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                          LAB # 6
Computer Architecture I: Digital Design
Objective:
Implementing a 4-bit Shift Register Using D flip flop
 ( Nomenclature: Call the 4 inputs of the four D Flip-flops as D1, D2, D3 and D4 respectively. Let  Q1, Q2, Q3 and Q4 be the output names for the four Flip-flops FF-1, FF-2, FF3 and FF-4 respectively.)  
A note on the D Flip flop: For the shift register implementation,  use the inbuilt D flip-flop (DFF) module  available in Max+plus II library in the folder /../../prim. 

DFF has the following inputs:

i) Clock input: During simulation, the input may be given through RClick ( overwrite ( clock.

ii) Two Asynchronous inputs:

Active Low  PRESET

Active Low  CLEAR

If  PRESET and CLEAR inputs are set to 1, both of them become inactive.
(These Asynchronous Inputs are used for Initialization only. (i) When the Initial value is required to be 1, Preset is made active and Clear is made inactive. (ii) When the Initial value is required to be 0, Preset is made inactive and Clear is made active. (iii) Both Preset and Clear must NOT be made active simultaneously.)   

iii)      One Synchronous Input D 

PROCEDURE:  
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 the D Flip-flop.

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

/lapps1/altera/maxplus2/max2lib/prim.

      Select DFF. Make three copies to get four D Flip-flops.
      Similarly bring to the Graphic Editor from the folder /../../prim:
(i) Ten input terminals:

a. eight input terminals for asynchronous inputs ( PRN and CLRN for each FF) 
b. one input  terminals for data input to the first D FF
c. one input  terminals for clock input 
(ii) four output terminals, one each for each of the four D FFs
5. Draw the schematic diagram for the 4-bit Shift Register.
6. In the Graphic Editor’s window in step 4, you have obtained four DFFs and input and output terminals.
Connect the various terminals. Edit all the input and output pin names.
(Hint: Connect Q1 to D2, Q2 to D3 and Q3 to D4.)
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. Prepare for applying 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.
IMPORTANT: In this exercise, you are to apply some inputs at the beginning, say for the period from 0 to 10 ns. Then from 10 ns, you are to apply a different set of inputs. One feature of MaxPlus 2, which helps you do it, is as follows:
APPLYING AN INPUT, which may NOT be a single, uniform and continuous waveform for the entire period under test: To each input terminal, any type of time varying input like a clock signal or a constant value of 0 or 1 can be applied for a chosen interval of time. During another interval of time, a different type of input may be applied. 
To do this:  In the waveform editor, for each input terminal

· Select the duration of time between two boundaries of time , by using the mouse; 

· RClick (  Overwrite (  (Select the input to be applied to the input terminal, during this interval of time, as you were doing in the previous lab exercises. )

8. Determining the Inputs for Initialization and for working with the clock after initialization:

Assume the Initialization time to be of 10 ns at the beginning.
Assume that the Shift Register is to have an initial value of 1101. The initial values of Q1, Q2, Q3 and Q4 are to be obtained by choosing appropriate values of Preset and Clear during the initialization period.

Fill up the following table with appropriate values of  LOW OR HIGH for the Preset and Clear inputs. Choose an appropriate value for the multiplier of the clock for the period after Initialization. 
TABLE 1

	Input
	Initialization period

from 0 ns to 10 ns
	Normal Working

from 10 ns to 90 ns

	Preset 1
	
	

	Preset 2
	
	

	Preset 3
	
	

	Preset 4
	
	

	Clear 1
	
	

	Clear 2
	
	

	Clear 3
	
	

	Clear 4
	
	

	CLOCK
	
	


Set the Serial Input S1 (which is equal to D1) to LOW.
9. Simulation:

Apply the inputs as determined in step 8 above. 
From the menu-item File, select Project ( ‘Save, Compile & Simulate’ and verify the output waveform.
10. 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.
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