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Solid State Devices
The basic solid state device is the pn diode.  Diodes, and triodes date back to the early days of electronics when most devices depended on vacuum tubes.  (What I like to call hollow state devices.)  The advent of the transistor in the 50’s began a change in the way we built many circuits but not the type or function we wanted from the circuit.  What was accomplished with a tube is now done with a transistor.  Complex operations involving many transistors and diodes have been moved into what is called an integrated circuit or IC.  Some of these devices now use up to millions of transistors in one IC circuit (called a chip).  

The basic pn diode is commonly made with the element silicon (the same thing that is a major component in sand, SO2).  Silicon is what is called a semiconductor as it will conduct but not very well in pure form.  To adjust its conductive properties we add a little of another material.  Common materials to add are arsenic and gallium.  The electrical properties of the silicon change based on the amount and type of added material.  This process is called doping.  

With the addition of arsenic we will find the lattice of atoms has an extra electron produced when the lattice of the atoms is formed.  In figure 1 is a depiction of this concept.  Most atoms in a solid lattice prefer to have 8 negative charges in the outer most energy shell of the atom. Silicon has just that.  


Fig. 1
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When the doping material has 9 the extra electron is “free” to move about.  In copper nearly every atom contributes “free” electrons, that is what makes it a good conductor.  When this condition is met in the silicon we cay is in n-type silicon.  Similarly when aluminum is added to the silicon we get one less electron in the outer shell of one of the atoms.  This “Hole” exhibits all the external properties of a positive charge. And we refer to this a p-type silicon.  

Fig.2
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Now, when the n-type material is bonded next to the p-type material (This is called a pn junction.), the electrons on the surface will mingle with the holes of the p-type and form a region called the depletion zone.    This is only a few atoms thick, but will become a charge neutral zone. In figure 3 you will see how this looks. 















Fig.3
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 Now as a battery is connected to the pn junction, as shown, it will cause charges to be forced into the depletion zone.  These charges will combine and new charge will take their place.  This will produce the effect of a current moving as shown in figure 27 -8 of the Grob text.  Now, in figure 27-9, the battery is reversed.  This will cause the charges to move away from the depletion zone and no charges will flow.  The depletion zone is actually increased in width.  This means the pn junction acts as a one-way device current can only flow as in figure 27-8 called forward bias.  In figure 27-9 we see reverse bias.  The standard symbol for the diode is shown in figure 3 . Notice the diode arrow points in the direction of conventional current flow.   The Multisim file diodebi.ms10 will demonstrate this visually.  
One direct application of this is the LED.  The light emitting diode is made of arsenic and phosphorous instead of silicon. Otherwise they are identical.  To make the LED glow we need to run current through it.  The specifications for most LEDs call for no more that 20 mA of current. In figure 4 we see an LED circuit with our 9 V battery and the red LED form the kit.  An interesting feature of the diode is that a minimum voltage is needed to cause any current to conduct.  This has to do with the energy necessary to cross the depletion zone.  For an LED this is about 1.5 V.  (Remember, a volt is a Joule per Coulomb – energy per charge.)  The diode is not a linear device we get 1.5 V no matter the current value!
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So if we want say 10 mA to flow in our circuit we need a controlling resistor to drop the remaining 7.5 V form the 9 volt battery.   So we need about 750 Ohms to limit the current.  In your kit you have a 470 Ohm resistor and a 390 Ohm resistor.    Use those to get close the 860 Ohms (close to the 750).
When using the LED in the circuit be careful of the LED polarity.  The LED has (viewed from the base of a D shape the flat of the D matches the flat of the LED symbol!  Connect the circuit and measure the items listed in the table below

	R
	V Battery
	V diode
	V resistor
	I

	860 Ohms
	
	
	
	

	470 Ohms
	
	
	
	

	390 Ohms
	
	
	
	


After you measure for 860 Ohms repeat the experiment with only 470 and 390 ohms in the circuit.  You should see about the same voltage on the diode even though the current will nearly double.
The chart below shows the barrier voltage needed based on the diode material.
	Material
	Voltage

	Silicon
	0.6 to 0.7 V

	Germanium
	0.3 V

	LED
	1.5 to 2 V


The pn junction can also produce voltage.  A phenomenon called the photoelectric effect will allow that any light that falls on the junction and has enough energy (chart above) will cause electrons to be released from the silicon.  This will produce an output voltage.  This is the basic operation in the solar cell being used now for power production.  The symbol for a solar cell in a circuit is shown below:
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Fig.5
We discussed solar battery operation and sizing in an earlier lesson.
The Transistor
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The transistor is sort of like a set of back to back diodes.  However, the common material of the two pn junctions acts as a control to allow a significant flow between the junctions.   

The three leads were called by its inventors the base, the collector, and the emitter.

The basic operation has three regions of behavior.  They are 1) Cut off; 2) Saturation;
3) Linear.  We will discuss the first two behaviors and the third (linear operation) is a main topic for the course EET201 Electronics 1.  The base of the transistor controls the flow of current from the collector to the emitter.  

