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ASSEMBLY NOTES 

Caution: 
 
Building an electronic project is enjoyable, but please resist the temptation to hurry ahead 
and omit instruction steps.  Please be sure that you: 
 
·  Read all instructions carefully.   
·  Read the entire step before you perform each operation.   
·  Be careful when handling hot soldering iron.  Tip temperature may approach 700o F. 
·  Make certain that you wear appropriate safety glasses at all times and work in a well venti-

lated area.   
·  When cutting wires, make sure that the cut end is directed away from everyone.   
·  Solder a part or group or parts only when you are instructed to do so. 
 

Tools: 
 
 
You will need these tools to assemble your kit.  
 
·  Wire Strippers 
 
·  Diagonal Cutters 
 
·  Long Nose Pliers 
 
·  Soldering Iron ( 25 to 40 Watts ) 
 
 
·  Ruler ( metric ) 
 
·  Knife  
 

·  Small Screwdriver 

 

Please follow all instructions carefully, and be very careful that 
you use safety glasses at all times when building your kit!  Be 
careful when handling your soldering iron… the tip is very hot! 
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Component Identification: 
 
The function of all components listed below are described in the assembly instructions. 
 
 
Resistors will be described by their colour-code, a sequence of coloured bands which identify their 
resistance’s.  The colour lines are read from left to right with the gold or silver band being the right-
most band.  Resistance is measured in “ohms”, frequently symbolized by the Greek ‘ W  ‘ symbol. 
 
·  The first two bands identify the first two digits of the resistance value. 
·  The third band is the number of zero’s ( or multiplier ) 
·  The fourth band indicates the tolerance of the resistor and is typically gold (5%) or silver (10%) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Capacitors will be called out by their capacitance value in uF ( microfarads ) or pF ( picofarads ) and 
type: monolithic or electrolytic.  The larger electrolytic capacitors will have their values printed on them 
and have the negative lead marked with a large white arrow.  The small monolythic capacitors will be 
labeled as 103 ( 1 x103 pF ) or 102 ( 1x102 pF ) and have no polarity. 

Colour 1st Band 2nd Band 3rd Band 
Black 0 0 No Multiplier 
Brown 1 1 0 
Red 2 2 00 

Orange 3 3 000 ( K ) 
Yellow 4 4 0000 
Green 5 5 0,000 
Blue 6 6 000,000 ( M ) 
Violet 7 7 0,000,000 
Gray 8 8 00,000,000 
White 9 9 000,000,000 

 
Mono-
lithic  

Capacitor 

Radial 
Electrolytic  
Capacitor 

Axial Electro-
lytic 

Capacitor 

 -  +  +   - 
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Quantity Description Check Off 
2 330 ohm resistors   (    ) 

4 2.2k resistors (    ) 

4 10k resistors (    ) 

2 CdS Photocells (    ) 

2 50K Potentiometers (    ) 

6 103 (0.01uF )  monolithic caps (    ) 

2 47uF electrolytic caps (    ) 

2 220uF electrolytic caps (    ) 

2 1000 uF electrolytic capacitors (    ) 

2 Red LED’s (    ) 

2 1n4148 diodes (    ) 

1 78L05 voltage regulators (    ) 

2 555 timers (    ) 

2 2n3904 transistors (    ) 

1 L293 motor controller (    ) 

2 dc motors (    ) 

1 
1 

circuit board 
brass wire 

(    ) 
(    ) 

1 1 cm hot glue stick (    ) 

1 ZIP-tie (    ) 
1 9V Battery clip with 15cm leads (    ) 

 
Integrated Circuits will be called out by their part number, found printed on the top of their 
case.  Pin numbers of the integrated circuits always start ( 1 ) with the top left pin and num-
ber counter-clockwise around the chip.  The top of the chip is always identified with a dimple 
or notch. 
 
