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Introduction

The purpose of this report is to analyse 3 different transistor amplifier configurations and research
their characteristics such as current gain, voltage gain and impedance. building off the research
theoretical calculations will be made around designing a common emitter amplifier that can support
a speaker, using the theoretical calculations a theoretical circuit of a single stage and two stage
common emitter transistor amplifiers.

These theoretical circuit will be created and simulated on LTspice to compare to the expected gain;
the output signal needs to achieve a high-quality amplification with minimal distortion. Once
satisfied with the output gain of the simulation a practical build will be made with equivalent
components and then measured with an oscilloscope, and gain will be calculated and compared to
the simulated gain.

Objectives

e Research 3 different configurations of the Transistor Amplifier.

e (Calculate Resistor Values for a Linear Amplifier when Load is 600Q.

e Design a Single Stage Linear Transistor Amplifier using a 2N2222 or BC109 NPN Transistor.

e Design a Two Stage Linear Transistor Amplifier using a 2N2222 or BC109 NPN Transistor.

e Simulate the Single and Two Stage Transistor Amplifiers ensuring the single stage Transistor
Amplifier has a Gain of 5 and the Two Stage Transistor Amplifier has a Gain of 2.

e Build the Single Stage and Two Stage Transistor Amplifier and compare the Theoretical
Simulation to the Physical circuit.
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Theory/research

(Motayed, et al., 2001) explains that transistor amplifiers in the linear region can provide high
voltage, current and power gains.

The bipolar junction transistors (BJTs) can act as good amplifiers when operated in linear
regions [1]. In these regions of operation, the BJTs have the capacity to provide high voltage,
current, and power gains. (Motayed et al., 2001, p. 326)

(Horowitz & Winfield , 2015) explains that a common-collector configuration also known as an
emitter follower has a larger impedance at the input compared to the output.

At first glance this circuit may appear quite thoroughly useless, until you realize that the
input impedance is much larger than the output impedance, as this will demonstrated
shortly. (Horowitz & Winfield , 2015, p. 79)

(Horowitz & Winfield , 2015, p. 79) also explains that the emitter follower provides current gain
instead of voltage gain. “an emitter follower has current gain, even though it has no voltage gain.”

(Horowitz & Winfield , 2015, p. 440) states that a common-base transistor amplifier are non
inverting, this means that the signal going in will be the same on the output but with a voltage gain.
“Because an common-base amplifier is noninverting, the feedback signal is not inverted.”

(Aithekar, 2021, p. 125) states the different amplifier configurations voltage, current and power
gains, and the input and output resistances. These are shown at Table 1.

Configuration Comparison among Transistor Configurations

Table 1. Comparison among Transistor Configurations

Transistor Common

) C Ba: . Common Emitter
Configuration orimon Base Collector 0 on e
Voltage gain High Low MMedium
Current gain Low Medium High
Power gain Low Medium High

) Low (30- e = : . .
Input resistance . High (20-500)chm  Medivm (1kto 2 k)
1500hm)

. s Low(50- o
Output resistance High (500) W, MMedium (50k)

1000k )ohm
(AITHEKAR, 2021, . 125) - TABLE 1

From this table it shows that common base amplifier provides a high voltage gain but a low current
and power gain, with a low input resistance (30Q -50Q) and high output resistance (5000Q).

The common collector amplifier provides a low voltage gain but a medium current and power gain,
with high input resistance (20 Q -500 Q) and low output resistance (50Q -1000KQ).

The common emitter amplifier provides a medium voltage gain but high current and power gain with
a medium input resistance (1KQ -2KQ) and output resistance (50KQ).
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(Sedra, Adel S; Smith, Kenneth C;, 2014) states that by adjusting the bias current, this will also
change g,, and the output voltage gain will be adjusted in result.

