Name here please


PHYSICS 202

LAB 8

Part 1. Diodes and Resistor Logic. 

The circuit below is logic gate made from resistors and diodes.  
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Enter into the table below the output voltage (the voltmeter on the right) for various input voltages VA and VB.  

	VB\VA
	0 V
	1 V
	2 V
	3 V
	4 V
	5 V

	0 V
	
	
	
	
	
	

	1 V
	
	
	
	
	
	

	2 V
	
	
	
	
	
	

	3 V
	
	
	
	
	
	

	4 V
	
	
	
	
	
	

	5 V 
	
	
	
	
	
	


Based on the outcome determine what voltage range you would interpret as high (it should be the same for both input and output) and what voltage range you would interpret as low.  Then determine which Boolean operator the logic gate realizes.   

	Low range:

High range:

Logic gate:




Part 2.  Beginning Transistors. Build the circuit below in Electronics Workbench.  The item we have not seen before is an npn transistor (found under Transistors, which are next to the diodes).   There are many types of transistors, but the basic principle is the same for all of them.   Note that the transistor is a three-terminal device. In the circuit below, the terminal on the top is called the collector; the terminal in the middle and to the left is called the base; and the terminal bottom on the bottom is called the emitter.  The collector should be at a higher (more positive) voltage than the emitter. 
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Vary the voltage VBB and fill in the table below.  (If the simulation bombs out at say VBB= 0.7, then adjust the voltage to 0.71.)
	VBB (V)
	VBE (V)
	IB (mA)
	VCE (V)
	IC (mA)

	0.1
	
	
	
	

	0.2
	
	
	
	

	0.3
	
	
	
	

	0.4
	
	
	
	

	0.5
	
	
	
	

	0.6
	
	
	
	

	0.7
	
	
	
	

	0.8
	
	
	
	

	0.9
	
	
	
	

	1.0
	
	
	
	

	1.1
	
	
	
	

	1.2
	
	
	
	

	1.3
	
	
	
	

	1.4
	
	
	
	

	1.5
	
	
	
	

	1.6
	
	
	
	

	1.7
	
	
	
	

	1.8
	
	
	
	

	1.9
	
	
	
	

	2.0
	
	
	
	


Plot VBE, the voltage from the base to the emitter, versus VBB. Label it, given it a title and paste it into your report.  
	Paste of VBE versus VBB:




Return to the simple diode circuit shown below (Lab 5).  Plot a curve of voltage across the diode versus battery voltage.  Paste it in your report. 
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	Diode Paste: Voltage across diode (voltmeter) versus voltage supplied (battery) 




You should note a similarity in the last two plots because the base-emitter part of a transmitter circuit behaves like a diode.  Recall that for diodes when the applied voltage is small, most of the voltage drop is across the diode; whereas when the applied voltage is large, most of the voltage drop is across the resistor.  What would happen if we didn’t have this resistor? 

	


Plot the ratio IC/IB versus VBB.  Paste it into your report. 
	Paste of IC/IB versus VBB:




Our main interest in transistors will be as elements of digital circuits.  However, their first use was in amplifying signals.  When you are listening to the radio, you convert radio waves (which are electromagnetic radiation, as is light) into a small electronic signal.  That’s what the antenna does.  A tuner selects out one carrier frequency from the rest.  Then the signal has to be separated from the carrier.  And then before sending it (the tuned in, filtered out signal) onto the speaker, it must be amplified.   If VBB and IB are associated with some input signal, you can see from your plot that you can achieve a fairly consistent amplification of the current IC.  In the amplification region, the ratio IC/IB should be flat.  What’s the amplification factor according to your plot?
	Amplification factor:




Plot VCE versus VBB.  Paste it in your report. We will be using transistors mainly in digital circuits, hence we want them to be on or off.  You should see in this plot a rapid change from one “state” to another.  Indicate on your plot the off region, the on region and the transition region.  (Note this is distinct from VBE versus VBB asked for above.)
	Paste of VCE versus VBB: (indicate on, off and transition): 




Part 3. Resistor –Transistor Logic (RTL).

In computers we use electronic means to represent and process information in binary form.  This means that we need only distinguish between two states, for example, high and low voltage, corresponding to the digits 1 and 0.  However complicated the task the computer is performing, at the lowest level there are only a few basic manipulations of 1’s and 0’s.  Because the high and low can also be interpreted as true and false, the circuits or parts of circuits performing these tasks are referred to as logic elements.  Logic elements that do not require memory are called logic gates.  Some input signals are fed into the logic gate, and an output signal results.    

The on-off nature of diodes and transistors makes them ideal for constructing logic gates.  The gates can be fashioned in various ways using these elements.  The various versions differ in their power use, stability, speed, and so on. 

While perhaps the easiest to understand, the gate made only of diodes and resistors that we examined before are not used in chips.  The circuit below is a logic gate made from resistors and npn transistors.  It is an example of one of the oldest families of logic gates that were actually used in making chips.  Indicate whether the transistors are on (conducting, low resistance) or off (insulating, high resistance) and whether the output is high or low.  

	Input A
	Input B
	Q1

(on or off)
	Q2

(on or off)
	Output

(in volts)
	Output

(high or low)

	Low
	low
	
	
	
	

	Low
	high
	
	
	
	

	High
	low
	
	
	
	

	High
	high
	
	
	
	


Fill in the above table by connecting A and B to the high or low lines shown below.  (You may want to introduce switches connecting the A and B inputs to the high and low lines.)  Connect a voltmeter from output to the ground line. You may want to introduce additional voltmeters or ammeters to determine whether the transistors are on or off. 
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If we take the first, the second and last columns of the table we have created above with high’s replaced by 1’s  and low’s replaced by 0’s, then we have the so-called truth table .  Fill in the truth table below.  

	Input A
	Input B
	Output

	
	
	

	
	
	

	
	
	

	
	
	


Extend the circuit above as shown below.  Fill in the table for the combined logic elements. 
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	Input A
	Input B
	Output

	
	
	

	
	
	

	
	
	

	
	
	


Which logic gate (AND, OR, NAND, NOR, NOT, XOR, …) has the same output as this combination?   

	


