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[bookmark: _Toc226323571]Introduction
This report presents the design, simulation and testing of small signal transistor amplifiers, and examines how frequency, voltage and current are affected by the three main configurations namely the CE (Common Emitter), CC (Common Collector) and CB (Common Base) Transistor amplifiers.  Introduction of the three configurations will focus on NPN (Negatively Positive Negative) BJT (Bipolar Junction Transistor) RC-Circuit AC-Signal Amplifiers. These configurations are analysed for their advantages, limitations and operating properties such as power gain, voltage gain, current gain and impedance. 
The remainder of the review focuses on the engineering and testing of a CE single-stage, and coupled two-stage amplifiers, with an assigned target Gain of AC amplitude by way of measuring  peak-to-peak voltage for each. Using the simulations and practical test results this review will evaluate the effects on (Av) Voltage Gain and () Current Gain while providing comparison against theoretical predictions.
[bookmark: _Toc226323572]Tasks and Objectives
[bookmark: _Toc226323573]Task 1 - Transistor Amplifier Principal Configurations
A brief comparison of the three principal configurations – Common Emitter CE, Common Collector CC, and Common Base CB amplifiers – peer-reviewed academic and published sources will be used for the research and discussion. Secondary sources such as industry reports, manufacturer white papers and some specialist forums will be referenced sparingly where appropriate. 
[bookmark: _Toc226323574]Task 2 –Design, Simulation and Practical Testing of Common Emitter Amplifier
Design calculations and simulation against assigned load and target values as listed below:
[bookmark: _Amplifier_Design_Parameters][bookmark: _Toc226323575]Amplifier Design Parameters
	#
	PARAMETER
	FIRST STAGE 
	SECOND STAGE

	1
	RC Resistor Circuit Configuration
	4 Resistor
	SAME

	2
	RC Capacitor Circuit Configuration
	Undetermined
	Undetermined

	3
	Transistor Type
	2N222NPN or BC109NPN
	SAME

	4
	Transistor Operating Voltage (Vb)
	0.7V (for calculation purposes of Ge BJTs)
	SAME

	5
	Resistive Load (RL)
	600
	SAME

	6
	Current Gain (hfe = β)
	100
	SAME


[bookmark: _Toc226323576]Operating Parameters
	#
	PARAMETER
	FIRST STAGE 
	SECOND STAGE

	1
	Operating Input Voltage (Vcc)
	10VDC
	SAME

	2
	AC pure SINE Signal Test Voltage Baseline
	0V
	Stage 1 Output

	3
	AC pure SINE Signal Test Voltage Amplitude
	100mV
	Stage 1 Output

	4
	AC pure SINE Signal Test Voltage Frequency
	1kHz
	Stage 1 Output


[bookmark: _Toc226323577]Target Parameters
	#
	PARAMETER
	FIRST STAGE 
	SECOND STAGE
	TOTAL GAIN

	1
	Target Voltage Gain (Av)
	5
	2
	10



Task one
[bookmark: _Toc226323578]Theory and Research
[bookmark: _Toc226323579]Transistor Amplifiers
First a comprehensive outline of NPN BJT RC type circuits- The functional component in the architecture is the BJT. In this type of circuit, the transistor is engaged at three connection points (pins: Emitter, Collector and Base) which when the transistor base-emitter emits charge and the base collector collects that charge. This difference in potentials create the forward/reverse bias which is opportune for exploiting with resistors and capacitors to create points of impedance.
S. W. ADAMS et al, (2004) Principles of Transistor Circuits, explains that bipolar transistors are the combination of three sections of semiconductors, being of p-type or n-type (positively or negatively charged material), to construct PN junction points. The differential in charge at each of the PN junctions acts as an internal potential barrier with its own biases, namely a forward and reverse. 
For reference, in the process of manufacturing of semiconductors, doping Silicon (Si) or Germanium (Ge) crystals with other elements (called Impurities in the case of semiconductor synthesis) will leave the final material with a positive or negative delta in electrons. Controlled doping changes carrier concentration, allowing p-type and n-type regions to form PN junctions whose depletion barriers govern transistor conduction under applied bias.
Transistor amplifiers are thus applied in three types of configurations, CE, CC, and CB. The naming convention of these types of transistor amplifiers are based on where the common point to where the input and output AC Signals is.
[bookmark: _Toc226323580]Type1 Common Emitter (CE)
In common emitter CE amplifiers, the input signal is applied at the base-emitter circuit, and the output signal is measured to the collector-emitter circuit, thus common emitter. In this case, the emitter pin is connected to the ground providing where voltage referencing for test point is performed. This does not suggest that the voltage-to-ground reference points for measurement are based on this convention, but a convenience, nonetheless for AC signal integrity.
[image: The diagram illustrates a basic transistor circuit with labels for the collector, emitter, base, and a signal path, including a negative voltage source (NPN transistor).

