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introduction

During this report it will consist of different aspects of an amplifier. By covering the practical and
theoretical aspects it shows understanding of the task and knowledge learnt. Here is some
information about amplifiers.

All amplifiers have different classes called A, B, AB or C. These are all due to the different
transistors that are used in an amplifier combined with other components. Both A and C are
both in the report, Class A is in Part 1 and Class C is in part 2. However below explains Class B
and Class AB.

% Class B; this has a practical efficiency of around 50% due to the fact that no power is
consumed under quiescent conditions. However due to the transistors input
characteristics the current will not flow until Vse has reached 0.6V, this causes distortion.

*+ With Class AB part of the distortion from Class B biasing is overcome, because of this it
improves the quality of the output signal. However Class AB is less efficient than Class B,
however this is down to the position of the Quality factor point (Q point).

An Operational Amplifier, or op-amp for short, is a voltage amplifying device designed

to be used with resistors and capacitors between its output and input terminals. In the

feedback from the components it helps decide the ‘operation’ of the amplifier. This will

help it decide whether to be resistive, capacitive or both, the amplifier can perform a

variety of different operations, giving rise to its name of “Operational Amplifier”,

The Op-Amp is a three way terminal device which consist of one input being called the
inverting input (-) and another input called a Non-inverting input (+). The third terminal
represents the output of the op-amp which can both sink and source either a voltage or

a current.
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Part 1
Before designing the circuit the measurement across the transistor needs to be verified. As

stated in the requirements a transistor needs a value between 100-600 hfe, the hfe value for
ZTX300 is 190.

When designing the common emitter amplifier the transistor that is going to be used is the
ZTX300. In appendix 1 is the data sheet for the transistor ZTX300, using the sheet helps a lot
when make sure the calculations calculated and the measurements were correct.

While designing the amplifier R1, R2, RC and RE need to be calculated in order to construct the
circuit (diagram 1).

For the calculation IC needed to be chosen and according to appendix 1 500mA is the max

amount that can be used so for the calculation 1 mA will be used.

To determine RC the formula is RC = << =2 = 6K The nearest value is 5.6KQ /
Z2xIC 2%1

RE formula is as followed however, to do this IC=IE is assumed also VE is 10%-15% of VCC =

0.1x12V=1.2V. So, RE = g- = 1:1'3_3 = 1.2K02. To determine R2 the base voltage needs to

be calculated and to do that VB = VBE + VE. To get VBE it is in the data sheet that shows the

value 0.65.VB = 1.2+ 0.65 = 1.85\;,after calculating VB next is the calculation for IB. To
143
10 X

hfe IB

calculate IB = —= = 5.2?.1./50 to get the value for R2 the formula goes as followed
1.85

T0 (5 26%10-¢ 35.172 and the closest value of a resistor is 33KQ.

. _ VCC-VB _ 12-185
And the final step to calculate R1 is as follows, 7 = B wE - Tixizerioe " 175.4/21((1. The

nearest resistance to that value is 180KQ.
After all the following calculations have been calculated the resistors are placed in the

Vc 6.9 /| comesponding place to complete the circuit.

VE 1.05 When the circuit has been fully assembled many measurement are taken
£ 1.68 / place and have been produced in a table to show the results. As seen in
VBE 0.63 / table 1 this shows the values that have been measured across the circuit

VRC 5V /] and the values are very similar to the calculation produced. However, there
Te 0.96mA / is a variation in the values due to human error and not having the correct
Table 1 value resistors and also the resistance the multimetre provides.

Mk slide sl wrnts
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‘Table 2

Freguency Part of the report want the AC and DC results
(Hz) Vout (V) | Gain | Gainin dB | obtained from the circuit that was produced.
10 1.2 30 29.54 There are two tables, table 1 shows the DC
18 2 50 33.08 result and table 2 shows the AC results that
26 3 75 37.50 were recorded.
36 4 100 40.00 Table 2 shows the frequency that
56 5 125 41.94 needed to be selected and then record
100 6 150 43.52 the voltage output. However, it also
150 8.5 162.5 44.92 shows the gain and the gain in dB
300 7 175 44.86 (decibels). These were calculated
2000 7 175 44.86 different, Gain was calculated by dividing
10000 7 175 44.86 the Voltage Output with the value 9‘ 0.04
20000 7 175 44.86 which is the voltage input (40mA). Gain
32000 7 175 24.86 in dB was calculated by 20 times LOG of
73000 6.5 1625 4492 gain.With this calculation it was possible
i 100000 6 150 4350 to create 2 graphs to show how the
170000 5 125 | 4104 | 'requency gets effect
250000 I 100 30.00 Graph 1 shows the relation between the
350000 3 75 3750 voltage and frequency. And as seen the
600000 5 50 3308 frequency reaches the maximum at 7V
V4 and due to the value it ‘cuts off at its half
/ power point’.
Graph 1 AC Condition Frequancy and Vout

