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Introduction

This assignment will show the characteristics of a diode and also the static characteristics of a
bipolar transistors. It will show results from test that have been carried out and graphs to represent
the tables with the values recorded. In both sections it will give a detailed explanation of both dicde

and transistors.

The assignment will also show circuits being built on multisim to show how changing one value it
changes the output of the entire circuit. Also this assignment will consist of a ot of maths showing

the calculated values compare to the results obtained by measuring with a multimeter. /

Task 1: Diodes

In this task it will be about diodes, silicon and germanium, and how they react with different values.
A diode is the most common type of junction diode. This consists of a crystal of silicon or

germanium. There is a difference between germanium and silicon.

Germanium has a lower forward voltage drop than silicone (“turn on voltage”). The voltage is usually
around 0.3V for germanium as for Silicone one is 0.6V. Silicon has a lower reverse leakage than
germanium. More power is usually dissip;ted from a silicon diode then a germanium diode. Silicone
diode can handle a higher reverse voltage than the germanium before the breakdown occurs.

(Information above for the introduction of diodes was all accessed from ‘Semi-conductor diode’ see

reference for more information)
Part A
Characteristics of a diode

The experiment that was carried out used a 1K (1,000 Q) resister, However when tested for the
value it was at 983Q. With the resister having a gold band this shows that the 1K can be up to 5%
out from the value it says it is. This is the most accurate type of resister when the gold band is on it.

/-A\ Heat, resistance, connections and human errors are all factures which

can affect the values provided in all calculations and results./

Z 1k The following circuit was constructed and was measured to get
T results. The supply voltage got adjusted so that the diode

\ 4 would go up in increments of 0.1V from OV to 1V. The
equipment and components used would not be very

accurate due many factures stated above.

Carys Williams -3-



Appendix 1-4 shows the reverse and forward bias of each silicon and germanium. Graphs in the

appendix show the forward and reverse biases which were calculated to find out Rs and AR below.

With the forward bias the supply voltage was increased from 0V and

increased in increments of 0.1V to the
maximum voltage of 1V,

Voltage (V) | Current (mA)
: L Both tables on the left and right show the

0.1 0.00004 _ . .
0.2 0.00023 results after testing the diodes in the forward
0.3 0.00157 | direction. The table on the left is the results
0.4 0.01235 | of the silicon diode. The silicon diode only
gg 11 6031 1 goes up to 0.8V because the supply voltage
0.7 5.50 couldn’t give enough current to alloy to go
0.8 32.5 up to 0.9V and1V.

In the results it shows that a silicon diode doesn’t leave current through unless it's at or above 0.5V.

Voltage (V) Current (mA)
0 0
0.1 0.014
0.2 0.186
0.3 0.757
0.4 1.82
0.5 3.05
0.6 4.54
0.7 6.27
0.8 8.14
0.9 10.22
1 12.25

After 0.6V the value of current {in mA) increases dramatically which means the current can flow

through the diode. Referring back the ‘semi-conductor diode’ in the introduction it dose specify that

silicone diode normally leave current through at 0.6V.

/

7

V1 V2 (mV) Vb | (nA) v v2 vd | (uA)
0 0 0 0 0 0 0 0
-1.5 60 -1.56 6 1.5 7 -1.507 -0.7
-3 67 -3.067 -6.7 -3 13 -3.013 -1.3
-4.5 72 -4.572 -7.2 -4.5 24 -4.524 2.4
-6 7 -6.077 7.7 -6 42 -6.042 4.2
7.5 79 7579 | -7.9 7.5 68 | -7.568 | -6.8
-9 79 -9.079 7.9 9 102 | 9102 | -102
-10.5 83 10583 ] -83 105 144 |-10.644| -14.4
al? 65 | ieen) B 12 196 |-12.196| -19.6
w1 I a1 135 256 |-13.756] -25.6

15 84 [-5084] 84 |/ 5 I EEE B
The table above 0 the left is 10 Show the IEVErSE  custent v yers staell ahich o Lo
bias values of the silicone diode that had been determined using the resistance of
recorded. On the right above is the result from the multimeter (10MCQ).
the geranium reveres bias values. In the tables where:
on Excel, where the Vp results got calculated 1= V2
and the formula to the right shows how we 10x10°
calculated Vp and | {A) which helped to form the and Vp=V;-V;

raphs. (graphs are appendix 1-4 with
calcations below tem) y Nt 0 ot sl volage i
in parallel with V.
Carys Williams -4 -
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The circuit to the left is the circuit that was constructed to be
used to make the reverse bias calculations. Although for the
germanium diode there was a 10KQ resistor added in parallel
to the V2. The reason the resistor has been added to the
germanium and not silicon is because the germanium
resistance is iow and the multimeter resistance would cancel
out the diode resistance. So the 10KQ resister is to solve the
resistance between both the diode and the multimeter.

a



Part B

In muitisim the circuit below shows that the rectifier in the
circuit to be positive as shown on the oscilloscope in
multisim. A traditional AC wave length goes down to the
negative as part of it cycle, however in the figure it shows
the AC only being in the positive segment.

This happens due to the fact that the positive and negative
flow travels through the load in the same direction make no
negative cycle on the wave form,

Figure 5 (appendix) is a diagram showing how the direction
of flow for negative and positive pass through the rectifier.
This is how the wave form manages to change.

