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Abstract
The aim of this project is to generate a circuit which could control LEDs flashing at
short time intervals around 10 nanoseconds.

The LED refers to as Light Emitting Diode. LED has many advantages over
traditional tungsten lights. For example, most LED lights are smaller in size for the
same light intensity. In applications, LEDs are reliable, lower in price than tungsten
light. Their power consumption and temperature are much lower than tungsten light,
and their life time is longer. From a technical perspective, the response speed is faster,
which makes this project achievable, and faster response speeds also means LED
could be applied for many industrial purposes. The development of LED lights has
increased the reliability and portability of many instruments.

The Avalanche Diode has the ability to increase a current and switch circuit very fast,
which is perfect for generating high level current to drive a LED flashing. However,
the Avalanche Diode requires a high level reversing voltage to start a junction
breakdown, and the supply voltage would affect the signal Pulse Width Modulation
(PWM), so it is important to choose a suitable value for the supply voltage. This
project shows how to choose the right supply voltage (which is around 275V) by
testing an avalanche circuit.

The 555 time integrated chip was introduced into circuit with suitable resistors and
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capacitors to modify the output voltage, pulse frequency and width of the signal pulse.

This report introduces each component of the demonstration circuit, and shows the
methodology to achieve ultrashort time pulse of ten nano-seconds. The final results
are presented and discussed.
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1.0 Introduction
In terms of artificial illumination, the first image to come to mind might be the
various size shapes and color of products, however, the core elements in those lighting
products, the lamp has only four different types, incandescent lamp, fluorescent lamp,
gaseous discharge lamp, and light emitting diode (LED). When comparing those four
different types of lamp, the LED would be found to be the most efficiency and
reliable. Even in industry and experimental testing, it performs with a precise
response. The LED is the new revolution in the illumination industry replacing
traditional lighting sources.

Since the first Light Emitting Diode or LED was invented, nearly a century has past.
Today in the market, by using various materials, there are many colors of LED, such
as red, blue, green, and orange. The one used in this project is a blue LED. It is
fortunate that they do not cost much as during the testing process, to find the required
supply voltage many LEDs were burned out, which could not be avoided.

Although LEDs are used widely in continuous illumination, short flashing light pulses
are also significantly important for control and automation of various manufacturing
processes to increase the precision.

The aim of this project is to design a flashing LED light system, which is pulsed at
very high frequency. The short on time has to reach the 10 ns level.
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The objective does not require the LED light to flash continuously, one single flash
would be adequate. However it may require a power source that can supply high level
current, which is one of the critical points in project.

A 555 timer integrated chip was used to control and adjust the circuit output value. To
achieve the project target, 555 timer integrated chip would be used to replace the
MOSFET method.

In constructing the circuit, the amount of capacitance in components and along wires
has to be minimized, because it increases the reaction time producing a negative
impact on the pulse duration. The inductance also affects the flashing duration,
because it affects the current rise time, and therefore, the value of inductance has to be
choose carefully. To achieve a large current, the value of the resistors should be
minimized.

2.0 The Concept of the Method
2.1 The Methodology Description
As stated in the project requirements above, the main aim of this project was to reduce
the flashing duration of a blue LED down to 10 nano-seconds. The flashing duration
could be treated as same as the pulse width or full wave half maximun magnitude
(FWHM). Therefore, to control or reduce the flashing duration would in fact be to
control or reduce the duty cycle of the pulse of current flowing through the LED, i.e.
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Pulse Width Modulation (PWM). In most cases, a PWM is shown as a square wave
which could be measured and observed by using an oscilloscope.

However, to reduce the duty cycle of current flowing may require a large current raise
in a very short time, and this would be the most critical issue of the project. The
reason for this is because the amount of current flow represents the energy flow
through the LED and components, and, such a large amount of energy cannot be
released suddenly by a power supply, so, it would require some special elements to
store the energy (or charge), such as a string of capacitors.
The project was separated into two parts and each part was focused on one of the
major electronic devices (i.e. the 555 timer or the avalanche transistor). Hence, two
circuits were constructed in this project. One circuit related to the 555 timer, to
determine the output pulse properties of the 555 timer and another circuit to test the
electrical performance of the avalanche transistor. The final LED nano-second
flashing circuit would connect these two circuits together, it would realize the output
signal pulse from the 555 timer circuit and distribute it to the avalanche transistor
circuit. A slight difference to the avalanche transistor circuit is that in nano-second
flashing circuit, the LED light and a protecting resistor would be added at the output
side of nano-second flashing circuit, and a inductor would be introduced into the LED
circuit to discharge the current flowing into the LED light.
To determine the required value of the supply voltage of the avalanche circuit and
obtain the output results, the experiments have been repeated a great number of times.
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2.2 The Devices and Elements Involved
In this project, to achieve fast current rise required electronic elements such as a 555
timer, avalanche transistor, capacitors, and inductor. In order to take measurements of
the voltage in the circuit an oscilloscope was used.

As mentioned before, avalanche transistors can release large amount of current in a
very short time. But to do this, it needs a suitable supply voltage; otherwise, the
avalanche transistor would just perform at the normal current flowing value.
Therefore, with right voltage power supply the current pulse width can be brought
down to nano-seconds level.

