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Abstract

In this lab you will study the 555-timer and familiarize yourself with the astable
operation mode. Further you will design and build a firefly that operates at a chosen
duty cycle and frequency. Lastly build eight more fireflies to study the oscillation
coupling between the fireflies.
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1 Introduction

In this lab you will learn about the 555 timer and design a relaxation oscillator using the
555 timer that will operate in the astable operation mode. The circuit that will be designed
and further built mimics a firefly that lives in South-East Asia and the goal is to build a
group (4 or more) of these circuits. Also you will be required to use Pspice and Matlab to
simulate the synchronization behaviors of electronic fireflies. In doing so you will be able to
study relaxation oscillator circuits, how the groups synchronize, and learn about the control
mechanism of these fireflies.

2 About The Fireflies

Fireflies are beetles in the family Lampyridae and occur as more than 2000 species world-
wide. According to Darwin each sect of firefly evolved differently therefore they exhibit their
own characteristics. The firefly that we wish to mimic is the Pteroptyx Cribellata, which can
be found in India to the Philippines and New Guinea. This specific firefly is unique because
mass groups of these fireflies gather together and flash in unison.

A good description of this act is described by[1] as follows: “Imagine a tree thirty-five
to forty feet high thickly covered with small ovate leaves, apparently with a firefly on every
leaf and all the fireflies flashing in perfect unison at the rate of about three times in two
seconds, the tree being complete darkness between the flashes. Imagine a dozen such trees
standing close together along the river’s edge with synchronously flashing fireflies on every
leaf. Imagine a tenth of a mile of river front with an unbroken line [mangrove] trees with
fireflies on every leaf flashing in synchronism, the insects on the trees at the ends of the line
acting in perfect unison with those in between. Then, if one’s imagination is sufficiently
vivid, he may form some conception of this amazing spectacle.”

The author[1] found that each flash is triggered by nerve impulses in the brain that travel
down the ventral nerve cord to the firefly’s lantern. To synchronize these fireflies must have
a sensing mechanism to know when neighbors are flashing. Imagine a group of fireflies; in
one firefly it is close to the normal time of blinking but a neighbor flashes and this stimuli
causes the insect to flash sooner than otherwise would have occurred. This is precisely what
our firefly circuits are achieving.

3 555-Timer Overview

To complete this lab successfully it will be helpful to get a general understanding of the
555 timer. In Figure 1, a block diagram of the 555 timer is shown. This does not represent
the internal parts of the 555 timer but it does describe the 555 practically. That is, this is
a simplification so the user can understand the internal operations of the timer circuit.

This diagram shows the 555-timer as a free running oscillator (astable mode). The
astable mode can be viewed as: charge the capacitor, discharge the capacitor and repeated
indefinitely. This repeated charging/discharging of C1 is accomplished by switching the
capacitor to either Vcc or ground (see Figure 2).
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The switching mechanism is the transistor (Q1) in Figure 1. By choosing R1-R3 to be 5
kΩ we can divide the voltage of Vcc by 1

3
. The idea is to charge the capacitor until it reaches

2
3
V cc, then close the switch causing C1 to discharge until it reaches 1

3
V cc. This process is

repeated indefinitely and is illustrated in Table 1.
When the SR Flip-Flop is set (S=1) the capacitor (C1) will charge from 1

3
to 2

3
V cc. At

the time when C1 reaches 2
3
V cc, the Flip-Flop will reset (R=1) causing the capacitor to

discharge until it reaches 1
3
V cc and so on.

Figure 1: Diagram of 555 timer.

Figure 2: Charge and discharge of C1.
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Table 1: Switching the capacitor.
Mode Switch Effect How... Time Required
1 OFF Charge C1 from 1

3
to 2

3
V cc Ra + Rb to Vcc ln(2)*(Ra+Rb)*C1

2 ON Discharge C1 from 2
3

to 1
3
V cc Rb to ground ln(2)*Rb*C1

4 List of Components

In this section, the listed components are recommended for building the firefly. Each com-
ponents are described according to their specifications.