The input resistance of the CE amplifier, R;, = 15 = gi, is inversely Proportional to the dc

m

bias current IC. To increase R;, one is tempted to lower the bias current IC; however, this
also lowers g,, and hence the voltage gain. (Sedra, Adel S; Smith, Kenneth C;, 2014, p. 431)

(Sedra, Adel S; Smith, Kenneth C;, 2014) explains that a common base amplifier provides a hight
frequency response and are used as high frequency amplifiers. “These two configurations exhibit a
much better high-frequency response than that available from the CS and CE amplifiers. This makes
them useful as high-frequency amplifiers.” (Sedra, Adel S; Smith, Kenneth C;, 2014, p. 453)

(Sedra, Adel S; Smith, Kenneth C;, 2014) explains that a common collector amplifier (emitter
follower) can be use as a buffer. This is useful for applications that need high current but the
previous stage does not supply it. The Common Collector keeps the voltage the same but provides
current gain.

The source follower (emitter follower) finds application as a voltage buffer for connecting a
high-resistance source to a low-resistance load, and as the output stage in a multistage
amplifier, where its purpose is to equip the amplifier with a low output resistance. (Sedra,
Adel S; Smith, Kenneth C;, 2014, p. 453)

What this shows is that the common emitter amplifier is the most suitable when voltage gain is
required, as it has a medium input resistance and a high-power gain (Aithekar, 2021). Whereas
common base amplifier provides a high-frequency amplification (Sedra, Adel S; Smith, Kenneth C;,
2014) as well as being noninverting. The common collector amplifier also known as a emitter
follower is more effective as a buffer between applications that cant drive the circuit properly
providing a current gain and low to non-voltage gain (Sedra, Adel S; Smith, Kenneth C;, 2014).
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equipment/apparatus

Simulation
LTspice (Simulation Software) (DEVICES’, 2026)

10V Voltage Source

GND

100Mv, 1000Hz Signal Source
3x 10uF Polarized Capacitors
2x 9095Q) Resistors

2x 2043Q) Resistors

1x 120Q) Resistors

2x 600Q) Resistors

1x 300Q) Resistors

2x 2N2222 NPN Transistors
1x 1uF Ceramic Capacitor

2x 0.22uF Ceramic Capacitor
1x 0.1uF Ceramic Capacitor
1x 0.47uF Ceramic Capacitor
1x 1.5uF Ceramic Capacitor
1x 13uF Ceramic Capacitor
1x 10uF Ceramic Capacitor

Practical

SN

Power Supply Unit

Oscilloscope

Function Generator

Breadboard

2x 10K Resistors

2x 2K2 Resistors

2x 860Q) Resistors

1x 120Q) Resistors

1x 330Q2 Resistors

3x 10uF Polarized Capacitors

1x 1uF Polarized Capacitors

2x bc109 NPN Transistors

2x Banana to crocodile clip test leads
3x Oscilloscope Test probe leads

Coleg Gwyr Abertawe
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Experimental procedure/methodology

Specifications

Calculations

8.3x1073mA
B=—__"

£ =100
AV =5
vee =10V
Vbe = 0.7V
RL = 600Q
vee
VRC = —
Gain
10V
VRC = — =5V
2
RC = RL
RC = 6000
Ic = VRC
" RC
IC = oV = 0.00834 = 8.3mA
~5000 - oom
IC = IE
IE = 8.3mA
_Ic
p= IB
B = IC
B

= 0.0000834 = 83 x 107° = 83
100 ha

IR2 = 10IB
IR2 = 11(83 x 10™°u4) = 0.000834 = 830 mA
IR1 = 11IB

IR1 = 11(83 X 106p4) = 0.0009134 = 0.913mA

RC
RE
RC
RE = Gain
600Q
E =

—— = 1200
5V

Gain =
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VE = IE X RC
VE = 8.3 x 1073mA(1200) = 0.996V
VR2 = VE + 0.7V
VR2 = 0.996V + 0.7V = 1.696V

5 VR2
" IR2
1.696V

2=—— =20430Q
830 x 10-6p4

VR1 =VCC —VR2
VR1 = 10V — 1.696V = 8.304V

VRl

~ IR1
8.304V

T 913 x 10514

R1

R1 = 9095.29Q

Components Functionality

Using R1 and R2 to form a voltage divider that drops the 10V voltage supply down to roughly 1.8V.
this provide the correct voltage to turn on the 2N2222/BC109 NPN Transistor to allow the input signal
to be amplified.