Only the avalanche transistor would not obtain the project aim, therefore, another
device is introduced into project circuit, which is the 555 timer. The input signal at
avalanche transistor is the signal output from the 555 timer which has ability to drag
the current signal width down to a reasonable value for avalanche transistor. The 555
timer also has the ability to adjust the input pulse width and frequency by using
different capacitors and resistors to form different types of 555 timer.

To measure the light flash duration an optical spectrum instrument was not necessary,
because the light flashing duration may be equal to the current pulse signal which
flows through the LED (In some cases, the light flashing duration may also depend on
the responsiveness of the LED, however, the responsiveness of LED is not affect the
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result in this project). This means the flashing duration could be detected by
measuring the pulse square wave signal width by oscilloscope. The oscilloscope used
in this project was from Tektronix.

A continuous pulse generator was used to generate a continuous pulse signal, however,
the project only required a single pulse rather than continuous pulse signal. The
following content would introduce each part of devices in detailed.

3.0 The LED Light Source
3.1 The Principle of LED light
The Light Emitting Diode (LED) (Figure 1) is a semiconductor light source. As it is a
type of diode, it also restricts current flow direction. A typical LED has a
semiconducting chip divided into two regions, the P Region and the N Region. The P
Region is the anode of the device, and the N Region is the cathode. Where the P and
N sides meet a P-N junction form, which is the core part in a LED. Compared to a
normal diode, the current flow direction in a LED P-N junction would be reversed.
The influence of the electric field means energy would be released from the
semiconductor in the form of photon of light. This phenomenon is called
electroluminance. In this process, electrons flow from the N Region into the P-N
junction, and the existing holes in P Region would be re-combined with the electrons
with. (Emma 2008) (jojo 2012)
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The tipical LED light structure

(Edison Tech Center 2013)

Figure 2

The internal construction of LED light

(jojo 2012)

The electrons and the holes are at different voltages (Figure 2), the energy levels of
the electrons and also holes are different. The electrons are in the conduction band,
which has a higher energy level than the holes side, which is in the valence energy
band. In order to achieve an electron-hole recombination, the energy level of the
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electrons and holes has to be the same. So the electrons release energy to reach same
lower level with holes. The energy is emitted as light which is the basic principle of a
Light Emitting Diode. (Emma 2008) (jojo 2012) (ADMINISTRATOR 2015)

3.2 The History of LED Development
In the last century, specifically in 1960s, when the first commercial LED was created,
people started to study it. In the 1970s, scientists introduce the element In and N into
LEDs, which created a different color. Before that, LEDs has only been red. This new
development produced 555 nm (green) wave length and 590nm (yellow) wave length.
In the 1990s, due to GaN doped LEDs, it was possible to emit wave lengths of blue
and ultraviolet. After that, GaAlInP, and GaInN was found to diversify the color of
LEDs. (Marktech Optoelectronics 2016) (Edison Tech Center 2013) (History of LEDs - Light
Emitting Diodes 2017) (Sheng Liu 2011)

During this period, the luminous intensity of LEDs was also increasing. The luminous
intensity reach 1 lumen per watt in 1970s, and 10 lumen per watt in 1980s, then attain
100 lumen per watt in 2000. The development of LED luminous also relates to the
packaging technology. Without good packaging technology, the light could not be
emitted to the outside. (Marktech Optoelectronics 2016) (Edison Tech Center 2013) (History of
LEDs - Light Emitting Diodes 2017) (Sheng Liu 2011)
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3.3 The application and Study of LED
As there is a need for energy all over the world, the advantages of LED are obvious,
small size, reliable, low energy cost, and lower price cost, etc. The application of
LEDs in day to day life become significant, and they are widely used in many field,
such as, urban landscape illumination, background lighting source, and monitors,
computers.

LEDs are also used in spectroscopy, for example, in 2000, Henryk Sxmacinski and
Qing Chang used ultraviolent LED as laser light source (wavelength 373nm) to create
an apparatus which measures fluorescent lifetime of molecular. Their LED frequency
range from 10KHz to 330MHz, and they achieve molecular group measurement with
life times of 10.2ms and 0.15 ns respectively. (P. Herman and others 2001,203,176-182)
In 2001, P.ERMAN used LEDs with wavelengths of 370nm and 469nm in a
frequency domain fluorescent lifetime instrument. Their LED frequency was from
120Hz to 250MHz, and they also reduced the time range of flashing from
milliseconds to nanoseconds. (H. Peng and others 2004,186)
In 2004, H.Peng used a chip to drive a LED, and reduced the pulse time delay to 0.4ns.
In this case the semiconductor material used in the LED was AlGalnN, and the
wavelength was 340nm. (Araki T and Misawa H, 1995,55,69-72)

Several studies have focus on incorporating LEDs with nanosecond pulse technology,
for example, the equipment of Araki and Misawa had a repetition frequency of 10
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KHz with an output wave pulse width of 3 ns, and produced light of wavelength
450nm. (Chithambo M L and Galloway R B 2000,11,18-91)
The application of LED which achieved pulse width is 25ns, repetition frequency is
11KHz, light wavelength is 525nm. (O'Hagan W J and others, 2002, 13, 84-91)
Furthermore, people also reach 10MHz repetition frequency with different light
wavelength and different pulse width; and make 525nm light wavelength LED has
pulse width of 1.9ns, 560nm light wavelengths LED has pulse width of 3ns, 590nm
light wavelength has pulse width of 3.6ns. (Araki T, Fujisawa Y and Hashimoto M, 1997, 68,
65-80)