AI-generated content may be incorrect.]
Figure 1
There are several relationships of note between the RC Components, the power sources, and the transistor which can be represented and predicted with the application of Ohm’s law, Kirchoff’s Law, Thevenin’s circuit reductions, as well as certain proportionalities which have been derived and standardized by formulae as listed in the Section: Experimental Procedures. For a CE amplifier the network is structured in this manner:
In common emitter amplifiers, NPN transistors have a forward bias at the base-emitter junction, and a reverse bias at the base-collector junction. This dynamic is what ultimately accounts for the increase in small signal gain as illustrated by the below figure. 
Voltage variation at the base-emitter pin , increases the voltage within the transistor as it becomes active, and the collector pin  is current is responds proportionally to the DC Bias at the base pin as shown in the following current gain ratio . José M. Campos-Salazar et al., (2025) Journal of Electronics and Electrical Engineering.

This increase in voltage at the emitter resistor decidedly  and the collector resistor  which drives the signal but inverts it as it sways between both resistors. R1 and R2 are positioned as a dc voltage divider, allotting the DC bias which operates the transistor within its active region at the base-emitter junction.
The active region being where the transistor base has sufficient current for the base emitter junction to transfer electrons for collection by the base-collector junction thus increasing the current at the Collector pin as the voltage moves opposite to the current. 
[image: The image depicts a schematic diagram with electronic components and labels, including an integrated circuit (IC), a transistor (Q1), and a diode (D1), along with a part number (2N2222) and a symbol (IE).

AI-generated content may be incorrect.] [image: The diagram illustrates an electronic circuit with various components, including a 10V power source, resistors (4.2776089 ohms and 120 ohms), an IC (integrated circuit) labeled as IC1.7272648V, a transistor Q1 (2N2222), and capacitor C3 (1uF), with voltage readings provided for certain points.

AI-generated content may be incorrect.]While the forward bias of the base-emitter conducts more significantly, this design allows the current at the collector to increase proportionally to the current at the base and amplifies the signal. S. W. ADAMS et al, (2004). However, this process inverts the signal due to the varying current and voltage swing at the collector RC junction. Dwi Novianto et al, (2023),. MIMSE-M-E-I-2022-AER 216, pp. 160–171, 2023.Figure 2
Figure 3