RC is the Collector Resistor and is used to set the voltage gain. Its value is determined by basing the
value off the speaker’s impedance.

RE is the Emitter Resistor and it is used to provide AC gain and provides DC stability
CE is the Emitter Bypass capacitor, and these effects gain and provide DC stability on the output.

C1-C3is used to block DC backflow, these are used to block the DC Voltage from going back into the
previous circuit and blocks any DC Voltage from effecting the readings when it comes to measuring
the AC voltage gain.

The 2N2222 and BC109 Transistors are used to amplifier the AC signal.
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Results

Simulation

Single stage Common Emitter amplifier

Using the software tool LTspice to create the
single stage linear amplifier with the values that
was previously calculated.

For the simulation a 100mV 1KHz sine wave
signal will be injected into the circuit. The aim of
the circuit is to have a gain of 5 on the output.

Gain (no bypass capacitor)

Taking note that the injected voltage is not
peak-to-peak instead it’s an amplitude of
100mV. LTspice provides a built-in curser tool
that allows the user to measure voltage,
frequency and slope, by using two cursers to
measure the peak-to-peak voltage of each wave
form, gain can be calculated.

) Figure 2: Vout
Gain = ————
Figure 1:Vin

962 x 1073V
199 x 1073V

Coleg Gwyr Abertawe

\L : Gower College Swansea

SINE(0 100mV 1K)

.tran 0.01 "~

N AN

24

Cursor 1
Vinput)

Horz:[ 1.7447974ms  Vet:| -00.88452mV
Cursor 2

Vinput)
Hor:| 2.2475356ms  Ver:| 99.986548mV
D (Cursor? - Cursor)

Hor: [ 502.73823ps Vert \ 199.87107mV
Frea:[ 1.9801068KHz  Slope 397.565
FIGUREL: VIN
P &

Cursor 1 §
Vloutput)

Horz: | 1.2420591ms Vet: | 477.03934mv
Cursor 2

Vioutput)

Horz: [ 1.7340308ms Vert: [ 483.78073mv
Dff (Cursor2 - Cursor)

Hor:[  402.88061ps Vert | 060.82007mV
Frea:[ 2.0288880KHz  Sope:[  1040.4

__________________ Viyry

FIGURE 2: VouT

Prifysgol Cymru 7|Page

£ Y Drindod Dewi Sant

University of Wales
Trinity Saint David



Adding bypass capacitor

XC=o""—
2 X F X C

1
"2 X flxX XC

Reff
Xc =
10

_ 10
" 21 X fl X Reff

- 10
T 2w x 1000 % 120

CE

CE

= 13uF

Figure 4: Vout

Gain =
an Figure 3: Vin
7.5V _ 37
199 x 1073V

With the addition of a bypass capacitor parallel to
the RE (Resistor Emitter), it increases gain by 32.

Coleg Gwyr Abertawe
Gower College Swansea

SN

SINE(0 100mV 1K)
tran 0.09 7

Cursor 1
Vinput)

Horz:|  740.9638605
Cursor 2

Vert:| -09.728813mv

WVinput)
Horz:|  1.246088ms
D (Cursor? - CursorT)
Horz:[  506.0241ps

Vert: [ 00,840260mV

Vert: | 199.56908mV
Frea:| 1.9761905KHz  Sope:|  3094.387

ffffff IARRAE NN

FIGURE 3: VIN

AT

Cursor 1

Vioutput)
Horz: [ 1.0396524ms
Cursor 2

Vert:[ -3.6638483V

Vioutput)
Horz: [ 1.5053286ms
Dif (Cursor2 - Cursor1)
Horz:[  555.67626ps

Vert:[  3.8052567V

Vert:|  7.559105V
Freq:| 1.799600kHz  Slope:|  13603.4

,,,,,,,, WU T vy |

FIGURE 4: VouTt
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Vi
To see if reducing the bypass capacitors value @

