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Build this Sunlight-Scanning Head Robot. No batteries
needed for this BEAM Robotics device.

ever
©

Produced by

1 2 3 4 5
Skill Level

Ltd.

The Solar-powered SunSeeker head is a stationary robot that scans it’s environment for

the brightest source of light, and blinks when it locks on! Includes optional touch-sensor

add-ons for obstacle detection. (Soldering skill required)
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We strongly suggest you inventory the parts in your kit to make sure you have all the parts listed. If

anything is missing, contact Solarbotics Ltd. For replacement parts information.

Solarbotics Ltd. Is not responsible for any special, incidental, or consequential damages resulting from

any breach of warranty, or under any legal theory, including lost profits, downtime, good-will,

damage to or replacement of equipment or property, and any costs or recovering of any material or

goods associated with the assembly or use of this product. Solarbotics Ltd reserves the right to make

substitutions and changes to this product without prior notice.

Disclaimer of Liability

1 - SunSeeker Printed Circuit Board (PCB)

1 - Servo & Servo accessory pack

2 - Touch sensor Assembles (Spring wire; long socket pin; heat-shrink tubing)

2 - Tiny light-emitting diodes (TLEDs)

2 - Infrared Photodiode detectors (Pds)

1 - 37x33mm Solarcell

1 - Length of solarcell twisted hookup wire

1 - 74AC139 1-of-4 Decoder IC Chip (being used for something it never was intended)

2 - 6.8µF Tantalum capacitor

1 - 100k Trim potentiometer

2 - 1381J Voltage detectors (3-legged black thing)

2 - ZVN2106 FETs (another 3-legged black thing)

2 - 0.47µF Monolithic capacitor

1 - 3300µF Electrolytic capacitor

7 - 300k Resistors (colored Orange / Black / Yellow / Gold)

2 - 1M Resistors (colored Brown / Black / Green / Gold)

4 - Diodes

8 - #2-1/4" Sheet metal screws.

4 - Rubber self-adhesive feet

1 - Set of instructions (if you can’t find these, you’re in deep trouble - seeing that you are reading

it right now!)

-Soldering iron & necessary accessories (electronics solder, damp sponge, soldering iron holder)

-Set of fine side-cutters or snips for trimming leads and wires and modifying the servo

-Lighter, match or other source of heat for shrinking heat-shrink tubing

-Phillips screwdriver (the one that looks like a ‘+’)

-Wire strippers to prepare the solarcell wires for soldering

-Glue for mounting the solarcell (epoxy is best; hot-glue acceptable)

-Knife or razor for assembling the touch sensors

-Needle-nose or fine-tip pliers (or technically known as “grabber-nabbers”)

-A small file, to take the bite off the pointy parts.

-Blue-nosed, three-limbed Bolivian tiger-moth (optional)

-A sense of humor. Because you’re in for a lot of bad jokes...

Tools Required:
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Just in case you’re new to BEAM robotics, let’s go through the basics: BEAM is an acronym for the four
fundamentals of building relatively simple robots.

iology - Steal the best ideas that mother nature has come up with so far. Can’t beat several million years
of development for inspiration.

lectronics - Since we can’t (easily) use biochemistry to build our devices, we’ll use simple, effective
electronics to fulfill our needs. You will rarely find anything as complicated as a microprocessor in a BEAM
robot, as we strive to get the most performance out of as little silicon as possible. You will often find a
solarcell glommed onto the top of many BEAM devices, and though much less powerful than regular ‘AA’
batteries, they will last for years. This gives solar-powered BEAM devices very long lifetimes where they
won’t require you watching over their battery status.

esthetics - Just another word for “Coolness”. If it looks clean, lean, and slick, chances are that it was well
built and will last much longer than a device lacking aesthetic appeal.

echanics - Clever mechanical design of a robot can make it very effective, much more so than a clumsy
design that needs additional electronics to overcome its mechanical limitations. Many BEAM robots are
often built out of “recycled technology”, otherwise known as techno-scrap (like that broken walkman in you
junk-drawer).

With that out of the way, let’s get onto the workings of the SunSeeker 1.0.

