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                          LAB # 7
Computer Architecture I: Digital Design
OBJECTIVE: To implement a 4-bit Binary Counter with parallel load and synchronous clear facility. Use JK flip flops.

Hint: Use the following input equations to construct a 4-bit binary counter using JK FFs: 

             JD  =  KD = 1;  JC = KC = QD; JB = KB = QC.QD; JA = KA = QB.QC.QD

QD is the Least Significant Output and QA is the Most Significant Output of the counter.
A note on JK Flip flop:
For this Lab,  use the inbuilt JK flip-flop(JKFF) module, available in Max+PlusII library in the folder /../../prim. 

 Inputs of JKFF: i) Two  synchronous inputs J & K 

ii) CLOCK: Use RClick ( overwrite ( clock, to give the clock input.

iii) Two asynchronous inputs 

a. Active Low  PRESET     b.       Active Low  CLEAR  

To disable  PRESET and CLEAR, keep these two inputs high i.e. 1.

IMPORTANT NOTE: The output of the FF is updated ONLY when the clock goes from 0 to 1.
PROCEDURE:  
1. In the space below, use AND and NOT gates to draw a logic circuit with the following characteristics:

Three INPUTS:  Inc , Ld  and Cr. 

Three Active High OUTPUTS: CE, LdE  and CrE.

RELATIONSHIPS among INPUTS and OUTPUTS:

CE = 1, only when Inc = 1, Ld = 0 and Cr = 0.
LdE = 1, only when Ld = 1 and Cr = 0.     

CrE = Cr. 

	INPUTS
	OUTPUTS

	Inc
	Ld
	Cr
	CE
	LdE
	CrE

	1
	0
	0
	1
	0
	0

	X
	1
	0
	0
	1
	0

	X
	X
	1
	0
	0
	1


2. In the space below, draw the schematic diagram for a circuit, which can be used to load an input I  to a JKFF with LdE as the enable Input .

3. Use the circuit of step 2 above  to draw the circuit for a typical stage Y of the Binary Counter. 
Assume that for this stage, the input CEy is the count input component to be applied to JY and  KY of the JK FF. Assume that the output of the JK FF is called QY.

For the next stage, the circuit may generate 

        NextInc = CEy. QY.

Note: CEy of the next stage (with a more significant output bit) may be connected to NextInc of the previous stage(with a less significant output bit).  

4. Open  Max+plus II.
5. Open graphic editor (Max+plus II ( Graphic Editor). Name the file (File ( Save As …).
6. Set the file to current project (File ( Project (  Set Project to Current File )
7. Create the required circuit diagram, corresponding to that of step 3, in the Graphic Editor’s window:

In the Graphic Editor, click on the place where you want to place the symbol for JKFF.
From the menu-item Symbol , select Enter Symbol.
Double click on the dialog box file field:           

/lapps1/altera/maxplus2/max2lib/prim.

      Select JKFF.  Similarly bring to the Graphic Editor from the folder /../../prim:
(i) five input terminals for Clock, Initial Input for Loading and three Control inputs called LdE, CEy and CrE
(ii) two output terminals, A and NextInc
Connect the various terminals. Edit all the input and output pin names.
8. 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. Create a Module: Select menu item File ( “Create Default Symbol”.  ( Max + Plus II saves the above file as name.sym, where name is the name of the gdf file )
10. 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 140.0ns.


Set Grid size of 10 ns.

IMPORTANT: In this exercise, choose the following set of inputs:
	Time (ns)

Inputs
	0-20
	20-40
	40-60
	60-80
	80-100
	100-140

	
	Loading
	No Change
	Clear Output
	Increment

	LdE
	1
	1
	1
	0
	X
	0

	CEy
	X
	X
	X
	0
	X
	1

	CrE
	0
	0
	0
	0
	1
	0

	I
	1
	0
	1
	X
	X
	X


            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. )

     Apply the clock input.

Verify the design of step 3 by simulating it. 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.
12. Testing the 4-bit binary counter with parallel load and synchronous clear facility: 
Open graphic editor (Max+plus II ( Graphic Editor). Name the file (File ( Save As …).
Set the file to current project (File ( Project (  Set Project to Current File )
13. Create the required circuit diagram, corresponding to that of step 3, in the Graphic Editor’s window:

Draw the circuit of the 4-bit Binary Counter. Use:

(i) four of the modules, for which the default symbol was created in step 9 

(ii)  the circuit of step 1  (iii) vcc and gnd from Max+PlusII library in the folder /../../prim.   (iv) Input terminals for Clock, Inc and Ld. 

       Since we are not using Clear, connect Cr to gnd. 

       Use 9 as the initial value. To do this, connect the four Initial Input terminals (one each in each module) to vcc, gnd, gnd and vcc respectively.
Hint: After initially loading the number 9, you may activate the Increment and apply the clock to  check the count from 9 to 15 (F) and then back from 0 to F.

(iii) Outputs A0, A1, A2 and A3
      Connect the various terminals. Edit all the input and output pin names.
14. 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?”.) 

15. Verify the design by simulating it.
Hint about MAXPLUS II: For better output representation, please follow the following steps:

· Select the output A0, A1, A2 and A3 by highlighting them.

· Right Click and select “Enter Group”. Make sure that “Hex” radix is selected.

· Click OK. This way you can present group of outputs together in Hex radix.

          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.


From the menu-item File, select End Time…. of 200.0ns.


Set Grid size of 10 ns.

           Apply the clock input and inputs to Ld and Inc. (INITIALIZATION PHASE: Use the first 20 ns for loading the counter to an initial value of 9 (binary equivalent 1001). COUNTING PHASE: Then start counting by disabling the Ld. )
     From the menu-item File, select Project ( ‘Save, Compile & Simulate’ and verify the output waveform.
16. 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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