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Schematics 
"A schematic is a simplified representation of an electronic circuit designed to be easily read and 

understood.  With that being said, a schematic is not a physical map of a circuit board.  We use it as a guide 

when constructing or designing a circuit board, but we usually end up rearranging components in order to 

accommodate physical constraints, like board size and component size. 

Each symbol in a schematic represents a physical component, and each line represents a wire or 

conductive trace that connects the components together.  Because a lot of different connections need to be 

shown, you'll often see two lines cross one another.  But, this doesn't mean they're connected.  If they were, a 

dot would be used to illustrate the junction between them." 

Collin’s Lab: Schematics 

http://www.youtube.com/watch?v=9cps7Q_IrX0 

 By using abstract, graphic symbols rather than realistic pictures, more detailed information can be given 

about the parts within a circuit, while all details that are not relevant to the function are omitted.  For example, 

the direction and orientation for positive and negative connections, but the placement, shape, or color of parts 

used on the board are up to the engineer reading the circuit to decide later. 

http://en.wikipedia.org/wiki/Schematic 

Schematic Symbols  
Engineers need to record their circuit ideas so that they can be shared with others.  To record and share 

their circuits, they use schematic diagrams. Schematic diagrams are a form of short-hand. Rather than drawing 

each item in a pictorial way, each item is represented by a symbol. Once you learn the symbols, you can read 

any circuit diagram. 

Connections 
The first concept of schematic diagrams is "connection".  Items in the diagram 

at the right are connected via wires (just like in the real world).  In this picture, item A 

is connected to item B using a wire.  

To show multiple items connected together, we use a dot at 

the point where the wires cross, to show that they are 

connected. In the diagram at the left items A, B, C, and D, 

are all connected together. 

When wires cross without the connection dot, they are not 

connected. In the diagram at the right, item A is only 

connected to item B, and item C is only connected to item D.  

http://reprise.com/host/electricity/schematic1.asp 

  

http://www.youtube.com/watch?v=9cps7Q_IrX0
http://en.wikipedia.org/wiki/Schematic
http://reprise.com/host/electricity/schematic1.asp
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Components  
As mentioned above, in a schematic diagram each type of component is represented by a symbol. On 

the back of the binder, you will find a list of components and their symbols.  Some parts have more than one 

symbol, depending and type and even the country where the schematic was made (just like how British people 

spell color as “colour” or call the hood of a car a “bonnet”). 

 

Let’s take a look at a few schematics:  

 

 

 

In these five schematics, we see power, a resistor, and an LED.  Notice that these are all roughly the 

same circuit just drawn in different ways. 

If we look back at our Light Sensing circuit from 

lesson 2, we can draw out the diagram as 

follows: 

 

 

 

 

 

 

 

 

Can you name the parts on the diagram?  
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Integrated Circuits 
An Integrated Circuit, or “IC” for short, is a combination of multiple parts combined in one package.  

They can contain many other devices, such as transistors, resistors, etc.  They’re usually pretty easy to pick out, 

as most are black rectangles soldered on circuit boards. 

The idea for the first IC is attributed to Geoffrey W. A. Dummer in 1952, though he was unsuccessful in 

producing one.  Six years later, Jack Kilby of Texas Instruments was able to construct an IC using germanium; it 

contained just one transistor.  Robert Noyce, at Fairchild Semiconductor, created a silicon Integrated Circuit; 

Noyce later cofounded Intel, and his designs led to the invention of the microprocessors that we use today. 

  

Jack Kilby’s Integrated Circuit 

http://en.wikipedia.org/wiki/Integrated_circuit 

 

The World’s Smallest Computer (2011), an 

implantable eye pressure monitor. 

http://www.technewsdaily.com/2109-worlds-

smallest-computer-created.html

555 Timer IC 
 The 555 timer chip is a versatile, common device that can output clock-like pulses that go up 

and down in voltage.  As this chip contains many transistors and resistors, it is able to do many unexpected 

things. 

To use an Integrated Circuit, first we have to know what it does.  A datasheet contains information, such 

as voltages, sizes, connections, and schematics for how a component works.  Datasheets are found for nearly 

every electrical component available.  Searching online for the part number can usually help you find one pretty 

easily (such as using Google.com to search “555 datasheet”; the first result, from “ti.com,” is what we use here.). 

Using the datasheet for the 555 Timer IC chip, let’s explore how this device works.  (As the document is 

21 pages long, and extremely technical, we’ll just look as the important parts.)  On the next page, you will find 

the Schematic and Connection diagrams.  These can be intimidating, so we will focus what we need to know. 

 The Connection diagram shows us that “up” is where the “u”-shaped dent occurs on the face of the chip.  