 

PARTS LIST 
 
Take a moment to check that your kit contains all these components. 
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FABRICATION 
 
Place the following resistors in the identified location.  They should be 
flush with the circuit board.  Flaring the leads slightly on the opposite side 
will help hold the parts in when the board is turned upside down for sol-
dering. Note:  W  =  ohms 
 

(   )  R1-330 W (orange, orange, brown, gold)  
(   ) R3-2.2KW (red red red gold)  
(   ) R4 & R8-50K Potentiometer: square blue or grey box 
(   ) R5-330W (orange orange brown gold) 
(   ) R7-2.2KW (red red red gold) 
(   ) R9 & R13-2.2K (red red red gold) 
(   ) R10 & R12 - 10K (brown black orange gold) 
(   ) R11 & R14 - 10K.(brown black orange gold) 
 

SAFETY WARNING: To avoid eye injury when you clip off excess leads 
wear safety glasses! 
 
For good solder connections, you must keep the soldering iron tip 
clean.  Wipe it often with a sponge or cloth. 
 

 (   ) Solder the leads to the circuit board and cut off excess lead 
lengths. 

 
 
 
NOTE:  No lead should extend more than 1/8” above the circuit board after it has been soldered 
and cut off. 
 
(   ) C1 & C2 47uf Electrolytic ( Watch the polarity! ) 
(   ) C11 & C12 -  220uf capacitors ( Watch polarity) 
(   ) C7 & C8 - 1000uf Electrolytic capacitors (Watch polarity! ) 
 
 
NOTE:  The label 103 on the monolithic capacitors refers to 10x103 pF or 0.01x10-6 farads ( 0.01 
uF )  There is no polarity on this part. 
 
 
(   ) C3 &C4  0.01uf ( 103 ) capacitors ( Small yellow or blue beads ) 
(   )  C5 & C6  - 0.01uf (103) capacitors (by motors) 
(   ) C9 & C10 - 0.01uf (103) capacitors 
  
 
(   ) Solder the leads to the circuit board and cut off excess lead lengths.

Note:  Parts are identified by a component number clearly 
marked on the circuit board and a description of the component. 
 
                 Value           Colour code 
 
(   )  R1-330 W (orange, orange, brown, gold)  
 
      Component  
      Designator  
       on PCB 
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THEORY 
 
In this section we are installing the resistors and capacitors in our 
CYBUG..  
  
The resistors are used to limit flow of current in the circuit, much 
as a pinched garden hose would limit the amount of water flowing 
through the hose! 
 
Resistors R1 through R8 are effecting the size of the pulse sent to 
the motors by controlling the current flowing into the 555 timer  
( IC1 and IC2 ) These motor pulses  control the size of the steps of 
the left and right motors 
 
R4 and R8 are adjustable resistors called potentiometers.  The re-
sistance of these components may be adjusted using a small 
screwdriver. 
 
 
 
 
 
The components C1 through C8 are called capacitors.  These are 
energy storage devices, rather like small rechargeable batteries.  
They can be used for many functions:   
 
·  C11 and C12 smooth any ripples in CYBUG’s voltage.   
 
·  C5 and C6 remove voltage spikes caused by the motors.   
 
·  C7 and C8 act as a kind of memory, making sure that the CY-

BUG backs up for about 1 second when a feeler is touched. 
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FABRICATION 
 

This part of the fabrication involves mounting the semi-conductors onto the CY-
BUG.  Please note: All these components are polarity sensitive, and will be 
damaged if they are put in upside down. Please heed all directions. 
 
 
 
 
 
 
(  ) D2 & D4 -  1n4148 Diodes Small orange glass component 

(   ) D1 & D3-  RED LED’s.   Mount these flush to the circuit board.   (Watch Polarity! ) 
 
 
 
 
 
 
 
(   )  IC1, IC2, and IC3. Install Integrated Circuits  
 
 

(   ) R2 and R6.  Install Photocells. Leave about �  inch of lead on 
these devices and point them slightly outward from the body of the CYBUG. 

 
 
 
 
 
 

 
 
 

(   ) Install transistors Q1 and Q2 (2n3904 transistors) and A1 (78L05 voltage regulator ). 
 
 
 (   ) Solder the leads to the circuit board and cut off excess lead lengths. 
 

Diodes have polarity!  The black bar on the diode is the negative end, 
and must align with the white line on the printed circuit board. 

