Stages used in the Amplifier Design:
1st Stage  Common-Emitter (CE) amplification stage
· A CE stage is used in order to establish a required gain of 50±10% V/V (since the CE amplifier design is appropriate to achieve a 50 V/V no-load voltage gain).
· There are two sets of resistors used for this stage: 
RC : dc considers 8.5 kΩ and 47 kΩ, while ac considers only 47 kΩ (due to bypass capacitor)
RE : dc considers 0.66435 kΩ and 17.65305 kΩ, while ac considers only 17.65305 kΩ (due to bypass capacitor) (values not exactly used in implementation)
These values are essentially to allow the quiescent (dc) currents have a small value.
2nd Stage  Common-Collector (CC) amplification stage
· A CC stage is used in order to lower the output resistance to less than or equal to 500 Ω. 
(Note: in the design of the amplifier including the two stages, the no-load gain in the manual calculations is raised to 53 V/V instead of 50V/V to account for the little decrease in gain due to the localized gain of the CC amplification stage)

The overall voltage gain is inverted (opposite polarity with respect to input voltage signal). Since the CE amplifier is an inverting amplifier, but the CC amplifier is a non-inverting amplifier, hence the overall voltage would be inverting ((-) • (+)) = (-) (the dot operator is used to multiply localized voltage gain at the intermediate node).

Components used in the Amplifier Design:
*NOTE: All calculations on how the resistor values were decided are presented in the manual calculation sheets* (Appendix: Manual Calculations and Sketches)
Resistor values: 
The resistor values that were chosen to exist in the physical implementation of the amplifier design are based on the accepted values of resistors in industry, as well as which of these options are present in the ELE 404 lab kit. The decision of the resistors used in biasing the amplifier, the collector resistor (RC) of the CE amplification stage, as well as the emitter resistances: RE1 and RE2 of the CE amplification stage and RE3 of the CC amplification stage are all  explained and calculated in the manual calculations (Appendix: Manual Calculations and Sketches). However, the initial process of choosing resistors to act as the collector load was based on a trial-and-error assumption and manipulation, and then its validity was later proved through manual calculations.


Capacitor values: 
The bypass capacitors 
· (Placed across a resistor to bypass in ac analysis) are chosen to have a relatively high value (in this circuit design, 100 μF was chosen). The capacitor is chosen to have a high value since this would allow its effects to be more pronounced in the design of the amplifier, thus acting taking away more of the current from the bypassed resistor to render it negligible in the analysis. In other words, if the capacitor is chosen to have a high value, than the design technique of making the capacitor shorted in ac analysis would be more effective in simulation and implementation of the amplifier design.
The coupling capacitors
· (Used to connect source and output nodes (stages) to the amplification circuit). The value chosen for these does not have to be as high as that of the bypass capacitor. In this amplifier design, these capacitors were chosen to be 10 μF. This value is one of the common values assigned to coupling capacitors since the purpose of these capacitors is a direct consequence from their physical properties under dc and ac conditions. In other words, open capacitor in dc and short capacitor (link) in ac. There is no load that needs to be bypassed in this case, hence the capacitor value (connected to the effect of the capacitor in the circuit) does not need to be as high as the bypass capacitor. Therefore, if there is no need for a high capacitive value, a smaller value would be chosen in order to account for power consumption issues (not critically analyzed in report, it is just used for a higher efficient design).

Simulation of the Amplifier Design:
· The simulated circuit is shown in Figure 1 on Page 3.
· In Figure 1, Amplifier design (includes bias voltages), source signal (vI) (tested at both 1 kHz and 20 kHz) and output signal (vO) are boxed off, to help distinguish the different partitions of the overall design.
· Figure 2 and Figure 3 validate the voltage gain, as well as the max swing.
· [bookmark: _GoBack]The input signal is set to a low voltage (in this simulation it is 87.68 mVp). This is to allow the amplification effect take place, and the maximum swing to take place.
· The load resistance is chosen to be a large value, which also exists in the lab kit. Therefore, this value was chosen to be 10 MΩ. This value is large enough to simulate an infinite load with respect to the other resistances present in the circuit.
· RC values are kept as calculated, since these values are the basis of all the design calculations. The 47 kΩ exists in the lab kit, however 8.5 kΩ for RC1 does not. However, it can be composed by a 220 Ω, 270 Ω, 1.2 kΩ, and 6.8 kΩ for the physical implementation of the amplifier, which still exists in the kit after the rest of the circuit has been implemented.
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Discrepancies:
The major discrepancy between the simulation results and the manual calculations is the difference in voltage gain (specifically no-load). Even though the no-load voltage gain is pre-adjusted in the manual calculations to account for its decrease due to the localized gain of the Common-Collector stage, then simulated value still did not come out as 50 V/V. However, since the voltage gain achieved was within range of its specified tolerance of ±10%, approximately 46.3 V/V (can be calculated from Figure 2 and Figure 3), this value is still acceptable. The main cause for this is believed to be the bypass capacitor across RC1 (along with other capacitors) that take away some of the voltage that would otherwise go to the output, since the capacitor charges by storing voltage. This error can be fixed to a degree by making the no-load voltage gain used in the manual calculations a higher value than 53 V/V, such as 55 V/V. 
Another reason why the specified no-load voltage gain was not exactly 50 V/V in the simulated circuit also has to do with the selection of the resistors in which to physically implement the amplifier with. Since there are a finite number of resistors in the lab kit, each with distinct value, the values attained from the manual calculations (Ri, Ro, AVo) would not be exactly the same in the simulation due to the exact values not being used. In order to make up for this deficiency in implementation, a variety of resistors were put in the series configuration to compose the desired resistor value as close as possible. However, since each of these resistors have associated tolerances, the resistance may not be exactly as that indicated on the resistor. Hence, the more resistance added in series, the larger the cumulative effect of their tolerance is, which may lead to higher varying resistances. In addition to this, the gain is made for an open (no-load) circuit. However, in order to implement the circuit, there needs to be some kind of load to take the output voltage across. Thus, a very large-valued resistor (10 MΩ) was used. Even though this is the best that can be done to simulate a no-load circuit, it is not a perfect representation of an open circuit. Hence, the no-load voltage amplification would not relate exactly as indicated in the manual calculations.
Another observation that should be noted is that the input voltage signal, vI, should be around 87.68 mVp to get the output voltage swing to be approximately 8 Vp-p. The waveforms can be seen from Figure 4 and Figure 5 when tested at the end points of the specified frequencies. If a higher output swing is required, then the input voltage signal may be raised in terms of its amplitude. However, it should be noted that when the voltage is raised too high, the output signal (can be seen from a simulation waveform) would become clipped at its peaks as well as the voltage gain (amplifier effect) would be less prominent in the circuit. In addition, the input signal source has a small built-in resistance of about 50 Ω. This should not make a big difference in the performance of the amplifier on its own, however when added with all other discrepancies among the physical implementation, the degree to which the predicted results vary increase.
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Figure 2. Simulated Circuit Meastrements for Source @ 20 kHz (Verify Max Swing > 8V(p-p))
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Figure 3. Simulated Circuit Measurements for Source @ 1 kHz (Verify Max Swing > 8V(p-p))