The SunSeeker is a rotating device that analyses its environment for the brightest source of light, and then
does its best to point itself at it. When the SunSeeker thinks it is aimed right at it, it blinks the LED indicators
on its front.

The electronic operation of the SunSeeker is based around two voltage detectors each fed by a photodiode.
The photodiode is a power-generating device, and when exposed to light, it starts charging a small
capacitor. This charge is monitored by a 1381 voltage detector, which sends out a signal when the charge
has met a predetermined level. It is the fight between these two teams of components that cause the light-
seeking behavior of the SunSeeker.

When one side of the SunSeeker has more light than the other, that side obviously charges its capacitor
quicker, triggering its associated 1381 first. The pulse from the 1381 runs to the 74AC139 chip, which
dumps the power being stored in the big capacitor to the motor in such a way that it turns the SunSeeker
body towards the light.

When both 1381s reach their trigger point at about the same time and both send a signal to the 74AC139,
the chip has a dilemma. Does it turn left, or right? Well, we set it up so that it dumps the power usually used
to making the SunSeeker turn into blinking the LEDs instead.

Besides having a pair of photodiodes as its optical detectors, the SunSeeker also has optional tactile
(touch) sensors you can install so that it won’t bump into objects in its way. These work by dumping extra
power to the photodiode capacitor on the other side of the SunSeeker. This effectively makes the
SunSeeker think that (all of a sudden) that there’s a GREAT WHACKING BRIGHT STAR on the other side,
making it look away from the obstacle.
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Step 1:

Step 2:

Break the long leg mounts off the side of the

printed circuit board (”PCB”).

File or sand off the little sharp tabs left where it

was broken off from the PCB. Although not entirely

necessary, it makes your SunSeeker look better, and

sharp corners are definitely not cool.

Step 3: Screw the legs together in an “H” pattern base

as shown. Put the screws in from the top, through the

horizonals into the lower legs. This is necessary to

allow enough space for the mounting screw head and

tips

Step 4:

from under-

neath

Remove the output arm from the servo, and

screw it in upside-down into the base

as shown. Put the servo screw back into the

servo so you don’t lose it during the next modifica-

tions.

Now would be a good time to file off the sharp screw

points.

Break the legs off the PCB

File off the sharp break points

1

2

Screw the base together3

Enough of the background and theory - let’s get to work. Follow the instructions , checking off each

box as you progress. This will guarantee that everything gets done in the order needed, avoiding the problems

we get with “My Robot doesn’t work - WAAAAAAA!” telephone calls (which are quite upsetting at 3 in the

morning).

step by step

Screw the servo arm to the base4
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The motor used for your SunSeeker is a modified hobby servo. Unfortunately for the servos, you'll be

performing a little "open-heart" surgery on them (insert maniacal laughter here). Why? well, to be honest,

we simply cannot find gearmotors near as strong and affordable as modified servos, but their internal

electronics simply aren't compatible as-is. So fish out your Phillips head screwdriver, and the included length

of twisted wire - we're going hacking!

5

7 8

6

Start by removing the bottom plate from the servo, and

be careful not to lose the screws (sorry to sound like

your mom, but these are dang-near impossible to

replace)

Remove the motor from the PCB by desoldering it from

the solder mounting pads indicated. As for the leftover

PCB and pot, you can feed it to your cat or dog, but not

your hampster - that would be silly...

Gently push the motor back into place. Then solder the

wires onto the motor, with the RED wire connected to

the terminal nearest the RED dot.

Don’t put the cover back onto the bottom just yet - we

have some modifications to do on a gear in the next step.

Gently pry the servos electronic guts out with a

electronic-guts puller tool (if that's not handy, use a

screwdriver). The PCB is connected to the servo

motor and feedback pot, so expect to see these as you

pull the whole assembly out.

Desolder here

Remove bottom plate

Reinstall motor / solder wiresDesolder motor

Pry out PCB
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9 10

Carefully remove the top cover. This is what the

geartrain will look like. The big black gear will pull off

that center white gear, but it is easily re-assembled. If

you knock the gears all loose, use this picture as a

reference to put it back together.

Take your clips and snip this little tab off. This will allow

the gearmotor to spin all the way around 360 degrees.