When installing LED’s, watch the polarity!  The negative side is the side with 
the slightly shorter lead and the plastic base of the LED has a slight flat im-
pression.  These must line up with the flat line marking on the printed circuit 
board! 

Integrated circuits must be installed with the notch on the top of the 
plastic case aligned with the notch shown on the silk- screen. 

When installing the transistors and voltage regulator, line up the flat side of the plastic case 
with the line on the white silk-screen.  Leave about 5mm lead length from the base of the 
component to the circuit board.  BE CAREFUL!  The 2n3904 transistors look JUST LIKE 
THE 78L05!  Don’t mix them up! 
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THEORY 
 
Semiconductors are very special electronic components which 
are based on silicon.  With these devices we may: 
·  turn current on and off 
·  amplify small signals to large signals 
·  act as a one-way valve for current 
 
A diode, such as this 1n4148, is an electronic back-flow preventer!   
Electrons may only flow in one direction through this component, 
but not the other! 
 

LEDs( Light Emitting Diodes ) are also diodes, but are specially pre-
pared with a glowing phosphor which lights bright red when current 
flows. Remember: if you put this diode in backwards no current will 
flow, so it won©t light! 
 
 
 
Integrated Circuits are small in stature but big in performance!  
Each one has hundreds or thousands of diodes and transistors inside 
and may perform very advanced functions! The 8-pin 555 (or MC 
1455 ) timers are producing small electrical pulses to signal the mo-

tors to spin. 
 
The L293 (IC 3) is an integrated circuit chip which has a high 
current output suitable for powering motors. 
 
Photocells (R2 & R6) are resistors which are sensitive to light.  
The brighter the light, the lower the resistance!  Our CYBUG 
uses these parts as it’s eye’s.  The photocell with the brightest 
light causes will cause one 555 timer chip to reduce the energy 
it sends to the motor, causing that motor to slow.  Our CYBUG 
will turn toward that bright light! 
 
Transistors (Q1 and Q2 ) may be used to turn on and off elec-
tronic current much the same as a kitchen faucet can control the 
amount of water. These transistors are involved in telling the 
CYBUG to back-up when it©s feelers touch an object. 
 
Voltage regulator A1 is a device which converts 9 Volt battery 
power to 5 Volts suitable for our robot brains!   
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FABRICATION 
 
This section details the installation of the motors, feel-
ers, and other finishing details.   
   
(     )      Cut   four 1 cm lengths of wire from the ends of the 9V 
 battery clip ( two red and two black )  Strip  0.25 cm of insula
 tion from each of the ends.  
 
(    ) Remove the paper label from the motor making sure there is 
 no gummy residue left.  Use Isopropyl alcohol if necessary 
 to ensure a clean surface. 
 
(    )  Attach the red and black wires to the two motors, using the 
 motor terminal with the red dot for the red wire. 
 
 
 (    ) Cut two lengths of stiff brass wire 4.0cm long and straighten 
 them.   
 
 (    ) Bend  0.5cm lengths at each end of the 4.0 cm  brass wire 
 as shown below.   This is the motor support  rod used in 
 the next step. 
 

 
 
 
 

 
(    ) Solder the motor support rods on to the CYBUG 
 circuit boards at the points marked A and B.  (Do 
 both sides.)  These brass rods should be as 
 straight as possible. 
 
 
 
 
 
 
 (     ) P l ac e  t h e 

motor into the Motor bracket so that it angles down-
ward at approximately 35 degrees as shown in the 
following illustration.  Solder the brasswire to the motor 
as shown.  The end cap on the motor should rest on 
the printed circuit board 

 
 
(    ) Solder the loose ends of the red an 
 black motor wires to the pads on 
 either side of C5 and C6.  The red 
 wire on the right motor  attaches to 
 the back,.  The red wire on the left 
 motor attaches to the front pad of 
 the circuit board ( as shown ). 
 

3 cm 
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THEORY 
The motors we are about to add to our electronic life-form will convert electrical 
energy from the battery into rotational energy on the motor shaft.   
 
