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                          LAB # 5
Computer Architeture I: Digital Design
Objective: 
(i) Design a 8-to-1-line multiplexer using two 4-to-1-line multiplexers and one 2-to-1-line multiplexer.
Use the two 4-to-1-line multiplexers in IC 74153. Use the 2-to-1-line multiplexer called “21mux” in  Max+plusII library in the folder /../../mf.
(ii) Implement the following function with a 8-to-1-line multiplexer module:   

                 F1 (P, Q, R) = Σ m( 3, 5, 6, 7)

Use the 8-to-1 multiplexer module of IC 74151.
A Note on 74151:  8-to-1 line multiplexer:
Available in Max+plusII library in the folder /../../mf. 

74151 has the following inputs: i) Three Select inputs called C (MSB), B and A (LSB)  ii) Active Low Enable GN  iii)Eight data inputs called D0, D1, D2, D3, D4, D5, D6 and D7. 
It has two output terminals: (i) the  output terminal and (ii) the complement of the output terminal. ( You may not be using the complement of the output in this lab session.)

A Note on 74153:  

Available in Max+plusII library in the folder /../../mf.

74153 has two 4-to-1-line multiplexers in a single package. The select inputs are common for the two multiplexers and are called B (MSB) and A (LSB).
The first 4-to-1-line multiplexer: (i) four data inputs: 1C0, 1C1, 1C2 and 1C3. (ii) one Active Low Enable 1GN (iii) one output 1Y.  

The second 4-to-1-line multiplexer: (i) four data inputs: 2C0, 2C1, 2C2 and 2C3. (ii) one Active Low Enable 2GN (iii) one output 2Y.  

Another Method of Connecting a wire segment to an input terminal: 

To avoid long and complicated connections, Max+plus II, allows the following facility.:

If a wire segment has a label, which is the same as the name of an input terminal, it is assumed that the two are connected. 

To associate a label with a wire segment, the procedure is as follows:

Click near a wire so that it is selected. (The segment  will be highlighted.) Then type the label. (Important: The label must be near the wire segment.) To check whether a wire segment has a proper label, select the wire segment by clicking near it. The label will be included in a highlighted box.

A Note on 2-to-1-line multiplexer: “21mux” in  Max+plusII library in the folder /../../mf:

It has (i) two data inputs A and B (ii) one select input S (iii) one output Y. When S = 0, Y = B. When S = 1, Y = A.
PROCEDURE:  

OBJECTIVE (i): Design a 8-to-1-line multiplexer using two 4-to-1-line multiplexers and one 2-to-1-line multiplexer.:
1. Open  Max+plus II.

2. Open graphic editor (Max+plus II ( Graphic Editor). Name the file (File ( Save As …).

3. Set the file to current project (File ( Project (  Set Project to Current File )

4. Create the required circuit diagram in the Graphic Editor’s window:

In the Graphic Editor, click on the place where you want to place the symbol for 74153.

From the menu-item Symbol , select Enter Symbol.
Double click on the dialog box file field:           

/lapps1/altera/maxplus2/max2lib/mf.

      Select 74153.
      Similarly bring to the Graphic Editor:
          (i) 2-to-1-line multiplexer called “21mux” in  Max+plusII library in the folder /../../mf 

         (ii) eight data input terminals called I0, I1, I2, I3, I4, I5, I6 and I7 from the folder /../../prim

       ( iii) three input terminals for Select Inputs called X (MSB), Y and Z (LSB)

       (iv) one output terminal for the Output of the 8-to-1-line multiplexer

      (v) one ground input (“gnd” from the folder   /../../prim for connecting to  Active Low Enables 1GN and 2GN.