For a common emitter amplifier, the inverted phase means the voltage gain is negative but for the magnitude is the important factor and its proportionality to the current at the base.
C1 serves as coupling capacitor for inserting the signal (which is a 0DC offset with a low frequency), while also serving as a blocker for the DC signal. Therefore, the AC signal is processed together with the regulated DC signal through the transistor. Additional use of a capacitor at the emitter resistor  again assists in amplifying AC signal to increase current at the collector and RC. Contrarily as the input coupling capacitor is used to block DC from interfering with the AC Signal Source, coupling capacitor is also required to bock DC from the output load. Sedra, A.S. and Smith, K.C. (2015) Microelectronic Circuits. 7th ed. Oxford University Press (Chapter 10.1, pg. 699-702)
[bookmark: _Toc226323581]Type2 Common Collector (CC)
The Common Collector type (a.k.a emitter follower) has its own advantages with its only observable disadvantage being no increase in the voltage. On one hand because the output is taken from the emitter, now the emitter junction is in phase with the output path so the current at  is larger than  at the base. See the below figure.
Yet, because of the current increase at the emitter junction the voltage will stay low and the impedance at the base emitter will stay low. This means little gain in voltage. This will mostly affect the selection of coupling capacitors where the impedance will be higher at the insertion coupling capacitor  and lower at the second stage coupling capacitor  High value bypass capacitors will be necessary for navigating this. A. Motayed et al,. (2001) Solid-State Electronics 45 (2001), and Weidong Xue et al., (2024) Microelectronics Journal 152:106354
The resulting output is a low voltage, low impedance coupling to  with greater current and in phase. This makes sense when building amplifiers that require low impedance speakers and have to accommodate many sources. Possibly even protective features where the insertion coupling capacitor would need to be big enough in reactance that the rest of the network is protected. This would need to be calculated in a separate analysis, but the overarching benefit of the common collector amplifier is its dynamic coupling capabilities. 
[bookmark: _Toc226323582]Type3 Common Base (CB) 
The Common Base amplifier appears to be the best for AC signal integrity, the input is of low impedance and the output is high impedance. This is because of the miller equivalent as noted in Sedra, A.S. and Smith, K.C. (2015) Microelectronic Circuits. 7th ed. Oxford University Press (Chapter 10.1, pg. 699-702). Additionally, the path of the output circuit has minimal collector reuptake from the emitter, this means a cleaner signal as well but without inversion. Likely scenarios would be where high boost signal is needed in very small speaker magnets which are likely to pick up magnetic interference.
The main reason is the collector base capacitance inside the NPN transistor in relation to the emitter. In a CE amplifier, the capacitance is of the collector base junction is multiplied because it is at the n-dominant part of the junction as well and any emitter output is directed on the highest resistance path and therefore higher output impedance.  In a CB amplifier the voltage at the base remains low because it is grounded while the current raises at  and since the emitter and emitter are both in phase the signal is not inverted. 
Task Two
[bookmark: _Toc226323583]Methodology - Experimental Procedure
[bookmark: _Toc226323584]Engineering 
[bookmark: _Toc226323585]Assumptions and Considerations 
It is to be noted that although no specifications are given for the sizing of capacitors, for amplification of a mid-range frequency such as 1kHz in a CE, Capacitive reactance should be sized sufficiently low for the purpose of allowing the AC signal to pass without significant attenuation. Yet, for the purposes of this exercise, the resistors sized for the second stage are sized the same as the first stage. This is a Class A amplifier. Once coupled by capacitor this configuration will act as a high pass network which will allow the AC Signal through, while the second stage resistors set the DC bias to the second stage transistor.
This assumption is based on the observation that placing a coupling capacitor in line with a resistor will have the effect the frequency as previously studied. Where the Resistive Load RL meets its full loading conditions the resonant frequency which in this case is the signal frequency will be used to calculate the first Capacitor reactance size used to couple to the second stage. This is in line with Electronics Principals as attested by peer reviewed journals. According to S. W. Amos et al., (1994) Principals of Transistor Circuits – 8th Edition., “Modern Circuitry makes extensive use of silicon planar transistors as common-emitter amplifiers and the high-frequency performance is usually expressed in terms of the parameter ft, the transition frequency. This is defined as the frequency at which the modulus of B (the current gain of the common-emitter amplifier) has fallen into unity. It thus measures the highest frequency at which the transistor can be used as an amplifier is also gives the gain-bandwidth product for the transistor.”
[bookmark: _Design_&_Simulation][bookmark: _Toc226323586]Design & Simulation
Foreword - because this is the first part of the experimental procedure where the simulation calculations are to take place the values for components used will be their precise requirement but may not match with what can be found in production. Standard value resistors are also based on availability at lab facility. The experimental parameters outlined in the previous section require calculation to determine the correct RC components to complete the network at the target gain.
Consider Amplifier 1 specified in Section: Tasks and Objectives
[image: The diagram illustrates a circuit with various components such as resistors (R1, R2), capacitors (C1, C2), a transistor (Q1), and an oscillator (SINE(OV 100mV 1kHz)) connected to a signal line.

AI-generated content may be incorrect.]
Figure 4
The main formulae to determine the circuit target components and their known proportionalities are the following:
	Description
	Formula/Equation/Proportionality

	Ohms Law
	

	Equivalent Parallel Resistance
	

	Collector Resistor Voltage
	

	Kirchhoff’s Voltage Law (Bias Network)
	

	Resistor 1 Current
	

	Resistor 2 Current
	

	Transistor Current Gain
	

	Voltage Gain
	

	Transistor Base Voltage VB 
	

	Base Emitter Voltage (0.7V)
	

	Capacitor sizing
	

	Proportionalities
	



First the quiescent operating voltage of the load within the forward path of amplifier circuit must be found,
· 
The requirement is determining the emitter resistor RE from its proportionality to the known resistance of RC. relevant to the gain , by way of rearranging the standard CE formula for voltage gain. 

