The BC183 transistor was chosen for the following task, the measured current gain or the hfe for the
transistor was 263, from the datasheet of the BC183 transistor the max IC value was 100mA,
whereas the let IC value for the transistor is 4mA. The calculations below correspond with figure 5.

A)

1) Determine RC

RC = 1.5kQ /

2) Determine RE

Assume IC=|E /
Also VE to 10% to 15% of VCC



VE = 14% of VCC = 0.14x12 = 1.68Y

VE _ 168
50 RE =z = ———= = 4200 /

RE = 4200 nearest value is 3900

3) Determine R2
Find the base voltage VB = VBE + VE
VBE from the datasheet
VBE = 0.55
SoVB=1.68 +0.55=2.23V
12 is 10 times greater than IB

hfelr —2— - 223 = 14.67kQ nearest value = 15kQ

10xIB  10%1.52x10~5

4) Determine R1
=12+1B=10/B+1B8=11IB
And V1 =VCC-VB

_VCC-VB _12-223 _  12-2.23 _ 3 /
SoR1= 1118~ 11B  11x152x10~5 58.43x10

The nearest value to 58.43kQ is 56k

B) DC Conditions

VRC=653v /
vC=551v /
VE =172V
VBE = 0.67V
VB =2.38V /
IC=4.,58V /
AC test results v, n=
Frequency (Hz) | Voltage (V) | Gain Gain {dB)
40 1.1 36.667 31.29
76 2 66.667 36.48
101 2.5 83.333 38.42
130 3| 100.000 40.00
166 35| 116.667 41.34
217 4| 133.333 42.50
286 4.5 | 150.000 43,52
440 5| 166.667 44.44
788 55| 183333 45.26
2000 5.8 | 193.333 45.73
10000 5.8 | 193.333 45.73
30000 58| 193.333 45,73
50000 5.8 | 193.333 45,73
30000 58| 193.333 45,73
110000 58| 193.333 45.73 /
166000 55| 183.333 45.26




305000 5| 166.667 44.44
417000 4.5 | 150.000 43.52
525000 4| 133.333 42.50
670000 3.5| 116.667 41.34
808000 3| 100.000 40.00
1035000 2.5 83.333 38.42
1368000 2 66.667 36.48
2523000 1.1 36.667 31.29 /
Figure 6.
F1 =286, F2 = 525,000 /

Bandwidth = F2 — F1 = 525,000 — 286 = 524,714Hz

The DC test results for the amplifier are very unbalanced whereas a class A amplifier shouldn’t be
unbalanced it should be balanced, there are many different factors that the amplifier is unbalanced.
There are many different reasons that the amplifier is unbalanced the first is the reference to the
datasheet. The amplifier that was used is sensitive to the temperature, which effects the
measurements, if the lab was the right temperature the results would have been the same as it
states on the datasheet, therefore these results are not realistic. When the amplifier was designed
some of the values for the resisters were not available for use, that meant that the nearest suitable
value has to be used. By selecting a resistor that is valued close to the calculated resistor, this can
cause the amplifier to become unbalanced, which this can be seen within the DC test results. As seen
from the graph below and the results in the table above the AC’s gain for the operational bandwidth
is 524,714Hz whereas the dB is around 45.73dB, this is expected from the measurements and the

calculations. /
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Part 2 - Tuned Amplifier

Task 1 — Calculations
a) The resonant frequency

1 1
Fr= ZavVLC  2mV100x10 °x1x10-2 SIS /
b) The quality (Q} factor /

Q=2%=2 = amx15.92x10°%1x10°

Q=100.03

¢) The bandwidth of the amplifier. /

Fr _ 15920
BW = 2> 100 159.2Hz

Task 2 —Simulation
A) The resonant Frequency
B) The Gain At Resonant

/
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Figure 8 - Resonant Frequency and gain

C) The bandwidth of the amplifier, which include the upper and lower frequency range

[EF =7E THSA 2] R = - -F Q-

Figure 9 — Lower frequency

/
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Figure 10 — Upper frequency

Bandwidth = F2 - F1=15.99—15.738 = 252Hz /

When comparing the calculated results with the measured results the resonant frequency in the
calculations was 15.92 kHz whereas the frequency in the measurements was 15.905 kHz, the results
from both the measured and calculated is as expected with both results being very similar. The
results for the bandwidth when measured and calculated is quite significant this can be seen as the

calculated results are 159.2Hz whereas the measured resuits are 252Hz, the difference between the
two results is so large because the software used (Multisim) has a narrow frequency line ?e bode



plotter, in turn this make the results very hard to accurately measure which results in the results
being so different.

Part 3 - Operational Amplifier Circuits

Task 1: Simulation using Multisim
A)

Simulated
circuit 1 circuit 2 Circuit 3 circuit 4
Vin Vout | Vinl | Vin2 { Vout | Vin Vout | Vinl | Vin2 | Vout
0.5 | -4.988 1 05 | -4588 | 0.5 5.512 05 0.5 | 1.003
1 -9.987 2 1 -9.988 1 11.012 1 1 2.003
15 | -13.917| 15 15 0.1 15 | 13825 | 1.5 1.5 | 3.003
2 | -13917 | 25 2 -4.988 2 13.925 2 2 4.003
-0.5 | 5.012 -1 0.5 ) 5011 | 05| -5.488 | -0.5 | -0.5 -0.9
-1 10.011 | 1.5 -2 -4989 | -1 | -10988 | -1 -2 | -2.997
-1.5 | 13.918 -2 -1 | 10011 | -1.5 | -13.925 | -1.5 -1 | -2.497

-2 | 13917 | -25 | -05 ( 13.915( -2 |-13.925| -2 -0.5 | -2.497
Figure 11.