10V
would make the output waveform cleaner, the

new value for C3 is 10uF

Figure 6: Vout

Gain = —
an Figure 5: Vin SEE0 l_fr':]','."l';_}}';) I
Gain = 68V =341
MM =To9x 103y~ O ~
By decreasing the capacitor value of C3 Gain T
can be adjusted to make the circuit more ] """""""""""""""""""" ﬂ """ {\[\ """" ﬂ """ {\ """""""

accurate.

Cursor 1
Viinput)

Horz: | 740.06386ps Vert: [ -00,728813mV
Cursor 2

Due to the gain being too high when using a
10Uf Capacitor, a 1uF will used instead.

Viinput)
Horz:|  1.246988ms Vert:|  99.840260mV
DA (Cursor2 - Cursar1)
Hoz:|  506.0241ps Vert:[  199.56908mV
Freq:| 1.9761905KHz  Sope:|  304.387

______ LYY

FIGURE 5: VIN

Cursor 1
Vioutput)

Hoz:| 1.0396524ms Ve[ -3.5728333v

Cursor 2
Vioutput)
Hoz:| 1.5053286ms  Vem:| 3.2337766V
Dff (Cursor2 - Cursor)
Horz: [ 555.676260s Vert: [ 5.8066099V
Frea:| 1.799609KHz  Sepe:|  12249.2
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, AR A AN A A
FIGURE 6: VouT
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vi

10v

SINE(0 100mV 1K)
Vout ran0.09 <

caine— YV _ oo V
M =To9x 103V~

Cursor 1
Vinput)

Horz:|  740.963865 Vert:| -99.728813mV

Cursor 2

To make the gain more accurate two
capacitors was used in parallel to add up to

Vinput)
Horz: [ 1.246088ms Vet:[  09.840269mv
0.44uF. DA (Cursor2 - Cursor 1)
Horz:|  506.0241ps Vert \ 199.56908mV
Frea'| 1.0761905KHz  Sope:|  394.387

WV Vv

FIGURE 7: VIN

"""" e

4

Cursor 1

Vioutput)
Horz:| 1.1385542ms Vert:| -586.91486mV

Cursor 2

Vioutput)

Horz:[ 1.6626506ms  Vet:| 596.35719mv
D (Cursor2 - Cursor)

Horz:|  524.09639ps Vett \ 1.1832721V
Frea:| 1.008046KHz  Slpe:| 225774

RARRAS EERAS

FIGURE 8: VIN
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. Figure 10: Vout
Gain =

Figure 9: Vin
SINE(D 100mV 1K)

1009V B 5 07 tran 0.09 .7
199 x 1073V

by adding a 0.44uF the gain has become more

T VAR

Vinput)
Horz: | 740.96386ps Vert: | -99.728813mV

Cursor 2

Viinput)
Horz: [ 1.246988ms Vert: [ 99.840269my
Diff (Cursor2 - Cursor1)
Horz: [ 506.0241us Vert: [ 199.56908my
Frea:| 1.9761905KHz  Sope:|  394.387

,,,,,, ViVidrovud !

FIGURE 9: VIN

=8
Cursor 1
Vioutput)
Hor:[ 1.2108434ms  Vet:| -501.18472mv
Cursor 2
Vioutput)

Horz:[ 1.7168675ms Vert: | 508.03425mV
Df (Cursor2 - Cursor1)

Horz:[  506.0241ps Vert:[  1.009220v
Frea:[ 1.9761905kHz  Sope:| 199443

FIGURE 10: VouTt
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Two stage Common Emitter amplifier
According to the brief, the voltage gain for the
two-stage transistor amplifier needs to have a
voltage gain of 10.