The last example is that using LED which has output pulse wavelength of 450nm
could obtain the output pulse which has current greater than 50mA, and output pulse
wavelength of 380nm, pulse width smaller than 10ns. (Araki T, Fujisawa Y and Hashimoto
M, 1997, 68, 65-80)

4.0 Avalanche Diode
4.1 The Working Principle of the Avalanche Transistor
The avalanche diode is a specific diode which increases the reverse current suddenly.
(In this project, the avalanche transistor would be used in experiment, the only
difference between avalanche transistor and avalanche diode is that the avalanche
transistor has 3 terminal pins not 2 pins.) The avalanche diode contains semiconductor
chip and P-N junction also. In most of cases, the avalanche diode in an electric circuit
could be treated as a pressure relief valve in a thermodynamic system to release the
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excess pressure. Therefore, one of the reasons of using avalanche diode is to protect
the circuit. The following figure is showing the symbol of avalanche diode. (Physics
and Radio-Electronics 2013)

Figure 3

The avalanche diode symbol showing in circuit

(Physics and Radio-Electronics 2013)

In the P-N junction, the avalanche diode has lower doping density level. Light doping
reverse breakdown region, and this breakdown region represents the ‘valve’ in the
system. Also according to the lightly doped situation, the depletion layer would be
significant wide in P-N junction of avalanche diode. (Physics and Radio-Electronics 2013)
(Jones 2001) (Tim Stokes 2005)

It might have been possible to use a Zener diode in this circuit, and the general theory
and construction of an avalanche diode is similar to a Zener diode, but the main
different is that the Zener doping density is much higher than the avalanche diode.
Both the Zener diode and avalanche diode are concerned with current flowing
changing under reverse bias conditions. However, due to different doping density
levesl, the width of the depletion region in the Zener diode is thinner than the
depletion region in the avalanche diode. Therefore, the high voltage in the circuit
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would generate a reverse breakdown of the avalanche diode, but the breakdown
voltage in Zener diode is at lower level compared to avalanche diode which would not
be useful for this project. Base on this concept, the breakdown voltage is depending
on the doping density level, which is a fixed property and one of the product
specification parameters given by the manufacturer. (Physics and Radio-Electronics 2013)
(Jones 2001) (Tim Stokes 2005)

Compared to normal diodes, the avalanche diode could allow circuit current to flow in
both forward and reverse directions at the P-N junction. However, the electrical
current in normal diode only can flow in one direction, which is forward direction.
(Physics and Radio-Electronics 2013)

Consider the reverse biased condition; the reverse bias voltage would be introduced
into a circuit, and once the reverse bias voltage reaches or exceeds the breakdown
voltage for the junction, the circuit current would be dramatically increased.
However, if the avalanche diode experiences a forward bias voltage, the junction
breakdown does not occurred, and the P-N junction behaves as a normal P-N junction
diode, with the circuit current flow in the forward direction. (Physics and
Radio-Electronics 2013) (Jones 2001) (Tim Stokes 2005)

The relationship between breakdown voltage and reverse current in an avalanche
diode is shown in Figure 4. From zero, the voltage starts to increase in the reverse
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direction. Before the reverse voltage reaches the breakdown voltage, the circuit
current is zero. However, once the reverse voltage reaches the breakdown voltage a
tiny increase in magnitude of the reverse voltage leads dramatically to an increase in
the reverse current. (Physics and Radio-Electronics 2013) (Jones 2001) (Tim Stokes 2005)

Figure 4

The avalanche transistor performance curve

(Tim Stokes 2005)

5.0 555 Timer Integrated Circuit (Chip)
The 555 timer integrated circuit is used to generate and receive pulse signals. The 555
timer has advantage over other timers of being low cost, reliable and easy to modify
to achieve different functions (modes) by adding resistors, and capacitors to achieve
an astable mode, monostabel mode, or bistable mode. Different modes, are used to
regulate the pulse frequency and pulse width (which is representing the LED flashing
time in this project).
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The 555 timer integrated chip is widely used in electronic instruments, apparatus,
domestic facilities, electronic measurements and electronic control situations.