To test if your cut is adequate, take the gear and put it

into the top cover where it belongs (by itself), and spin

the output shaft. If it snags at all, trim it some more.

11

This is the modified gear after the tab has been snipped

off. You may require a razor to get close enough to the

gear so it rotates properly in the top cover.

When you are sure it spins freely, reassemble the

servo.

12

When you are finished, you’ll have a free-spinning

gearmotor and an assembled stand. At this time,

so it extends out from the servo

about 5cm (2”) and save the rest for the solarcell.

Now that the mechanics are pretty well finished,

put them aside, and get started on the electronics!

cut the wire

Remove top cover

Clipped gear closeup Servo assemblies

Clip off tab
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Time for the nitty-gritty - Well, technically, the electronics, but nobody cares if you run

around a room screaming “IGOR! Bring me some fresh electronics!”. Seriously though, when assembling

the electronics, you to have good soldering skills. This means applying the soldering iron to the joint,

heating it up, applying the solder. The resulting connection has to be shiny and smooth. Gray and

rippled is a sign of a “cold” solder joint, which is practically guaranteed to fail. Over 90% of the returns we

see at Solarbotics are due to bad solder connections, which we fix in under 30 seconds. So spend some time

making sure your connections look good, and save yourself lots of frustration.

When installing the following components, push them in right close to the board, and after soldering, clip off

the extra leg material from the underside. We know this sounds kinda obvious, but we have to cover all the

bases!

the BRAINS!

have

then

13

17

14

15

Install the 74AC139 chip into the area labeled “U1”.

Note that the chip has a notch and a bar on one end

that MUST be on the right (matching the notch on the

picture of the chip on the PCB).

Install the two (2) 0.47µF capacitors (marked with

‘474’ on one side) in the spots labeled C3 and C4.

These capacitors don’t care which way they go in.

Install the seven (7) 300k resistors (colours:

orange/black/yellow) into the slots labeled R1

through to R5, R8 and R9.

Install the four (4) diodes into slots labeled D1

through to D4. Make sure the little black stripe

on the diode matches the stripe location on

the PCB.

Note orientation!

Diodes

300k

Resistors

16

‘+’ ‘+’

Install the two (yup, 2) large 6.8µF capacitors in the

spots labeled C1 and C2. These caps have little “+”

marks near one of the legs - this side goes into the

hole closest to the top of the PCB.

Install 74AC139 chip

Install 6.8µF capacitors

Install 0.47µF capacitors
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18

24 25

20 22

21
23

19
Identify the ZNV2106 FETs. These are similar to

transistors, but different (boy, that was descriptive,

wasn’t it?). These ones look like a 10 ton truck ran

over a regular transistor, as they are somewhat

flatter than a regular transistor. The important thing

to note is .the front is the black side

Install the 3300µF capacitor in the position shown

from The leg closest to the stripe on

the capacitor is the ‘-’, so make sure it goes in

properly.

underneath.

Install the LEDs where shown from You

will notice the LED has a stripe on one side - this goes

into the hole closest to the bar on the LED symbol.

Repeat this on the opposite side.

underneath.

Install the 1381 triggers in the positions as

shown (P2 & P3). Match the curve on the

1381 with the curve shown on the PCB.

Install the two (2) 1M resistors (brown /

black / green) into positions R6 & R7.

Install photodiodes of

the PCB with the curved sides outward in

positions D4 & D5.

on the underside
Install the 100k trimpot where shown.

That’s the only place it’ll fit, so we don’t

think you’ll make a mistake here!

Install the FETs in the spots labeled ‘FET’ (Q1 & Q2),

so that curve on the top of the FET matches the

picture of the FET on the PCB.

BACK FRONT

1381
1381

Photodiode

underneath
Photodiode

underneath

Install

UNDER-

NEATH

Install

UNDER-

NEATH

Symbol bar

Stripe

FET

front

this way

FET

front

this way

Identify ZVN2106 FETs
Install ZVN2106 FETs

Install 3300µF Capacitor Install LEDs
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26 27

Reference Picture 1: This is what the

of your PCB should look like now, plus the

resistors and trimpot at the back. Note the

positions of the FETs and the 1381s.

top

front

Reference Picture 2: This is what the

of your PCB should look like now.

