ECT 213
Spring 2008
Lab #2
Combinational Logic Circuits
Name:_____________________________

	Purpose:
	To review basic logic gates and digital logic circuit construction and testing. 



	Software:
	For this lab you will need to have JAVA installed on your machine. 

To verify Java is installed on the machine: 

http://java.com/en/download/installed.jsp
and follow the on screen instructions.
You can install Java from the ECT 213 CD. Just brows to  cd:\Java\jre-6u3-windows-i586-p-s.exe (where cd is replaced by the CD ROM drive letter) 
Once you have Java, run Java Breadboard (cd:\jbb_2005\jbreadboard.bat) to start the Digital Logic Breadboard Simulation program.


	Introduction:
	If you have never used a Protoboard (aka Breadboard), it is recommended that you watch http://www.youtube.com/watch?v=oiqNaSPTI7w and http://www.youtube.com/watch?v=Mq9XMNsoAd8&feature=related before proceeding. These videos are much more in depth then the review that follows. 


	Protoboards and Digital Circuits:
	The most common way to connect circuits for testing purposes is to use a protoboard (aka breadboard). Protoboards typically look like the following figure:


[image: image1]
Figure 1 - Protoboard. 
a) top                     b) bottom

A few features should be noted. First of all the two rows on the top and bottom of the board are typically used for power and ground. These connections go the length of the board on most proboards, but not always. You should always verify this each time you use a new board. 

The space in the center of the board is designed for Integrated Circuits (aka IC’s). Since the columns on each side of this space are NOT connected, this allows the IC to be connected properly by straddling this space (see below).  

[image: image2]
Figure 2 - IC on breadboard
Since we will be using IC’s in Dual Inline Packages (aka DIP Package) in this class. You will need to be able to identify PIN 1 on IC’s. This can be done using the following indicators:

· the U shaped indentation is the top of the IC. The pin to the left is PIN 1

· a small dot is sometimes placed above PIN 1 (but not always)
The pins are then counted in a U pattern (from pin 1 down, across the IC then back up the other side).
Here are two examples:

[image: image3.emf]
Figure 3 - IC Pin Identification
Typically, when digital logic circuit schematics are drawn (using Multisim or other schematic capture program) the pin numbers are shown on the schematic. It should be noted than many IC’s in the digital logic family contain more than ONE GATE PER IC. Usually each gate in the same IC are labeled with the same ID number and a letter (A is the first gate, B the second gate and so on). The Ux (where x is a number) shows the IC number. An example is shown below:
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Figure 4 - Schematic Example
So in this circuit, there is one IC (U1), and it uses two gates on that IC. Gate one’s (A) input is on pin 1 and the output is on pin 2. The second gate (B) has it’s input on pin 3 and it’s output on pin 4. The IC is a 7404N (74xxx series is TTL and is the most common digital logic series of IC’s).
It should be noted the POWER and GROUND are NOT SHOWN on most digital logic schematics. To find where Power and Ground should be connected, look on a “DATA SHEET”. A Data sheet is the technical specifications of the electronic component. Electronics manufactures provide these for the IC’s they produce. Typically you can find a data sheet for a component by typing in the PART NUMBER of the component into an internet search. So if you type in “7404” into a search engine (like Google), you will probably find a link to a data sheet in .pdf format.

Power is typically labeled as VCC and Ground is labeled as GND. VCC for all IC starting with ‘74’ is +5 VOLTS (Applying higher voltages or a negative voltage can result in damage to the component!!!)

Inputs to digital logic circuits have to be supplied with +5v to indicate a high and Ground to indicate a low. For this circuit, read the section on “THE PULL UP RESISTOR” at http://www.seattlerobotics.org/encoder/mar97/basics.html. 



	Bread Board Simulator
	Since we have yet to receive our parts, we will use a bread board simulator to perform the lab (see 1st page if you have yet to install the required software.)

To start the program click on cd:\jbb_2005\jbreadboard.bat file.