5.1 The Structure of 555 Timer Integrated Circuit

Figure 5

The picture of 555 timer and name of each pin

(555 TIMER CIRCUIT 2010)

Figure 5 above is shows a typical 555 timer integrated chip, which contains 8 output
pins. (555 TIMER CIRCUIT 2010) Which have the functions:

Pin 1 (Ground): connects to the 0 V power supply, which is the circuit ground. (555
TIMER CIRCUIT 2010) (Philip Kane 2002)

Pin 2 (Trigger): A low voltage (less than 1/3 the supply voltage) applied momentarily
to the Trigger input causes the output (pin 3) to go high. The output
will remain high until a high voltage is applied to the Threshold input
(pin 6). (555 TIMER CIRCUIT 2010) (Philip Kane 2002)
Pin 3 (Output): In output low state the voltage will be close to 0V. In output high state
the voltage will be 1.7V lower than the supply voltage. For example, if
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the supply voltage is 5V output high voltage will be 3.3 volts. The
output current can rise up to 200 mA depending on the supply voltage.
(555 TIMER CIRCUIT 2010) (Philip Kane 2002)

Pin 4 (Reset): A low voltage (less than 0.7V) applied to the reset pin will cause the
output (pin 3) to go low. This input should remain connected to Vcc
(Vcc means the Voltage Common Collector which stands for positive
power supply) when not used. (555 TIMER CIRCUIT 2010) (Philip Kane
2002)

Pin 5 (Control): The threshold voltage (pin 6) is controlled through the control input
(which is internally set to 2/3 the supply voltage). It can be varied
from 45% to 90% of the supply voltage. allowing the length of the
output pulse to be varied in monostable mode or the output
frequency to be varied in astable mode. When not in use it is
recommended that this input be connected to circuit ground via a
0.01uF capacitor. (555 TIMER CIRCUIT 2010) (Philip Kane 2002)
Pin 6 (Threshold): In both astable and monostable mode the voltage across the timing
capacitor is monitored through the Threshold input. When the
voltage at this input rises above the threshold value the output will
go from high to low. (555 TIMER CIRCUIT 2010) (Philip Kane 2002)
Pin 7 (Discharge): when the voltage across the timing capacitor exceeds the threshold
value. The timing capacitor is discharged through this input. (555
TIMER CIRCUIT 2010) (Philip Kane 2002)
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Pin 8 (Voltage Supply): This is is the positive supply voltage terminal. The supply
voltage range is usually between +5V and +15V. The RC
timing interval will not vary much over the supply voltage
range (approximately 0.1%) in either astable or monostable
mode. (555 TIMER CIRCUIT 2010) (Philip Kane 2002)

5.2 The History of 555 Timer Integrated Circuit
The 555 timer integrated chip was created by American company Signetics in 1972.
The reason for the name ‘555’ is that the input design has three 5 KOhm resistors.
Popular timer integrated circuit products in market are 555, 556 (which contains two
555), 7555, 7556 (which contains two 7556). However the 555 timer integrated circuit
is the classic product to integrate both analog and digital circuit. (A. M. Bhatt 2012)

5.3 The Modes of 555 Timer Integrated Circuit
Figure 6 shows a basic interior structure of the 555 timer integrated chip. It consists
three 5 KOhm resistors, two comparators, a Flip/Flop, and a voltage divider. The
comparator is used to compare the two input voltages (the inverting input and
non-inverting input). Once the non-inverting input is larger than inverting input, as
result of that, the comparator output is high. The Flip/Flop is used to control the
output at high or low state. (BY-NC-SA 2012)
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The inner structure of 555 timer and inner elements connecting

(TEXAS INSTRUMENTS 2000)

As mentioned before, by using the 555 timer integrated chip with different wiring and
circuit components, there are three different 555 integrated circuit modes, Astable
mode, Monostable mode, and Bistable mode. (TEXAS INSTRUMENTS 2000)
(TEXAS INSTRUMENTS 1973-2014) (BY-NC-SA 2012) (555 TIMER CIRCUIT
2010) (555 TIMER CIRCUIT 2010) (Tsohost 2014) (Philip Kane 2002) (A. M. Bhatt
2012) (AspenCore 2014)

The Astable mode is the one that has no stable state at any time. The output voltage
would keep jumping between high and low. The circuit diagram is shown in Figure 7
below. The output voltage would therefore form a square wave representing the pulse
period or frequency. Furthermore, the time period for high and low state would be
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calculated the using formula:
T(high)=(R1+R2)Cln2; and T(low)=R2Cln2;
Also, the voltage vibration period would be determined:
T=(R1+2R2)Cln2;
And the duty cycle D is :
D=(R1+R2)/(R1+2R2);
Thus, the pulse period and frequency could be adjusted by changing different value of
resistor 1, resistor 2, and capacitor.

(TEXAS INSTRUMENTS 2000) (TEXAS

INSTRUMENTS 1973-2014) (BY-NC-SA 2012) (555 TIMER CIRCUIT 2010) (555
TIMER CIRCUIT 2010) (Tsohost 2014) (Philip Kane 2002) (A. M. Bhatt 2012)
(AspenCore 2014)

Figure 7

The atable mode connection and the signal wave displaying

(555 TIMER CIRCUIT 2010)

In terms of the Monostable mode, the output voltage would be at state low, which is a
stable state. The system input would be at pin 2 which is a trigger input. However, the
output voltage signal would not stay at the stable stage forever. Once the trigger input
has been introduced, the input signal become high, and as a response of the trigger
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input, the output voltage would be changed to high also. It could be noticed from
wave form (Figure 8), that the output voltage would be at high state for a while, and
drop back to the low stage which is the stable state. The circuit diagram and output
wave is shown below (Figure 8). The Monostable mode circuit contains one resistor
and two capacitors, therefore, the pulse width would be calculated by the formula:
tW=1..1RC;
In this formula, ‘tW’ represents the output pulse width, which is the high stage in
wave form, therefore, from the wave form, it could be noticed that the input pulse
width has to be shorter than output pulse width, furthermore, the output voltage pulse
is positive, so the input pulse has to be the negative pulse.