· 
[image: The image depicts an electronic circuit diagram with a voltage source of 10V, components including an IC (integrated circuit) with labels Q1 and IB, and a diode represented by RE, alongside a resistor marked as RC and an input voltage labeled IE, with an overvoltage situation denoted by OV.

AI-generated content may be incorrect.]
Figure 5
Note: This makes the nearest standard value resistor used for practical testing required for is 120Ω.
With this the DC voltage at RE, the current IE can be determined by the voltage and resistance of RC with Ohms Law and since IE=IC
· 
· 
[image: ]
Figure 6
This can now be applied to find the DC emitter and voltage  (represented by  in this case) which will determine the rest of the circuit component values.
· 
· = (120Ω) (8.33x10-3A) =0.9996V
· 
This represents the voltage that the emitter is operating at with . Because of Thevenin’s Law,  is parallel to the base-emitters forward DC bias as well as the voltage at   and can be represented by
· ,
where is determined by the transistor material, in this case (Ge) based transistors have a 0.7V demand for the base-emitter junction in order for the emitter pin to start emitting electrons, but to reach the gain demand.  0.7V is used for general calculation purposes although it may vary by manufacturer and the impurity used for synthesis in the doping phase.
voltage and current can now be determined for R2 as such

· 
according to Thevenin Since

And for the divider current 
Since     
· 
· 
Using the ratio  the can then be determined,

· 
Therefore, using Ohm’s Law our lower divider resistor 

· 
· Ω
Note: This makes the nearest standard value resistor used for practical testing required for  
 our upper divider resistor can now be derived with the potential difference between the positive and negative sides of the circuit and then using Ohm’s Law,
· 
· 
Using the ratio  to calculate  , then  can finalize the resistor sizing of the circuit,
· 
· 
· 
Note: This makes the nearest standard value resistor used for practical testing required for  
because the DC voltage bias created by R1 and R2 is what drives the transistor as  at the base 

· 
· 
With standard resistors,

· 
This is slightly higher than  but acceptable because there is degeneration across the emitter when at its quiescent point, yet  acts to stabilize the current variations against , effectively limiting the impact of the base-emitter voltage drop.
[image: The diagram illustrates a simple electronic circuit with components such as transistors, resistors, capacitors, and an oscillator, showing their values and connections.

AI-generated content may be incorrect.]
Figure 7
At this point having the value of nearest standard values for standard resistors would be 120Ω, 2.2kΩ, and 10kΩ.
Yet it should be noted the internal resistance of the transistor is a factor to be considered as well for understanding the simulation test readings. This is a Common emitter where there is the internal resistance of the emitter to consider, and it forms part of the total resistance at the emitter junction  which proportionally to  such that
  where  in sum
 is expressed in the following way and has become standardized A. Motayed et al,. (2001) Solid-State Electronics 45 (2001), and Weidong Xue et al., (2024) Microelectronics Journal 152:106354

Instead of,  has been standardized for quick reference by using the thermal constant k (1.38x10-23 J/K) and the ambient temperature in Kelvins (298K) and dividing them by the electron charge 1.602x10-19 Coulombs (charge constant at emitter). This is used to depict the quiescent point where the emitter is operating at the thermal voltage relative to the dc current gain at the transistor base. Sedra, A.S. and Smith, K.C. (2015) Microelectronic Circuits. 7th ed. Ch 6, pg. 308. And Amos Ch2 Pg 36.

