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Lab Quiz, Experiment 13 


You will have four hours, at one sitting, for this experiment, but it should take much less time.  It is to be done alone.  You can read and think about the Background section in advance, for as long as you want, and you may ask questions about it of other students or T.A.'s.  No references except the text, this Background, and your lab sheets and lab notebook may be used during the experiment.  

The quiz is due at class, written up in a blue book please, on Wednesday, June 1st.  Be sure to put your NAME and SECTION on the front.

If you are concerned about having an equipment problem, do the experiment at a time such that you can come to the help lab at the regular hours.


You will need a working low voltage power supply, that stably supplies 5 volts, but none of your other circuits, so parts built into them can be retrieved.

You will need parts which you should have:



two 360 ohm resistors



100 ohm pot



HC7405 integrated circuit.  Extra letters before and after, such as 



     MMHC7405 do not matter.



14 pin integrated circuit socket.



an LED



Try to check your parts supply soon enough to go to the help lab. There will be regular help lab staffing on Tuesday.  


Questions about the background material?  Phone or email Jerry Pine: jpmail@capsi.caltech.edu, x6677, 626-797-5916

Experiment 13. Digital Logic

Purpose: 


To use transistors as on-off switches rather than amplifiers.


To study the basic characteristics of MOS integrated circuits. 


To become familiar with digital logic.  

Background:

The MOSFET


Digital logic circuits have two important applications: on-off control circuits, and digital calculation.  In each case the transistor is used as a switch, rather than an amplifier, as in Expt. 8.  When used as a switch, the current through it is either on or off, a maximum or near zero.  The voltage output (the collector voltage in Expt. 8) is either near zero or near the power supply voltage. Modern digital logic uses MOSFETs  (“metal oxide semiconductor field effect transistors”), which turn on or off depending on an input voltage.
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The figure below is a schematic drawing of an MOS transistor. 

It is made on a substrate of p-type (excess holes) silicon with two n-type regions, which are at a voltage such that there is no conduction to the substrate.  The device works by changing the conduction by electrons through a thin layer called the n-channel between the two n-regions, called the “source” and “drain”.   A positive voltage on the gate with respect to the source, at left in the figure,  enhances the electron flow, while a 0 or a negative voltage cuts it off.  The current that is controlled by the gate is thus electron flow from source to drain, which is conventional “positive current” from drain to source.  We will only speak of that from now on.  The field oxide is a silicon dioxide insulating layer over all the silicon, so that aluminum conductors connecting to the gate, source, and drain leads can be deposited on it.


The physics is a lot simpler than that of the junction transistor you used in Expt. 8.  But, similarly, a control electrode, the gate, with very little power, can control a large current flow from drain to source.  The size is limited only by our ability to pattern silicon and conductors.  Hence in your computer, the MOSFETs are only about one micron square (100 million on your processor chip!).  The diagram below shows schematically the n-channel MOSFET in a circuit.  The gate (crosshatched) is silicon, but it is insulated from the n-channel under it  - too thin to see - by a thin film of silicon dioxide, hence Metal, Oxide, and Semiconductor in that order from gate to n-channel.  And “Field Effect Transistor” because the electric field of the gate controls the current.  
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Digital Logic


The simplest digital logic circuit is the inverter.  For an input which is high (a digital “1”), near +5 volts in conventional logic circuits, the output is low (a digital “0”), near 0 volts.  For an input which is low, the output is high.  A “0” turns into a “1.  The diagram below shows an MOS transistor inverter and its symbolic representation.  The gate voltage controls the current flow from drain to source.

[image: image3.png]


[image: image4.png]INPUT OUTPUT

A B|/AANDB
oo/ o
o1 o
10 o
11] 1




[image: image5.png]







   







drain






      



gate



 







  Vin         
  Vout









 source

Usually Rd is in the integrated circuit, but if not it is shown along with the triangular symbol, as above.  In this experiment you will study the characteristics of the inverters in a common integrated circuit, the 74HC05 which contains six independent inverters that require an external Rd.  Its data sheet is on page 5 below. They are called “open drain”, for you to supply the connection to the drain supply voltage Vdd and the resistor externally.  That provides extra opportunities.

You will use the inverters to perform logical functions. Two basic examples of electronic logic building blocks are the AND and OR circuits shown below.   The standard symbol is shown, as well as the "truth table" describing its input-output relationships.  A 0 is a low value of input voltage and a 1 is a high value, less than 1 and more than 3 volts for your i.c. Using inverters you will be able to produce similar circuits.  In artful combinations, these building blocks can be connected to produce all the functions of your handheld calculator and your PC.  (That’s for another course.) 
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AND Circuit:
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After you make your predictions see whether they are true: You can carefuily connect
‘inputs A and B with clipleads to 0 volts for input “0” and +5 for “1”. If your predictions
above were wrong, don’t change your predictions, but try to reason so you can get the

- correct answers, and write down your reasonmg

The next question is not part of the exam, but is optional for your own amusement and
‘edification. You can, of course, pursue it after the time limit.

5. The circuit below has two stable states. Caﬁ you describe them and explain why they |
exist? Can you predict how momentarily groundmg one of the inputs w1th a chp lead can
change from one state to the other? |

Build the circuit, and be sure you get the right polarity for the LED. Then power it on. If
the LED is lit, see how to switch to a state when it is not lit by momentanly grounding the
correct input. If it is not lit, see how to switch to a state where it is lit. Thisis a simple -
“flip-flop” or “latch” circuit. It remembers the value of one bit, as a zero or one, indicated
by whether or not the LED is lit. Ttis a 1.3 x 10" megabyte memory! “Static” (vs
“dynanuc ’) memory in computers works this way.
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OR Circuit:
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Procedure:  (Your four hour time limit starts when you get to here.)


