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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 OV 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

1kQ

Reverse Bias

In the reverse direction the leakage
current is very small which can be
determined using the resistance of
the multimeter (10MQ).

V2 where:

Vo

10x10°
and Vp=Vi1-V;

>

Note to get a measurable voltage for
the germanium diode place a 10kQ
in parallel with V.
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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 Vp =
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.
Showld not mclusle e, w,};mwt
What is a diode? brief ws pord of Ut rilc Up.

A diode is a semiconductive device that acts as a one-way switch to allow current flow. The current is allowed to

flow freely in one direction; however, it severely stops current from flowing in the opposite direction.

“The PN junction diode consists of a p-region and n-region separated by a depletion region where charge is stored.

The behaviour of the PN junction with regards to the potential barrier’s width produces an asymmetrical /

conducting two terminal devices, better known as the PN Junction Diode.” (Tutorials, 2018)

In the reverse bias condition, the positive voltage is applied to the N type material and a negative voltage is applied

to the P type material. At the N type material, the positive yage attracts electrons towards and away the positive

electrodes. And at the P type the opposite happens.

In the forward bias condition, the positive voltage is applied to the P type material and the negative voltage is given

to the N type material. When the external voltage is greater than the value of the potential barrier, for a silicon

diode 0.7 volts and for germanium 0.3 volts, then the potential barriers opposition will be overdone and current will

begin to flow. / Coundl herye h.qr//wdgd Some
A”’ﬁ"“*ﬁs .

Task 1 (Answers)

Using a DVM the two diodes being used to carry out the tests were measured and both give healthy readings.

The 1kQ resistor used in the forward bias circuit above was also measured, resistor reading = 997Q which is within
tolerance. /
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Task 1 Results

The tables and graphs below show the forward and reverse bias characteristics of both silicon and germanium

diodes. The supply voltage in the forward bias direction started at Ov and ranged up to 1v. In the reverse bias mode,

the voltage ranged from -1.5v to -15 as seen in the tables below.

Below is the table & graphs for the Silicon Diode:

Forward Bias

Forward Bias Silicon

0 0.1 0.2

Current (nA)

Voltage
creased) [ Current (mA) 35
0 0 30
0.1 0.00004 <
0.2 0.00025 § 20
0.3 0.00177 81
0.4 0.01287 S
0.5 0.1 .
0.6 0.781 0
0.7 6.06
0.8 32.7 /
Reverse Bias
Diode Voltage
vi{v) V2 (mV) (V) Current (nA)
[1] [1] 0 [1]
-1.5 77 -1.423 -1.7
-3 89 -2.911 -8.9
-4.5 90.5 -4.4095 -9.05
-6 a5 -5.905 -9.5
-1.5 99 -7.401 -9.9
-9 101.2 -8.8088 -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
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Below is the table & graphs for the Germanium Diode:

Forward Bias
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Voltage
(Increasy |Current (mA) Forward Bias Germanium
0 0 8
0.1 0.018 7
0.2 0.165 6
0.3 0.567 T
0.4 1.165 s
g 3
0.5 1.902 5
ol 2
0.6 .01 N
0.7 3.66 5
0.8 A4.71 1 0 0.2 04 06 038 1 112
Voltage Increase
0.9 L.87 —
1 7.1
Reverse Bias
Diode Voltage
V1 (V) V2 (mV) v) Current (pA) Reverse Bias Germanium
0 0 0.000 0
1.5 13 -1.467 3.3 -16000 -14000 -12.000 -10.000 -8.000 -6.000 -4.000
-3 52 -2.948 -5.2
-4.5 70 -4.430 -7 =
-6 97 -5.903 9.7 =
7.5 132 -7.368 13.2 8
-9 178 -8.822 17.8 S
-10.5 231 -10.269 -23.1
-12 201 -11.709 -20.1
-13.5 358 -13.142 -35.8 .
15 426 -14.574 2.6 Diode Voltage (V)

)
0000

-10
-15
-20
-25
-30
-35
-40

-45



Below are the calculations for the static and dynamic characteristics.

