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Introduction:

In this assignment the student must explain and understand what a
semi-conductor material is and layout of how it is, the student must also understand
what the uses are for semi-conductors. In Task 1 the student will investigate the
characteristics of germanium and silicon diodes, they will have to produce graphs
showing the characteristics of each diode and compare the results. In Task 2 the
student is to construct a transistor amplifier configured in CE mode, to measure its

performance, and to compare measured results against theoretical performance.
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Information on Semi-Conductors:

A semi-conductor is a device which has the ability to allow current to flow
through one way and not the other, semi-conductive materials are made up of a
mixture of materials, for example most semi conductive materials have impurities
added in which inhibits the flow of current in one direction. Materials which are good
conductors of electricity have a low amount of atoms in the outer shells of their
atoms, whereas semi-conductors have a slightly higher amount which is why they
have the ability to resist conducting electricity. Types of semi-conductive materials
consist of germanium, silicon and carbon as these materials have a slightly higher
amount of electrons in their outer shells to inhibit the conductivity. An example of a
semi-conductive device would be a diode, there are two main types of diodes, and
these being silicon and germanium, and the characteristics are different for both of
these diodes. A diode is a very useful device within electronics, they are used in a lot
of electronic circuits for a number of uses such as protection for another part of the

circuit to being used as a switching element. /

Another example of a semi-conductive device is a transistor, there are two types of
transistors, these being NPN and PNP, NPN type transistors have a leg arrangement
of NPN standing for Negative, Positive, Negative, PNP type transistors have a leg
arrangement of PNP, Positive, Negative, Positive. A transistor has 3 legs, one leg
will be called the emitter, another leg will be called the base, and the final leg will be
called the collector, these legs vary in where they are on each transistor, always
checked the data sheet for the type of transistor used as the data sheet will always
contain information on the leg arrange of the transistor. Transistors are commonly
used as switches in electronic circuits as they are capable of switching many times

within in a short space of time //



Task 1:

A) Check two diodes using a DVM:

The two diodes were checked using a DVM, this was done by putting the volt
meter into its diode setting, this allows the meter to show which direction the
diode is passing current, this allows the diodes to be checked as if there passing
current both ways this means the diode is faulty. This was done with both diodes,
the silicon diode, and finally the Germainium diode.

B) Measure the resistor:

The 1KQ resistor was also checked using a DVM, the volt meter was put into
the Ohm setting which allows the Ohms to be checked on the resistor, the
resistor checked was within tolerance of 1KQ as it was 1.098KQ which is very

close to the value needed.



Task 1:
C:
The following graphs are the graphs for both the silicon and germanium

diodes, in both the forward and reverse direction.
Silicon diode tables:

Silicon Diode (Forward)

VOLTAGE CURRENT (mA)
0 0
0.1 0.00004
0.2 0.00021
0.3 0.00144
0.4 0.01075
05 0.086 .
0.6 0.691

0.7 5.1
0.8 33.1 /

Figure 1, the table for the silicon diode in the forward bias

Silicon Diode (Reverse)

Voltage (V1) Voltage (mV2) Diode Voltage Current (nA)

0 0 0 0
-15 -58.4 -1.4416 -5.84
-3 -65.1 -2.9349 -6.51
-4.5 -71.8 -4.4282 -7.18
-6 -78.1 -5.9219 -7.81
-7.5 -79.3 -7.4207 -7.93
-9 -84.2 -8.9158 -8.42
-10.5 -85.2 -10.4148 -8.52
-12 -85.2 -11.9148 -8.52
-13.5 -87.1 -13.4129 -8.71
-15 -88.5 -14.9115 -8.85

Figure 2, the table for the silicon diode in the reverse bias
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Figure 3 illustrates the graph for the silicon diode in its forward bias.
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Figure 4 illustrates the graph for the silicon diode in its reverse bias.