The pins are numbered 1 to 8, starting at the top left and going counter-clockwise.  Power goes to pin 8, 

indicated by the + symbol and VCC, meaning Voltage Collector.  GND is the Ground connector, and goes to the 

negative connection on the circuit.  Output is self-explanatory.  Trigger, Reset, Control Voltage, Threshold, and 

Discharge have interesting properties; for these connections, we will set up test circuits to see what they do. 

http://en.wikipedia.org/wiki/Integrated_circuit
http://www.technewsdaily.com/2109-worlds-smallest-computer-created.html
http://www.technewsdaily.com/2109-worlds-smallest-computer-created.html
http://upload.wikimedia.org/wikipedia/en/4/42/Kilby_solid_circuit.jpg
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=OX4QsJKzavHQjM&tbnid=VNX0ibaChJWTSM:&ved=0CAUQjRw&url=http://www.deon.pl/inteligentne-zycie/zdrowie/art,452,skonstruowano-komputer-wszczepiany-w-oko,,,1.html&ei=xC5wUr3JO-OPiALOnIDQDw&bvm=bv.55617003,d.cGE&psig=AFQjCNGDbOttHyJ8_rpVfJYGuyn7TeSEmw&ust=1383170110961125
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Schematic Diagram

 

Connection Diagram 
Top View 

 
http://www.ti.com/lit/ds/symlink/lm555.pdf 

http://www.ti.com/lit/ds/symlink/lm555.pdf


Robotics – Lesson 4 
 

 

 

27 

Modes 
The 555 has several operating modes; let’s explore just two for now: 

 Monostable mode: In this mode, the 555 functions as a "one-shot" pulse generator. Applications include 

timers, missing pulse detection, touch switches, frequency divider, capacitance measurement, pulse-

width modulation (PWM) and so on. 

 Astable (free-running) mode: The 555 can operate as an oscillator. Uses include LED and lamp flashers, 

pulse generation, logic clocks, tone generation, security alarms, pulse position modulation and so on. 

The 555 can be used as a simple ADC, converting an analog value to a pulse length. 

http://en.wikipedia.org/wiki/555_timer_IC 

Let’s try to clarify a bit… 

Monostable 
 Trigger the circuit, and a pulse is output for a short while, fading out.  The length of time that the action 

occurs is determined by the Resistor and Capacitor chosen (see the R and C in the diagram below). 

The formula to determine the length of time (t) the pulse will 

continue is 

 

t = 1.1 x R x C 

 

This is particularly handy in making fading lights, up and down 

fading siren sounds, or for giving short commands to devices 

using buttons and switches. 

 

Astable 
 This is perhaps the most used mode, and the one we’ll build today.  Using astable mode, the 555 

operates like an oscillator, and the output bounces up and down in voltage based on the resistors and capacitor 

connected to Trigger, Threshold, and Discharge.  We can use this to make lights blink, or if we up the speed 

really fast, make speakers vibrate so it will produce sound. 

The formula is similar to as before, but there are more parts and more complication.  If you want to try 

out a few combinations, the formulas for determining the frequency (f), time (t), high period (h), and low period 

(l) are on the next page. 

http://pfnicholls.com/electronics/555_timer.html 

  

http://en.wikipedia.org/wiki/555_timer_IC
http://pfnicholls.com/electronics/555_timer.html
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Frequency (times per second)   f = 1.4 / [ ( R1 + ( 2 x R2 ) ) x C1 ] 

Time (total time of each cycle)   t = 0.7 × ( R1 + ( 2 x R2 ) ) x C1 

High period (time that output is on)  h = 0.7 x ( R1 + R2 ) x C1 

Low period (time that output is off)  l = 0.7 x R2 x C1 

T   = time period in seconds (s) 

f    = frequency in hertz (Hz) 

R1 = resistance in kiloohms (KΩ) 

R2 = resistance in kiloohms (KΩ) 

C1 = capacitance in farads (F) 

 

As before, the basic version of this circuit is seen to the right.  If 

we hook this up to an LED (with a resistor, of course), it should 

blink on and off. 

 

http://electronicsclub.info/555timer.htm 

http://www.doctronics.co.uk/555.htm 

For this circuit, we will use the following parts: 

R1 = 1 KΩ (kiloohms) 

R2 = 20 KΩ (kiloohms) 

C1 = 33 µF (microfarads) 

(Kilo = 1000, micro = .001) 

 

By the formulas, this should give us a frequency of 0.5 hertz 

(times per second, meaning ½ a cycle per second), with each 

cycle lasting about 2 seconds, of which about 1 second the LED 

will be on (high) and about 1 second the LED will be off (low). 

 
If we use a larger value for R1, the total time increases, but the 

time the LED is on increases more.  If we use a higher value for 

R2, the total time increases, but the time the LED is off increases 

more.  Smaller values for C1 make the LED blink faster, and 

decreases both off and on times. 