Forward Bias

At 0.7 silicon diode (static),

v
Rs=-=
ST

At 0.7 silicon diode (dynamic),

0.7

Forward Bias Silicon

x 1073 T
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35
30
25
<
& 20
g
§ 15
T
& mp
5
0
0 0.1 0.2 0.3 0.4 0.5 0.6
Voltage Increase
116.6Q /
Forward Bias Silicon
35
30
198
g
S
L]
S
g 15
Y0
5
-
0 0.1 0.2 0.3 0.4 05
Voltage Increase
=7.2Q /

L7

0.7

0.8

0.9

0.9



At 0.7v germanium diode (static),

Forward Bias Germanium

v O N ®

3.6aH

Current (mA
N w Y

[y

0.7

0 0.2 0.4 06 ° 08 1 1j2
Voltage Increase

Rs=§: 07 =194.4Q) /

3.6x1073

At 0.7v germanium diode (dynamic),

Forward Bias Germanium

8

7

6

! AI =

< 5 ’6.8m/\
S 4
~
<
g 3
3 > /

1k

; AV =0.785v [

O IR AT — — - — — — — —

0 0.2 0.4 0.6 0.8 1 1.2

Voltage Increase

Ro Av__ors _ 110,30 /

Al 68x1073

Comments on the forward bias results

At 0.7V in the forward bias volts for the static measurement it is seen that the germanium diode’s resistance is
approximately 70 ohms higher than the silicon diode. As seen above for the dynamic resistance the germanium
diodes resistance is just above 100 ohms larger compared to the silicon diode. The germanium diode is a more
efficient diode. As seen in the graphs above the germanium diode starts to conduct electricity at around 0.3 volts
and the silicon diode starts to conduct at around 0.7 volts. /
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Reverse Bias

At -9v Silicon Diode (Static),

Reverse Bias Silicon

— - — —— — e — — vq

O,,
-16 -14 -12 -10
<
Ly
~
S
5
Q
_________/ i 'J,'\A
-12
Diode Voltage (V)
Rs=%=——"=891MQ /
1 —-10.1x 10
At -9v Silicon Diode (Dynamic),
Reverse Bias Silicon
: : 0
-16 -14 42 -10 -8 -6 -4 -2 )

Current (nA

1
=
<

e NN W .,
Diode Voltage (V)

Ro J}TV: 12— 3000MQ /

4x107°
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At -9v Germanium Diode (Static)

Reverse Bias Germanium

Z9

-16.000 -14.000 -12.000 -10.000

A

______ i i7-S-AA

Current

Diode Voltage (V)

Re=L=—2 _=51420k0Q /
I 17.5 x 10

At -9 Germanium Diode (Dynamic),

Reverse Bias Germanium

| ety s e A MR e — — —— e— - '0~

i
-16.000 -14.000 -12.000 -10.000 -8.000 -6.000
! AV = — HV

A

Current

Diode Voltage (V)

Ro Av_ 1 _e9x0 /

AI =42x10—6

Comments on the negative bias results

Both diodes show very high resistance, the silicon diode 1000x higher compared to the germanium. The silicon

diode will allow Iessyrent to flow in the reverse direction causing the germanium diode to have more current
leakage.
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Task 2 — Voltage Regulator Design

The circuit below is a full-wave bridge rectifier.

12Vrms Diodes: 1N4001
50Hz

h— 1kQ

The circuit above shows the construction of a full wave bridge rectifier.
a) Using Multisim obtain the waveform across the load resistor and explain the operation the circuit.
b) Explain how a capacitor can be used to smooth the output to produce a DC voltage, use Multisim to aid your
explanation.

