









Section 3:
LED’s, Diodes, and
Time-Variant Circuits




LED’s

LED stands for “light-emitting diode.”  The LED is a common part used in circuits that create light.

Unlike incandescent light bulbs, the LED is polarized, it can only be connected to a power source one way.  If the LED is connected backwards, it won’t light, and if the voltage is high enough, the part could be damaged.

The positive lead of the LED is called the anode, the negative lead is called the cathode.  The anode of an LED is longer than the cathode.  The following diagram shows an LED with the leads labeled:
[image: ]

The circuit diagram symbol for an LED looks like an arrow, with a number of arrows coming from it (symbolizing light coming from it):
[image: ]
If the circuit symbol resembles an arrow, then it points in the direction of current flow.



The following is a basic LED circuit:

[image: ]

To do:
· Build the above LED circuit.
· Try reversing the polarity of the LED, and confirm that it doesn’t light.

In general, an LED needs a current limiting resistor to be used without damaging the part.  This is because once a certain forward voltage is established across the LED, it does nothing to limit the current, and the current will generally get very high.  This will now be investigated.

First, a power supply will be needed that can be adjusted down to and below zero.  None of the power supplies in the lab can do this, so two power supplies connected together will be used to achieve the effect.  The following diagram illustrates the connection:

[image: ]

Note that the negative terminals of the two power supplies are connected together, the positive terminal of power supply A is used as positive in the circuit, and the positive terminal of power supply B is used as negative in the circuit.

To do:
· Find two power supplies and connect them together as shown in the diagram.  Set the voltage on power supply B to about 5 volts.
· Connect a voltmeter to the output supply (the lines labeled Vss and GND in the diagram).  Leaving the setting on supply B where it is (about 5 volts), adjust the setting of A and pay attention to the voltmeter reading.  Notice that the voltage can be dialed down to zero, and even below.

Now investigate what happens to the voltage across the LED and the resistor in the series circuit above as the voltage is varied.  The following diagram shows the setup:
[image: ]
This circuit uses two voltmeters, one to measure the resistor voltage, and another to measure the LED voltage.  Optionally, a third could be connected across supply as well.

To do:
· Find two voltmeters, and connect them to the circuit as shown in the diagram.  Now connect the circuit to the two-power supply setup you built as the previous task.
· Adjust supply A (leaving supply B constant at about 5 volts) so that the total voltage across the circuit is zero.  Now slowly adjust the voltage from zero volts to 2 volts.  Where does the voltage tend to drop? (i.e., does it show up across the resistor, or the LED?) 
· Now go beyond 2 volts (the LED should be fine well into 15V) and pay attention to where the voltage drops.
· Continue playing with the voltage, moving it from zero on up, and then back down again, until you have a feel for how it divides.


What you should have observed is this: when the voltage was low, all of the voltage dropped across the LED.  As the voltage increased, the LED voltage reached a maximum and then flattened out, and the additional voltage was dropped across the resistor.

This critical voltage where the switch is made from additional voltage dropping across the LED to additional voltage dropping across the resistor is called the forward bias voltage of the LED.  The exact voltage differs from LED to LED, but 1.8V is the value for at least some in the lab.

Because the resistor voltage is zero when the supply voltage is below the forward bias voltage, we know (from Ohm’s law) that below this voltage the current in the circuit is zero.  Once this voltage is reached, current starts to flow through the LED; the part is “switched on.”  For this reason, the forward bias voltage is sometimes called the “turn-on voltage.”

As the supply voltage rises further, more current flows, but the voltage stays relatively constant.  As the current goes up, the LED should get brighter.  Because the voltage across the LED is constant and the output depends on the current, the LED is an example of a current-controlled device.

Using this information, we can (1) compute the current through an LED circuit and (2) choose an appropriate current-limiting resistor for an LED.

Example:

Consider the following LED circuit that uses a 9-volt battery.  If the turn-on voltage for this LED is 3.3 volts, what current is running through it?
[image: ]
Solution:
The voltage across the LED plus the voltage across the 470Ω resistor has to add to 9V, the supply.  If the turn on voltage of the LED is 3.3V, then that leaves 5.7V across the resistor.  By Ohm’s law, the current is then 5.7V ÷ 470Ω = 12mA.

Red LED’s typically have maximum current ratings in the 20’s of milliamps.


To do:
· Find an LED in the lab that comes with documentation.  Determine the turn-on voltage, either from the documentation, or figure it out yourself.  Look up the maximum current of the LED.  If the LED were powered by a 9-volt battery, what resistor would be needed to run it between 80% and 90% of it’s maximum current?  Build the circuit.

Diodes

A diode is a part similar to an LED, except unlike an LED, it doesn’t emit light.  Diodes conduct current only one way, but won’t conduct in the reverse direction.  Diodes are like LED’s in that they have characteristic forward-bias voltages, but unlike LED’s, this voltage is uniform among diodes (at least those made of silicon, which most are).  Also the voltage across a diode is slightly more current dependent.  The turn on voltage of a silicon diode is roughly 0.5-0.7 volts.