SINE(0 100mV 1K)
Stage 1 needs to have a gain of 5 which will be 1V i

and then that will then be injected into the
second stage which will need to have a gain of 2
and an output of 2V

RE — RC
)
600Q
— = 3000
2
Cain = Vout
ain = Vin

Figure 12: Stage 1 Vout

Figure 11:Vin

702 x 1073V

= T99x 103y~ o>

Figure 13: Stage 2 Vout

Figure 12: Stage 1 Vout

1.3V

S —
702 x 1037~ 18

Figure 13: Stage 2 Vout

Figure 11:Vin

1.3V

=— > =6.83
199 x 1073V

Coleg Gwyr Abertawe

\\ : Gower College Swansea

Vi
R1
10v 9095R
Cc1
l*uf
v2

Hom:[ 1.7595838ms  Vet:| -99.71196mV

Cursor 2
Viinput)

Horz:|  2.262322ms
Diff (Cursor2 - Cursor 1)
Horz:|  502.73823ps Vert:|  199.36072mv
Freq:| 1.9801068KHz  Slope:| 396.55

T R A

Vert:| 99.648756mV

FIGURE 11: VIN

V(stage-1)
Hoz:| 1.2330400ms  Vem:| 1.4502467V
Cursor 2

V(stage-1)

Horz:|  1.7480058ms Vert:[  2.1616016V
Diff (Cursor2 - Cursor1}

Horz:|  514.14581ps Vert:[  702.35488mV
frea:| 1.9449735kHz  Sope:|  1366.06

VoV VY

FIGURE 12: STAGE 1 VouTt

WAL

B prin

Cursor 1

Vistage-2output)
Horz:| 1.7447974ms Vert:| -604.47542mv

Cursor 2

Vistage-Z-outout)
Hoz: | 2.2475356ms  Vet:| 671.74306mv
Dif (Cursor? - Cursor)
Horz:|  502.73823ps Vert | 1.3662194V
Freq:| 1.0801068KHz  Slope 2717.56

[T

FIGURE 13: STAGE 2 VOUT
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£ Y Drindod Dewi Sant

% University of Wales
Trinity Saint David

* 12| Page



Adding bypass Capacitors

R5
9095R

Vi

1ov
c1
[Tnput> r
10pF
()
SINE(O 100mV 1K)
Jtran 0.09 .7

»—Stage-1

[ principles assessment pt2.ra

Cursor 1

Vinput)
Hoz:[ 1.7485714ms  Ven:| .90.800824mv

Cursor 2
Vinput)

Horz:[ 2.248011ms Vet:[ 99.812674mV
Df (Cursor2 - Cursor)

Horz: [ 500.43956p5 Vet: [ 199.70357mV
Freq:| 1.9982433KHz  Sope:|  390.056

Volt Cain = Vout \/
oltage Gain = Vin

Figure 14: Stage 1 Vout

FIGURE 14: VIN

Figure 14: Vin

Lo2v
199 x 1073V

5.1

B principles assessment pt2.raw x

Cursor 1
Vistage-1)

Horz:| 1.1348888ms Ve[ 1.2030204v

Cursor 2
Vistage-1)

Hoz:| 1.6271297ms Ve[ 2.3218199v
Dff (Cursor2 - Cursarl)
Horz:|  492.24001ps Vert:|  h.0287994v

Figure 15 Stage 1 VOut Freq:| 2.0315256KHz  Slope: | 2090.03

1.96V \/
=27 192 A e

1.02V

Figure 16: Stage 2 Vout

FIGURE 15: STAGE 1 VouTt
Figure 14: Stage 2 Vout

Figure 14: Vin

1.96V 9.84 IR ———
- = Cursor 1
—_ . V(stage-2-output)
199 X 10 3V Horz: [ 593.80098)5 Vert:[ -998.32208mV

[

Vistage-Zoutput)
Horz:| 1.0016803ms  Vet:| 070.09268mv
Dff (Cursor2 - Cursar)
Horz:|  497.87928y5 Vert:|  1.0684148V
Frea:|  2.008519KHz  Slope: | 3953.6

