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Build Instructions — Light Activated

Before you start, take a look at the Printed Circuit Board (PCB). The components go in the side with the writing on
and the solder goes on the side with the tracks and silver pads.

o PLACE RESISTOR

Start with the 220Q resistor that is marked with red, red, brown coloured bands. Solder the
resistor into the PCB where it is labelled R4. It doesn’t matter which way around the resistor goes /
into the board.

o PLACE THE TRANSISTORS

The two transistors should be placed into Q1 and Q2. It is important that they are inserted in the
correct orientation. Ensure that the shape of the device matches the outline printed on the PCB.
Solder the devices into place.

9 SOLDER THE PHOTODETECTOR

Solder the Photodetector into the circle indicated by the text R1. This is next to the ‘light’

-"
text. For the phototransistor make sure the flat edge is towards the Power connections end /
of the PCB.

Phototransistor

o SOLDER THE VARIABLE RESISTOR

Place the variable resistor into R2. It will only fit in the holes in the board when it is the correct way
around.

Connecting power

There are two power terminals on the PCB to allow power to be connected.
These are identified by the text ‘power’ on the PCB.
e The positive power connection should be connected to the terminal indicated by the text ‘+’ and ‘red’.
e The negative power connection should be connected to the terminal indicated by the text ‘-’ and ‘black’.

Connecting an LED

The circuit can be used to turn on an LED. The LED should be soldered into the LED1 on the PCB. A current limit
resistor must also be placed in the R3 on the PCB. The value of R3 will depend on the LED used and the supply
voltage. For a standard LED and a 5V supply voltage a 220Q would be suitable.

Connecting an external circuit to the boards output

The circuit can be used to control another device. To do this the device that
is to be controlled should be connected to the terminals labelled ‘output’. Output +
When the circuit is activated the output turns on and can be used to turnon | Output— N
the device to which it is connected.

Note: This output will be around 0.9V lower that that connected to the PCB.

A a0 E $POITITNT X

External
Circuit




Light Activated Switch Essentials @

www.kitronik.co.uk/2112

Build Instructions — Dark Activated

Before you start, take a look at the Printed Circuit Board (PCB). The components go in the side with the writing on
and the solder goes on the side with the tracks and silver pads.

o PLACE RESISTOR

Start with the 220Q resistor that is marked with red, red, brown coloured bands. Solder the
resistor into the PCB where it is labelled R4. It doesn’t matter which way around the resistor goes /
into the board.

a PLACE THE TRANSISTORS

The two transistors should be placed into Q1 and Q2. It is important that they are inserted in the
correct orientation. Ensure that the shape of the device matches the outline printed on the PCB. Once
you are happy, solder the devices into place.

° SOLDER THE VARIABLE RESISTOR

Place the variable resistor into R1. It will only fit in the holes in the board when it is the correct way
around.

o SOLDER THE PHOTODETECTOR

text. For the phototransistor make sure the flat edge is towards the Output connections

Solder the Photodetector into the circle indicated by the text R2. This is next to the ‘dark’ &
end of the PCB. /

] Phototransist
Connecting power ototransistor

There are two power terminals on the PCB to allow power to be connected.
These are identified by the text ‘power’ on the PCB.
e The positive power connection should be connected to the terminal indicated by the text ‘+’ and ‘red’.
e The negative power connection should be connected to the terminal indicated by the text ‘-" and ‘black’.

Connecting an LED

The circuit can be used to turn on an LED. The LED should be soldered into the LED1 on the PCB. A current limit
resistor must also be placed in the R3 on the PCB. The value of R3 will depend on the LED used and the supply
voltage. For a standard LED and a 5V supply voltage a 220Q would be suitable.

Connecting an external circuit to the boards output
The circuit can be used to control another device. To do this the device

that is to be controlled should be connected to the terminals labelled

‘output’. When the circuit is activated the output turns on and can be Output + E>.<ter.nal
used to turn on the device to which it is connected. Output — Circuit
Note: This output will be around 0.9V lower that that connected to the

PCB.
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Checking Your Circuit

Check the following before you connect power to the board:

Check the bottom of the board to ensure that:

All these leads are soldered.
Pins next to each other are not soldered together.

Check the top of the board to ensure that:

The body of the two transistors match the outline on the PCB.