Germainium Diode Table:

Germainium Diode (Forward)
CURRENT (mA)

VOLTAGE

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

0
0.014
0.166
0.596
1.236

2.01
2.91
3.89
4.94
6.07
7.24

Figure 5, the table for the Germainium diode in the forward bias

Germainium Diode (Reverse)

Voltage (V1) Voltage (V2)

0 0
-1.5 -0.018
-3 -0.026
-4.5 -0.04
-6 -0.071
-7.5 -0.118
-9 -0.179
-10.5 -0.251
-12 -0.332
-13.5 -0.419

Diode Voltage
0
-1.482
-2.974
-4.46
-5.929
-7.382
-8.821
-10.249
-11.668
-13.081

Current(pA)

0
-1.8
-2.6

-4
-7.1
-11.8
-17.9
-25.1
-33.2
-41.9

Figure 6, the table for the Germainium diode in the reverse bias
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Figure 7, illustrates the graph for the Germainium diode in the forward bias
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Static and Dynamic Resistance:

Static resistance and dynamic for silicon diode in the forward direction

Static resistance = V/I

Silicon Diode (forward):
Rs=V1=07/51=137Q /

Germainium Diode (Forward):

Rs =V/I1 =0.7/3.89 = 179Q

Dynamic resistance = RD = AV/Al

Silicon Diode (Forward):

RD = Ax0. 25/Ax28x103 = 8.92Q /
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Static Resistance =V/I

Silicon Diode (Reverse):

Rs = V/I =-9/-8.42 = 1.07Q x Aon. ol wnligledd

Germainium Diode (Reverse): the Mfww velieo
Rs = V/l =-9/-17.9 = 502mQ x for T curnents,
il

Dynamic resistance = Rp = AV/Al

Silicon Diode (Reverse):

RD = AV/AI = 14/2.2x10° = 6.36GQ /
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Germainium Diode (Reverse):

RD = AV/Al = 11/55x106 = 200KQ /
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Comparing Results:

The difference in the forward bias for both diodes represents the point at
where they start conducting, as the graphs show, the silicon diode starts conduction
a lot later compared to the Germainium, the silicon starts conduction around 0.6/0.7,
whereas the Germainium starts around 0.2, this allows for both diodes to have
slightly different uses, for a more accurate uses with slightly smaller amperages a
Germainium Diode can be used, for uses which don't have be as accurate, a silicon

diode can be used, /

The difference in the forwards bias for both diodes show at which they both
reach the breakdown limit and allow current to pass through. As the graphs show,
the silicon diode has a higher resistance than that of the Germainium diode, this also
means it has less leakage, it is capable of hold back more current before reaching its
breakdown limit and allowing current to pass through, the Germainium diode has a
resistance of 200KQ which is a lot lower compared to the 6.36GQ2 of the silicon
diode. This means has a lower breakdown limit compared to the silicon diode, it also

has more of a leakage current compared to the silicon.

Y,
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Task 2:

Task 2 - Transistor Amplifier Design and Performance Measurement
To construct a transistor amplifier configured in 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 hse
value between 100 to 500 (value to be checked using datasheets and
multimeter). The circuit will have a 10V supply, the decoupling capacitor will
be 100uF and coupling capacitors will be 10pF.

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

¢.  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.

YA an poot lenax

A) Designing a common emitter amplifier:

In order to design a common emitter amplifier there must be known values

which are used to find other components so,

1. VCC=10V r

2. Measure HFE =280 (BC 184)

3. Letic=1mA

4. Rc= VCC/2xIC = 10/2x1x103=5000 = 5kQ2 = nearest value = 4.7kQ .~

5. Assume IE=IC, VE = 10% OF VCC =1V .~

6. SoRE=VE/E = 1V/1x103=1kQ -

7. IB= IC/HFE = 1x10°%/280 = 3.57uA 7~

8. VB=VE+VBE = 1V+0.7V =17V

9. Assume I2is 10x frater than IB .
R2=VB/10xIB = 1.7/10x3.57x106 = 47.6kQ = nearest resistor = 47k

10. Determine R1
V1 = VCC-VB ~ |
R1=V1/11 = VCC-VB/ IB = 211.36KQ = Nearest resistor = 220k -

13
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Figure 9 is the circuit which was designed, using the measurements required,
parts of the circuit are left unconnected, this is so the circuit is ready for the
multimeter to be added so values can be measured while simulating the circuit