4.1 Necessary Equipment (1 firefly)

• 9 Volt battery holder

• 9 Volt battery

• 50 KΩ potentiometer

• 10 µF capacitor

• 22 nF capacitor

• 100 µF capacitor

• 8-pin chip socket

• 555-timer

• Circuit board

• Green LED

• 4 IR LED’s

• IC phototransistor

• 8-pin or 6-pin DIP switch

• Solder Gun

• Solder

• Wire
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4.2 Part Description

(1)LM555
The 555 timer is a digital logic circuit that is used to produce a periodic square wave

signal. The resistors and capacitors in the 555 timer have a direct effect on the duty cycle
and the frequency which will be discussed a little later. Figure 3 shows the internal circuit
and pin numbers of a 555 timer.

Pin 1 (Ground) This is the pin that connects to the ground of the device. When it is
operated from the positive power supply, pin one is normally connected to circuit
common.

Pin 2 (Trigger) Pin 2 is the input of the 555 timer which causes the output to go high
and begin the timing cycle. Triggering occurs when the voltage going into the trigger
is 2

3
above the voltage supply to 1

3
below the voltage supply. Trigger input current is

about 0.5 microamps. The action is level sensitive and the trigger voltage may move
very slowly. To avoid retriggering, the trigger voltage must return to a voltage above
1
3

of the power supply before the end of the timing cycle.

Pin 3 (Output) This is the output pin of the 555 timer. When the timing cycle begins at
high level this output is 1.7 volts less than the supply voltage; and then it returns to
a low level near 0 at the end of the cycle. The maximum current from the output at
both low and high levels is approximately 200 mA.

Pin 4 (Reset) Pin 4 is the pin which resets the timer and returns the output to a low state.
When this pin is not in use, it is normally connected to the positive supply.

Pin 5 (Control) When the external voltage is used in this pin, it will allow changing
the triggering and threshold voltage of the timer. When the timer is operating in
the astable or oscillating mode, this input could be used to alter or to modulate the
frequency output. If this pin is not in use it would be better to connect a capacitor to
avoid possible false or erratic triggering from noise effects.

Pin 6 (Threshold) The threshold has the similar function as the trigger pin to the timer.
Pin 6 is used to reset the latch and cause the output to go low. The reset would occur
when the voltage going into this pin is from a voltage below 1

3
of the input power

supply to a voltage above 2
3

of the input power supply.

Pin 7 (Discharge) This pin is an open collector output which is in phase with the main
output on pin 3 and has similar current sinking capability. Pin 7 is usually connected
to a resistor in series with a capacitor in the astable connection.

Pin 8 (V +) This is the positive supply voltage of the 555 timer. The operating range is
from +4.5 volts (minimum) to +16 volts (maximum).

(2)LED IR EMITTING ALGAAS 940NM
This LED has an operating temperature of -40 to 100 degree Celsius. The current

ratings for this LED are 100mA for the forward current and 10uA for the reverse current.
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Figure 3: 555 timer.

The forward voltage rating is 1.6V. The emission angle of light is 40 degree in the infra-red
wavelength of 940nm.

(3)Green LED
This is a green LED and the model type is T 1-3/4. Its lens is round, style of 5 mm. Its

lead style is radial, Millicandela rating of 120, voltage rating of 4V.

(4)IC Phototransistor
This phototransistor senses wavelengths of light around 880nm and has a half angular

response curve of 20 degree. The operating temperature is from -40 to 100 degree Celsius
and emitter collector voltage of 5V.

(5)Pot 50KΩ Resistors
This resistor is a ceramic resistor. It has the resistance of 50kΩ, 0.3 W of power, single

turns, top adjustment, and with the tolerance of ±25%.

(6)Capacitors
10µf Capacitor: This capacitor is a tantalum capacitor. It has the capacitance of 10µF,

voltage-rated of 10V, maximum temperature of 125 degree Celsius, and with the tolerance
of ±10%.