The cathode of a diode is always marked:

[image: ]

The circuit symbol looks just like that for an LED, except there aren’t arrows coming off the part to indicate light:
[image: ]

The following diagram shows the circuit used earlier to test the LED, except rebuilt with a diode:
[image: ]
Notice that the 1kΩ resistor has been replaced with a 150Ω resistor.

To do:
· Build the above circuit to test the voltage characteristics of the diode.  Connect it to the two-power supply source that was built earlier, and confirm that the turn on voltage is between 0.5 and 0.7 volts.
· Supply a negative voltage to the circuit, and observe what happens.  Confirm that all of the voltage drops across the diode, and that the current is zero. (in order to do this, you may have to increase the voltage of power supply B).

Oscilloscopes and Waveform Generators

A waveform generator is a device used to generate a time-variant voltage.  An oscilloscope is used to measure voltage over time.

A dual banana to BNC adaptor will be required for the next part.  The following diagram illustrates what one looks like:

[image: ]

The important thing to notice about this adaptor is that one side has a tab with the letters “GND.”  This side should always go into the negative terminal of whatever it is being plugged in to (GND is for “ground”).

To do:
· Find an oscilloscope and a waveform generator.  Connect them using a dual banana to BNC adaptor and a BNC cable.  If you need help finding any of these items, ask an instructor or lab technician.
· Turn the oscilloscope and the waveform generator on, and adjust the settings so that the oscilloscope shows a sine wave.  If you need help, ask an instructor or lab technician.
· Experiment with the amplitude and frequency settings on the waveform generator, and with the volts per division and time per division settings on the oscilloscope.  Ask an instructor or lab technician if you need help doing this.

The next circuits will use both an oscilloscope and a waveform generator.  It’s important to know that both of these devices connect the negative terminals to ground in the building’s electrical system.  Therefore these terminals are automatically cross-connected.  What this means is that the negative terminal of the oscilloscope and the negative terminal of the waveform generator should always be connected to the same node.  For example:

[image: ]
But:
[image: ]

In the best case, violating this rule will cause the circuit under test to behave strangely.  In the worst case, it could cause a dangerous short circuit.  For reference, other pieces of equipment that have their negative terminals tied to building ground include the BK Precision 1692 power supplies.  The Spectrum SPL 603 power supplies do not.  (This is important to keep in mind if you’re thinking about putting multiple power supplies in series).


Diodes can be used to shape waves.  Consider the following circuit:
[image: ]
This was the same circuit discussed earlier, but with a waveform generator instead of a DC power supply.  If the waveform generator is creating a sine wave, what should the voltage across the diode look like over time?  What should the voltage across the resistor look like over time?

To do:
· After considering the circuit, build it, then measure the voltage across the diode using the oscilloscope.  When connecting the oscilloscope, remember to connect the negative terminal of the scope to the negative terminal of the waveform generator.  Observe the waveform.
· Now use the oscilloscope to measure the voltage across the resistor.  Because of the rule discussed earlier, you’ll have to reverse the polarity of the waveform generator first.

Electret Microphone

A microphone converts fluctuations in air pressure into fluctuations in current and/or voltage.  This allows circuits to be made that process audio signals.

The microphones in the lab are electret microphones.  They’re polarized devices; one of the leads should be positive and the other should be negative.  The one that is connected to the chassis is the negative lead.  The following diagram illustrates:

[image: ]
The electret operates as a current limiting device.  The extent to which it limits the current depends on air pressure.  The regulated current through an electret microphone is about 0.19 mA.  The size of the fluctuations in response to sound are in the range of 1-3 µA.

To do:
· Adjust a power supply to a value under 9V, and connect the electret microphone to the power supply with an ammeter, and confirm that 0.19 mA flows through the circuit.  Be sure that you’re connecting the microphone with the right polarity.  Adjust the supply voltage (keeping it under 9V) and confirm that the current does not vary with applied voltage.
· Look up “electret microphone” on Wikipedia to learn more about the part.

Because of these characteristics, an electret microphone can be modeled as an ideal current source whose value is a function of time.

In order to get a voltage output from the circuit, it’s necessary to place a resistor in series with the microphone.

Consider the following circuit:

[image: ]
The current through the microphone changes as the sound waves hit it.  As this happens, the voltage across the 22k resistor changes.

To do:
· Build the circuit.  Connect an oscilloscope across the microphone and try to observe the waveforms of the sounds.
· Why was a 22k resistor chosen?  (Hint: think about the current flowing through the microphone, and the supply voltage)
· Measure the DC voltage levels across the resistor and the microphone.  How would choosing a different resistor change these?  How would they change the observed waveform?
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