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

Task 2 (Answers)

a) What is a full wave bridge rectifier and its operation? ‘This type of single-phase rectifier uses four

2

individual rectifying diodes connected in a closed loop “bridge” configuration to produce the desired output.
(Tutorials, 2022) The four diodes are usually named D1 to D4, only two diodes conduct current each half cycle.
There is a positive half cycle and a negative half cycle in the full wave bridge rectifier circuit. /

Positive cycle

Figure 1 - (Tutorials, 2022)
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Negative cycle

Load

Figure 2 - (Tutorials, 2022)
In the two images above, it shows the two different cycles of the full wave bridge rectifier process. In the positive

cycle D1 and D2 conduct in series, although D3 and D4 are not in use in this cycle. On the other hand, during the
negative cycle D3 and D4 conduct current in series but diodes D1 and D2 are not used. /

[ 1N4001G

S b2l RS S S B

d

AN

~e | [=]
+ _ /
SDE
£ >
Time Channel_A Channel_B
E A 153325 8.385V Reverse
* || 153456 15.553Y

5 Save
T2T1 12,879 ms 6.687V Ext. trigger

Timebaze Chaningl A Channel B Trigger /
Scale: |—1D ms/Div Scale: |—|1D V/Div |: Scale: | 5 V/Div Edge: S El B ||Ext
¥ pos. (Div): | 0 ¥ pos. (Div): | 0 Y pos.(Div): |0 Level: _
[/7][add] [6/a|[am ]| [ac] o

ac|[ o |[oc] -

Single | Mormal || Auto

The peak voltage recorded on the oscilloscope was 15.553V
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The supply voltage x RMS (0.7071) = 12 x 2 = 16.97V /

Finally, 1.4V must be subtracted from the 15.57 because the current flows through 2 diodes during a half cycle.
=16.97 -1.4=15.57V -

The circuit is very insufficient as it loses almost 6 volts per cycle.

This can be calculated by:

The peak voltage — The multimeter value = 15.553 — 9.561 = 5.992V. /

b) The following quote is from the John Bird Electrical Circuit Theory and Technology book. ‘A capacitor is an
electrical device that is used to store electrical energy. Capacitors are used to smooth rectified ac outputs.’
(Bird, 2007) The smoothing of the DC voltage works because the capacitor charges up at the point when the
voltage from the rectifier rises above the capacitor and then when the rectifier voltage drops. This then
provides the circuit with enough current from the capacitors stored charge. /

50uf Capacitor added to the circuit
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14517V

T T T T ] al[v] el
~ | [—]

Set... -

£ >
Time Channel_A Channel_B
g bl EEPY O 13.378V
Pl 249755 15,462V

] Save
T2-T1 -8.333 ms 2,084V Extalringer
Timebaze Channel A Channel B Trigger
scale: |—5meDi\" Scale: |—1U V/Div Scale: |5 V/Div Bdge: [£][% El B |Ext

¢ pos.(Div): |0 ¥ pos. (Div): | 0 ¥ pos.(Div): |0 Level:
[1]add|[B/a ] [am]| [Ac] 0 ac|[ o - Single | |Normal || Auto

»F
The circuit above shows a full wave bridge rectifier circuit with a 50uf storing capacitor included. As seen on the

oscilloscope the waveform has become smoother. The capacitor also helps the circuit store charge, the voltmeter is
reading 14.517V with a 50uf capacitor compared to 9.561V without a capacitor in the circuit. This makes the circuit

more efficient as it’s only losing roughly 0.8 volts per cycle.

100uf Capacitor added to the circuit

= TODJIE .
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15V
< >
Time Channel_A Channel_B
B €2 306435 14,410 V Reverse A o dB
# *|| 296355 15.543 ¥
T2-T1 -3.523 ms 1,133V Save Ext. trigger
' LA,
Timebase Channel A Channel B Trigger El
Scale: |_1D ms/Div Scale: ||1U V/Div | + Scale: | 5 V/Div Edge: T El B ||Ext +
X pos. (Div): | 0 Y pos. (Div): | 0 ¥ pos.(Div): |0 Level: _ Set... -

[vr](add | B/a|[am | [ac] o ac o B Single | [Normal || Auto [None |

7

The circuit above shows a full wave bridge rectifier circuit with a 100uf storing capacitor included. Comparing the
oscilloscope waveform and voltmeter to the two previous circuits it is obvious that when there is an increase in
capacitor rating the circuit will not waste as much per cycle and the waveform becomes more smoother due to the

capacitor being able to store more charge depending on power rating. /

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

- FRAN4081G -
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2.296 V

AQ.:IB
~ | [—]

+ Set... - /

Testing the regulator

The maximum power dissipated = 300mw /

The load voltage can be seen on the Multimeter above, 5.296V /

Measure the voltage across R (Series Resistor).