· Therefore, 
IE which is the DC voltage gain can be determined by the voltage and resistance of RC with Ohms Law and since IE=IC
· 
· 
This can be applied back to determine  from 

· Therefore, more accurately 
This is a very small difference from the previously calculated 120Ω. The resistance of  is negligeable that it is not needed for the purpose of this experiment.
A coupling capacitor  is selected to serve as the AC signal insertion point, while essentially eliminating interference from the DC signal at the signal source. According to Eric Coates MA BSc. (Hons-2020) Class A Amplifier Design AC Conditions . “The main consideration in choosing these capacitor values is to ensure that their capacitive reactance is low enough, compared with the input impedance of the amplifier, or any load connected to the output, to allow signals at all the required frequencies to pass” Using the resonant frequency formula the smallest size capacitor can be derived. This is because the reactance of the capacitor has less of a chance to conduct at low frequencies and since the capacitor is first in the forward path it forms a high pass filter making the capacitive reactance the minimum point at the minimum cut off frequency will be equal to the signal frequency.  Therefore, 

Given that the resistance of the transistor is negligeable 3.1Ω, the DC bias voltage divider resistance can be supplemented for the reduction of the circuit to a single resistance at the capacitor. And expressed as  (Thevenin). 
This is where the resistors  and  are in parallel to  and to the base pin. Therefore, using the parallel resistance formula from Kirchoff’s Law the minimum size of capacitor 

· =1.80kΩ
· 
· F
· 0.1µF
This is a minimum at capacitive reactance  at , so it  should be sufficient. 
[image: The diagram illustrates an electronic circuit component, specifically a transistor (Q1) with a collector-emitter voltage (VCE) of 4.2776089V, base-emitter voltage (VBE) of 1.7272648V, and a current gain (beta, IB) of 2N2222 at 1.0148921V.

AI-generated content may be incorrect.][image: SIGNAL

AI-generated content may be incorrect.]   Figure 9
Figure 8

An additional capacitor (bypass capacitor)  can be added according to Eric Coates MA BSc. (Hons-2020) Class A Amplifier Design AC Conditions this is since the ac signal at  would be in phase with the input signal at the transistor base which would work against the collector output which is inverse. The sizing of this capacitor is done the same way as the coupling capacitor since it is in a high pass arrangement in the circuit.
This will provide 

· 
· 1µF 
· 
With this selection, the RC components are applied to LT Spice as individual simulations of both a control RC Transistor Circuit and another Identical Circuit where the Capacitance is increased in increment. AC Analyses will be set to capture the changes in the signal as it is processed through the different amplification stages.
Table 1
[image: The diagram illustrates a simple amplifier circuit with a signal generator, including components such as resistors, capacitors, transistors, and a sine wave oscillator.

AI-generated content may be incorrect.]
Figure 10
[image: The image shows a graph displaying a signal waveform, with multiple cursors indicating voltage levels and differences, and a frequency spectrum analysis.

AI-generated content may be incorrect.]
The required gain of is required. By measuring the  (peak-to-peak voltage) of the AC signal input and output points, the observed gain is calculated. This representing the ratio between the amplitude of the signal as amplified and the amplitude of the signal at its source input point. Therefore, the signal insertion point is measured at the source as in the schematic above, with baseline readings.
First this must be checked without the bypass capacitor  and then with it in place to form the high pass filter at , yet since coupling with the second stage transistor at will have a higher impedance than stage 1 as the impedance at the load point from stage 1 (RC1) is compounded on the load point on (RC2).
[image: The diagram illustrates an electronic circuit with various components including resistors, capacitors, and transistors, featuring an oscillator and signal pathways.

AI-generated content may be incorrect.][image: The diagram illustrates a simple amplifier circuit with a signal generator, including components such as resistors, capacitors, transistors, and a sine wave oscillator.

AI-generated content may be incorrect.]
Figure 11                                                                              Figure 12

[image: The image displays an oscilloscope display of a signal waveform, with multiple voltage levels and time intervals, including stage voltages, a cursor position, and frequency and slope calculations.

AI-generated content may be incorrect.]

Again, this must be confirmed with  attached, the reason being is that once coupled to stage two, there will be insertion loss due to stage two being of higher impedance,
[image: The image shows a waveform display, with multiple voltage readings (5.8V, 5.6V, 5.2V, 5.0V, and 4.4V) over time, indicating a signal being monitored, and includes information about frequency and slope.

AI-generated content may be incorrect.]