Install the 14 pin socket on your circuit board.  Bend the four corner pins over to hold the socket in place.  (If you bend them sharply at their base, or back and forth, they may be brittle and break.  The data sheet in the Background tells you the IC (integrated circuit) pin connections.  Note that the figure is a TOP view. The end of the i.c. where pin 1 is located is indicated by an indentation on the top or a dot.  Also, there may be a small circular dot next to pin 1. It is smart to label the corner of the socket where pin 1 is located on the back side of your circuit board, where you will do your wiring.


There are two pins, 14 and 7, for power, and six separate, identical, and independent inverter circuits, except that they share a common power and ground.  The inverter inputs are 1A, 2A, ..., while the corresponding outputs are 1Y, 2Y,....  Unused inverters need not be connected to anything.  You will need to use up to three of the inverters.  Bend their pins to make connecting to them easier.


Plug the 74HC05 into the socket, straightening its pins, which usually point outward a bit, so they easily go into the socket holes. Turn on your low voltage power supply and set it to five volts between its + and – outputs. Then turn it off and connect its plus and minus terminals to pins 14 and 7, Vcc (or Vdd) and ground, respectively.  

Note:  Throughout the experiment, leave the power off until you have a correctly wired circuit and are ready to make measurements.  Avoid a complex combination of clip leads, which is often unreliable, and can cause undesired shorts which can destroy the IC. Solder most connections, but don't solder with the power on.
1. (three points)  The inverter input-output relationship. The diagram for one of your inverter circuits is shown below.  The logic circuit symbol for it is shown next to it.  The circle at its output means it is inverted from the input, 1 for a 0 and 0 for a 1.
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Connect a 360 ohm resistor from +5 V of the power supply to one inverter output (Y on the IC diagram), serving as Rd in the circuit above.  Devise a circuit that uses your 100 ohm pot as a voltage divider to drive the Vin terminal (A on the IC diagram) of that inverter with voltages from 0 to +5 volts. Draw a diagram of your circuit and build it. Measure the inverter output voltage (Y on the IC diagram) as a function of its input voltage. You will need to move the + input of your voltmeter back and forth between input and output.  Make a neat plot of how it varies, taking enough points close together to define a smooth curve when the output is changing quickly. Is it an inverter?  The conservative working approximation is logic “0” for an input less than 1 volt and “1” for greater that 3 Volts.  Is your data consistent with that?

2. (two points)  The data sheet says the input current to Vin is at most 1  microampere at all input voltages, a marvelous attribute of MOS transistors.  Check whether the data sheet is correct for 0 and 5 volts at the inverter input. (Using the meter on the 50 microampere scale can result in a blown fuse if you connect it incorrectly.  Start on the 250 ma scale .)  Draw the circuit you used, showing the meter and its scale, and report the result.  Such a small input current means that one MOS transistor can drive a very large number of others. 
3. (two points)  The data sheet says that when a positive input drives the output low it can draw up to 25 milliamperes from the 5 volt supply at an output drain voltage below 1 volt.  That means it can control high currents required to drive earphones and other gadgets.


a)  Use your pot to provide a positive input of +4 volts.  

What is the output voltage and what current is the transistor drawing?

b)  If you put an LED in series with the 360 ohm Rd drain resistor, oriented to conduct the current passing through the resistor, will it light for a 0 or for a 1 at the input?  Draw the circuit.  First check the polarity of your LED leads by lighting it with the power supply through a 360 ohm resistor.  Try your circuit, and check your prediction.  Explain a correction to your thinking if you were wrong.  

4a) (two points).  Predict the output of the circuit, below, 0 or 1, for all four possible inputs to A and B: 0 and 1, 1 and 0, 1 and 1, and 0 and 0.  The resistors are 360 ohms and both go to +5 volts.  
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Show your predictions in a “truth table” like those in the background material.

4b) (two points).  After you make your predictions see whether they are correct. You can carefully connect to the inputs A and B with clipleads to 0 volts for input "0" and +5 for "1".  Solder the other connections, and solder wires to the two input pins for clipping onto.  If your predictions above were wrong, don't change them, but try to reason so you can get the correct answers, and write down your reasoning. 

5) (two points)  Consider the circuit below, and predict a truth table like the one you just made for the previous circuit.  The four possibilities for the circuit are OR (1 for any input = 1), NOR (“not OR”, 0 for any input =1), AND (1 for both inputs 1), and NAND (“not AND”, 0 for both inputs 1).  Which is your answer?  Your IC has all the transistors with a common source connection to ground so you can’t build it to check.
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The next question is not part of the exam, but is optional for your own amusement and edification.  You can of course pursue it after the time limit.  

6.  The circuit below has two stable states.  Can you describe them, and explain why they exist?  Can you predict how momentarily grounding one of the inputs with a clip lead can change from one state to the other?  

Build the circuit, and be sure you get the right polarity for the LED.  Then power it on.  If the LED is lit, see how to switch to a state when it is not lit by  momentarily grounding the correct input.  If it is not lit, see how to switch to a state where it is lit.  This is a simple "flip-flop" or "latch" circuit.  It remembers the value of one bit, as a zero or one, indicated by whether or not the LED is lit.  It is a 1.3 x 10-7 megabyte memory!  "Static" (vs. "dynamic") memory in computers, works this way.  
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