VR = The voltage from the 50uf capacitor circuit above — the voltage regulator circuit above.
IRMin=12Min+l.=5+5.1=10.1mA

IR Max = 12 Max + I, =58.82 + 5.1 = 63.92mA /

R Min = Ve / Iz (Max) = 9.4 x (63.92 x 1073) = 147.06Q

R Max = Vg / Iz (Min) = 9.4 x (10.1 x 103) = 930.7Q /

Measure Current - IR, 1Z, and IL. (All currents measured on Multisim using the probes available)
IR =16.2mA /7

1Z=109mA  /

IL=53mA 4
Appendix 1 states that 1Z should be between 5ma to 58.82ma. The 1Z value above meets the requirements of the Zener
Diode.

Determine power for R, P = IR x VR (Voltage taken from 50uf capacitor circuit)

P =16.2 x 10(-3) x 14.5 = 0.2349w, due to this being such a small value it may need a bigger resistor to avoid burning

out. 7 Goedl..

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 hr 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 100uF and coupling capacitors will be 10uF.
b) Build the circuit and produce a record of test results under dc and ac conditions.
c¢) Use Multisim to simulate the test performed in part b. and compare the results
d) Analyse the performance of the circuit, commenting upon any variations in the results and the overall

performance of the amplifier.
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Task 3 (Answers)
a) Below are the calculated results for the BC108 Transistor:
Transistor — BC108. /
VCC = 12V
Multimeter — HFE = 207
Quiescent collector current 1Q = 2A = 200mA /
IC =6mA

_vee . vcc _
RC_2x1c T 2x6x1073 = 12kQ) /

Ve should be about 10% to 15% of VCC. Chosen Ve value is 12%.
VE=12x0.12 = 1.44V /

so g = X9 - 9899 x 10° /
207

The base voltage should be about 0.7V (Vge) higher than Ve to ensure that the input signal is biased on the linear
part of the transi;tor input characteristic.
VB =Ve+Vee=1.44+0.7=2.14V /

The value of R2 will be the base voltage VB divided by the bias network current through R1 and R2.
/

R, = Ve —/ 214 = 7.38kQ (Closest resistor value is 6.8kQ)

10xIg 10 x 28.99 x 10~6

The value of this resistor will be the difference between Vcc and Vg divided by the bias network current through
R, and Ro.

= 30.91KQ (Closest resistor value is 33kQ) /

R, = Vee— Ve _ 12-2.14
17 11xlg ~ 11x28.99x10-6
\\/B “ done .

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

The table below shows compares the voltmeter reading, calculated results and practical results under DC

conditions. ’7%/551.7’)7
Voltmeter Reading Calculated Result Practical results
Ve 5.16V 6V 5.54V
Ve 1.26V 1.44V 1.23Vv
Ve 1.95v 2.14V 1.91v
Vee 687mV 700mV 695mV
lc 57mA 6mA 5.48mA

AC Conditions Test Results
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The table below shows a range of frequencies that was determined using a function generator, the output voltage

was identified from the oscilloscope. The gain was calculated by using the following formula,

the gain (db.) was calculated using the following formula, 20 x log (gain)

Output Voltage

and
0.03

Frequency Output Voltage
(Hz) [AY2)] Gain Gain (db.)
100 1.96 65.33 36.30
200 3.12 104.00 40.34
300 3.84 128.00 42.14
500 4.56 152.00 43.64
1000 5.12 170.67 44.64
10000 5.28 176.00 4491
50000 5.2 173.33 44.78
80000 5.04 168.00 44,51
200000 4.88 162.67 44.23
500000 4.08 136.00 42.67
800000 3.2 106.67 40.56
1000000 2.8 93.33 39.40
2000000 1.36 45.33 33.13
3000000 0.88 29.33 29.35
4000000 0.6 20.00 26.02
5000000 0.44 14.67 23.33

/

Below shows the frequency response graph for the table of results in the previous page, the calculations for the

maximum gain and bandwidth are also below.