If no current flows through the base to emitter no current can flow from collector to emitter.  Also, if a large current flows from the base to emitter a large current will flow through the transistor form collector to emitter.  
	
	Resistance of Collector to Emitter

	Current into base
	Less than 1 ohm

	No current into base
	Over 40 KOhm


[image: image8.png]vee

R1
1.8kQ
c
R2 Qi
AN 2N2222A
9100 el




Another way to view the transistor is to realize that it is usually used in a voltage divider type circuit.  In Figure 7 you see the standard symbol for the transistor (npn type) in a typical circuit.  The load may be a resistor or another device such as a motor, lamp, relay, or similar device.  The circuit is a common output for many digital electronics chips.  We will study that in more detail in MIT208, Digital Electronics.

 Integrated Circuits
The IC chip has revolutionized electronics more than any other development.  An IC chip will typically involve a complete circuit.  These are intended to be building blocks for more complex systems.  A very useful device has been the 555 timer chip.  When first introduced the company held a contest for people to submit ways that it could be used.  As a result thousands of circuits were submitted.  This resulted in a book of over 500 pages of application circuits.  We will look at only two so don’t panic!
[image: image9.png]Al





The 555 chip has a series of inputs and one output.  Each of these will be described in detail below.  

The Vcc and Gnd should be obvious.  These are the power connections.  Anything form 5 to 15 volts can be applied here, making this a useful chip for portable devices, computers, or autos.  
TRI stands for trigger.  This input senses when the chip should change state and initiates the internal action necessary for this to occur.

THR stands for threshold.  This input is acts as a voltmeter sending information to the chip about the voltage on the capacitor.  The importance is that at 1/3 and 2/3 the Vcc the changes will occur.  This pin is often connected to the Trigger pin.

RST stands for reset.  This starts the process over after one cycle.  For multiple outputs this is often set to the Vcc.

CON stands for control.  This pin can be used to change the output frequency if a voltage is applied to it over the range of Vcc.  In astable operation this pin is usually left open or connected to GND through a 0.01 uF capacitor. 

OUT stands for output.  Our output signal of a square wave should appear here.

The most common package for the 555 is an 8 pin DIP (dual in-line plastic) package.  Each pin has the function shown below:

	Pin #
	1
	2
	3
	4
	5
	6
	7
	8

	Function
	GND
	TRI
	OUT
	RST
	CON
	THR
	DIS
	Vcc
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This circuit will produce a pulse wave output.  The frequency and duty cycle are governed by a set of equations.  The basic operation begins when C1 charges through R1 and R2.  The threshold pin is monitoring the voltage at 2/3 of Vcc, or 6 volts in this case, the trigger input will start a short ot ground through the discharge pin (#7).  This will cause the C1 to discharge through R2 to ground.  Now since the Charge and discharge times will be different, the wave form will not be square.  I have a video posted showing this entire set of events (digvid2.avi).  It is rather large (16 Meg) but if you have high speed is worth the down load.  When the threshold detects that the voltage on the cap reaches 1/3  of Vcc, 3 volts, it opens the short to ground and starts the charge process all over. 
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Let’s look at the equations for timing.

These are from MathCad called

555astable.xmcd on the web site.

Of course we can also hand calculate these.
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The duty cycle for this circuit is given by:

These equations would apply to the circuit above.

You will find a similar circuit on the web site called 

555trial.ms10 that opens in Multisim.

Because of the way the circuit operates we will have a difficult time of getting a 50% duty cycle.  The circuit can be changed to provide a variable duty cycle form near zero to near 100%.
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The equations for this are different since the charging curve involves only R1.  These equations are:
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A very interesting circuit is to use a variable resistor for R1 and R2 hence the sum remains constant as you change the values of R1 and R2.  The formulas above are from Mathcad where that assumption was made in setting R2.  The Multisim file 555full.ms10 is that circuit.  Also, the Mathcad file is 555variable.xmcd

Second Written Report
After you have completed the work on this section you should build one of the 555 circuits to produce the following conditions.  This might provide a bycyvle tail light or a road flasher.

1) the timing to produce as close to a 1 second on time and equal off time.

2) Use an LED to indicate output.

3) Operate at 9 V.

Your report should have indications of the use of the appropriate equations with values.  A Multisim schematic of the circuit. [remember the Print Screen trick mentioned earlier in the course].  Include comments on use of the simulation and the real world circuit.
When completed the entire report should be submitted electronically to the Drop Box in Blackboard.  A dead line for this report is shown on the web site.  Late reports may receive a 5% penalty.  Remember to include all section: Cover Page, Purpose, Procedure, Data, Results/Conclusions. 
When you go to the real world you see this little black chunk of plastic with very shaprt things sticking out (be careful).  These are made to fit the white block as they straddle the center line of the white block.  The chip pin outs are as shown below:
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