Testing the PCB

Light activated circuit

In daylight, turn the variable resistor R2 fully clockwise (high resistance = 1MQ). At this point the output
should be on (and the LED if fitted).

Now turn the variable resistor R2 anti-clockwise until the output turns off (and the LED if fitted).

Turn the variable resistor R2 back clockwise. Note the point at which the output (and the LED if fitted) turns
back on. This is the trip point for the current light level.

If you want the circuit to trip at a lower light level then adjust R2 forward in the clockwise direction.

If you want the circuit to trip at a brighter light level then adjust R2 back in the anti-clockwise direction.
Some experimentation maybe required to set the correct trip point.

Dark activated circuit

In daylight turn the variable resistor R1 fully clockwise (high resistance = 1MQ). At this point the output
should be off (and the LED if fitted).

Now turn the variable resistor R1 anti-clockwise until the output turns on (and the LED if fitted).

Turn the variable resistor R1 back clockwise. Note the point at which the output (and the LED if fitted) turns
back off. This is the trip point for the current light level.

If you want the circuit to trip at a lower light level then adjust R1 forward in the clockwise direction.

If you want the circuit to trip at a brighter light level then adjust R1 back in the anti-clockwise direction.
Some experimentation maybe required to set the correct trip point.

U
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How the Light Switch Works — Dark Activated
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The circuit operation is very simple. When the input to the transistor Q1, which is fed from the connecting point of
R1 and Phototransistor, is greater than 1.4V, the output is turned on. Normally it requires 0.7V to turnon a
transistor but this circuit uses two transistors in a Darlington Pair, meaning that it requires 2 x 0.7V = 1.4V to turn on
both transistors.

When the phototransistor detects a brighter light level, current begins to flow through the component down to
ground, thus pulling the voltage down at the transistor and turning it off.

When the phototransistor detects a darker light level, the phototransistor conducts less, so that the voltage at Q1 is
pulled towards the supply voltage by the resistor R1 and R4. When this voltage is at 1.4V or higher transistor Q1
turns on.

R4 is present to protect the transistor Q1 should the variable resistor be set to zero.

It is also worth noting that the output, when turned on, will be around 0.9V lower than the supply voltage V+. This is
because of the voltage drop across the collector and emitter pins of the Darlington Pair of transistors. Therefore if
the supply voltage is 5V, then the output voltage will be around 4.1V.

Adjusting the trigger level

The point at which the circuit is triggered is set by the 1MQ variable resistor. By varying the value of this resistor, the
ratio of current flow of R1 and the phototransistor can be varied to a point where a centre voltage (trip point) of
1.4V is achieved at the desired light level.

LED (if fitted)

If LED1 and R3 are fitted the LED will light at this point. The value of R3 should be selected for the relevant supply
voltage on LED used. A standard LED would require around 10mA (0.01A) producing a normal brightness. As stated, a
5V supply would give 4.1V across LED1 and R3. The LED1 would use 1.9V, leaving around 2.2V (4.1V-1.9V) across R3.

UsingR=V/l R3=22/0.01 R3=220Q
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How the Light Switch Works — Light Activated
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The circuit operation is very simple. When the input to the transistor Q1, which is fed from the connecting point of
the Phototransistor and R2, is greater than 1.4V, the output is turned on. Normally it requires 0.7V to turn on a
transistor but this circuit uses two transistors in a Darlington Pair, meaning that it requires 2 x 0.7V = 1.4V to turn on
both transistors.

The voltage at the join of the phototransistor and R2 is determined by the amount of light/darkness the
phototransistor can detect.

The variable resistor is set so that the when the phototransistor is in darkness, it pulls the voltage down to ground
and turns off the transistor. When the phototransistor illuminated it conducts, allowing more current to flow and
the voltage at the base of the transistor Q1 rises above 1.4V.

R4 is only present to protect the transistor in the dark activated version (when the variable resistor is set to zero).

It is also worth noting that the output, when turned on, will be around 0.9V lower than the supply voltage V+. This is
because of the voltage drop across the collector and emitter pins of the Darlington Pair of transistors. Therefore if
the supply voltage is 5V, then the output voltage will be around 4.1V.

Adjusting the trigger level

The point at which the circuit is triggered is set by the 1MQ variable resistor. By varying the value of this resistor, the
ratio of current flow of R1 and the phototransistor can be varied to a point where a centre voltage (trip point) of
1.4V is achieved at the desired light level.