working. /

14



B) Build the circuit and measure and test DC and AC conditions

The Measurements taken for DC conditions were:
VRC=4.33V

Ve=5.59V

VE=0.97V

VBe=0.62V

VB=1.54V

lc= 0.94mA rd

These measurements were taken by using a multimeter to measure each component

needed and recorded each value.

The measurements taken for AC conditions were:
Output Voltage (Vout) = 5.78V

Voltage in (Vin) = 40mV

Gain = 5.78/0.04 = 144.5 /

The measurements were taken by adding a function generator into the circuit, then
by adding an oscilloscope to be able to see the waveforms produced by the circuit,

from these waveforms the values above were taken.

15



C) The circuit was built in multisim and then measured the values under DC

conditions first. The diagram below is the circuit produced to measure DC conditions,

the variables measured here were (Vrc, Vc. VE, VBE, VB), these values were measured

using the multimeter tool within the multisim software, these are labelled as XMM1-

- T 1 D

e B G e i
VRC (XMM1) =4.617V 607 | | e . i
Ve (XMM2) =5.383V e RE te=

VE (XMM3) =985.8mV
VBE (XMM4) =637.4mV

Ve (XMM5) =1.62V T el
/ Zana zito T | | TF
|
ives [ Tromie] | rin 3 s pegn® _ i i

Figure 10, is an illustration of the diagram once all the meters have

been added, it shows the simulated readings.

The results from the simulation compare very closely to those from the

calculations, the measured values are shown below:

VRc=4.33V
Vc=5.59V
VE=0.97V
VBe=0.62V
VB=1.54V

from the actual circuit, which shows that the design was correct and all

components were correct, however there are small discrepancies, these can either

be put down due to the calibration of the equipment used, it could have been slightly

out which would give slightly different readings, human error when rounding numbers

up or down, this could also give different values, also the settings within multisim

could have been changed slightly by another user of the software which also could

change the results slightly.
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The next test was to check the current running through the whole circuit, this
was done by connecting a multimeter to the supply leg of the circuit, and connecting
it the Rc resistor. The current which was measured on the actual circuit was 0.94mA,

so the current measured in the simulation running through the circuit is 0.98mA

.

which is very close to that which was measured on the actual circuit. //
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Figure 11 illustrates where the meter was added to measure the current of

the whole circuit, it shows the simulated value.
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The next test to conduct tests under AC conditions, the simulation circuit was
set up using the function generator in multisim, we then used the oscilloscope tool
within multisim to measure values, the values which were measured were output
voltage (Vout), Voltage in (Vin) and the gain which is Vout/Vin. The values measured

on the simulation were:
Output Voltage (Vout) = 8.120V
Voltage in (Vin) = 40mV p
Gain = 8.120/0.04 = 203 /

The measurements which were taken from the actual circuit were:
Output Voltage (Vout) = 5.78V
Voltage in (Vin) = 40mV
Gain =5.78/0.04 = 144.5 /

The difference in voltage in can be put down to the use of different
components such as different resistors and other components, also human error has
when rounding can be another factor, also the equipment used to measure the

actual circuit may be set up differently compared to that of the multisim software.

