PHYSICS 201
LAB 9 

Part 1. Loadable Decade Counter. 

The program counter keeps track of the current line of the program (located in memory) that is being executed.  Recall that the program counter is not counting clock cycles, but program lines.  Furthermore, a given line of code (in machine language) requires several microcode instructions and thus several clock cycles.  Hence, the clock is not incremented on each clock cycle, but must be informed by control when to increment.  Hence, a program counter will have a control pin controlling incrementing.  

To allow for programs with “jumps” (such as occur with if’s, loops and subroutines), one must be able to load a value into the counter.  Thus there must be data input as well as a control pin for loading that data.  In count74190.ewb you will find the circuit shown below.  This circuit can count forward, count backward, load a value or simple hold onto its present value.  
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What are the control pin values for each of these actions? 

	Action
	L
	T
	U

	Count forward
	
	
	

	Count backward
	
	
	

	Load a value
	
	
	

	Hold current value
	
	
	


Have the 74190 count forward, what do the Max/Min and  RCO( outputs do?

	


Part 2. Inequality Comparator. 

Build a circuit that takes in two four-bit words (word A and word B) and has two outputs.  The first output should be 1 if the two words are the same and 0 otherwise.  The second input should be 1 if the word A is greater than word B and 0 otherwise.  Label the inputs A0, A1, etc., where A0 is the least significant bit.  Test the second output using a Logic Converter.  I show the use of the Logic Converter for a simple AND gate below. Paste your comparator circuit below.  
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Save your comparator as a subcircuit and then use it to make an eight-bit version.  Please indicate which word is more significant. Paste the circuit below. 

Imagine the four-bit word was representing a signed integer.  What problem would arise?  Suggest a way of resolving it. 

	


Part 3. Tri-State buffers and the bus. 

Build the circuit below using Tri-state buffers (found under Logic Gates).  The line to the right corresponds to a single line of the bus; there would be many of these in parallel in a standard bus. Switch A is the data input for the first Tri-state buffer, while Switch X is its enable input.  The data input passes through the Tri-state buffer when the enable pin is high.  The buffer is in its high impedance state (effectively disconnected) when the enable pin is low. 
[image: image3.png]



Activate your simulation and determine the state of the red probe and “who’s driving the bus” for the scenarios found in the table below. 

	A
	X
	B
	Y
	C
	Z
	Red Probe
	Bus Driver

	0
	0
	0
	0
	0
	0
	
	

	0
	1
	0
	0
	0
	0
	
	

	1
	1
	0
	0
	0
	0
	
	

	1
	1
	1
	0
	0
	0
	
	

	1
	1
	0
	0
	0
	0
	
	

	0
	1
	0
	0
	0
	0
	
	

	0
	0
	0
	0
	0
	0
	
	

	0
	0
	0
	1
	0
	0
	
	

	1
	0
	0
	1
	0
	0
	
	

	0
	0
	0
	1
	0
	0
	
	

	0
	0
	1
	1
	0
	0
	
	

	0
	0
	1
	0
	0
	0
	
	

	0
	0
	1
	0
	0
	1
	
	

	0
	0
	1
	0
	1
	1
	
	


If there are no tristates, what happens when A is high and B is low and both outputs are directly connected to the bus?

	


Part 4. Adder-Subtractor With Bus.

The file addersubtractorwithbus.ewb contains two registers (accumulators) that are directly associated with the circuitry that adds and subtracts.  It also has a register serving as an output buffer.  The input from the all of the registers is to be taken from the bus.  The output of the addition (or subtraction) can be placed on the bus.  Additionally there is a set of data input switches which can data on the bus.  Finish building the circuit.  Provide instructions for performing the subtraction 5 – 2 = 3.  Paste a picture with circuit displaying the final result. 
	Instructions:




















