This is considered successful amplification as the calculation shows:
	Test Point
	Signal Input
	VPP without C3
	VPP with C3

	
	
	
	

	
	
	
	

	
	
	
	



&                           
     &      
Gain when coupled with bypass would be the average of  & 
· 5.39
· This would be closer to the actual gain when operating at 
A second stage can now be engineered based on the first stage.
 remains constant as it is the resistance of the load  where a total  will be the target signal gain, and the existing gain of  must be factored in, and since the gain is the ratio between the collector resistor and the emitter resistor, this allows for the calculation of ,

· 
· 
· 
Based on this value the bypass capacitor  can be calculated by the same formulas

· 
· 0.47µF
The coupling capacitor  remains the same as the DC bias is the same and the signal is the same frequency.
The practical standard value RC components for a Two-Stage Transistor Amplifier can now be finalized for testing.
[image: The diagram illustrates a simple electronic circuit with components such as transistors, resistors, capacitors, and an oscillator, showing their values and connections.

AI-generated content may be incorrect.][image: The diagram illustrates a two-stage amplifier circuit, including components such as resistors (R3, R, RE2), capacitors (RC2, C2, C5), transistors (2N2222, Q2), and voltage sources (10V, 7.765481V, 1.0895674V).

AI-generated content may be incorrect.]
Figure 13                                                           Figure 14   
[image: The image illustrates an amplifier circuit diagram with various components like resistors (R1, R2, etc.), capacitors (C1, C2, etc.), transistors (2N2222), and other symbols, along with input and output voltage values.

AI-generated content may be incorrect.]
Figure 15
With the two-stage amplifier circuit finalized the amplitude of the first stage and second stage test points are added and tested.
[image: The image shows a waveform display with multiple voltage levels, a cursor, and a frequency reading, likely from an oscilloscope screen.

AI-generated content may be incorrect.]

 [image: The image displays a waveform graph with two stages, V(signal) and V(stage2), showing voltage readings at various intervals and a frequency of 1.8404152 KHz.

AI-generated content may be incorrect.]


	Test Point
	Signal Input
	

	


	
	
	
	

	
	
	
	

	
	
	
	

	 Gain
	
	
	




 
[bookmark: _Toc226323587]Practical Lab Testing
For the assignment the following equipment is made available by the college campus and lab facility. For the Simulation Portion of the assignment, the Simulation Software LT Spice is used.  
Breadboard, RC components, Voltage Source Voltcraft VLP1303, Oscillator/Signal Generator (model: Rigol DG1032Z), and a (DSO) Digital Storage Oscilloscope for Measuring output values (model: OWON SD6062).
The breadboard is applied with RC components and signal generator which is set to provide an output AC SINE Signal of 200mV Peak-to-Peak at 1kHz

[image: The image shows a workbench with various electronic components and tools, including a digital multimeter, oscilloscope, and USB interface, along with a user interface displaying voltage and frequency readings.

AI-generated content may be incorrect.]
Ratings of the available RC components in the lab are as follows:
	Component
	Function
	Value*
Check notes 

	BC109
	BJT NPN Transistor Stage 1
	*

	BC109
	BJT NPN Transistor Stage 2
	V*

	Resistor
	R1 Upper Voltage Bias Divider Resistor Stage 1
	

	Resistor
	R2 Lower Voltage Bias Divider Resistor Stage 1
	

	Resistor
	R3 Voltage Bias Divider Resistor Stage 2
	

	Resistor
	R4 Voltage Bias Divider Resistor Stage 2
	

	Resistor
	RE1 Emitter Stage 1
	

	Resistor
	RE2 Emitter Stage 2
	

	Resistor
	RC1 RL Load Resistor
	

	Resistor
	RC2 RL Load Resistor
	

	Capacitor
	C1 Coupling Capacitor Stage 1-IN
	

	Capacitor
	C2 Coupling Capacitor Stage ½
	

	Capacitor
	C4 Coupling Capacitor Stage 2-OUT
	

	Capacitor
	C3 Stage 1 emitter bypass capacitor
	

	Capacitor
	C5 Stage 2 emitter bypass capacitor
	


BC109 Transistor  voltage will vary between 0.6-0.73VDC, where 0.7V is assumed for the practical experiment to compensate for the difference in efficiency.
Table 10
This section shows testing of the amplifier with the equipment listed above.
[image: The image shows a Rigol LXI2 channel label, specifically channel DG1032, with technical specifications including a frequency of 30 MHz and a sampling rate of 200 MSa/s.

AI-generated content may be incorrect.] [image: The image shows a box with a power cord, containing various electronic components and warning labels, including voltage and safety information.