10 100 1000 1000000

10000
Frequancy (Hz)

100000
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Graph 2 AC Condition Gain in db and Frequancy
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As seen on both graphs there is a ‘straight’ line on the top where the half power point

is cuts off. This is due to the amplifier being able to amplify which means ‘it works’.
However, when the graph slopes on both sides it shows that the amplifier isn't good
enough to amplify so it ‘fails’.

Class A offers the advantage of allowing a very good quality undistorted output signal,
however, current flows in the load even when there is no input. This only allows the class
A to be around 25% efficient in practice.

Carys Williams 110538 6



Part 2

Wo

By using the values in the diagram it is
10CuF possible to calculate the following;

|
||
E

L

<» The resonant Frequency
|| . < The Quality (Q) Factor

o ) % The Bandwidth
l | | Here is the formula forth/resonant
O

1240 — frequency (Fr) = ;ﬁ?

= 15.92KHz.

27 100uF

i
v 2mv1 X 1073 x100 x10~%

To calculate the Q factor the formula is as

2anrxt 21 x15.92x10% x1x10~3
1

/
followed Q == or as followed = 100.02. Both formulas are the

same however, the second formal is a long hand version and it aiso shows where the values
come from.

15.92 %103

= 159.17. To be able to
100.02

And for the Bandwidth (BW) this is the formulaBW = % =

calculate both the Q factor and the bandwidth it is vital that the resonant frequency has been

calculated due to both formulas use the value.

and below, are generally used in

| electrical engineering and is

' represented by a graph (as shows)
depicting the frequency responses.
- It is important due to the fact that it
shows its gain or the magnitude
and the phase response with

- respect to different operating

frequencies.

The values for the resonant

¥ Bode Plotter XBP1

|
I i -— 1
E, i
[ Magwinde  phase | ! frequency and gain at resonant can
\ e . | % - ! both be seen on the bode plotter to
Fl1 e L G| ° |1 the left. The resonant frequency
11 iHz 2000 I::- a
Controls - shows 15.9 KHz and the gain at
Reverse | Sewe I Sl | ;
o o e o _} resonant states 46.692 dB. )
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Bode plotter F1 _m?::.m| cve | set. | Bandwidth F2 im| ser | s |
&« [ 16.051kHz | 43dB ‘e[ 151kHz [ 45dB

Above shows two bode plotters that gives two different values to allow the calculation of

bandwidth to be calculated. The formula is as follows Bw = F1 — F2, and with closer expectation

on the two graphs there is a slight variation in the value presented. So, for bandwidth 1 the

value shows 15.701 and bandwidth 2 shows the value 16.051. When doing the formula the

value is 0.35 when converting to frequency the value is in fact 350Hz. /
With both the calculations and the results obtained in multisim the values are very close
together especially the resonant frequency, With the bandwidth it's very difficult to get an

accurate value with the multisim due to the graph being so narrow, however, being able to get a

value so close to the is very difficult due to human error.

Overall this section is based on a Class C, this is the most efficient with a possible present of

around 75%; however it creates a lot of distortion.