20nF Capacitor: This capacitor is a ceramic capacitor. It has the capacitance of 20nF,
voltage-rated of 50V, general purpose of featuring and with the tolerance of ±5%.

100µF Capacitor: This capacitor is an electrolytic capacitor. It has the capacitance
of 100µF, voltage-rated 10V, maximum temperature of 85 degree Celsius, featuring of alu-
minum, and with the tolerance of ±20%.

7



(7)DIP Switch
This is an 8 pin switch package that has a voltage rating of 24 volts and a current rating

of 25mA (see APPENDIX H). DIP switches are always toggle switches, which means they
have two possible positions (on or off).

(8)Power Source
For power we are using a common 9V alkaline battery. The operating temperature of the

battery is -20 to +54 degree Celsius. It also features 570 mAh rated capacity, 4.8V rated
cut-off voltage and 620Ω rated load.

(9)Chip socket
This socket is a DIP socket. It has gold contact finishing, solder contact termination, 8

pins with length of 0.095” each, and the width of this socket is 0.3”.

5 Circuit Design

The firefly circuit is to be constructed following the circuit diagram in Figure 4 which is
originally from[1] except some components. Ra, Rb, and C1 are to be chosen so the frequency
of the flashing green LED is about 1 Hz and the duty cycle be around 95%. These values
can be designed using Equations 1 and 2. Lets chose Ra = 150kΩ and Rb = 1kΩ. This
would require a capacitor (C1) equal to approximately 10µF. You are encouraged to test this
for yourself.

Figure 4: Firefly circuit connection.

It is encouraged that you build this circuit on a breadboard first to test the circuit
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and become more familiar with how it works. An oscilloscope should be used to view the
capacitor (C1) voltage waveform. Look to see what the difference between the actual duty
cycle and frequency and the designed values.

Now we are going to add a control mechanism to the firefly so they will synchronize when
put in close proximity (1” - 6”). The actuator that we are using is a phototransistor that
will sense infra-red (IR) light given off by the IR LED’s of the other fireflies. The control of
the firefly is the 555-timer circuit itself. The previous circuit that was constructed can be
used but the phototransistors (4 of them) need to be added in parallel. The collectors will
be connected to power (or is you chose to, connect to the DIP switch). The emitters will be
connected to pin 6 of the 555-timer (see Figure 5).

D(dutycycle) =
Ra + Rb

Ra + 2Rb

(1)

T (Period) = (Ra + 2Rb)Cln(2) (2)

Figure 5: Completed firefly circuit.
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6 Experiments

The easiest experiment to conduct is determining the time they take to synchronize as
a function of the coupling between them. The stronger the signal that the phototransistors
receive, the faster the devices should reach synchronization. The amount of energy the
phototransistors receive is inversely proportional to the square of the distance between them.
This means that the farther you move the fireflies away from each other, the less light
they will receive causing more time delay for synchronization. Does the average time for
synchronization have the same curve as the transmitted energy curve?

If you build nine fireflies it is interesting to look at different topologies and determine
how they synchronize. One arrangement is three rows by three columns where the center
firefly will receive flashes from four fireflies, the corner will receive flashes from two fireflies
and the others in-between will receive flashes from three neighboring fireflies (see Figure 6).

Another good arrangement would be in a circular pattern using eight fireflies. This
topology would allow fireflies to only sense the ones directly next to them. The coupling
could occur randomly or it might propagate in a clockwise or counterclockwise pattern.
Or arrange them in a straight line with a barrier somewhere dividing the group into two
sub-groups. You should see synchronization in the two sub-groups be different than each
other.

You should also look at how the group will respond to disturbances. A disturbance that
should be observed is the phenomena of an “oddball”. By oddball, it is meant that one firefly
will blink at either a faster or slower frequency than the group. This can easily be accom-
plished if you use the potentiometer as described above. Adjustments to Ra which includes
the 50kΩ potentiometer and the 100kΩ resistor will adjust the frequency and this will create
a disturbance when brought into the system. This could result in delays of synchronization
or just eliminate synchronization all together depending on where it is placed.