AI-generated content may be incorrect.]
[image: The image shows a workspace with a laptop, various electronic components, and a circuit diagram, possibly for an electronics project.

AI-generated content may be incorrect.]
[image: The image shows a RIGOL VL-T2003 USB Volttron device, connected to a multimeter and a waveform generator, displaying various waveforms and voltage/amperage settings.

AI-generated content may be incorrect.][image: The image shows a digital multimeter connected to a circuit, displaying various voltage and frequency measurements, with settings for different channels.

AI-generated content may be incorrect.]
[image: The image shows a digital oscilloscope display with two voltage measurements (2500mV and 1500mV), frequency settings (1MHz), and other technical parameters.

AI-generated content may be incorrect.][image: The image shows a circuit diagram with various components such as resistors, transistors, and capacitors, along with numerical values indicating their values.

AI-generated content may be incorrect.][image: ]
Figure 13 Testing of Stage 1 and 2 CE Transistor amplifier

[bookmark: _Toc226323588]Results
The tests results recorded in the experiment depict correct gain staging and component sizing as shown in the picture below for two stages of amplification:



Additionally, Coupling capacitor sizes were increased to  with no effect on signal gain.
[image: The image shows a digital oscilloscope display with two voltage channels, CH1 and CH2, showing voltage waveforms, and various control settings.

AI-generated content may be incorrect.]
[bookmark: _Toc226323589]Analysis
[bookmark: _Toc226323590]Simulation
While the two-stage simulation reacts precisely as calculated using the nearest standard value components available, the single-stage simulation however displays a reliance on a bypass capacitor  being added. As a single stage amplifier, the impedance would be higher at C2, because  can be reduced and compensated for later downstream on stage two. This is also useful since the transistor is acting like a capacitor itself while in the NPN CE configuration.
The two-stage simulation shows that  which confirms the collector is almost at the gain of the emitter meeting its response.
[image: The provided text seems to be a series of measurements, likely referring to electrical currents (I) in milliamperes (mA) and time intervals in milliseconds (ms). It seems to be a graph or a data set showing a descending pattern of current over time. However, without an image, it's not possible to describe it further.

AI-generated content may be incorrect.]
[image: The provided text seems to be a list of current values (in milliamps) at different time intervals (in milliseconds), likely from an oscilloscope or similar measurement device. The values range from 6.5mA down to 0.0mA, decreasing in intervals of 0.5mA.

AI-generated content may be incorrect.]
This is also evidence of clean signal transfer as the wave forms of both are synchronized.
[bookmark: _Toc226323591]Lab
The lab experiment shows some loss in both the signal gains. This is acceptable as  may consume more power as well as the voltage divider bias not being perfect as with the simulation.  were selected as 10kΩ and 2.2kΩ respectively while they actually required. Again, the actual internal resistance of the transistor is negligeable.

· =1.80kΩ
· =1.67kΩ
Use of the calculated values of his would make the impedance of the transistor lower






Again, minimal difference between practical and calculation variables as gain of current was calculate without considering any thermal dissipation of factors for the internal transistor's junction potential differences.
[bookmark: _Toc226323592]Discussion/Evaluation
It is very evident that CE NPN BJT Amplifiers require ample voltage to bring the emitter and collector into their active regions which is what determines the transfer function based on the ratio between the load and the emitters voltage. The use of coupling capacitors enables stable multi-stage amplification without disturbing the DC or AC operating points. This experiment reinforces key concepts of CE amplifier design, including gain staging, voltage bias, impedance and loading, and frequency response. 
[bookmark: _Toc226323593]Conclusion
This review successfully demonstrates the engineering, design, simulation, and practical implementation of a one- and two-stage NPN transistor amplifier. Along with the simulation and experiment meeting the specified gain requirements and exhibiting the predicted behaviour consistent with established BJT amplifier theory. The most important aspect is component balancing to allow the transistor to operate at the correct current ratios between emitter and collector and knowing what signal frequency ranges will be necessary for amplification seems to be the first step in such class A designs of amplifiers.
As a closing statement “Moors Law” seems to be ever more relevant with the growing reliance on personal devices as the size of such transistor amplifiers can be ever more minimized, nanosized and in all eventuality and probability atomized.
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