(TEXAS

INSTRUMENTS 2000) (TEXAS INSTRUMENTS 1973-2014) (BY-NC-SA 2012)
(555 TIMER CIRCUIT 2010) (555 TIMER CIRCUIT 2010) (Tsohost 2014) (Philip
Kane 2002) (A. M. Bhatt 2012) (AspenCore 2014)

Figure 8

The monostable mode connection and the signal wave displaying

(555 TIMER CIRCUIT 2010)

5.4 The 555 Timer Circuit Construction
The 555 timer could be constructed in three different modes, Astable, Monostable,
and Bistable. As mentioned above, because the project requires controlling the signal
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width, the Monostable mode would be the one to choose. To be able to change the
input signal width, the 555 timer needs 2 resistors wired in parallel. One is 1 K ohms
(R2), and another one (R1) is 500 K ohms. The 500 K ohms resistor also can be
replaced by a slide resistor at the initial testing stage, since a slide resistor would
make it easier to change resistance values and adjust circuit performance.
The 555 timer circuit also needs 2 capacitors, C1 and C2. The value of the capacitors
has to be obtained by testing. The power supply is from +5 V to + 15 V.

The 555 timer can change the pulse width, but it may not be able to reduce the signal
wave width down to the nano-second level. The capacitors added and capacitorsbuilt
inside the structure are not large enough to generate a current. Out this condition, the
circuit could not store enough energy. Once the resistors and capacitors are
experimentally determined, the 555 timer still could reduce the output signal wave
width down to micro-second level. In the actual testing process, the resistance of R2
remained at 1 K ohms, and the resistance of R1 varied starting from 0 ohms. The
capacitance of C1 and C2 was kept at 0.01 uF. The circuit was powered by +5 V. The
original plan was to control the output signal wave width down to micro-seconds level.
Unfortunately, the result for the values given above was not sufficient to this
requirement. (The method in this project is trying to obtain micro-second timing range
first, and then make timing range down to nano-second range.)

During this stage, the correct value would be obtained by testing after testing.
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Therefore, the next testing was started by using same resistance of R2 but, the value
of R1 was brought up to 500 K ohms. While, the capacitors stayed at the same value.
It did not matter how the slide resistor moved, the desired output signal wave width
was not be reached. The values of the capacitors were therefore changed to adjust the
signal wave result. Since a great number of testing has been through, the fact would
be noticed that the values of capacitors might not stay at reasonable range. From the
circuit diagram (Figure 8), it can be seen that the value of the capacitors cannot be
increased, so the following testing was done with the resistance values of R1 at 500 K
Ohms, and R2 at 1 K ohms, and the values of capacitors were reduce to smaller levels.
Through the plenty of testing, the value of capacitor C1 was determined to be in the
nF range, and the value of capacitor C2 in the pF range.
The desired output signal width would be 10 us to 50 us, and to achieve this, testing
was repeated by changing different element values. At last, a reasonable value for
each element was determined. The resistor R2 stayed at its original value of 1 K ohms,
R1 was not far from the initial stage either, at 500 K Ohms, but capacitor C1 had a
final value of 10 nF, and the value for capacitor C2 was 100 pF, which was far from
expected. By applying those values, an minimal output signal wave width of 10 us to
20 us was achieved, which is every close to the aim (The initial aim is make
micro-second timing range at this stage.). The pulse duration was 14 to 17 us most
times, because the output values normally are slightly changed, the reason would be
wires resistances are changed very slightly.
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In the next stage, the avalanche transistor was introduced into the circuit, and the
input signal from avalanche circuit came from the output signal from this 555 timer
circuit. and by that time, the input value of avalanche circuit (output value of 555
timer) was used as 14 and 17 us.
During circuit testing, R1 was a slide resistor to make it easier to change the
resistance. This resistance change would change the output pulse wave width either.

Figure 9

The connection of 555 timer in this testing

(AspenCore 2014)

6.0 Avalanche Transistor Testing
The purpose of testing the avalanche transistor is to obtain the right voltage to drive it.
Also, the different input pulse wave widths would lead to different results for the
output. Hence, the few different input values were tested.
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The first testing focused on the performance of the avalanche transistor, which means
to ensure the avalanche breaking down region will happened, and roughly to obtain
the supply voltage range leading the avalanche breaking down region.