The Photodiodes and LEDs are the only things on

this side up front, and the 3300µF cap at the rear.

bottom front

28 29

Open your servo accessory package, and put the

rubber mounting pads and brass eyelets in place as

shown. We’re about to install this bad boy onto the

PCB!

Using the screws in the servo accessory pack, screw the

servo to the top of the PCB as shown, but be careful not

to over-twist the screws and strip them out of the PCB.

MAKE SURE that the output shaft is forward, otherwise

the SunSeeker won’t balance properly on the stand.

30 31

Solder the servo wires to the points labeled “M”

(for motor, right?). The red wire goes to the ‘+’,

and the black to the ‘-’. If you reverse these wires,

your SunSeeker will be scared of light!

Screw the base onto the servo, and add the LRFs

(that’s techie-talk for “Little Rubber Feet”) to the

corners of the base. File down any sharp screw tip

points. Hold on - we’re just about finished!

Install pads/eyelets

Solder servo wires to PCB

Screw servo to PCB

Mount base / attach feet / file points



SUNSEEKER 1 H EAD - ELECTRONICS A SSEMBLY & TUNING

(8)

32

Solder the left-over twisted wire from the servo

modification to the solarcell, red going to ‘+’, and

black going to ‘-’. Make this connection quick, as the

solderpads on the solarcell will burn off if overheated!

33

Solder the other end of the wires to the points

shown. Look at the labels underneath to determine

which is positive (+) and negative (-). Or just know

that the pad nearest the servo is the negative pad.

With that done, your SunSeeker is active (but not

finished).

34

35

Prop the solarcell on top of the PCB as shown, and

put your SunSeeker down. It should start twisting

one way or another, pulsing once every second or

so in direct sunlight. If it works, glue the solarcell to

the servo and PCB, and start tuning it! Otherwise,

it’s time to find the debugging section...

Remember that little trimpot we installed way back in step 23? This is

where it comes into play. Due to inherent differences in parts, your

SunSeeker will most probably have a preference in which direction it

will want to turn when you first power it up. The trimpot lets you

balance the eyes so that it will aim itself dead-true to the target light-

source.

If you want your SunSeeker to turn more to the right, turn the trimpot

clockwise. To turn more to the left, turn it counter-clockwise. When it

locks on to the light source, the LED’s will light up!

Solder on solarcell wire Attach Solarcell

Mount Solarcell

Tune the SunSeeker Head



2.Slip Tubing onto Socket Pin 3.Shrink Tubing with match

Augat Socket Heat-Shrink Insulation

Mounting Point

and First Electrical Connection

Second Electrical Connection
Wire Spring

Augat Socket

Pin

To Sensor Whisker

1.Augat Socket Pin and Heat-Shrink Tubing

7mm

(¼”)

First find the plastic heat-shrink tube that came in your kit and clip off 7mm (¼”) and slip it onto the Augat socket

(picture 1). Make sure that it doesn't completely cover the end, as you will be soldering to that later (picture 2). Then

shrink the tubing by applying heat to it (match works fine), but don't bath it in the flame (picture 3). Gently heating will

make it snug down onto the pin. If you see smoke, that's too much heat!

only

After the tubing is shrunk, carefully cut the tubing below the neck of the socket pin and leave it in place (picture 4). This

new segment will be used to tune the sensitivity of the touch-sensor. Take a spring wire, and stretch it out to about

15mm so you can just see between the coils (picture 5). Then push the spring onto the pin up to the tubing, but not

over the end. If this causes some problems, try twisting the spring while pushing it on so it threads onto the tubing.

Lastly, reach between the spring

coils with your knife and slide the cut

tubing segment down the pin to

about 1/3 the pin's length.

5.Stretch Spring

15mm

(5/8")
4.Cut tubing below neck

(leave in place) 6.Push Spring onto Pin

7.Slide Tuning Segment Down

The optional touch-sensors give the SunSeeker the ability to move away from an obstacle it has collided with.

This is particularly useful if you plan on using your head for use on top of mobile robots, where the head will

be able to also detect physical obstacles. To do this, we use switches, which have a unique

ability in that they activate when touched from almost any direction.

