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their application in analogue and digital electronic circuits. 
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   STUDENT FEEDBACK FORM

This section details the extent to which the assessment criteria are demonstrated by you, which in turn determines your 
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1. Engagement with Literature Skills 10 1 

Minimum research work, no reference list. There was evidence of data sheet being used within 
the assignment. 

2. Knowledge and Understanding Skills 35 17.7 

Task 1 achieved 28%. 

Task 2 achieved 62%, 

Task 3 achieved 62%. 

Knowledge of the basic underlying concepts and principles is accurate with a good 
understanding for Task 2 and 3. Showed very good understanding the calculated requirements 
and design work for Task 2 and 3. Task 1 showed a poor understanding, no design calculations 
for the voltage regulation circuit. 

3. Cognitive and Intellectual Skills 15 5.3 

Very limited attempt, with superficial evaluation of the underlying concepts and principles for 
most of the tasks. 

4. Practical Application Skills 30 18 

Task 1 achieved 52%. 

Task 2 achieved 60%. 

Task 3 achieved 68%. 

A very good application of practical work for Task 2 and 3, very good use of the test equipment 
and Multisim to obtain the required test results. 

5. Transferable Skills for Life and Professional Practice 10 5.5 

Mostly coherent, organised and accurate work, in a suitable structure and is for the most part 
clearly expressed. 

Assessment Mark (Assessment marks are subject to ratification at the

Exam Board.  These comments and marks are to give feedback on module work 
and are for guidance only until they are confirmed. ) 

Late Submission Penalties (tick if 
appropriate) 

48% Up to 1 week late (40% Max) 

Over 1 week late (0%) 
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TASK DESCRIPTION 
 

Task 1 – Characteristics of Diodes 

This task will investigate the characteristics of germanium and silicon diodes.  

Before starting the experiment produce a description a diode and explain the functionality of a p-n 

junction in the forward and reverse biased mode.  

 

Experimental Procedure  

a) Using a DVM, check the two diodes. 

b) Measure and record the value of the resistors. 

c) Using the following circuits, plot the forward and reverse bias characteristics of both the 

germanium and silicon diodes. 

 

In the forward bias mode adjust the supply voltage so that the diode voltage increases from 0V in 

increments of 0.1 volts to a maximum of 1V. 

In the reverse bias mode adjust the voltage in increments of –1.5 volts to a maximum of –15V. 

 

Forward Bias 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Reverse Bias 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results 

• Plot the forward and reverse characteristics for the diodes. 

• Determine the static and dynamic resistance (in the forward bias mode) for each diode at 

about VD = 0.7 volts. 

• Determine the static and dynamic resistance (in the reverse bias mode) at about –9 volts. 

Comment on your results discussing the characteristics of each diode and how they compare. 

1k 

A 

V 

In the reverse direction the 

leakage current is very small 

which can be determined using 

the resistance of the 

multimeter (10MΩ). 

where: 

 I = 
61010

V2


 

and VD = V1 -V2 

 

Note to get a measurable 

voltage for the germanium 

diode place a 10kΩ in parallel 

with V2. 

 

V2 

V1 
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When measuring the resistor being used in the circuit it was found that when the multimeter was put 

across the fuse it measures 1018 Ohms. This being above what the stated resistance of the resistor is 

still within the +/- 10% tolerance was okay to use within the circuit. 

 

 

Forward Bias Germanium: 

 

Voltage Increase (V) Current (mA) 

0 0 

0.1 0.018 

0.2 0.165 

0.3 0.567 

0.4 1.165 

0.5 1.902 

0.6 3.01 

0.7 3.66 

0.8 4.74 

0.9 5.87 

1.0 7.10 

 

 

The following is a graph displaying the progression in Voltage as the Current increases. This 

increase can be seen to progress slightly steeper as the current is increased. This indicates that the 

voltage and current aren’t directly proportional to one another as towards the beginning of the graph 

when there is an increase in the current of around 3mA, the voltage increases to around 0.5V. 