The motor uses two very important physical laws: 
 
·  Current flow through a wire generates a magnetic field whose strength is 

proportional to the amount of current. 
·  Like poles of magnets repel, and unlike poles attract. 
 
A motor works by employing a rotating central armature wrapped with wire to 
produce and electric field.  Current is fed to this rotating armature by a pair of 
brushes touching a commutator.  The entire armature and commutator as-
sembly spins within a set of permanent magnets. 

When current is passed through the armature of a DC motor, a torque is gen-
erated by magnetic reaction, and the armature revolves. ** 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The CYBUG’s motor is controlled by IC3 ( A L293dn Motor Controller. ) 
 

** “Electric motors and generators,”  Microsoft 
® Encarta ® 96 Encyclopedia. © 1993-1995 
Microsoft Corporation. All rights reserved. 
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FABRICATION 
This part of the exercise creates the feelers which our CYBUG’s depend upon 
for avoiding obstacles.    
 
(    ) Prepare two pieces of brass feeler wire, each about 12 cm long.  One end of each wire must 

be bent at a 90 degree angle about 0.5 cm along the length. 
  
 Feeler  wire (Suggested Size) 
 

(    ) Prepare two pieces of wire 2 cm long by stripping off all insulation and bending 
the wire into a “U” shape 0.6cm at it’s base and 0.6cm tall. 

 
“Feeler Sensor Loop” 
  Actual Size!         
 
 
 

 
 

 
(    ) Insert each of these “U” shaped wires in the feeler sensor pads immediately in 

front of R2 and R6.  Leave about 0.5 cm between the circuit board and the top of 
the loop of wire.  Solder both sides and cut excess wire. 

 
 
(    ) Pass a 15cm brass feeler wire through the right loop of wire, across the front of 

the CYBUG and into the “left feeler” pad.  Solder the 90 degree bent end into the 
“left feeler” pad. 

 
(    ) Repeat the previous step for the other “right feeler”  It should be a mirror image 

of the left feeler. 
 
(    ) Using pliers, bend the feeler wire around the front of the CYBUG as shown in  

illustration “feeler wire detail” 
 

 
You must now decide if you want your robot to chase lightsources ( photo-tropic ) or run from light 
sources ( photo-phobic ) 
     
        (     )    For Photo-tropic behavior, solder a short wire connecting jumpers J1 ( a to b ) 

    and J2 ( c to d ). 
                For Photo-phobic behavior, solder wire from  a to d and another wire from  c to b. 
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THEORY 
You are creating a very sensitive switches which will be used by your CYBUG 
to detect objects and other CYBUG’s immediately in front.   
 
The stiff  wires which extend to the front are connected on the circuit board to 
ground.  From there they pass through a loop of wire which is connected to an 
input to the robots nervous system.   
 
When the long brass wire is bumps an object it will bend forwards (or back-
wards) and touch the sides of the feeler loop.  When this happens, the robot 
reacts by backing away. 
 
For this reason, it is very important that the feeler wires are gently ad-
justed until they pass through the center of the wire loop without actu-
ally touching the loop itself.  

 

You may find that if your CYBUG Scarab vibrates too much in motion the feel-
ers will wobble enough to cause them to touch the sensor loops, making the 
CYBUG Scarab believe it has bumped something, making it spin backwards.  
Try centering the feeler in the sensor loop better if this happens. 
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FABRICATION 

We are almost ready to bring your CYBUG to life, but we have a few final 
adjustments and add some frills to take care of. 

 
(    ) Solder a length of brass wire 3 cm long to hang down below 
 one of the solder pads by LED D3.  This will act to prevent 
 our CYBUG from tipping on his nose ( Front Support Rod ). 
 
(    ) Similarly, solder another brass wire ( support rod ) 3cm long 
 to the pad behind R11 to stop the CY
 BUG from tipping backward. 
 