6.1 The Avalanche Transistor Circuit Description
The classical avalanche circuit is showing in Figure 10:
The circuit contains an avalanche transistor at the center of the circuit. The avalanche
transistor has 3 pins, Pin E connects to the ground. The power supply voltage Vcc is
connected to Pin C through R2 which is a 100 K ohms resistor. The DC power supply
voltage has a large continuously adjustable range. The current flow from the power
supply was chosen to be 5 to 10 mA . The input pulse signal Vi was positioned to the
left side of circuit, that is the output pulse signal from 555 timer circuit, and the pulse
wave width value in this testing was 17 us. The input pulse signal Vi is flowed into
the Pin B of the avalanche transistor through a 1000 pF capacitor. The output pulse
signal Vo is the pulse wave to be measured which is showing to the right of circuit.
This output position would connect the LED light and a protecting resistor in further
testing. Resistor R3 was connected between the avalanche transistor and the output,
which has resistance value of 50 ohms, and the last resistor R1 has resistance value of
10 K ohms. Another capacitor C2 30 pF is connected between the avalanche transistor
Pin C and the output.
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Vcc

R2

C1

B

C2

C
R3

Vi
R1

Figure 10

Vo

E

The circuit connection of avalanche transistor in this testing

(designed and drawn by self)

In terms of avalanche circuit testing, firstly, the supply voltage range for avalanche
breaking down region had to be determined. In this particular part of experiment, the
input signal pulse was not to be precisely down to 17 us. The operation in this part
was simple, only the supply voltage needed to be raised up from 0 Volt, meanwhile,
the oscilloscope was used to observe the output signal pulse, and compare it to the
input signal pulse. Once the output signal pulse width differs from the input signal
pulse width, the avalanche transistor starts working. It was easy to notice that the
output signal wave width significantly reduced once the supply voltage reach roughly
100 V. The critical breaking down region was from 100 volts to above 300 volts.
Hence the supply voltage was chosen to be a minimum 100 volts. However, the 100
volts voltage as the initial point of breaking down region, was too small to keep the
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LED and each electronic element running at a reasonable rate, and the intensity of the
resulting pulse might too weak to drive the LED light. Therefore, the actual value
voltage was 200 volts to 300 volts, for testing, if the value of the supply voltage for
the avalanche transistor has not been specifically mentioned, the power supply voltage
was 250 volts.

6.2 The Avalanche Transistor Circuit Testing

The avalanche circuit testing, it consists of two parts. The first part is to determine the
relationship between the input power supply voltage and the intensity of the output
signal. The reason for this testing is to verify that in the LED a higher voltage supply
would cause a stronger luminous intensity. The intensity of the output signal pulse
would be represented as the magnitude of output pulse voltage Vo. Through this part
of the process, the input signal pulse width could be any value but had to remain at a
fixed value. The supply voltage was increased by 30 vlots each time from 0 volt.

The results are shown in Figure 11, the horizontal axis represents the power supply
voltage, and the vertical axis expresses the intensity of output signal pulse. From the
plot, it can be seen that the pulse intensity increases as the supply voltage increases.
Unfortunately, the plot does not indicate a linear relationship between the pulse
intensity and supply voltage. Hence, a more precise range for the power supply
voltage has to be found for the avalanche transistor.
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Figure 11

The relationship curve between pulse intensity and supply voltage

(the vertical axis represents the wave magnitude)

In the second part of experiment, the testing focused on how the variating supply
voltage and therefore the different input pulse signal affected the output pulse signal.
That is, the value of the output pulse wave width from the 555 timer would be varied
in the steps of 2-3 us. Due to the limitation of the equipment, this was the smallest
step size which would give a stable pulse.

Meanwhile, the power supply voltage was increased by steps of 50 volts from 0 volts.
Once the input pulse width value had change to around 10 us to 20 us, the power
supply voltage was increased by 1 step of 50 volts, and the result recording.
The two values of this pulse width would be 15 us ±1 us and 17 us ±1 us, which is
the input pulse signal for the avalanche circuit (shown in Figure 12 and Figure 13).
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The following plots are showing the relationship between pulse and voltage at 15 us
and 17 us respectively. The x-axis is representing the power supply voltage increasing
(in unit of volt), and the vertical axis is expressing the output pulse wave width
duration, which is in the unit of micro-second.
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Figure 12

The pulse duration changing with supply voltage at input pulse of 15 us
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Figure 13

The pulse duration changing with supply voltage at input pulse of 17 us

As shown in both figures, by increasing the supply voltage, the output pulses wave
width reduces, and both pulse width plots have a significant negative rate of change
from 100 volts to 300 volts, with the 17 us slope nearly hitting the bottom at 300 volts
(the pulse wave width value above 300 volts were not measured). Ths change
represents the avalanche breaking down region which would roughly start at 100 volts.
Especially at input pulse of 15 us, the starting point of the critical area is distinct. But
at pulse width value of 15 us, once the power supply voltage reaches 250 volts, the
output pulse value plot tend towards to a stable amount. In fact, if the testing keeps
increasing supply voltage above 300 volts, the curve would toward to bottom with
small slope. However, this would not be the issue to determine the relationship
between supply voltage and pulse wave width.
The major aim of this project, was to reach 10 nano-second LED flash duration. It
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seems the target was reached, but, there are still other uncertain factors to be
determined. At this stage, the real LED light has not been connected into circuit, and
the resistance and inductance of the LED would be another uncertainty factor in the
circuit operation.
In the previous test, the supply voltage was selected as 250 volts, however, in this test,
it could be noticed that in first plot (15 us), the avalanche breaking down region
would tend to finish at 250 volts, even though the output pulse wave exceed the 10
nano-second limit. So the value of input pulse wave width chosen was 17 us, and for
the supply voltage 220 volts to 230 volts.