LED (if fitted)

If LED1 and R3 are fitted, the LED will light at this point. The value of R3 should be selected for the relevant supply
voltage on LED used. A standard LED would require around 10mA (0.01A) producing a normal brightness. As stated, a
5V supply would give 4.1V across LED1 and R3. The LED1 would use 1.9V, leaving around 2.2V (4.1V-1.9V) across R3.

UsingR=V/l R3=22/0.01 R3=220Q
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Applications

Garden lamp that switches on automatically at night
As shown to the right, by simply adding a battery

holder and light bulb to a PCB built in the ‘dark Oor\e. Acivoked
activated’ configuration, you can create a garden Boord
light that automatically comes on in the dark. _L + 1 metl
_— fower  Oukpuk Light
L: i | Buwe
LaAN
Parts list to build 100 garden lights: Qckku\.s \.\,\&w
Part no. Description Qty
2112 Light Activated Switch 100
2232-25 2 x AA Battery Cage with Leads, pack of 25 4
3517 MES Lamp Holder (Economy), pack of 50 2
3519 MES Lamp 2.5V, pack of 50 2
2201-40 Zinc Chloride AA Batteries, box of 40 5

Drawer alarm, which sounds when a dark draw is opened

As shown to the right, by simply adding a

battery holder, switch and buzzer to a PCB Lighte Addveked

Roocd

built in the ‘light activated’ configuration, e
you can create an alarm that sounds when a L + *\ Quateen
dark draw is opened and the PCB is exposed — Ruee Oukpuk Buzzec
to light. The switch is to allow the alarm to — A
be activated or deactivated. L—"
L AN
Parts list to build 100 draw alarms: (Sd:rtr\b Ho\der
Part no. Description Qty
2112 Light Activated Switch 100
2232-25 2 x AA Battery Cage with Leads, pack of 25 4
3404 Miniature DPDT Slide Switch, pack of 10 10
3301 Piezo Buzzer (with Drive), pack of 10 10
2201-40 Zinc Chloride AA Batteries, box of 40 5

A a0 R ¢TI OFTNT IR



Light Activated Switch Essentials

www.kitronik.co.uk/2112

Line following buggy (using 2 light activated boards)

As shown below, by using two light activated boards and two motors, it is possible to make a line following buggy.
The boards just need to be mounted close to the ground with the light sensor facing down. Normally the buggy will
travel in a straight line. If one of the sensors cross the dark line, it turns off the motor on that side. This will steer the
buggy away from the line. Once it has been steered away from the line, the motor will turn back on. This circuit
could be used with Lego motors.

T

3xAA
Bhk\«\ﬁ Woldec

Pﬁw %uu-
Lishe Ackivoked
Oukpwk
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“~ Mokecr
Dece
ine —
Parts list to build 100 buggies:
Part no. Description Qty
2112 Light Activated Switch 200
2234-25 3 x AA Battery Cage with Clip, pack of 25 4
2238-25 PP3 Battery Clip Lead, pack of 25 4
2501 Motor (Medium Torque), pack of 10 20
2505 Plastic Motor Mounting Clips, pack of 10 20
2201-40 Zinc Chloride AA Batteries, box of 40 8

Note: No gear box parts included.
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Online Information

Two sets of information can be downloaded from the product page where the kit can also be reordered from. The
‘Essential Information’ contains all of the information that you need to get started with the kit and the ‘Teaching
Resources’ contains more information on soldering, components used in the kit, educational schemes of work and so
on and also includes the essentials. Download from:

www.kitronik.co.uk/2112

EIE This kit is designed and manufactured in the UK by Kitronik

Telephone: +44 (0) 845 8380781 o www.kitronik.co.uk/twitter

Sales email: sales@kitronik.co.uk 0 www.kitronik.co.uk/facebook

Tech support email: support@kitronik.co.uk Q www.kitronik.co.uk/youtube
Web: www.kitronik.co.uk @ www.kitronik.co.uk/google

Every effort has been made to ensure that these notes are correct, however Kitronik accept no responsibility for
issues arising from errors / omissions in the notes.

© Kitronik Ltd - Any unauthorised copying / duplication of this booklet or part thereof for purposes except for use
with Kitronik project kits is not allowed without Kitronik’s prior consent.
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