 
 
 
 

 
 

 
 
 
(    ) Slice a �  inch section of the hot glue stick 
with a sharp knife to use as a wheel.  Poke a hole in 
the center of the disk with small nail.  Press the 
motor shaft into the hole.   Alternately, you might try 
melting a small hole in the center of the disk with the 
tip of your soldering iron and placing the wheel on 

the motor shaft before the glue re-hardens.  (Wipe your tip clean after)  Keep the 
wheel centered on the shaft as much as possible! 

 
(    ) Prepare the 9V battery clip by cutting the red and black wires to a length of 8 cm and 

stripping 0.5 cm of insulation off each end.   
 
(    ) Loop the red and black leads through the large holes as shown then solder battery 

clip leads to pads near the back of the CYBUG labeled RED and BLACK.. This will 
provide a small amount of strain relief 

(    ) Using a long zip-tie ( or wire ) 
strap the 9V battery to the top 
(or bottom) of the CYBUG.   If 
your battery has a metal case,  
please wrap it in tape to insu-
late it from circuit-board 

 
 
 
 
(    ) IMPORTANT Connect the pads immediately behind the L293 motor controller 
 using a small piece of uninsulated wire ( See Jumper Detail )  You may 
 (optionally) put an on-off switch in place of this jumper to conveniently turn your 
 CYBUG off without disconnecting the battery clip. 
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Bringing the CYBUG to life 
 
The first time you apply power to your first CYBUG, it may behave rather 
awkwardly.  You will need a small screwdriver to adjust it’s behavior. 
 
The following adjustments should be performed in normal room light. 
 

(     ) While watching LED D1, adjust potentiometer R4 until the LED in on for only �  the 
time that it is off.  ( i.e. if it is off for 2 seconds, set the on time for roughly 0.5 sec-
onds. ) 

 
(     ) Repeat the previous task on R8 while watching LED D3.  
 
By adjusting these potentiometer’s settings you are controlling the activity 
level of your CYBUG.  Your creation may be a fast, energy consuming 
predatory creature, or a slow, deliberate herbivore. 

TROUBLESHOOTING 
If the following steps don't help there is a more detailed troubleshooting page on 
our website at http://www.jcminventures.com 
 
Problem:  My CYBUG doesn’t move at all!  No lights, no nothing! 
 
Sounds like he has an energy crisis. We suggest you check carefully that you have not 
placed the voltage regulator in backwards or attached the 9V battery clip backwards.  Often 
them problem is simple:  You forgot to put on the power jumper beneath IC3! 

 
Problem:  His red LED’s light up and he moves, but he only backs up ( or backs up on one 
side ) 
 
Your CYBUG has one or both of his feelers touching the feeler sensor loop through which 
they pass.  Carefully bend the lengths of feeler wire so that they pass directly through the 
loops, but don’t touch the loop.  If the feelers touch something, then they will touch the loop! 
 
Problem:  He moves OK, but his eye(s) aren’t lighting up! 
 
Chances are you have put his LED’s in backwards.  Make sure the flat part on the base of the 
LED is facing the back of the CYBUG. 
 
Problem:  Both motors go forward 100% of the time, and pay no attention to the light or obsta-
cles. 
 
This can happen if the jumpers J1 and J2 are not installed.  Be sure that the two jumpers are 
in place as described on page 8 of this manual   
 
 
Still not working?  Drop us an email at info@jcminventures.com . 
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BUILDING A CYBUG FEEDER  
 
Every bug needs a food source, and our young CYBUG is no exception. 
Whereas most insects draw energy from plant or animal matter, our robot 
requires a purer energy source.  

  
  
  

Item Description Sources 

1 1F Memory backup capacitor ( or larger ) ABRA electronics Part Number 555-
1.4z5.5 

2 Aluminum disposable cookie sheets Most grocery stores or department 
stores where housewares are sold  

3 12 volt dc wall adapter ( 800ma - 
1000ma output ) 

Digi-key Part number T507-ND  

4 12V Light bulb  Small automotive bulb 

5 Artificial Plastic Plant, long stem, about 
30 cm tall 

Hobby or craft store 

6 0.008" Steel guitar string Any music store 

7 Aluminum foil ( Tin foil ) Most grocery stores or department 
stores where housewares are sold  
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Building a SUN-FLOWER feeding station 
 