Carys Williams
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Part 3
In this part there are many different circuits that show all types of amplifiers. Amplifiers is a

device which takes a weak signal as an input and produce a much stronger signal as an output.
A operational amplifier (op-amp) is a special kind of amplifier used in equipment such as stereo
equipment and medical cardiographs. Op-amps have a voltage gain of 100,000. This makes

them very sensitive to small changes. Sometimes it is necessary to make them less sensitive,
so that larger changes can be reliably detected. /

Table 1
& . = calculated | measurement | multisim
e : + Vin Vout
LY 0 0 0.57 0.012
q? i ® 0.5 5 -5.07 -4.98
) " 1 S — 1 10 -10.08 -0.98
22T s 1 15 15 -10.41 1412
. 2 20 -10.42 -14.12
CD*" - 15 15 12.49 1412
¥ o : -1 -10 11 10.01
2K R 05 5 5.47 5.01
(Prse Multsim 1
.. X
icae
[ magtde  phase |

R — i Multisim 1 shows the

I~ Horrontal Vagicsl

[og _wn || [og _tm simulation of an inverting
50 dB
-1 I,_-B

Fl1 G F .
in e | [ amplifier. Table 1 shows the
| ~ Controls : I ’ voltages that were used and
= faaioe Sonye Set, .
e [ET e 3] FwE- s, then shows the calculated
/ values, measurements taken

and what multisim produced. As seen in the table the measurement and multisim are
very similar, however, there is a slight variation and this is down to different factors
that affect the circuit. For example human error is a major factor to take into account,
such as rounding decimals in calculations or not being process with the input
voltage. Also another factor is tolerance; the transistor loses voltage when the
current goes through and also the interference from the multimetre or the power

supply.
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RIS £5 calculated | Measured | multisim
.‘}';";.f;:‘:::.. V2 Vout
"o o JEREREE ; 1 -10 -10.03 10.011
SR ‘l 0.5 5 500 | 5.011
Br—mr + 0.5 5 5.1 -4,988
Dt 2 A0 98 | 1001
T 2 10 10.06 -9.989
3 0 0.2 10.561m
. 4 -20 -14.06 14117
- 5 -35 -14.2 14.117
Above shows multisim 2 which represent a differential amplifier. All op-amps are differential
amplifiers due to the input. However, connecting one voltage signal onto one input terminal
and another voltage to the other terminal the result of the output voltage should be proportional
to the two inputs. Then differential amplifiers amplify the difference between two voltages
making this type of operational amplifier circuit.
In table 2, all the values are very close when comparing, however, when the voltage comes
close to 15V or above the values does not match. This is down to the limit the power rail gives
(+/- 156V) when measuring or on multisim.
Multisim 3 .- g ;‘j ( liable-s calculatéd | Measured | multisim
Wi V1 V2 Vout
\L n 0 1 1 0.98 1.003
) i S 0.5 1 1.5 1.51 1.503
|- *" Ao 1 2 3 2.96 3.003
@;5.3? T i 2 1 3 2.97 3.003
e ¢ N 0 0 0 0.51 2.697m
“ 1 1 2 2.11 2.003
“ !]'m 3 3 6 5.93 6.003
d)ﬁ_;;_it. | 3 5 8 8.04 8.003
b .t_ﬂ“gg::: 5 5 10 10.01 10.003
8 8 16 16.2 16.003

non-inverting ( + ) input terminal which means that the output gain of the amplifier
becomes "Positive” in value. The result of this is that the output signal is “in-phase”

‘In Non inverting amplifier configuration, the
input voltage signal, is applied directly to the

with the input signal’ according to Electronic Tutorials.

Carys Williams
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Table 4

Calculation | Measure | Multisim

Vin Vout

0 0 -0.61 12.02

0.5 5.5 5.49 5.52

1 11 11.03 11.1

1.5 16.5 11.03 14.12

2 22 11.03 14.12
-1.5 -16.5 -11.2 -14.12

-1 -11 -11.02 | -10.99 /
-0.5 -5.5 -5.51 -5.49 | :

Summing amplifier is very similar to the inverting operational amplifier due to the fact that it has
a single input voltage, applied to the inverting input terminal. If however, more resistors are to

be added to the input, each equal in value to the original input resistor this is how the summing
amplifier works.