555 Frequency Calculator 

http://www.bowdenshobbycircuits.info/555.htm  

http://electronicsclub.info/555timer.htm
http://www.doctronics.co.uk/555.htm
http://www.bowdenshobbycircuits.info/555.htm
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“Police” Lights 
 Since the output of an astable mode 555 circuit 

cycles both on and off, with a small modification, we can 

make this same circuit we just made turn on another LED 

while this one is off.  Simply adding another LED and 

resistor connecting to the output going to positive instead 

of negative, and both LEDs will light up back and forth 

opposite of each other. 

Notice that the schematic is the same circuit, 

but is laid out in a different way. 

 By using schematics, we can envision new circuits 

without needing to have all the parts on hand first.  When 

planning to build something new, it’s best to start with a 

plan. 

 

 

 

 

Make Your Own Schematics 

https://www.circuitlab.com 

http://www.picaxe.com/Software 

http://www.docircuits.com 

 

Circuit Simulators Online 

http://www.indiabix.com/electroni

cs-circuits/ 

http://www.falstad.com/circuit/  

http://untamed.co.uk/circuit/inde

x.html 

http://untamed.co.uk/circuit/e-

index.html  

https://www.circuitlab.com/
http://www.picaxe.com/Software
http://www.docircuits.com/
http://www.indiabix.com/electronics-circuits/
http://www.indiabix.com/electronics-circuits/
http://www.falstad.com/circuit/
http://untamed.co.uk/circuit/index.html
http://untamed.co.uk/circuit/index.html
http://untamed.co.uk/circuit/e-index.html
http://untamed.co.uk/circuit/e-index.html
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Additional Info 

555 Timer Chip Info and Projects  
http://www.555-timer-circuits.com/  

http://electronics-madeeasy.blogspot.com/2010/12/learning-555-timers.html 

http://www.brighthubengineering.com/diy-electronics-devices/68119-easy-to-build-555-circuit-designs-

with-schematics/ 

http://www.circuitstoday.com/555-timer-circuits-and-projects 

http://academickids.com/encyclopedia/index.php/555_timer_IC 

http://www.instructables.com/id/Build-Your-Own-555-Timer/ 

555 Blink Circuits 
http://www.instructables.com/id/The-555-FireFly/step2/The-Circuit/  

http://makezine.com/projects/555-timer-blinky/ 

555 Dark Sensors 
http://electronicswork.blogspot.com/2011/02/ldr555-dark-sensor.html 

http://www.buildcircuit.com/monostable-module/ 

http://www.buildcircuit.com/modes-of-ne555-monostable-and-astable/ 

http://www.instructables.com/id/quotDark-Detectorquot-using-a-555-timer-IC/ 

http://www.youtube.com/watch?v=sYDwQtVTaJ0 

555 Blinking Nightlight 
http://www.instructables.com/id/Blinking-Nightlight-by-request/step4/Making-it-a-nightlight/ 

47 Projects to do with a 555! 
http://www.instructables.com/id/47-projects-to-do-with-a-555/ 

555 Robots 
http://letsmakerobots.com/taxonomy/term/1550 

http://www.element14.com/community/thread/10218 

http://hackaday.com/2011/01/27/555-based-balancing-bot/ 

http://www.instructables.com/id/555-timer-based-light-seeking-robot/ 

http://letsmakerobots.com/node/33368 

http://www.555-timer-circuits.com/
http://electronics-madeeasy.blogspot.com/2010/12/learning-555-timers.html
http://www.brighthubengineering.com/diy-electronics-devices/68119-easy-to-build-555-circuit-designs-with-schematics/
http://www.brighthubengineering.com/diy-electronics-devices/68119-easy-to-build-555-circuit-designs-with-schematics/
http://www.circuitstoday.com/555-timer-circuits-and-projects
http://academickids.com/encyclopedia/index.php/555_timer_IC
http://www.instructables.com/id/Build-Your-Own-555-Timer/
http://www.instructables.com/id/The-555-FireFly/step2/The-Circuit/
http://makezine.com/projects/555-timer-blinky/
http://electronicswork.blogspot.com/2011/02/ldr555-dark-sensor.html
http://www.buildcircuit.com/monostable-module/
http://www.buildcircuit.com/modes-of-ne555-monostable-and-astable/
http://www.instructables.com/id/quotDark-Detectorquot-using-a-555-timer-IC/
http://www.youtube.com/watch?v=sYDwQtVTaJ0
http://www.instructables.com/id/Blinking-Nightlight-by-request/step4/Making-it-a-nightlight/
http://www.instructables.com/id/47-projects-to-do-with-a-555/
http://letsmakerobots.com/taxonomy/term/1550
http://www.element14.com/community/thread/10218
http://hackaday.com/2011/01/27/555-based-balancing-bot/
http://www.instructables.com/id/555-timer-based-light-seeking-robot/
http://letsmakerobots.com/node/33368