The last part of the avalanche circuit testing was concerned with the relationship
between the input and output pulse voltage and the power supply voltage.
The output pulse voltage would represent the ‘pulse strength’ at output. That could
affect the LED light flashing intensity, if intensity of the LED light is in very low
range, then the project would lose meaning and impractical.
The output pulse voltage was measured, while the supply voltage increased by a step
of 50 volts from 0 volt to 300 volts. And both 15 us and 17 us pulses were used and
the output voltage was measured under the full voltage range. Figure14 and figure 15
show the relationship between the output pulse voltage 15 us and 17 us respectively.
For both plots, the x-axis is representing the power supply voltage changing, and the
vertical axis is expressing the output pulse voltage changing. In both curves, the
relationship between outputs pulses voltage and supply voltage is not linear, but for
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both curves, the output pulse voltage increases as the supply voltage raise. In the
Figure 14, it can be seen that the output pulse voltage does not have a great change
before the supply voltage reaches 150 volts, and the slope of the curve is small.
However, once the supply voltage reaches 150 volts, the output pulse voltage is
rapidly increases. The great impact of supply voltage therefore happens after it
reaches 150 volts. This result demonstrates that happens near the avalanche break
down region, Figure 14 also means that the supply voltage range is actually smaller
from 150 volts to 250 volts (Set by the limitations of the equipment).
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The relationship between output pulse voltage and supply voltage at input pulse of
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Output Pulse Voltage Vs Supply
Voltage (at 17 us)
Output pulse Voltage (V)
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Figure 15

The relationship between output pulse voltage and supply voltage at input pulse of
15 us

Based on the three avalanche test above, when the power supply voltage is below 150
volts, the avalanche transistor cannot work in the breaking down region, hence the
current cannot be released, and the avalanche transistor only shows a ‘switching’
mode in the circuit. By increasing the power supply voltage, the avalanche breaking
down region is entered. And the output voltage (which is the output pulse amplitude)
has a large value, and the output pulse width has been significantly reduced.

7.0 The Nano-Second Pulse Circuit
In order to create a Nano-second pulse circuit, the 555 timer circuit was connected to
the avalanche transistor circuit. The output pulse signal from the 555 timer circuit was
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fitted into the avalanche circuit at point Vi (Figure 10), and instead of testing the
avalanche circuit at the output Vo a real LED was introduced into circuit at Vo. The
LED light was connected parallel with resistor R3, and required a protecting resistor
in series with it. In addition, an inductor L1 was introduced into the circuit. To be a
filter circuit with capacitor C2 (Figure 16), the original signal pulse was sent through
the 555 timer, avalanche transistor, and a capacitors, so that when the signal reaches
the section of the circuit after C2, it could be mixed with a disturbance, created by the
LC filter to ‘clear’ the signal before it passes to the LED-protecting resistor line.
The protecting resistor R4 on LED line is tested from 10 ohms, and the one selected is
250 ohms. The other elements of the circuit remained the same value as the testing
circuit for the avalanche transistor. The value of inductor L1, and capacitor C2 was
determined by testing, because both inductance and capacitance have an impact on the
current flow. The initial value for capacitor C2 was 10 pF, and the value was increased
by steps of 10 pF, until the capacitance reach 100 pF. Meanwhile, the value of the
inductor L1 was tested from 0.1 uH to 0.5 uH, increasing in steps of 0.05 uH. These
two tests were totally separated tests. During the first capacitance testing, the value of
inductor L1 was set at the mid-range value of 0.25 uH.
The LED light chosen was 1 W, with a blue color. In fact, the color of the LED light
was not important, because all measurement were determined using oscilloscope
instead of an optical spectrum instrument, which is precise enough and easier to
achieve.
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Figure 16

The ’10 nano-second circuit’ which adds LED light into avalanche circuit

(designed and drawn by self)

The first test focused on the value of the capacitor. In this part, only the value of
capacitor C2 changed. Figure 17 shows the relationship between the signal voltage
and capacitance C2, the x-axis represents the value of capacitor C2, and the vertical
axis shows the output signal voltage. As the value of capacitor C2 increases, the
output pulse voltage climbs. Which indicates the intensity of a LED light in the circuit
would become brighter by increasing the value of capacitor C2.
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Figure 17

The relationship between output pulse voltage and capacitance changing

The second part of the capacitor C2 test was focused on the impact that the value of
capacitor C2 had on the output pulse width. The value of capacitor C2 was increased
by steps of 10 pF from 0 pF to 100 pF. The width of the output pulse was determined
using an oscilloscope (Figure 17).
Figure 18 below shows the relationship between the output pulse wave width and
capacitance of C2. The x-axis shows the capacitance value, and the vertical axis gives
the output pulse width. Figure 17 and 18 have a similar trend, and both critical point
for voltage significant changing happens at capacitance value of 20 pF. The value of
pulse width is also increasing as the capacitance of C2 increases. The 10 nano-second
flashing would occur at capacitance around 80 pF, after this point, the LED flashing
duration would keep increasing.
Base on the above testing, the result for capacitor C2 would indicate that the larger
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capacitance of C2 would produce a higher pulse voltage at output. The higher voltage
would give a higher current value, therefore, the intensity of LED light would be
stronger. However, the larger capacitance of C2 also brings up the value of the output
pulse width, increases the LED light pulse duration. A capacitor C2 value of 80 pF
would achieve 10 ns duration, and the pulse intensity could also stay at reasonable
stage which is around 12 volts -13 volts. The point has to be emphasized is that this
result was determined by assuming a suitable value for the inductor L1 at 0.25 uH.
The actual value of the inductor has yet to be confirmed.
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Figure 18