In Figure 7 and 8, the numbers labeled on each receivers correspond to the numbers on
the DIP switch. The first channel of the DIP switch is the switch for power.

Figure 6: Three by three Topology.
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Figure 7: Receiver switch numbers and locations.

Figure 8: DIP switch.

7 Simulation

Both Pspice and Matlab are powerful simulation tools in the circuit design and controls
applications. In this section, you will have an idea of how to simulate a firefly circuit in
Pspice and use Matlab to translate those output datas from Pspice.

7.1 Pspice

Basically PSpice is a PC version of SPICE (MicroSim Corp.) which is a powerful analog
circuit simulator that is used to verify circuit designs and simulations in integrated circuits.
Pspice programs are available in DL517 and CL260 computer labs.

(1)Create a New Project
Open the Cpature CIS under the Cadence directory (see Figures 9 and 10), and then

open a new project. Click on OK as seen on Figure 11.
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Figure 9: Open a new project.

Figure 10: Name a new project.

Figure 11: Create a blank project.

.
(2)Pspice A/D Simulation

Once the circuit is completed, click on New Simulation (see Figure 12) and type in
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a name of this simulation profile. After clicking on OK, we need to edit the Simulation
Setting (see Figure 13). Choose the Time Domain (Transient) under the Analysis
option. Then choose a start time and stop time for your simulation.
Note:

In order to avoid an error such as

ERROR -- Time step = 6.241E-12 is too small in Transient

Analysis at Time = 106.2E-12. Minimum allowable step size =

100.0E-12. The device which is changing too fast is

X$X_X2.qb_DtoA1.c1.

in a longer period of simulation, you may need to include a text file contains the following
line:
.OPTIONSRELTOL = SCHEDULE(0s, .1, 100s, .05)
(see Figure 14)
, this line indicates that RELTOL should have a value of 0.1 from time 0 up to time 100s,
and a value of 0.05 from time 100s and beyond (that is: RELTOL=0.1 for t, where 0 ≤ t <
100s, and RELTOL=.05 for t, where t ≥ 100s).

Figure 12: New simulation.
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Figure 13: Simulation setting.

Figure 14: Include file
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.
(3)Export The Simulation Result

Click on File−− >Export−− >Text in Pspice A/D window (see Figure 15). Then
choose the node bias that you want to export (see Figure 16).

The text file should be similar with Figure 17. However, Matlab could not recognize
the format such as “9.011025428772e-00”. Therefore, we need to use Microsoft Excel to
rearrange the data in the output text file (see Figure 18)

Figure 15: Export simulation result.

Figure 16: Choose the nodes for exporting.
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Figure 17: Text file

Figure 18: Rearranged text file.

7.2 Matlab

(1)Matlab Command
Use the fopen to load text file. When fopen couldn’t not open the file, it returns -1

to fid(file identifier). Usefgetl command to read the text file line to line and use str2num
command to convert strings to numbers. For example:

fid = fopen(’threefireflies.txt’); %load the data file

i=1; %initialize variable i

while 1

curlin=fgetl(fid);

if curlin(1) ~= ’T’ %if the first character is not t

if ~ischar(curlin) %if it is not a character

break %stop reading

end
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T(i,:)=str2num(curlin(1:4));

A(i,:)=str2num(curlin(16:23));

B(i,:)=str2num(curlin(31:38));

C(i,:)=str2num(curlin(46:53));

end

end

fclose(fid)

Write a loop and use the getframe command in order to generate the movie. You can
store the frames to MPEG format by using mpgwrite.m command which can be download
either from http://www.mathworks.com/support/solutions/data/8154.shtml. .

(2)Change The Time Scale
The time scale is needed to be readjusted because the sampling time is not equally

distributed in the output file from Pspice. There are two ways to change the time scale;
first is to change the Printing Step in the Simulation Setting in Pspice (see Figure 19).
Second way is to adjust the time scale by Matlab (see APPENDIX A). .

Figure 19: Setup printing steps.