FIGURE 16: STAGE 2 VoUT
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More Accurate Gain
By adjusting the bypass capacitors, a more

accurate gain was produced. él ca
Capacitor Total = C1+ C2 o

<9

To.ur

[Input>
Stage 1 Bypass Capciotr Total Smmmm‘g?
1x107%+40.22%x 107+ 0.22 x 107°

=0.00144 = 0.54 x 107°

Stage 2 Bypass Capciotr Total B
1 Horz: [ 1.7435714:?”‘) Vert:[-99.890894mV
1 + 1 :::TZ 2.249D11rr\\[5ﬁnpm> VER" 99.812674mV
04‘7 X 10_6 01 X 10_6 iiﬁ“;f&.iﬂ?us Vert:[109.70357my
Freq:| 1.0082433KHz  Sope:|  300.056
= 0.0824561404 x 107° \/
- - FIGURE 17: VIN
0.1 X 107° + 0.0824561404 x 107°
= 0.1824561404 x 107°
NN
V lt G ) Vout Horz: | 2.132789;::?;&1)‘/%' 1.3060179
ottage tGain = - furor Vistage1
g Vin Horz: [ 2.6280587ms )vml 2.3092634V

Dif (Cursor2 - Cursor)
Hoz:| 405.26017ps  Ve:|  1.0032455v

Frea:| 2.0191041kHz  Spe:[ 202566 \

Figure 18: Stage 1 Vout
Figure 17: Vin

1.003V
=— =504
199 x 10~°V FIGURE 18: STAGE 1 VouT
Figure 19: Stage 2 Vout / - /\
Figure 18: Stage 1 Vout | wonin
Horz:| 1.5689918ms Vert: -1.0292702V
Cursor 2
2.00004V =
= == 199 ~ e K
1003V Horz:|  496.34877s Ve:[  2.000044v
Frea:| 2.0147123KHz  Slope:| 402051

o\

Figure 19: Stage 2 Vout

Figure 17: Vin FIGURE 19: STAGE 2 VOUT
_ 200004V
T 199x 1073V
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Practical
For this practical a Power Supply Unit (PSU) and a Function Generator will be used.

The PSU will be used to provide 10V DC Voltage to the circuit via the power rails located at the top
and bottom of the Breadboard.

The Function Generator will be used to inject 200Mv, 1KHz Sine wave signal into the circuit.

RIGOL ™CH1CH2

Freq

VOLTCRAFT. VLP-1303 USB Yo T B\ Freq_1.000,000,000 kiz Penicd
o 5 Ampl  2008WVpp ¥ ,
Ofiset 0.000,0 Vs /A \
\ / il
+ N/

:‘ Phase 0,000 °

\

Level
Offset

10vVDC 200MV 1KHz SINEWAVE

Stage 1 Stage 2
Test Point  Test Point

+10VDC

200mV
1KHz
Sinewave

GND
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Stage 1 Common Emitter Amplifier
Due to not having the same values used in the simulation, the following values will be used instead
for the single stage amplifier.

Component name Theoretical Values Replacement value
R1 9095 Ohm 10K

R2 2043 Ohm 2K2

RC 600 Ohm 860 Ohm

RE 120 Ohm 120 Ohm

C1 10uF 10uF

C2 10uF 10uF

Bypass Capacitor C3 1uF 1uF

NPN Transistor 2N2222 BC109

Stage 1 Transistor Amplifier Waveforms
As shown in Figure 20 the input is 220mV and
Figure 21 the output is 1.024V

Vout

Volt Gain =
oltage Gain = ——

Figure 21: Vout
Figure 20: Vin

1.024V

—————>=4.65
220 X 1073V

If the input signal voltage was decrease slightly
lower than 200mV so it appeared as 200mv on
the oscilloscope the output would have been
more accurate. For the gain

FIGURE 21: VouT
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Two stage Common Emitter Amplifier
For the two-stage transistor amplifier these are the new values being used

