EECE 495




Lab 8:  2x2 Memory Cell Design
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Laboratory Goals

· Introduce memory design and operation

· Create a small 2x2 memory circuit

· Accurately predict the operation of above circuit

· Compare the predictions to measured data

Pre-lab reading  

· Logic and Computer Design Fundamentals by Morris M. Mano and Charles R. Kime.
· Included reference materials.
Equipment needed

· Lab notebook, pen

· PB-503 Analog/Digital Proto-board
· ECE-206 lab kit (or equivalent)

Parts needed

· (x3)
7408 2-input AND IC
· (x2)
7402 2-input NOR IC
· (x2)
7411 3-input AND IC
· (x1)
7404 inverter
· (x1)
7432 2-input OR IC
· Jumper wires

Lab safety concerns

· Prior to turning on the power, ensure that all grounds are properly wired up.
· If working with breadboard attached to the PB-503 workstation, be sure that the power is off to the workstation.
1.  Pre-Lab Designs, Calculations

      On your own:
· Using your knowledge of computer logic, how would you create a 1x1 memory circuit?

Now, using the schematic in Figure 2:

· Identify the memory storage portion of the schematic, as well as the addressing portion of the circuit
· How many distinct addresses are allowed for in this implementation of a memory circuit?

· Determine the number of values and the word size that this circuit is capable of handling.
· How is the addressing scheme handled?

· Is this a synchronous or asynchronous implementation, and why?

· If required to implement a larger memory, how would you do so?
3.  Simple 2x2 Memory Cell:  Construction 

· NOTE:  If working with the breadboard attached to the proto-board, ensure that the workstation is off.
· Reference the chip layout in figure XX, and place your own chips accordingly.  This step is important as it will make the debugging process infinitely easier, should the need arise.
· Using the wires provided in the 206 lab kit, and referencing the relevant chip pin-outs from the attached reference materials as well as the schematic in Figure 2 below, connect the circuit.  Take care to remember, or preferably label, the I/O points of your circuit.  It should be self evident that you need to be able to tie these points to their corresponding points on the PB-503 workstation so that you might test the logic of your new circuit.
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Figure 1 – Suggested Chip Layout
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Figure 2 – Schematic for a 2x2 Memory Cell

· Wire all of the Vcc pins to a common tie in (along the left or right edge of the breadboard), and do the same for all of the grounds.
· Once the all of the various chips have been connected as per the schematic, if you have not already done so attach the breadboard to its workstation by mating the Velcro strips.
· Return to the tie in points that you used for the Vcc’s and grounds.  Now you must hook these points into their respective connections on the workstation.  So, the tie-in point for the Vcc’s must be wired to the +5V row indicated on the bus strip located on the workstation, immediately above the breadboard.  Likewise, the tie-in point for all of the grounds must be wired to the row on the top bus strip that is tied to ground.

· Now you need to tie each of your inputs into a single lead corresponding to a single dipswitch.  The bank of 8 switches is located on the bottom left portion of the workstation.  It is suggested that you make the following connections:

DIP1  to  Din1
DIP2  to  Din2

DIP3      (Not used)
DIP4  to  READ

DIP5  to  WRITE

DIP6      (Not used)    

DIP7  to  A0
DIP8  to  A1
· Similarily, you need to tie each of your outputs into a single lead corresponding to a single set of leds—your logic indicators.  This bank of 8 pairs of LEDs is located on the upper right hand portion of the workstation.  It is suggested that you make the connections in the following manner:
LED1  to  Dout1

LED2  to  Dout2
· Turn the proto-board workstation on.
· Take a few minutes to familiarize yourself with the operation of your new circuit.  Observe, how the outputs, (the logic indicators), behave in conjunction with manipulation of the various DIP switches.
· Once you are comfortable with your setup, reset all of the DIP switches in preparation for the phase in which you will record your results. 

4.  Testing Phase
· Once again ensure that all of the DIP switches have been reset—(to low of course)
· Now configure the dip switches in accordance with the table below.  NOTE:  ensure that you work from left to right when entering the data below—i.e. set the address lines first, then the operation to be performed (READ/WRITE), and then the data to be acted upon at that address line)
	 
	Inputs

	
	A0
	A1
	READ
	WRITE
	Din 1
	Din 2

	Step 1
	0
	0
	0
	1
	1
	0

	Step 2
	0
	1
	0
	1
	0
	1

	Step 3
	1
	0
	0
	1
	1
	1

	Step 4
	1
	1
	0
	1
	0
	0


· Now, using the table above as a reference, determine how you would fill out its corresponding output table.  Keep in mind that you now want to “retrieve” the data that you stored to the various address lines above.
	 
	Outputs

	
	A0
	A1
	READ
	WRITE
	Dout 1
	Dout 2

	Step 5
	 
	 
	 
	 
	 
	 

	Step 6
	 
	 
	 
	 
	 
	 

	Step 7
	 
	 
	 
	 
	 
	 

	Step 8
	 
	 
	 
	 
	 
	 


· Were you able to correctly “retrieve” the data that you stored?
· If the answer to the above is no, you will need to return to your circuit and check your connections against the schematic.  NOTE:  try to minimize the time spent debugging by confining your search to the portion of the schematic that corresponds with your faulty data. 

5.  Analysis

Write a summary report for this lab.  Be sure to also include the following topics:

Compare your predictions with the observed results.  Are there differences?  If so, Why?

Explain any difficulties you had with this lab.  (Please include any suggestions to improve the lab, if you have them)

Clean up

Before leaving the lab, take a few minutes to make sure your work area is clean!

Reference Materials
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