However, the upper half of the graph sees that as the current goes from 3mA to 7mA the voltage 

increases by 0.5V. This shows that the further the graph continues the steeper the line will get. 

 

 

 
 

It can be calculated that the resistance of the Silicon Diode at 0.7Vp-p is: 

 
0.7

3.8 × 10−3
= 184.21 𝑂ℎ𝑚𝑠 
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Reversed Bias Germanium: 

 

 

Voltage V1 (V) Voltage V2 (mV) Diode Voltage (V) Current (µA) 

0 0 0 0 

-1.5 33 -1.467 -3.3 

-3 52 -2.948 -5.2 

-4.5 70 -4.430 -7.0 

-6 97 -5.903 -9.7 

-7.5 132 -7.368 -13.2 

-9 178 -8.822 -17.8 

-10.5 231 -10.269 -23.1 

-12 291 -11.709 -29.1 

-13.5 358 -13.142 -35.8 

-15 426 -14.574 -42.6 

 

 

 

The following is a graph displaying the reverse input current and how the voltage measured 

corresponds with it. As can be seen, much like the forward bias of the germanium diode, the reverse 

conditions are similar. Where the beginning is a slow increase. However, when the graph progresses 

the curve becomes steeper. 
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Forward Bias Silicon: 

 

 

Voltage Increase (V) Current (mA) 

0 0 

0.1 0.00004 

0.2 0.00025 

0.3 0.00177 

0.4 0.01287 

0.5 0.10000 

0.6 0.78100 

0.7 6.06000 

0.8 32.7000 

 

 

When comparing the difference between the forward bias between the germanium and silicon 

diodes the silicon diodes progression to is seen to be much slower. The current does not increase at 

all until the voltage reaches between 0.5 and 0.6 Volts. When in comparison the germanium diodes 

current starts to increase at around 0.1 Volts. 

However, the current increase of the silicon diode is much larger than the germanium diode. The 

graph being a lot of steeper as well. At around 8.0 Volts the silicon diode is measuring around 

33mA, but the germanium diode it is only measuring around 4.8mA at 0.8 Volts in comparison. 

It can be determined that although the germanium diode allows for an almost instantaneous increase 

of current when voltage is applied, but it is only allowing for a small amount of current. When 

compared to the silicon diode, it takes a lot longer for the increase in current to begin, however 

when it does this increase is much larger that the germanium diode. 

 

 

 
 

It can be calculated that the resistance of the Silicon Diode at 0.7Vp-p is: 

 
0.7

5.5 × 10−3
= 127.27 𝑂ℎ𝑚𝑠 
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Reverse Bias Silicon: 

 

 

Voltage V1 (V) Voltage V2 (mV) Diode Voltage (V) Current (mA) 

0 0 0 0 

-1.5 77 -1.423 -7.7 

-3 89 -2.911 -8.9 

-4.5 90.5 -4.4095 -9.05 

-6 95 -5.905 -9.5 

-7.5 99 -7.401 -9.9 

-9 101.2 -8.8988 -10.12 

-10.5 104.8 -10.3952 -10.48 

-12 107.9 -11.8921 -10.79 

-13.5 109.8 -13.3902 -10.98 

-15 110.1 -14.8899 -11.01 

 

 

When comparing the graphs between the reverse bias of the germanium and silicon diodes there is 

quite an obvious difference again. However, unlike the germanium reverse bias where the curve 

decreases at a gradual rate the silicon diodes reverse bias is seen to quickly decrease a lot and then 

slowly taper off. When looking at this compared to its forward bias it is seen to be the opposite 

where the start decreases rapidly and then begins to taper off, where the forward bias does not really 

increase that much until it eventually starts to rapidly increase.  
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Task 2 – Voltage Regulator Design       

The circuit below is a full-wave bridge rectifier. 

 

 
 

a) Using Multisim obtain the waveform across the load resistor and explain the operation the 

circuit. 

 

Using Multisim, the following circuit was created. The peak voltage which was measured was 

15.598V. However, the recorded voltage was 9.561V. This is because to find the mean voltage 

the measured value must be times by the RMS (which has a value of 0.7071), then minus 1.4 to 

compensate for loss of voltage through the diodes. 