Component name Previous value Replacement value
R1 9095 Ohm 10K

R2 2043 Ohm 2K2

RC 600 Ohm 860 Ohm
RE 1 120 Ohm 120 Ohm
RE 2 300 Ohm 330 Ohm
C1 10uF 10uF

Cc2 10uF 10uF

C4 10uF 10uF
Bypass Capacitor C3 0.54uF 1uF
Bypass Capacitor C5 0.18uF

NPN Transistor 2N2222 BC109

2 Stage Transistor Amplifier Waveforms

As shown by Figure 22 Vin is 220mV and the output
of the 2 Stage Transistor Amplifier is 2V

Vout
Vin
_ Figure 21: Vout

Voltage Gain =

Figure 22: Vin
1.024V FIGURE 22: VIN
=— =4,
220 x 1073V 65

total gain from Stage 1 Vout — Stage 2 Vout

_ Figure 23: Vout

" Figure 21: Vout

_ =1.95
T 1.024

total gain fromVin to Stage 2 Vout

_ Figure 23: Vout

" Figure 22: Vin

2V

=——>—=9.09
220 x 1073V

As shown by figure 24 there is a 180° phase shift
between the stage 1 and stage 2 outputs.

FIGURE 24: STAGE 1 AND STAGE 2 OUTPUT
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Analysis

The Linear Transistor Amplifier in the common-emitter configuration was tested by injecting a small
AC input signal and comparing it to the output voltage. The input amplitude was set to 200mV peak-
to-peak, and the output signal with measured on both an Oscilloscope and simulation.

Single Stage Common Emitter Amplifier Simulation

A 200mV AC signal was injected into the single stage Linear amplifier without including a bypass
capacitor, using LTspice the approximate output voltage is 962mV which is has a gain of 4.8. after
adding a 0.44uF bypass capacitor the output voltage is 1.009V and the gain is 5.07.

Figure 2: Vout 962 x 1073V _
Figure1:Vin ~ 199 x 1073V

Figure 10: Vout  1.009V
Figure 9: Vin 199 x 1073V

Gain = 4.8

Gain = 5.07

Single Stage Common Emitter Amplifier Practical

Using a function generator set at 200mV a reading was taken and a measurement of 220mV was
taken, this will be injected into the single stage Linear Amplifier. The measurement on the output
was taken at 1.024V which has a gain of 4.65

Figure 21: Vout  1.024V
Figure 20: Vin ~ 220 x 1073V

Gain = 4.65
If the input ac signal was set to be lower so it was measured at 200mv the gain could have been
roughly:

1.024V

———=15.12
200 x 1073V >

Gain =

Two Stage Common Emitter Amplifier Simulation
For the Two Stage Linear Transistor Amplifier the 200mV AC signal was injected into the circuit. The
circuit did not include bypass capacitors.

Figure 12: Stage 1 Vout 702 x 107V

Gain = = =35
am Figure 11: Vin 199 x 103V
. Figure 13:Stage 2 Vout 1.3V
Gain = — = = 1.85
Figure 12: Stage 1 Vout 702 x 1073V
Cain = Figure 13: Stage 2 Vout 1.3V — 6.83
am = Figure 11: Vin 199 x 1073V

This Gain was not accurate, so bypass capacitors was added. For the single stage a 0.56uF Capacitor
was added and the second stage a 0.18uF Capacitor was added.

Figure 18: Stage 1 Vout ~ 1.003V

Gain = = = 5.04
an Figure 17: Vin 199 x 1073V
Gain = Figure 19: Stage 2 Vout  2.00004V
M = Figure 18: Stage 1 Vout 1003V
. Figure 19: Stage 2 Vout 2.00004V
Gain = = = 10.05

Figure 17: Vin © 199 x 1073V
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Two Stage Common Emitter Amplifier Practical

Using a function generator set at 200mV a reading was taken and a measurement of 220mV was
taken, this will be injected into the Two Stage Linear Amplifier. The measurement on the output was
taken at 2V which has a gain of 9.09 from the input and a gain of 1.95 from the output of stage 1.