50.00
45.00
40.00
35.00
30.00
25.00
20.00
15.00
10.00

5.00

0.00

ol

@

n

Ga

Frequency Response

=

100 1000

10000

Frequency (Hz)
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Frequency Response

50.00

45.00

35.00

30.00

Gain {db)
5
o

20.00
15.00

10.00

1 10 100 1000 10000 100000 1000000 10000000
Frequency (Hz)

The max gain of the recorded results is 44.91dB = 45db

Half point power = max gain — 3db

Half point power = 45— 3 = 42db

Bandwidth = f2 — f1 = (5 x 10°) — 300 = 4.9997MHz / C\,,L
¢) Use Multisim to simulate the test performed in part b. and compare the results

DC Conditions (Multisim)

The screenshot below shows the circuit that was designed on Multisim for the BC108 common emitter amplifier. 5

voltmeter probes have been put across different parts of the amplifier legs.

I{dc): 5.70 mA

® PR5

+ V1 Vige): 518V
() 12v
- 1 ZRQ
Vide): 1.95V 33kﬂ

Cc2

5 PR‘l 4|i_

Cc1 | @ @ PR4 10pF
—} PR3 @é‘maap e

10pF
R3 O gt O PRZ
6.8k0

100 F
Vi(de): 837 mV %]220(1 T "
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AC Conditions (Multisim)

The AC condition circuit above shows the circuit that was designed on Multisim for the BC108 common emitter
amplifier with a function generator and an oscilloscope connected to the circuit. The oscilloscope will be able to

give a gain (db.) reading and a bandwidth measurement.
b 4

/

Waveforms
|
Signal options
< > Frequency: [5 [h-iz ]
Time Channel_A Channel_B Duty cyde: 50 %
E* sewms  1408my  -3.328V Reverse :
€| 35751ms  -14.985mV 2.783V Amplitude: | 15 mVp
T2-T1 | 102.273 us -29.913mV 6.111V Save Bxt. b Offset: 0 v
Timebase Channel A Channel B Trigger »
Scale: Scale: | 10 mV/Div Scale: | 2 V/Div Edge: [£]%][a]EExt Setrise/Fall time
Xpos.OM): [0 | Ypos.oi: [0 Y pos.Ov): [0 v [0 [v] ., P i
[¥/T](Add] [B/a|[aB] [Ac]| 0 |[oc] [ac] o |[oc][- Single || Normal | Auto [None |

. Vour _ 6111
Gain = VT = 00 = 203, /

~

Gain (db.) = 20 x log (127) = 20 x log (- —-o—)=46.18 /

Vin 30x1073
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Measuring Bandwidth

T Mode
z_‘_hh‘\"““ Horizontal Vertical

Leg Lim Leg Lim

Fl1 GHz | F| 100 dB

|1 mHz I|-200 dB

Controls
Reverse Save S

[#] 90.374kHz 45.435 dB + + In - +(®) Out (8) - l/

The max gain of the circuit is 46.435dB

Half point power = max gain — 3db

Half point power = 46.435 — 3 = 43.435db

Bandwidth = f2 — f1 = 61.243 x 10° — 294 = 61.2MHz

DC conditions (Comments) — Part b and ¢

o After analysing the three separate results under DC conditions I have noticed one main trend in the results,
the practical result is always further away from the calculated result compared to the voltmeter/current
readings from the Multisim circuit. This is because the resistors used on the breadboard have a tolerance of
+/- 5%. When measuring the voltage and current the tolerance will have a knock-on effect on the results

recorded. Also, the connection on the breadyard with the meter probes may not have a proper contact, this
will cause slight variation in results.

AC Conditions (Comments) — Part b and ¢

¢ The max gain of the practical circuit was 44.91db and the max gain of Multisim circuit was 46.435db. These
two results are very accurate. Whereas the bandwidth measurements had a massi\\7difference, the
Multisim result was 61.2MHz and the practical result was near enough 5SMHz.

d) Analyse the performance of the circuit, commenting upon any variations in the results and the overall
performance of the amplifier.
The overall performance of the circuit met all requirements for the BC108 Transistor as seen in appendix 1. | have
covered some of the variations in results above in part c. Another reason for slight variations in the results is down

to the resistor values chosen from the tray compared to the calculated results. Also, the temperature of the transistor
may have changed over time which will cause variations in Hfe.
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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.