First you must [image: image5.png]


Insert-BreadBoard to start the new circuit. If necessary you can place additional boards, but at least one must be placed in the workspace. The breadboards are placed automatically but can be moved as long as they are not connected by wires to another board.
The BreadBoards power rails are connected automatically with 5v along top and 0v along bottom.
To place an IC on the board use the [image: image6.png]


Insert-Chip function which brings up a dialog of all the available chips.  You can click and hold the left mouse button to pick up the IC and move it to another location on the breadboard (but the software will only allow you to place it in a valid location across the center break of the Breadboard)..  
There are icons to add switches and LED’s, but it is better to go into the Insert menu and select Dip Switches or LED which will allow you to select the number of switches or LEDs to add to your circuit. 

NOTE: In the real world, dip switches need pull up or pull down resistors (as discussed above) to operate correctly. However in this simulation, the switches can be connected directly to GND and operate correctly.  A Switch that is UP will produce a Logic 0 and DOWN will produce a Logic 1.

Led’s in the real world need resistors to limit the current to the device. But again, in this simulation, they are not needed. LED’s can be connected to either gnd or power, but work in reverse (light on a Logic Zero) when connected to 5v.
To add wires [image: image7.png]


 Switch to Wiring Mode.

In wiring mode clicking on a board will start drawing a wire.  Wire sections can only be horizontal or vertical, but a single click while drawing will insert a bend in the wire.  Double clicking on a board will terminate the wire.

Wires must start and end in valid positions on a board.  The rest of the wire path is not restricted. Wires may also cross boards.

In any mode except for simulation, double clicking on the end of a wire will also switch the program into wiring mode, extending from the selected wire.
To start the simulation hit the [image: image8.png]


Simulation-Run (Ctrl-R) icon. Once in this mode, you can click on the switches to make them change state and the LED indicate the results. To end the simulation switch back to [image: image9.png]


Edit-Selection mode (Insert)
Full help is available in the guide.html file that came on the CD (cd:\jbb_2005\guide.html). 


	HINT:
	When building digital circuits on a real breadboard, a logic probe can be useful for testing and debugging. Read the posted notes for instructions on how to troubleshoot digital logic circuits using a Logic Probe.



	Lab Procedure:
	Using a SN7408 IC and a SN7432 IC, simulate the following circuit:
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Remember that resistor are shown, but the simulator does NOT need them. 
Once connected simulate the circuit and complete the truth table below:

Inputs

Output

A

B

C

Z

Save the simulation as Lab2_CCT1.jbb (make sure you type the .jbb) and upload it via the online submission tool. 

What is the Boolean expression for the circuit? [HINT:to write a Boolean expression in word, use INSERT | OBJECT | Microsoft Equation 3.0]
Now simplify the equation (showing your work).
Draw the circuit in Hades. Once completed, maximize the Hades window, hit “Print Screen” key and then paste the image below:

Using Java Breadboard, redraw the circuit in it’s minimized form. Save the simulation as Lab2_CCT2.jbb (make sure you type the .jbb) and upload it via the online submission tool. 

Given the timing diagram below, fill in the timing diagram for the minimized circuit (use underscore for a 0 and minus sign for a 1):
A
---------------_________---------------____________
B
___---___---___---___---___---___---___---___---___
C

______------______------______------______------___
Out

Answer the following questions:

1) In your own words, tell why the resistor (R1) is needed when the circuit is hooked up on a breadboard (not simulated). What would happen if the resistor was left out?
2) If a logic probe was used, what three states would it be able to detect?
3) In your own words, how can you tell where pin one is located on an IC?
4) In your own words, state why Boolean algebra minimization is important in the field of digital electronics?

5) If the LED in the circuit is rated at 18ma at 1.1v what resistor value (R4) would be needed to be to make sure the LED does not burn out? [show your work using equation editor]
Make sure you name is in this file, check to make sure no tables are split between pages (if so add lines to take the table to the next page) then save and submit this file as LAB 2 Document to the on line submission tool.
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