Figure 21: Vout 1.024V

= = 4.65
Figure 20: Vin 220 x 1073V

Gain stage 1 =

Figure 23: Vout 2V

= =195
Figure 21: Vout 1.024

Stage 2 Gain from stage 1 output =

Figure 23: Vout 2V

Total Gain = =
orat B = Thigure 22: Vin 220 x 103V

=9.09

Bringing The Results Together

Across both the Single Stage and Two Stage Linear Amplifiers, the results show that by adding an
emitter bypass capacitor the gain increases because the capacitor reduces emitter degeneration.
The practical and simulation gains differ slightly due to the real input signal being slightly different to
the simulation, and component tolerance in the physical circuit.

In the Two stage Linear Amplifier, the first common-emitter stage produces a 180° phase shift,
meaning that the signal is 180° out of phase compared to the input signal. once introduced into the
second common-emitter stage it goes through another 180° phase shift putting the signal back into
phase with the input signal.
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Discussion

When comparing the theoretical circuits gain to the expected gain, the common emitter amplifiers
did not reach the intended gain until an emitter bypass capacitor was introduced into the circuit, this
increased the gain and went slightly over by 0.05 and 0.07.

Compared to the simulation the practical did not reach the intended gain and was slightly under by
0.2V, this was expected due to the components not being exact and results could be affected by the
component tolerances.

When it came to building the two-stage common emitter amplifier circuit, Emitter bypass capacitors
were used close to the values used in LTspice. Though when it came to the actual practical waveform
was distorted and was not smooth. Removing the second Emitter bypass capacitor the signal
became clean and gain dropped. By adjusting the Emitter bypass capacitor at the first stage the gain
had increased and still retained the clean output signal.

Conclusion

This report successfully demonstrates that common emitter amplifiers can be designed even when
only the value of the load impedance (speaker) is given. By using the impedance value and assuming
the RC resistor value is the same, the voltage divider resistors, R1 and R2 can be calculated, by
knowing the expected gain on the output RE can also be calculated.

Using the calculated resistor values a theoretical circuit for the single stage common emitter
amplifier was created on LTspice and proved that the common emitter amplifier can be used to
provide sufficient gain. To make the gain more accurate an adding 0.44uF Emitter bypass capacitor
bringing the output voltage to have a gain of 5.07 and an output voltage of 1.009V.

By using the same values for R1, R2, RE and RC the first stage was recreated, and a second stage was
introduced using the R1, R2 and RC values again, though because a different gain was needed RE
was recalculated for the second stage, so it had a gain of 2 on the output.

Due to the gain being lower when the second stage was introduced a different value Emitter bypass
capacitors was used, for the first stage 0.54uF Emitter bypass capacitor was applied and the second
stage 0.18uF Emitter bypass capacitor was introduced, this produced a voltage gain of 1.003V and a
gain of 5.04 on the first stage and 2.00004V on the second stage output and a gain of 1.99 and an
overall gain of 10.05.

After successfully achieving the expected gain on LTspice, the first stage common emitter amplifier
was reconstructed on a breadboard. The theoretical values of the resistors were not available so the
resistor values closely around the same value were used instead.

Using the new values of the resistors and a 1uF Emitter bypass capacitor the first stage was built and
gain was calculated. The first stage common emitter output had a voltage gain of 1.024V and a gain
of 4.65, this was lightly lower than expected due to having a slightly higher input ac signal, and
component tolerances.

Using the same values and only having the 1uF Emitter bypass capacitor at the first stage common
emitter amplifier the second stage was built and introduced on the output of the first stage. The
output of the first stage stayed the same, and the voltage gain of the second stage was 2V and had a
gain of 1.95 and an overall gain of 9.09.
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Although the practical results did not match the theoretical values, the calculations proved that a
gain of 5 and 2 can be achieved when only given the speakers impedance as a starting point to
calculate the resistor values. Using LTspice and building the physical circuit further validates these
calculations.
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