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.

¢) Build the circuit and produce the record of test results for analysis of DC and AC amplification in relation to
the developed circuit.

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.

Task 4 (Answers)
a) Describe the configuration of Op-amp as an inverting amplifier and explain the importance of negative

feedback in the configuration.
Operational Amp (Inverting)
The image below is from the Electronics Tutorials webpage, it shows the construction of an Inverting Op Amp.

Wirtual earth
summing paint I Re

(o]
o

https://www.electronics-tutorials.ws/opamp/opamp 2.html

“The inverting operational amplifier is basically a constant or fixed-gain amplifier producing a negative output
voltage as its gain is always negative.’ (Tutorials, 2022)

The Op Amp gain can give very large readings, such as 1,000,000 and more.

IC — 741 Configuration

irp

I nput({-)L2
+vee
i’p : 7_\& / or——

Op-Amp IC 741 Symbol Op-Amp IC 741 Fin Diagram
https://how?2electronics.com/op-amp-ic-Im741-basics-characteristics-pins-
applications/#:~:text=0p%20Amp%201C%20741%20Pin%20Configuration,-
The%20symbol%20and&text=The%20diagram%20comprises%20eight%20pins,is%20inactive%20in%
20the%20circuit.

The screenshot above shows the IC 741 configuration, it is an 8-pin device.
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Pins 4 and 7 are the power supply pins, 4 is the negative supply and 7 is the positive supply. These pins have a
voltage range from 5v to 18v.

The following quote explains how Pin 2 and Pin 3 are used in the IC 741 configuration, ‘Pin 2 is considered as
inverting input and pin 3 is considered as non-inverting input. When the voltage at pin 2 is greater than the voltage
at pin 3, i.e., the voltage at inverting input is higher, then the output signal is low. Similarly, when the voltage at pin
3 is greater than the voltage at pin 2, i.e., the voltage at the non-inverting input is higher, then the output signal is
high.” (Subedi, 2022)

Pin 1 and pin 5 are used for offset voltage in op-amp IC 741. Due to this Op Amp, there is a higher voltage gain,
little variation of volts at the inverting and non-inverting inputs causes further disruptions to the output voltage. A
potentiometer can be used to overcome this issue.

Finally pin 6 is the output pin in the IC741 amplifier. If the voltage at pins 2 and 3 are high the voltage at pin 6 is
near to the positive supply voltage (pin 7).

Negative feedback importance

‘For an ideal op amp, the open-loop differential gain is assumed to approach infinity, and even a very tiny input
voltage results in a very large output voltage. In a negative feedback circuit, a fraction of the output is returned to
the inverting input terminal’. (Hambley, 2013) /

The importance of negative feedback is because it reduces the overall gain of the circuit, meaning the stability of
the circuit is better. Also the use of negative feeedback allows the gain to be more constant over a wide range of

frequncies and voltages. /

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.

Below is the design and calculations for part B above:
Bandwidth = 20KHz (Audio max frequency).
Select a LM741 Op Amp, gain bandwidth product (GBP) of 1MHz.

. GBP _ 1x10°
Bandwidth = — = ==
Gain 18

k
= 55.55KHz /

. |4 R
Gain = 2= — —E
Vin RN
Re = Gain x Rin

RF =18 x R|N /
R|N = 3.9kQ /
Re = 18 x (3.9 x 10%) = 702009Q (Closest resistor value = 68kQ) / & (
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Multisim Design for circuit

Rf -

.. B8Q.

101 Rin
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1

The screenshot above shows the design for the inverting amplifier, the resistor used for the inverting signal input is
3.7Q. Pin 3 is the non-inverting signal input which is connected to ground. Pin 6 is the amplified signal output pin.

The Rf resistor is put across the inverting signal and the output signal pins.