Prepare two sensors as shown on this page, and we’ll add them to the SunSeeker next!

omni-directional

SUNSEEKER 1 H EAD - O PTIONAL TOUCH-SENSORS

(9)



Need to know exactly how the SunSeeker works? Here you go! This diagram, along with the description of

the robot behavior at the beginning of this instruction book will give you all the necessary information you

need to have a complete understanding of the SunSeeker.

Additionally, the following interfacing information may be of use to those of you who want to further

experiment with using your SunSeeker with other robot systems.

SUNSEEKER 1 H EAD - SCHEMATIC & INTERFACING

(10)

If you take a look at the bottom of the PCB near the end,

you will see these following unused pads. Although not used

currently, the concept is to integrate the SunSeeker Head

into other mobile robot designs. By adding a head that can

be selectively activated, you can a mobile robot a whole

new level of behavior and capability.

The pad functions are fairly self-explanitory:

“Sens” passes the tactile sensor activation signal

“Signal” passes the “lock-on” signal when the LEDs light up

“Enable” can shut down the SunSeeker by connecting it to

Vcc (+)

“Vcc & Gnd” is for passing power up to the SunSeeker

The large pad labled “Pin Mount” is for attaching a vertical activation touch pin. Solarbotics Ltd. Is working on walking

robot designs that will allow the SunSeeker to be mounted on top, and have touch gates mounted beneath that this

pin will contact. Having the SunSeeker pin hit these gates will transfer a signal to the robot below, indicating which

direction has the most light.

Although not fully implemented yet on our own designs, we hope that these extra features will give you some ideas

that you can use with your SunSeeker!

+

1381J 1381J

3 3

2 2 11

100k
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3300 F�

300k 300k

300k

ZVN2106

74AC139
ZVN2106
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SUNSEEKER 1 H EAD - SENSORS AND TROUBLESHOOTING

Touch-Sensors: If you want to install the touch sensors,

simply take the assemblies you constructed earlier and

solder it to the points shown. Just make sure that the

solder doesn’t bridge from one pad to the next, as that

is the same as having the switch permanently closed.

You can mount the sensors on the top or bottom of the

PCB - it doesn’t matter. Also make sure the sensor

doesn’t vibrate too much when the head moves - it

may trigger prematurely. Fix this by sliding the inner

plastic sleeve further down the pin.

Sensor spring lead through this pad

Rear of pin soldered to this pad

Troubleshooting:

The Wiggle Test:

“Wandering” Behavior”

First thing you do is go back over your solder connec-

tions and resolder them once more. Done? Good. Now,

go back and reheat them once more. Yup, once more.

The #1 killer of any electronics project is .

It may look soldered in, but there is only one way to

absolutely check.

Firmly grab each component and give it

a firm wiggle while examining where the legs meet the

PCB. If you feel the leg moving at all, that means it isn’t

actually connected to the PCB - resolder it so it is nice

and smooth.

- If you find your SunSeeker is

wandering instead of locking on, the problem may be

that light is entering the of the optical sensors.

Try covering the backsides with white-out, black marker,

or some other light-blocking substance.

poor soldering

backside

Component Check:

Solder Bridges:

Are you all the components are in

the right place in the right orientation? Even the best of us

occasionally mount a component in backwards. Double

check the installation. Is the main IC (the 74AC139) in

backwards?

You simply cannot have solder jumping

from one pad to another on a PCB, because this corrupts

the electronics circuit. Make sure there are no small or

large solder blobs jumping from pad to the one next to it.

If you want to try improving the

SunSeeker’s performance, you can either add additional

storage capacitors or larger solarcells.

Adding more capacitors will make it take bigger steps and

blink it’s lights more intensely, at the expense of a longer

charge time. If you put an extremely large capacitor (say 2

0.33F capacitors wired together in series so you don’t

sure

Souping it Up:

overcharge them), the SunSeeker will be much more critical in what it considers “locked on” to the light source target. It

will be moving almost continually trying to fine-tune it’s aim before blinking. This may be an attractive behavior to you if

you want your SunSeeker to be at it’s most active.

Adding larger or additional solarcells will make it proportionally more active. The SC3766 solarcell (37x66mm) will fit

nicely on the top of the servo in addition to the SC3733 included with your kit.