. Here is an image of the same circuit on multisim
however there is a capacitor added into the

Pl T +-- -1 circuit. The capacitor does affect the output

CoERTODRE ke ] by converting it to a DC voltage supply;

> T EEEEEEE PR | however, it isn't a perfect conversion due to
SR D B 1 the fact that the line isn't horizontal to the x

axis. By using different capacitors the oscilloscope
will change and will cause the DC voltage to /

fluctuate.

" Below are two images of the same circuit on
multisim as on page 5. However, the only difference

is that the capacitors have changed values to show
R EEETRR T how much difference it can affect the oscilloscope
............... wave form.

5 CORRRETS S Here is a screenshot of part of a circuit with a

- Sevpert capacitor of a 50uf {microfarads). By comparing this
oscilloscope reading (50uf) and the reading on the
100uf circuit, the difference is surprising seeing as it
is a small amount of difference in the values of the
capacitor.

o ——— =T s
" mlsvm Eb! l____jl_ a[E |l
¥pasten [0 yraetye U *emazn [

T B Ae-”r.]p]:: Flslofor | i‘-as.q.]nr]ml_l

With this figure to the right the circuit has a 1000uF
capacitor. Also when locking at the oscilloscope, it is
nearly a perfect line which means it's close to a
perfect DC Voltage. /

(13]]
1

reven i
_Ia;'rm('

e |—_.1|-si=_s

+ Xmmanee o \'p--uln Jeomizer [0 Levl

Fat|omlan]incfs i @1 ac|afac | i m. fior, | st In.
_____ b I
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In the figure to the left it shows a
straight wavelength in the
oscilloscope this is due to the fact that
there is an extra diode and also a
larger value on the capacitor and has
formed a perfect DC voltage. With the
resistor and capacitor being in the
circuit this causes a higher resistance
throughout the circuit which helps
prevent any AC voltage from fluctuate
the output voltage.

The main factor for the line to be
perfectly straight is due to the diode
being a zener diode. According to the
 data sheet BZX84c5V1 it states that
' the base internal resistance of the
R T« Lo i diode is 15Q at 20mA or 60Q at 5mA

Py ey S - at about 25°C. With the diode being a
. voltage regulator it won't allow current

to pass through unless the voltage is around 5V and because of this it keeps the graph as a straight
line because there is a constant high voltage.

Task 2: Transistors

In this section it will have information about the different transistors or Bipolar Junction transistor
and how it works. There are two basic types of transistors; these are P-N-P and N-P-N. All /
transistors are semiconductors devices which is way they are used for many functions because if
they are connected properly they can do many functions. Most common transistors these days are
made with silicon or germanium to form two P-N junctions. /

Characteristics of BJTs

C C Figure 2 (on the left) shows the type of transistors and
| o ] o their symbol of both N-P-N and P-N-P. As shown they
N P aren’t much difference between both transistors.
B— P | B B— N | B There is however a few difference between them
N P both. }
1'3 E Jlg E ‘P-N-P and N-P-N are completely the opposite of
NPN Transistor PNP Transistor each other when it comes fo how they operate. N-P-

Ns emitter is negative with respect to the base as for
with a P-N-P transistor the emitter is positive. And then with the collector P-N-P is negative and the
N-P-N is positive’. (Introducing transistors, national extension college trust Ltd).

With the circuit that was required to build and record the values shown on meters, there are many
factures that need to be taken into account when looking at the results for example the resisters can
by up to 5% out of the value their meant to be. Aiso human error, heat and many other factors can
affect the results that are produced. )

Carys Williams -7-



Vg = 3V | Vg = 5V
Ve Vis le=Vre/Rg Ve Vie lg=Vrs/Rs
0.63V 0.1416 0.0001416 0.63V 0.159 0.000159
0.64V 0.222 0.000222 0.64V 0.226 0.000226
0.65V 0.311 0.000311 0.65V 0.33 0.00033
0.66V 0.487 0.000487 » 0.66V 0.521 0.000521 /

Above is the table with the results that were recorded
from the experiment which required measurements
and calculations. As shown the voltage was either at
3V or 5V and Vee went up in increments of 0.01V
and the value on the multimeter was recorded.

Vee 10V

To the left is the diagram that was used to set up the
circuit to be able to measure Vse and Vre (highlighted
in the diagram) which was then divided together to
give Is. Below is a graph that has been constructed
from the result table and a tangent line was drawn tV
calculate hie. The calculation is below as well.

=%za/re(V3) /

el W LS

£.0DDS
0.0004
3
0.0002
0523 D.63 0835 584 2.5aE 0.8 E55 0.65 nzaz
Voltage (V)
B=VRE/RE(VE) |B=VRE/RB(VE)
Mie_= _AVEE
Al
= 00125
0.00012 /
= 104.160Q

Carys Williams -8-
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L]
1.0D%
L
0.004
< 0.003 .
2.002 &
0.00% »
A /
{1 bLE 20 20 40 5 &0
1B [ua)
Io/le =0.002/20u=100 /

Here is a graph and calculation for Vce for 3V. As the graph shows it goes across with |s and up with
lc. With the calculation it from the point 0 to 20 on the Is and up from 0 to 0.002 on the Ic and
because of the units it gave the answer 100. There isn’t a unit when calculating V?

Conclusion

All information obtained above in the report is accurate according to datasheets. All the values may
be out slightly due to human errors or other features that could affect the results. However the
values are close enough to give an answer similar to the data sheets values. It's also interesting
finding out what happens when extra components get added or values increase in value how it
effects the oscilloscope result.
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