5. Draw the schematic diagram for obtaining a 8-to-1-line multiplexer using two 4-to-1-line multiplexers (in 74153) and one 2-to-1-line multiplexer (“21mux”).
6. In the Graphic Editor’s window in step 4, you have obtained 74153 and all the other components. 
Connect the various terminals. Edit all the input and output pin names.
(Hint: Connect 1GN and 2GN to “gnd”. Connect 1C0, 1C1, 1C2 and 1C3 to I0, I1, I2 and I3 respectively. Similarly connect 2C0, 2C1, 2C2 and 2C3 to I4, I5, I6 and I7 respectively. Connect 1Y to B of “21mux” and 2Y to A of “21mux”. Connect Y of “21mux” to the output terminal. Connect P (MSB) input to S of “21mux”. Connect Q input to B and R (LSB) input to A of 74153.)
7. Compile the Design: From the menu-item Max+Plus II, select Compiler.

From the menu-item Processing, select Functional SNF Extractor.
Click the Start button in the Compiler dialog box.

                       (Click YES to “Save all changes before compiling the project?”.)
9. Apply the Inputs: Open the Wave Form Editor. 

             From the menu-item Max+Plus II, select Wave Form Editor. 


Save simulator file: From the menu-item File, select ‘Save As…’ (file extension is .scf).


Insert the Nodes into the Name column.


Set the end time of simulation.

             From the menu-item File, select End Time…. of 100.0ns.

Set Grid size of 10 ns.


Create a Wave Form for each of the inputs. (In the “multiplied” field, enter 1 for the ‘least significant’ input, 2 for the 2nd input, 4 for the 3rd input.)
(Hint: For testing a 8-to-1-line multiplexer, connect P, Q and R to the usual inputs, which give all the 8 possible input sets. The inputs I0, I1, I2, I3, I4, I5, I6 and I7 may be connected to alternate fixed values of 0 and 1 or these may be made variable in a specific way so that you can confirm that for every one of the 8 values of p, Q and R, the output is equal to one of the inputs. )
10. Simulate the Circuit: From the menu-item File, select Project ( ‘Save, Compile & Simulate’ and verify the output waveform.
11. Create the Truth Table File: Select the Wave form editor window.  From the menu-item File, select Create Table File. 
       From the menu-item File, select Open. Verify the truth table.
OBJECTIVE (ii): Implement the following function with a 8-to-1-line multiplexer module:   

                 F1 (P, Q, R) = Σ m( 3, 5, 6, 7)

Use the 8-to-1 multiplexer module of IC 74151.

12. Open graphic editor (File  ( New). Select gdf file and name the file as “3to8Decoder.gdf” (File ( Save As …).
13. Set the file to current project (File ( Project (  Set Project to Current File )
14. On the next page, draw the schematic diagram for obtaining F1 using a 8-to-1-line multiplexer.
15. Create the required circuit diagram in the Graphic Editor’s window by using 74151 from Max+plusII library in the folder /../../mf, five input terminals and one  output terminal, as required in your design.           
(Hint: Connect all the inputs of 74151, required to be connected to 1, to “vcc”.Similarly connect all those inputs of 74151, which you want to connect to 0, may be connected to “gnd”. Both vcc and gnd are available in the folder   /../../prim. )
Connect the various terminals. Edit all the input and output pin names.

16. Compile the Design: From the menu-item Max+Plus II, select Compiler.

From the menu-item Processing, select Functional SNF Extractor.
Click the Start button in the Compiler dialog box.

                       (Click YES to “Save all changes before compiling the project?”.)
17. Apply the Inputs: Open the Wave Form Editor. 

· From the menu-item Max+Plus II, select Wave Form Editor. 


Save simulator file. 

· From the menu-item File, select ‘Save As…’ (file extension is .scf).


Insert the Nodes into the Name column.


Set the end time of simulation.

· From the menu-item File, select End Time…. of 100.0ns.

Set Grid size of 10 ns.


Create a Wave Form for each of the inputs. (In the “multiplied” field, enter 1 for the ‘least significant’ input, 2 for the 2nd input, 4 for the 3rd input.)

18. Simulate the Circuit: From the menu-item File, select Project ( ‘Save, Compile & Simulate’ and verify the output waveform.

19. Create the Truth Table File: Select the Wave form editor window.  From the menu-item File, select Create Table File. 
       From the menu-item File, select Open. Verify the truth table.

-----------------------------------------SPACE for  the SCHEMATIC DIAGRAM----------------------------------
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