
E11 Lab 3
Touchscreens and PCB’s

This lab will introduce you to Touchscreens and soldering PCB’s 
(Printed Circuit Boards).

•This lab has a short write-up, you don’t need to do much more 
than demonstrating that your systems work and that you 
understand them.

•You will test a Touchscreen to understand how it works.

•You will write a program in MatLab to trace the movements of a 
stylus (or finger) on the screen.

•You will solder together a printed circuit board that flashes 
lights and generates tones.



•Many types –we’ll use 4 wire resistive.

•Two panes of glass with a resistive coating are 

separated by insulating “dots”.  When you touch the 

screen, the two layers of glass touch each other.

http://www.chassis-plans.com/white_paper_resistive_touchscreen_technology.html

How do touch screen work? (1)

http://www.chassis-plans.com/white_paper_resistive_touchscreen_technology.html
http://www.chassis-plans.com/white_paper_resistive_touchscreen_technology.html
http://www.chassis-plans.com/white_paper_resistive_touchscreen_technology.html


•Apply +5V to one side of “layer 1” and 

ground to the other side.  Voltage 

varies linearly from left to right.  

•When layers touch, the sensing layer 

(layer 2)  becomes same voltage as 

layer 1 at location of touch (assuming 

no current flows).

•Switch operation of the two layers to 

sense location in other direction.

How do touch screen work? (2)

Images  taken, or adapted, from:  

http://www.elotouch.com/Technologies/compare_resist.asp

http://www.elotouch.com/Technologies/compare_resist.asp


This is basically just a voltage divider.

Just a voltage divider
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So… the idea is simple in theory, but…



… difficulties
The circuitry used to measure the voltages doesn’t behave 
like ideal voltmeter.

We’ll be using an A/D (Analog to digital) convertor.
(Don’t sweat details of this diagram)

•AI – Analog input 
(max=±10V)

•Mux – multiplexer, 
chooses one of several 
inputs

•PGA – programmable gain 
amplifier.  Smaller signals 
require more gain – you 
built one last week.

•ADC – Analog to digital 
convertor

•FIFO – First in / First out

Image from: http://www.ni.com/pdf/manuals/371303l.pdf

http://www.ni.com/pdf/manuals/371303l.pdf


A/D input
Let’s look at A/D input: Does this look familiar?

How about now?

This is just the circuit from first lab (to scale A/D input).

In writeup you’ll show this takes a ±10V input and scales it 
to 0 to 2.5V (approximately).



Why is this a problem?

…if we read voltage from AI, we can’t tell if there is no touch, 
or if we are touching where the voltage is 1.4V!

39.2
AI 2.5 =1.4V

30.9 39.2
This is a problem because…?

If we are using AI  to measure voltage on glass 
(red wire in diagram below), what voltage will we 
have if there is no touch (circuit at right)?



Solution
Make the input voltage 5V when there is no touch. 
Consider:

No current,
no voltage drop, 
Voltage=5V

Now use this as input to A/D…

Voltage drop across 10kÝwill be much 
less than that across 127kÝ, the sensed 
voltage (AI) will be near 5V.  

So… if A/D senses voltage near 5V 
assume this means no touch.



Our circuit

•The 5V sources are not exact (which is why they are drawn 
separately) , neither is the ground at the left.

•The computer controls the switch labeled P0.0 through a “logic” 
signal that is either high (+5V) or low (0V).

•Let’s look at this in more detail...



Sense left-right position
P0.0=0V, switches  up

Simplified drawing:

C1 senses left-right position.

C1≈5V when no touch.



Sense bottom-top position
P0.0=1V, switches down

Simplified drawing:

C0 senses bottom-top position.

C0≈5V when no touch.



Touch Screen



I/O box



MatLab for Real World I/O (1)

Initialize DAQ

%1) Create a data acquistion object

% (and specify single - ended inputs)

ai =analoginput ('nidaq','Dev3');

ai.InputType =' SingleEnded ';

%2) Add channels 0 and 1 (analog input channels);

ch =addchannel ( ai ,[0:1]);

%3) Change Properties to suit our needs

ai.SampleRate =10000; %10000 points per second

ai.SamplesPerTrigger =2; %Collect 2 points per channel

%4) Create a digital i/o object

dio =digitalio ('nidaq','Dev3');

addline (dio,0,0,'Out','P0.0'); %P0.0 is an output pin

Initialization



MatLab for Real World I/O (2)

start_tm = clock();

loopTime = 10;

while etime (clock(), start_tm )< loopTime ,

%... Put your code in here ...

end

Loop for 10 seconds

dt =0.1;

loopTime =10;

for i =1:( loopTime / dt ),

%... Put your code in here ...

pause( dt );

end

Or…



MatLab for Real World I/O (3)

start( ai );

wait(ai,1);

data= getdata ( ai );

val =mean(data(:,chan+1));  %where chan =0 or chan =1...

Reading an analog voltage

putvalue (dio,0);

% or putvalue (dio,1);

Setting a digital (logic) output

delete(dio);

clear dio;

delete(ai);

clear ai;

Closing



Part 2 of lab

Putting together a PCB (printed circuit board).

Circuit flashes and beeps.
We’ll analyze it next lab.

Half the groups will start with PCB in Hicks 310.