As stated above with multisim 2 and table 2, all the values match up well in the table with a few

decimals out. However, due to the power rail it is difficult to be able to have an accurate result
when the voltage output comes to close to (+/-) 15V. /

(All information used in part 3, selected from Electronic Tutorials)
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Fre(:](:t;;\cy Output Voltage (V) | Phase Relationship | Gain | GainindB
1 9.36 180 9.36 19.43
3 9.6 180 9.6 19.65
8 9.52 180 9.52 19.57
10 9.52 180 9.52 19.57
13 9.52 180 9.52 19.57
16 9.52 180 9.52 19.57
20 9.52 180 9.52 19.57
30 0.44 175 9.44 19.50
50 9.36 170 9.36 19.43
80 9.2 168 9.2 19.28
200 8.08 165 8.08 18.15
300 6.8 152 6.8 16.65
500 4.96 130 4.96 13.91
800 3.36 122 3.36 10.53
1000 272 105 272 8.69 /,/
Carys Williams 110538 12
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Here shows a photograph that
shows an osiliscop with a wave form
at 10KHz, But the wave form has
been ‘Cut Off. The reason for this is
that the input voltage has been set
to 5V max. Due to the frequency still
being able to continu the graph cuts
off the top of the wave to show it still
works.

/

With this Photograph it shows a
similar wave form however it has
moved slightly away from the
centre. This is due to the frequency
being at 100KHz.

Again this is the same wave form
however this is at 1000KHz.
However, the wave has moved over
slightly again due to the frequency
being higher.

But as stated in the first photo, all

the wave forms waves have been

‘cut off. This is down to the half
int.

power poin No

e
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Negative Feedback

As Electronic Tutorials states ‘Negative Feedback is the process of “feeding back” a
fraction of the output signal back to the input, but to make the feedback negative, we
must feed it back to the negative or “inverting input” terminal of the op-amp using an
external Feedback Resistor called Rf. This feedback connection between the output

and the inverting input terminal forces the differential input voltage towards zero’.

Vs =Vin-VpB

Vout=Ao xVs => Vs =%

V =Vout x B
So,

Vout _ ,
— Vin —Vout x B

Vout = Ao ( Vin—Voutx )
Vout = Ao Vin — Ao Vout x B
Vout +Ao Vout x B = Ao Vin
Vout(1 + Ao B} = Ao Vin
Therfore,

Vout _ Ao
Vin 1+A4oB

Carys Williams
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Conclusion

At the beginning when building the circuit to creating an amplifier was very difficult. Especially
finding the data sheet, that was needed to be able to collect the data needed to proceed with
the calculations. Even with the data sheets help it was difficuit to understand why the measured
results were different from the calculated results.

While building the tables and graphs it was interesting to see how the frequency could change

drastically when the values increased on the other axis.
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Appendix

Appendix 1
NPN SILICON PLANAR
SMALL SIGNAL TRANSISTOR ZTX300
ISSUE 2 - MARCH 54
CBE
E-Line

TOZ2 Compartibie
ABSOLUTE MAXIMUM RATIRNGS.
PARAMETER SYMBOL VALLIE LINIT
Collestor-Base Voitage Veao Z5 W
Collectos-Emitier Voitage Veeo 25 v
Emitter-Base Volispe Wann 5 W
Continuous Collector Covrent I figE) s
Power Dissipation a1 Tam=25°C B 200 Fd
DOperating sngd Storage Temperaiure Range T_-,-:T,,E BEe 175 s
ELECTRICAL CHARACTERISTICS lat Tyms = 25°C unless otherwise stated).
PARAMETER SYRBCL |MIN. |TYP. |MaX. |UNIT {CONDITIONS.
Coltactor-Bass Vomn, 25 lo= 100, =
Breakdown Yollage EESEERS . =t
Susiaining Yolliage
Emitter-Baze W, |8 v l=10pA, 1=U
Breskdown Voltage e "
Colleetor Cut-OH o 0.2 |2 V=25V, Ip=D
Curram
Emitter Cut-Off Currernt |Ipsp 0.2 na Vep=dY, lp=0
Collector-Emittar Vg can LA I 1 I=50ma, I=bmas
Saturation Voliage
Base-Emitter Vegisan |65 1.0 |v l.=0ma, Ig=1ma*
Saturation Voliage
Stalic Forward Current |hpg 50 I le=0mA, Ve =fy*
Transfer Ratio
Transition is 150 MMz  [lo=10mé, Vo=5Y
Froguency {=100kIMHz
Output Capatitance L 1] o VgV, Ip=0

i=1MHz
Noise Figure ik i dB Vpe=6V, = 1KH2
Re=15000, lo="100pA

*Measured under pulsed conditions. Pulse widih=300us. Duty eytle z 2%

3158
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