 

The following equation is below: 

 

𝑅𝑒𝑐𝑜𝑟𝑑𝑒𝑑 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 = (15.598 × 0.7071) − 1.4 = 9.629 

As seen the value that has been calculated is very similar to the value which the multimeter has 

displayed 

 

9.629 − 9.561 = 0.068 – This indicates that there is an error of 0.068, which is within 

tolerance. 

 

The multimeter is displaying 9.561, this indicates that the circuit is losing 6.037V indicating that 

the circuit is not very efficient in that regard. 

Furthermore, when split between the positive and negative cycles, each cycle is reading 4.7805V 

DC. 

 

 
 

 

 

 

 

 

12Vrms 

50Hz 

1kΩ 

Diodes: 1N4001 



Page 8 of 28 
 

Included below are some screenshots of the multisim circuit with the resistor and capacitor in 

place, as well as the multimeter and oscilloscope readings. 
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b) Explain how a capacitor can be used to smooth the output to produce a DC voltage, use 

Multisim to aid your explanation. 

 

The capacitor in this context smoothens out the output voltage by periodically storing and 

releasing energy, this creates the ripple effect in the image below. The capacitor discharges as 

the voltage begins to drop bringing it back up to its required output level. If this capacitor was 

not in place, then the wave form would look like the image in part a) which was taken from the 

oscilloscope reading. The ripple effect of this wave form is reduced to create the DC voltage 

output. 
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c) Design a series voltage regulator using a BZX84c5V1 and test its performance using Multisim. 

 

Below is the data sheet for BZX84C and its various types. 

 

 
 

https://www.farnell.com/datasheets/2864008.pdf 

 

 
 

 

https://www.farnell.com/datasheets/2864008.pdf
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Image displays currents for IR, IZ and IL 

 

 
 

 

Testing the regulator – measure the load voltage = 5.1V-5.3V, measure the voltage across R1(series 

resistor), measure current IR, IZ (should be between 5mA and 58.82mA) and IL (output current), Determine 

power for R1, P = IR x VR (P = 14.2mA x 14.5V = 0.202W) – might need to use a slightly higher wattage 

resistor if circuit is built as the output wattage from the supply might be too high for the current resistor to 

handle. 

 

 

Image displays Voltages across VR, VZ and VL  
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Task 3 - Transistor Amplifier Design and Performance Measurement  

The aim of this task is to construct a transistor amplifier configured in common emitter (CE) mode, 

to measure its performance, and to compare measured results against theoretical performance. 

 

Experimental Procedure  

a) Design a common emitter amplifier using a suitable transistor that has a hfe value between 50 

to 600 (value to be checked using datasheets and multimeter). A suitable voltage supply is to 

be selected, the decoupling capacitor will be 100F and coupling capacitors will be 10F. 

Transistor – NPN transistor (2N2222A). 

2N2222A used in practical has Hfe reading of 202. 

Has a Continuous Collector Current of (Ic = 800mA) 

 

Iq = Ic these should equal between 2 and 10mA. 

Vcc should be between 9V and 15V. 

 

 

Vcc = 12V 

Ic = 8mA 

 

RC =  
12

2 × (8 × 10−3)
 

 

Rc = 750Ω (820Ω Resistor) 

 

 

𝑉𝐸should be around 10-15% of Vcc 

 

13% of Vcc: 

 

 𝑉𝐸 = 12 × 0.13 = 1.56V 

 

Assume 𝐼𝐸 = 𝐼𝐶  

 

𝐼𝐸 = 8mA 

 

𝑅𝐸 =
1.56

8 × 10−3
= 195Ω (180Ω Resistor) 

 

 

ℎ𝑓𝑒 = 202 

 

𝐼𝐵 =
𝐼𝐶

ℎ𝑓𝑒
=

8 × 10−3

202
= 9.669 × 10−6(9.669µ𝐴) 

 

 

𝑉𝐵 = 𝑉𝐸 + 0.7 

 