¢) 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
Red to pin 7
Blue to pin 4
Earth to pin 3

DC Input Output Gain
0.1 -2.08 -20.8
0.2 -4.25 21.25
0.3 -6.06 -20.2
0.4 -8.25 -20.625
0.5 -10.46 -20.92
0.6 10.75 | -17.916667
0.7 1075 | -15.357143
0.8 -10.75 ~13.4375
0.9 1075 | -11.944444
1 -10.75 1075]  /
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AC Input

Input Voltage | Output Gain
0.2 3.8 19.00
0.4 7.2 18.00
0.6 10 16.67
0.8 13.2 16.50
1 17.6 17.60
1.2 20.8 17.33
14 22.2 15.86 /
1.6 22.4 14.00

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.

Frequency (Hz) V (Out) Gain (db)
100 8.88 24.99
800 8.88 24.99
2000 8.8 2491
5000 8.72 24.83
10000 8.56 24.67
20000 7.52 23.54
30000 6.28 21.98
40000 5.04 20.07
50000 4.08 18.23
75000 2.92 15.33
100000 2.14 12.63
120000 1.8 11.13
150000 1.46 9.31
175000 1.26 8.03
200000 1.12 7.00
225000 0.968 5.74
250000 0.864 4.75 /
. V(OUT
Gainind.b =20 x log (ﬁ)
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Frequency Response Curve
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The Bandwidth of the curve above = 30,000Hz, this value meets the design specification. /
Slew rate is the rate of change on the 741 Op Amp, = 16.6us

CURSOR

Type
Time

Source

3 : } Delta
"ﬁ 16.60,us

1 60.24kHz

i -8.200us

Cursor 2

S
PP - FEFSE H v

Input signal Frequency on signal distortion
In Appendix 3 it can be seen that the 741 Op Amp has a slew rate rating of 0.5V/micro seconds, this is quite slow,
due to this being slow it will cause distortion. /

If the input frequency is too high the gain becomes smaller.
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Conclusion

Overall throughout the assignment the results that were gained in the practical element of each task shown the same
common reasons for differences in results. This was mainly down to tolerances with components used and human
error in measurements. In task 1 diodes were discussed and explained how the characteristics of the silicon and
germanium diodes are different. In task 2 Multisim was used to build a full wave bridge rectifier circuit as well as a
voltage regulator circuit, a capacitor was used to smooth the output, the higher capacitor value the smoother the
ripple. In task 3 | designed a common emitter amplifier that had a suitable Hfe value with other calculations
completed, the circuit was then built using Multisim under AC and DC conditions. Finally, for Task 3 | analysed
the overall performance of the circuit. To complete Task 4 | gave a brief description of the configuration of an Op
Amp as an inverting amplifier and how the importance of the negative feedback is needed, for part B calculations
were done to meet the specifications, then the circuit was built and tested on a breadboard under DC and AC

amplification, to finish Task 4 a frequency response curve was created for AC amplification.
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Appendix

Appendix 1 — (Vishay — BZX84C5V1 — Datasheet)