Figure 13.

Task 2: Experimental measurement

Figure 15.

measurements
circuit 1 circuit 2 Circuit 3 circuit 4
Vin Vout | Vinl | Vin2 Vout Vin Vout | Vinl | Vin2 | Vout
0.5 -5.04 1 0.5 5.2 0.5 5.58 0.5 0.5 0.97
1 -10.05 2 1 10.2 1 11.08 1 1 2.05
15 | -1265 | 15 1.5 -0.01 1.5 14.54 1.5 1.5 2.87
2 -12.67 2.5 2 4.89 2 14.54 2 2 3.98
0.5 5.01 -1 -0.5 5.47 05| -544 | -05 | 05 | -1.12
-1 9.99 -1.5 -2 5.08 -1 -10.97 -1 -2 -3.03
-1.5 | 1448 -2 -1 -10.07 | -15 | -12.72 | -1.5 -1 -2.38
-2 1448 | -25 | 05 | -12.74 -2 -12.75 -2 05 | -245 /
Figure 14.
Frequency (kHz) | Output Voltage (V) | Phase Relationship Gain dB V' A ?
1 9.8 180 19.82
3 10.2 180 20.17
8 10.2 180 20.17
10 10 180 20.00
13 10 180 20.00
16 10 180 20.00
20 10 180 20.00
30 10 180 20.00
50 9.8 175 19.82
80 9.6 170 19.65
200 8.4 154 18.49
300 7.2 146 17.15
500 5.6 121 14.96
200 3.8 110 11.60
1000 3 92 9.54
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Figure 17 — The screenshot above is an image of a practical task that needed the use of a
oscilloscope.

Figure 18 - The screenshot above is an image of a practical task that needed the use of a
oscilloscope.

Figure 19 - The screenshot above is an image of a practical task that needed the use of a
oscilloscope.
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Figure 20 - The screenshot above is an image of a practical task that needed the use of a
oscilloscope.

Task 3: Comparison of simulation and experimental results

When getting the results from the simulation, the data that was produced was close but not exactly
the same as the experimental results, this is because when using a piece of equipment such as an
oscilloscope, there are many different factors that can cause the results to be different from the
simulation resuits, this is because the components within the oscilloscope can differ slightly from
every time that a result is being produced.

Task 4 - Negative Feedback

A negative feedback amplifier is designed to have a certain amount of voitage feedback to control its
gain. A negative feedback amplifier has a fraction of its output feedback into the input terminals in
antiphase with the input, so that the negative feedback opposes the original signal input.

X Amplifier
Vs Vi with gain A Re

v /

Y Feedback
! Circuit B |

o_.._._...-—._
L

AMAR
vy

(=

Figure 21.

Vs=Vin~Vp3

Vout = Ao x Vs => Vs = Vout/Ao
VB =Voutx B

So, Vout/Ao = Vin—Vout x
Vout = Ao (Vin —Vout x )
Vout = AoVin - AoVout x B
Vout + AoVout x B = AoVin /
Vout (1 + AoB) = AoVin

Yout _ _ Ao

Vin 1+A40f

Vout/Vin = Voltage gain = AV
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1. Collecior 2. Base 3. Emier

Absclute Maximum Ratings 7,25 urless sbernise momd

Symbol Parameler Valos Units
Voo Collector-Base Voliage £3 v
Yage Coilzctor-Emitter Voliage o ¥
Vgsp Etniter-Base Volage £ W
lg Cofizcior Cumen (DC) 100 i
e Collector Divsipation [T,=254C) 350 i
Tomg . T | Stetage Junclion Temperawrs Fangs -85~ 150 =L
Electrical Charactenistics 1.=257C unless stherwize noted
Symbol Paramater Conditions Win. Tl Units
BVepr Collevtor-Base Vormge I = 10ud 45 v
EVeen Collactor-Emitier Volmge I, = ek 30 LY
Wi Emitter-Base Volape Ig = 1t 5 v
gy Dl Copee® Tumzi 13 nE
lemp Emitter Cui-off Current 15 nd
by DC Curren: Gain Veg =BV, Ig = 10aA ap
Veg = 5Y, Ip = 100ma L34
Vi pinat] Collator-Emitier Saturation Voliage  |Ig = 10ma, f, =D 5ma .25
I = 10DmA, Iy = 5.3ma o
Wggiza: Base-Emitier Sauration Volage Ly = §00ana, & = fend 1.3 ?
Waeloni Base-Emitier Oin Volinge V=5V 1 =2mé 955 L7 ¥
Con Ciyigws Taimmcemne Ve = 1DV, = 10032 5 aF
1 Currens gain Bandwigih Produce Vag =8V, lg =2 10maA, 150 MiHz
f = 100MiHZ
'S Sroall Signal Current Gain 28 €00
Noise Figute Vg = 3V, I, = 200mA 10 a8
R = 240, §= 1KMg
L2007 Falehid Semuanducton Comporation i VAW ST ISR Chrt

BCT83 Rew &
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