Page 13 of 28 
 

𝑉𝐵 = 1.56 + 0.7 = 2.26𝑉 

 

 

 

DC Bias for R1 and R2: 

 

𝐼𝐵 × 10 = 9.669 × 10−6 × 10 =  96.69 × 10−6 

 

 

𝑅2 =  
𝑉𝐵

10 × 𝐼𝐵
 

 

𝑅2 =
2.26

10 × (9.669 × 10−6)
= 23.37𝑘Ω (22kΩ Resistor) 

 

 

R1 =  
VCC  −  VB

11 × IB
 

 

𝑅1 =  
12 − 2.26

11 × (9.669 × 10−6)
= 91.58𝑘Ω (100kΩ Resistor) 

 

 

b) Build the circuit and produce a record of test results under dc and ac conditions. 

 

The following is covered in part c) below. 

 

c) Use Multisim to simulate the test performed in part b. and compare the results 

 

DC Input: 
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 Multisim Test 

Reading 

Calculated 

Number 

Practical 

Results 

𝑽𝑪 7.36V 6V 5.88V 

𝑽𝑬 1.02V 1.56V 1.46V 

𝑽𝑩 1.70V 2.26V 1.97V 

𝑽𝑩𝑬 673mV 700mV 722mV 

𝑰𝑪 5.66mA 8mA 7.43mA 

 

 

AC Input: 

 

 
 

Screenshot from the oscilloscope readings: 
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Peak to Peak value produced from the function generator = 40mVp 

 

Gain = 
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
=

6.16

0.04
=154 

 

Measuring the bandwidth is determining the gain over a range of frequencies 

 

Gain (dB) = 20 × log (
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
) = 43.75𝑑𝐵 

 

 

Bandwidth= 𝑓2 − 𝑓1 

 

Max Gain of 44.21dB 

 
1

2
 Power point = 44.21 – 3 = 41.21dB 

 

𝑓2 = 56.323𝑀𝐻𝑧 

 

𝑓1 = 333.647𝐻𝑧 

 

B/W = (56.323 × 106) − 333.647 = 56.32𝑀𝐻𝑧 

 

 

AC Input Practical Results: 

 

Frequency 

(Hz) 

Output 

Voltage (V) 

Gain Gain (dB) 

100 2.12 70.667 36.98 

200 2.79 93.000 39.37 

300 3.21 107.000 40.59 

500 3.69 123.000 41.80 

1000 4.43 147.667 43.39 

5000 5.13 171.000 44.66 

10000 5.62 187.333 45.45 

25000 5.41 180.333 45.12 

50000 5.35 178.333 45.02 

75000 5.26 175.333 44.88 

150000 4.98 166.000 44.40 

300000 4.78 159.333 44.05 

500000 4.43 147.667 43.39 

750000 3.11 103.667 40.31 

1000000 2.88 96.000 39.65 

2000000 1.42 47.333 33.50 

4000000 0.79 26.333 28.41 

5000000 0.62 20.667 26.31 
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d) Analyse the performance of the circuit, commenting upon any variations in the results and the 

overall performance of the amplifier. 

 

Under DC conditions the circuit performed as expected, where there were only slight 

variations between the multisim results and the actual practical results. 

 

As seen from the results, when under AC voltage, the circuits gain slowly increases until at 

around 1kHz the gain (dB) begins to level off. This level stays constant until around 500kHz, 

when the gain begins to fall off quite rapidly. This trend can be seen by looking at the graph 

below: 

 

 
 

 

 

 

          Task 4 – Inverting Operational Amplifier 

 

a) Describe the configuration of Op-amp as an inverting amplifier and explain the importance of 

negative feedback in the configuration. 

 

‘Op-amp’ stands for Operational Amplifier. An op-amp contains an internal circuit that which 

is used to amplify weak electric signals. 

The typical format of an op-amp consists of two input pins and one output pin; its function is to 

amplify and output the voltage difference between the two input pins which is usually a much 

weaker input voltage. 