Figure 12 illustrates the

test under AC conditions on the

circuit, it shows the function

generator which has been added,

1
it also shows the oscilloscope l ‘ <) "
which allows the waveforms to be '; ‘

monitored and obtain

measurements. o ——
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The final test on AC conditions was to find the frequency response, this was
measured by connecting a bode plotter into the circuit on the multisim software, this
gave the frequency response graph, this can be used to find the peak performance
of the circuit, the lower frequency and higher frequency was measure off multisim
and they were:

Lower simulated Freq = 55.8Hz

Higher simulated Freq = 16.7MHz /

The measured values were taken off of the graph produced:
Lower measured Freq = 50Hz

Higher measured Freq = 177MHz

Frequency Response

50.00

45.00 HHI (I ,
40.00 b1
3500 || {{{II _/f/h' I
30.00 S R | _ ! _ N H
25.00 h—3-| Hitll 1| | i -

Gain (dB's)

15.00
10.00
5.00
0.00 ! 1L -
1 10 100 1000 10000 100000 1000000 10000000

Frequency

Figure 13, is the graph produced using the measured values, it shows the
where it starts to gain and it also shows the bandwidth, finally it shows where it starts

to drop off, this allows for the maximum operating range to be found.
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Figure 14, illustrates the circuit being simulated on multisim, it shows
the graph being produced on a bode plotter, which is a tool in multisim, this graph is
very close the graph which was produced using the measured values. /
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Appendix:

e Relevant information from Data sheet for BC184

o s e Al
FAIRCHILD

SEMICONDUICTOR"

BC184

Silicon NPN Small Signal Transistor

+ BVegg= 30V (Min)
+ heg = 130 (Min ) @Veg = 5.0V, Ic = 100mA

September 2007

1 TO-92
1. Collector 2. Base 3. Emitter

Absolute Maximum Ratings t.=25:C unless otherwise noted

Symbol Parameter Value Units
Veeo Collector-Emitter Voltage 30 v
Veso Collector-Base Voltage 45 v
Veso Emitter-Base Voltage 8 v
le Collector Current (DC) 100 mA
T.Tata Operating and Storage Junction Temperature Range -55 ~ +150 *C
* These ratings are limting values above which the serviceabTty of any semiconductor device may be mpared
NOTES
1) These ratngs are based on a maxmum juncton temparature of 150 degrees C
2) These are sweady state Imis The factary should be consulted on applicatons invohing pulsed or low cuty cycie operations
Thermal Characteristics T1.=25:C unless otherwise noted
Symbol Parameter Max. Units
Pp Total Device Dissipation 350 mw
Derate above 25°C 28 mw/C
Raje Thermal Resistance, Junction to Case 125 °CrwW
Raja Thermal Resistance, Junction to Ambient 357 =CIw
*Device mounted on FR-4 PCE 18° X 168" X 008"
Electrical Characteristics t.=25c uness otherwise noted
Symbol Parameter Test Condition Min. | Typ. [ Max. | Units
BVeeo Collector-Base Voltage le = 10pA 45 A
BVeeo Collector-Emitter Voltage le =2mA 30 vV
BVego Emitter-Base Voltage lg = 10uA & v
leso Emitter Cut-off Current Veg =4V 15 nA
lego Collector Cut-off Current Veg = 30V 15 nA
f = ') -
hee DC Current Gain :,z: = gt :z - :gg::A :gg
Veg(sat) Collector-Emitter Saturation Voltage :gz zggﬁ;ﬁ:f;ﬂ: %.265
Vge(sat) Base-Emitter Saturation Voltage c=100mA, Ig = 5SmA 1.2 ¥
Vgelon) Base-Emitter On Voltage Veg = 5Y, I =2mA 055 0.7 \J
Cot QOutput Capacitance Vee = 10V, 1= 1MHz 5 pF
fr Current gain Bandwidth Product Veg = 8, Ig = 10mA, = 100MHz 150 MHz
Notes:

1. Tnese ratngs are Imitng vaiues above which the serv ceability of any semonducics device may be impaired
2. These are steady state limits. The factory should be consultec on aoplications inveiving pu'sed or low cuty cycie operations
3. These ratngs are based on @ maxmum junction temperature of 150degrees C
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