(3)Flowchart
The code for simulating three fireflies can be found in APPENDIX A. Figure 20 is the

flowchart for coding the three fireflies.
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Figure 20: Program flowchart.
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A APPENDIX: Matlab Codes

%EE683 Group Project

%Ting-Hsiang Chuang

clc clear all close all

fid = fopen(’fourfireflies.txt’); %load the data file

i=1; %initialize variable i

while 1

curlin=fgetl(fid);

if curlin(1) ~= ’T’ %if the first character is not T

if ~ischar(curlin) %if it is not a character

break %stop reading

end

T(i,:)=str2num(curlin(1:4)); %store the time in 3 decimal second

A(i,:)=str2num(curlin(20:27)); %store the first firefly data

B(i,:)=str2num(curlin(39:46)); %store the second firefly data

C(i,:)=str2num(curlin(58:65)); %store the third firefly data

D(i,:)=str2num(curlin(77:84)); %store the third firefly data

if A(i,:)>=0.65

A(i,:)=1;

else

A(i,:)=0;

end

if B(i,:)>=0.65

B(i,:)=1;

else

B(i,:)=0;

end

if C(i,:)>=0.65

C(i,:)=1;

else
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C(i,:)=0;

end

if D(i,:)>=0.65

D(i,:)=1;

else

D(i,:)=0;

end

i=i+1;

end

end

fclose(fid)

ida=find(A(:)==1); %Find the location of 1

idb=find(B(:)==1);

idc=find(C(:)==1);

idd=find(D(:)==1);

ta=T(ida); %At the time where A=1 (on)

tb=T(idb);

tc=T(idc);

td=T(idd);

x=[0:0.01:10]’; %New time axis

ya=zeros(length(0:0.01:10),1); %Initialize each y-axis

yb=zeros(length(0:0.01:10),1);

yc=zeros(length(0:0.01:10),1);

yd=zeros(length(0:0.01:10),1)

for i=1:length(ya)

for j=1:length(ta)

if x(i)==ta(j) %Put 1 in y-axis when the

ya(i)=1; %on_time = new time axis

end

end

for j=1:length(tb)
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if x(i)==tb(j)

yb(i)=1;

end

end

for j=1:length(tc)

if x(i)==tc(j)

yc(i)=1;

end

end

for j=1:length(td)

if x(i)==td(j)

yd(i)=1;

end

end

end

%Make light bulb

n = -180:180;

t = sin(n*pi/180);

v = cos(n*pi/180);

%Define the area to be recorded

rect = get(gcf,’Position’);

rect(1:2) = [0 0];

m=1;

for xx=1:length(ya)

tt(m,:)=x(xx,:); %Change value of xx can

yya(m,:)=ya(xx,:); %vary the sampling time

yyb(m,:)=yb(xx,:);

yyc(m,:)=yc(xx,:);

yyd(m,:)=yd(xx,:);

subplot(221)

if yya(m)==1

fill(t,v,’g’); %Fill the green color in the

else %light bulb when y-axis = 1

fill(t,v,’w’);

end
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axis off

subplot(222)

if yyb(m)==1

fill(t,v,’g’);

else

fill(t,v,’w’);

end

axis off

subplot(223)

if yyc(m)==1

fill(t,v,’g’);

else

fill(t,v,’w’);

end

axis off

subplot(224)

if yyd(m)==1

fill(t,v,’g’);

else

fill(t,v,’w’);

end

axis off

M(m)=getframe(gcf,rect);

m=m+1;

end

%convert to MPEG format

map=colormap;

mpgwrite(M, map,’movie3’)
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B APPENDIX: Digikey Part No. AAS54CT-ND
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C APPENDIX: Digikey Part No. 399-1469-ND
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D APPENDIX: Digikey Part No. 399-1978-ND
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E APPENDIX: Digikey Part No. P461-ND
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F APPENDIX: Digikey Part No. QED234-ND
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G APPENDIX: Digikey Part No. QSE114-ND
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H APPENDIX: Digikey Part No. A6T-8101-ND
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