 

An Op-amp tends to have three main characteristics which make it useful for things such as 

reducing electrical noise in circuits. They are typically paired with other components and can 

perform a large variety of other things. The following characteristics include: 

 

- High Input Impedance 

- Low Output Impedance 

- High Gain 
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b) Design an inverting amplifier to be used in a pre-amplifier in an audio system that will produce 

a gain of 18. Suitable operational amplifier and power supply must be selected, use a data sheet 

to confirm the suitability of the operational amplifier. 

 

Gain = 18 

 

Bandwidth = 20kHz (audio maximum frequency) 

LM741 has a gain bandwidth product (GBP) of 1MHz 

 

Bandwidth=
𝐺𝐵𝑃

𝐺𝑎𝑖𝑛
=

1×106

18
= 55. 5̇𝑘𝐻𝑧 

 

Gain =
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
= −

𝑅𝑓

𝑅𝑖𝑛
 

 

𝑅𝑖𝑛 = 4.7𝑘Ω 

 

𝑅𝑓 = 18 × 𝑅𝑖𝑛 = 18 × (4.7 × 103) = 84.6𝑘Ω 

𝑅𝑓 = 82𝑘Ω 

 

 

The following is a diagram showing the configuration of the Op-amp circuit. 
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The following are the data sheets which are for the Op-amp being used in the circuit above 

(LM741AH/822): 

 

 
 

 
 

LM741 Operational Amplifier datasheet (Rev. D) – Link to datasheet. 

 

c) Build the circuit and produce the record of test results for analysis of DC and AC amplification 

in relation to the developed circuit. 

 

DC Input: 

 

Input (V) Output (V) Gain 

0.1 -1.60 -16.00 

0.2 -3.45 -17.25 

0.3 -5.22 -17.40 

0.4 -7.03 -17.58 

0.5 -8.78 -17.56 

0.6 -9.54 -15.90 

0.7 -9.56 -13.66 

0.8 -9.57 -11.96 

0.9 -9.57 -10.63 

1.0 -9.57 -9.57 

 

 

 

 

https://www.ti.com/lit/ds/symlink/lm741.pdf?HQS=dis-mous-null-mousermode-dsf-pf-null-wwe&ts=1671095695548&ref_url=https%253A%252F%252Fwww.mouser.se%252F
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AC Input: 

 

Input (V) Output (V) Gain 

0.15 2.52 16.80 

0.30 5.04 16.80 

0.45 7.44 16.53 

0.60 10.20 17.00 

0.75 12.65 16.87 

0.90 15.35 17.06 

1.05 18.39 17.51 

1.20 20.48 17.07 

1.35 21.20 15.70 

1.50 21.20 14.13 

 

 

 

 

d) Produce the frequency response curve for AC amplification. Also analyse the effect of slew rate 

and input signal frequency on signal distortion and AC amplification. 

 

𝑉𝑖𝑛 stays constant (0.5Vp-p) 

 

Frequency (Hz) Voltage Out (V) Gain (dB) 

100 8.40 24.51 

500 8.40 24.51 

1000 8.40 24.51 

5000 8.32 24.42 

7500 8.24 24.34 

10000 8.16 24.25 

15000 7.92 24.00 

20000 7.52 23.55 

30000 6.56 22.36 

40000 5.54 20.89 

50000 4.66 19.39 

75000 3.22 16.18 

100000 2.45 13.80 

125000 1.99 12.00 

150000 1.67 10.47 

200000 1.27 8.10 

250000 1.05 6.44 

300000 0.88 4.91 
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Bandwidth = 33.5kHz > 20kHz, within design specification of op-amp. 

 

Slew rate = 17.20µs 

 

Slew rate can be described as the maximum rate which an amplifier can respond to a sudden change 

in input. With regards to this frequency response graph, there isn’t much response at all until the 

frequency around 10kHz. However, once it reaches this frequency, this is when the amplifier 

responds and begins to decrease in gain (dB). Therefore, it can be determined that for this op-amp it 

takes around 10kHz in frequency to prompt a change in the gain. 
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