Type Marking Vz 27T @ IzT £ I @ 17K TcC IR i VR
BZXS84C .. v W mA W mA 20 " C mA v
@ IzT
2V7 EZC 2.5t0 2.0 100 3 a0 1.0 —0.083 2 1.0
EX EZD 2.8to 3.2 100 5 600 1.0 —0.060 10 1.0
V3 EZE 3.1to 3.5 a3 3 a0 1.0 —0.055 5.0 1.0
Ve EZF 3.4to 3.8 a3 5.0 a0 1.0 —0.055 5.0 1.0
Ve EZG 3.7to 4.1 a0 3 a0 1.0 —0.050 3.0 1.0
4V3 EZH 4.0to 4.6 a0 3 a0 1.0 —0.035 3.0 1.0
47 EZ1 4.4 t0 5.0 80 3 S0 1.0 —0.015 4.0 2.
V1 EZ2 4. 8t0 5.4 &0 5.0 420 1.0 +0.005 2. 2.
Appendix 2 — Farnell — BC108 — Datasheet)
BC107/BC108 Series 1S
. . muiticom
Low Power Bipolar Transistors P
Absolute Maximum Ratings
Description Symbol BC107 BC108 Unit
Collector-Emitter Voltage Veeo 45 25
Collector-Base Voltage Veeo 50 30 v
Emitter-Base Voltage Vero 6.0 5.0
Collector Current Continuous I 02 A
Power Dissipation at T, = 25°C 06
Derate above 25°C P 228 w
Power Dissipation at T = 25°C e 1.0 mWi'c
Derate above 25°C 6.67
Operating and Storage Junction Temperature Range T,, Tetg -65 to +200 °C
Thermal Resistance
Junction to Case ‘ Rin (j-c) ‘ 175 ‘ “CIW
Appendix 3 — National Semiconductors — 741 Op Amp — Datasheet)
Connection Diagrams
Dual-In-Line or 5.0. Package
Metal Can Package -
OFFSET MULL=—{1 ] s
NE
OFFSET HLLL. INVERTING INPUT =] 2 7=v*
INVERTING INPUT 6’} QUTPUT Non—mvtmﬁ— 3 & = ouTPuT
HOH=INVERTING INPUT (3) rr5|:1 KULL L b 5 [ OFFSET NULL
o DEOOIZH-3

DEO341-2
Note 1: LM741H s avalable per JM38510/10101
Order Number LM741H, LMT41H/883 (Note 1),
LM741AH/883 or LMT41CH
See NS Package Number HO8C

Order Number LM741J, LM7T41J/883, LMT41CN
See NS Package Number JOSA, MOBA or NOBE

Ceramic Flatpak

NC l_l L] |c_| NC
+OFFSET MULL |:: ::| NE
—INPU'=‘ LM7a1W ::““
+iMpuT — 1 QuTRUT
V- I:h E:I ~OFFSET MULL
DE0ME41-6
Order Number LMT41W/883

Sea NS5 Package Number W10A
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Electrical Characteristics jnote 5) (Continued)

Parameter Conditions LM741A LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Large Signal Voltage Gain T,=25C, R =2k
Vg = 220V, Vg = £15V 50 Vimy/
Vg = 215V, Vg = 210V 50 | 200 20 | 200 Vimv
Tanim = Ta = Tasanses
R z2 k0,
Vg = £20V, Vp = 215V 32 Vimv
Wg = 215V, Vg = 210V 25 15 Vimv
Vg = 25V, Vg = 22V 10 Vimv
Qutput Voltage Swing Vg = 220V
Ry =10 k2 16 v
R, =2 k2 +15 v
Vg = 215V
R, =10 k2 +12 | £14 +14 v
R, =2 ki +10 | £13 + *+13 v
Output Short Circuit T,=25C 10 25 35 25 25 mA
Current Tanm < Ta < Tanax 10 40 mA
Common-Mode Tawimn = Ta = Topaaw
Rejection Ratio Rs =10 k2, Ve = £12V 70 | 80 70 | 90 dB
Rs < 506, Vep, = 12V 80 | o5 dB
Supply Voltage Rejection Tammi = Ta = Tapaase
Ratio Ve = 220V to Vg = £5V
R = 500 86 96 dB
R = 10 ki2 77 | 96 77 | 96 dB
Transient Response T, = 25°C, Unity Gain
Rise Time 025 0.8 0.3 0.3 Hs
Overshoot 6.0 20 5 5 %
Bandwidth (Note &) Ta =25°C 0437 | 15 MHz
Slew Rate T, = 25°C, Unity Gain 03 | 07 0.5 0.5 Vius
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Report Guidance
Your write up should be produced as an engineering report containing the following:

Front Page

Summary

Table of Content

Introduction & Theory

Experimental Apparatus and Procedure

Results and Discussion

Conclusions - conclude what was discussed in the Results and Discussion section. Think of the

conclusion as a short restatement of important points being presented in the report. The
conclusion should also make links to the theory discussed earlier in the report.

References - any direct quotes or images taken from a source material must be referenced using
the Harvard System in the main body of the report but they should also be listed in a reference
section at the end of the report.

Bibliography - a list of the books or other sources of information that you consulted when writing
the report.
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