Step 1: Cut three or four large metallic leaves from the aluminum 
cookie sheets ( About 15 cm long and 8 cm wide )  

 
Step 2: Attach them to the stem of your artifi-
cial plant with twisted wire, zip-ties, or hot glue 
between 9 and 13 cm off the ground. These 
leaves should be in electrical contact with each other 
(touching). (Aluminum foil wrapped around the stem 
where the leaves attach may improve the conductivity 
between the leaves.) This will carry the charging cur-
rent for the CYBUG 
 

 
 
Step 3:  Lay a large sheet of aluminum foil flat on the ground all around 
the plant and tape the perimeter to the table top.  
 
Step 4: Set the plant on the aluminum foil. This will act as the ground 
plane for the robot 

 
Step 5: Connect the positive lead of the 
transformer to the metallic leaves and the 
negative wire to the foil laying on the 
ground 
 
Step 6: Connect the light bulb across the 
positive and negative leads from the trans-
former. Using hot-glue or tape, attach the 
light bulb near the base of the flower, un-
der the leaves. It is this flower which will 
attract the CYBUG’s  
 
 

When the charger is plugged in, your robot will drawn to the light bulb and be able to 
connect to the charging leaves and recharge some of it’s expended energy! That is, 
once your robot has it’s charging antennae attached and connected! 

Support the SUNFLOWER in a vertical position using 
some type of weighted base.  
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Attaching Charging Antennae to your CYBUG 
 
Step 1: Buy a 0.008" steel guitar string wire from your local music shop and cut it into 
two 2.5" lengths. It is suggested you use an old pair of wire cutters because this wire is 
very hard and may nick your sidecutters. You might try bending it with pliers until it 

breaks as an alternative to cutting it. 
 
Step 2: At the front tips of the CYBUG’s circuit board, 
just behind the feeler loops, you will notice two small 
empty pads.  
Solder the short end of the guitar wire you prepared in 
step 1 to the outside pad on the left side. Cut off ex-
cess lead under the circuit board. 
Repeat on the right side of the CYBUG. 
 
Step 3: Using two 10cm length of wire, attach the 
positive terminal of the 1F capacitor to each of the 

guitar string antennae. 

 
Step 4: Similarly, solder a guitar string about 2 inches 
long to the other pad and let it descend down make con-
tact with the ground ( See diagrams showing bottom view 
and side view ). This will be the ground wiper.  
  
Repeat for both sides. 

 
Step 5: Adjust the wires so that the top wire touches the leaves and the bottom wire 
touches the aluminum foil when the CYBUG maneuvers up to the charging flower. 
 

Step 6: The 1F capacitor replaces the 
conventional battery. Connect the posi-
tive and negative leads of the capacitor 
to the red and black battery input to the 
CYBUG. 
  
It’s Feeding Time! Plug in the flower 
transformer and hold the CYBUG up 
to the plant so that the leaves touch 
the antennae and the ground foil 
touches the ground contact. You may 
have to hold the CYBUG to the plant 
for a minute or so to allow the 1F 

capacitor to charge fully. When it looks like the robot has peaked in activity, set 
it down and let it explore it’s environment. 
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Evolution Possibilities: 
Like any creature of Earth, there are always room for improvement. Unlike evo-
lution, it’s up to you to design the CYBUG’s improvement. 
Here are some thoughts on things you might improve on your CYBUG. 

·  Use pipe cleaners and other decorations to create legs and antennae for your 
new creature. You can attach these appendages to the CYBUG using hot 
glue, but be careful not to get glue in any components. 

·  Modify the feelers to detect edges as well as obstacles. This would require you 
add a small piece of wire across the bottom of the feeler sensor loop, which 
will contact the feeler wire as the feeler drops off the table. 

·  Add small plastic tubes to each photocell to improve directionality. 
·  Add bumpers and side guards from some brass wire to help the CYBUG avoid 

getting tangled up with other CYBUG’s. 
  

Schematic Diagram: 
 

  
Visit http://www.jcminventures.com for a larger format version of this sche-
matic. 
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