The relationship between output pulse wave width changing and capacitance

changing

The last test concerned the inductor L1, because the inductor would have an impact
on the circuit performance while the current is changing, that is the essential nature of
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the inductor. So the suitable value of inductor L1 is important. The value of the
inductor L1 changed from 0.1 uH to 0.5 uH by steps of 0.05 uH. Other component
values still remained the same as the last test. The capacitance of C2 was selected as
80 pF. Because in last test, the 0.25 uH was already has been succeed to obtain the 10
nano-second aim. So in this part of testing, the target is to roughly explore the
inductance impact, and prove the result in last test. The inductance value at 0.25 uH
was in the middle level of the testing range, and the previous test showed that as the
capacitance value moved lower than this middle point, the LED pulse wave width
became larger. This is because the low inductance value disturbed the current flow.
Once the capacitance climbed above the middle point, the output voltage increase
became less. The reason of that is the larger value of inductor would consume more
power to drive it, and the power distributes to the output LED light is becoming
smaller. Therefore, the previous inductance value of 0.25 uH is reasonable in this LC
filter circuit.

To conclude this part of experiment, the testing value used in this report is the selected
testing values which are in very small range. In fact, the real testing values were in
very great range. This project is based on the experience rather than the theoretical
calculating. The actual testing has been failed by failed. However, it would be
meaningless to mention that failure testing value.
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8.0 The Further Improvements
Through the series of experiments above, even the project aim has been achieved,
there still some points could be improved. Such as output pulse wave width adjustable,
wave frequency adjustable, and output power of LED light controlling could be
considered in further improvements.
 In this project, only one 555 timer has been used in circuit. In further improvement,
the circuit could be designed as an output pulse wave width adjustable circuit.
Because the input pulse in avalanche is the output pulse at 555 timer circuit, so the
output LED pulse would be adjusted by changing the output pulse in 555 timer. To
achieve this, the 555 timer may need a slide resistor to regulate the resistance and
change capacitance in circuit to impact on output pulse in 555 timer circuit, and effect
on LED flashing in last circuit.
 Another improvement is about adjusting the circuit frequency. The 555 timer used
in previous circuit test is connected in the monostable mode, which could regulate the
output pulse wave width. As known that the 555 timer can be connected into three
different modes by applying the astable mode connection, the 555 timer circuit could
achieve output pulse frequency changing. Because in this mode, the 555 timer does
not have ‘permanent’ stable state, under this mode, the 555 timer has two temporary
stable states, and they would exchange in a certain period. The period time would be
adjusted by changing the resistor and capacitor in the connecting circuit.
 The last possible improvement in future is concerned about the power consumed at
output LED light. To achieve increasing the output power, either of the output current
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or current has to be increased. There are few ways to change the output voltage, such
as increasing the supply voltage, changing the capacitance; however, these methods
would impact the output pulse wave width changing. Therefore, to improve the output
power, the suggestion would be add one or more avalanche transistors. There are two
ways to connect the additional avalanche transistors. One is to wire the avalanche
transistors in series, and another way is to connect them in parallel. The series
connecting would increase the voltage at terminal load, and output power could be
enhanced by voltage increasing. The parallel connection would achieve increasing
current up at output load. Because more than one avalanche transistors will supply the
current for terminal load at same time together. And output power would be improved

9.0 Conclusion
To conclude this project, by introducing one 555 timer circuit and one avalanche
transistor into the demonstration circuit, the signal pulse width at the output LED was
controlled to around 10 nano-seconds. Furthermore, the flash duration was also
adjustable using a slide resistor to replace the resistor R1.
By reviewing the testing result curve from Figure 10 to Figure 15, the relationships
between the input voltage, output voltage, output pulse width, and capacitance, was
demonstrated.
An attempt was made to determined, such the required values for capacitance,
resistance, and inductance in the circuit. The inductance was hard to optimize,
because the smaller value of the inductance cause problems with the current discharge.
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The capacitance, and resistance, in the 555 timer circuit influenced the output pulse
width (and frequency if in Astable connecting mode), so it was necessary to choose
suitable values for them.
There are few improvements have been provided in above. Those suggestions for
further developments are concerned about adjusting output pulse wave width,
changing output pulse frequency, and enhancing the output power.
The basic proposal to achieve the project aim was simple; only two additional
electronic devices have been added, but it does not make project process smoothly. In
this project the method to optimise each element value was based on circuit testing
rather than the theoretical calculation. The process has several failures, such as 555
timer burned, or the oscilloscope showing nothing on the screen, and in most of cases,
the LED light burnt out. In all the experiments the result are ‘experienced results’, and
the testing method and results should support being repeated, and the repeating
process may have slightly difference with this project result.
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