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CSE 2341 -- Digital Logic Circuits

Fall Semester 1998

Lab Number 9 -- A Central Processing Unit Controller
CSE 2341 


LABORATORY ASSIGNMENT 9


Fall 1998

A CENTRAL PROCESSING UNIT CONTROLLER

 (150 POINTS)

PURPOSE:  To design, implement, and test a simple computer control unit.

EQUIPMENT NEEDED:   IDL-800 Digital Lab trainer, wire

PARTS NEEDED:  7495, 74138, 74154 and other ICs as needed in your design.

DESCRIPTION OF THE CIRCUIT TO BE DESIGNED:


For this lab you will design, construct, and test parts of a controller for the CSE 2341 Computing Machine.  The register organization of the machine is shown below in figure 1.
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Figure 1.  Register Organization of the CSE 2341 Machine


The machine uses single address instructions with the following format.
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Figure 2.  Instruction Format


For purposes of this laboratory assigment assume that the machine has the following instruction set.



LDA X


;
AC  ( (X)



STA X


;
X     ( (AC)



ADD X

;
AC  ( (AC) + (X)



SUB X

;
AC  ( (AC)  - (X)



OR X


;
AC  ( (AC) ( (X)


The micro operations for the instruction fetch are shown below in figure 3.  The micro operations are initiated by a control signal, ci, at a time in the instruction cycle indicated by Pi. 
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Figure 3.  Instruction Fetch


Instruction execution micro operations, control signals, and clock phases are detailed below.
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Figure 4.  Instruction Execution


The relationship between the control signals shown above in figures 3 and 4 and the hardware is given below in figure 5.
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Figure 5.  Control Signal Locations

The timing of the control signals as required for the CSE 2341 CPU can be handled effectively by a multiphase clock in controller structured as follows.
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Figure 6.  Controller Structure

The multiphase clock can be realized easily with a clock, a ring counter, and a decoder as shown below.
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Figure 7.  Multiphase Clock

PRELAB (50 points):


1.  Design an implementation of the multiphase clock shown in figure 7 using an SN7495, an SN74154, and any other logic devices that you need.  Assume that the clock is provided separately.  Draw your design using LogicWorks3, and use the LogicWorks3 simulator to check your design.


2.  Design a realization of that part of the controller logic in figure 6 to control instruction fetch and execution of the ADD instruction.  This should include the IR and instruction decoder.  Assume a three-bit opcode.  Draw your design using LogicWorks3, and use the simulator to check your design.

LABORATORY PROCEDURE: 


Complete each of the exercises detailed below, and record your results and answers on your laboratory report. Have the lab instructor check your work after part 2.

Part 1 (50 points):

Construct and experimentally verify the realization of your multiphase clock.  Use Pulse Switch A or B as the clock.  Display the clock phases on LEDs LED0 through LED7.  

Part 2 (50 points):

Construct and experimentally verify the realization of your control logic.  Assume that the opcode for the ADD instruction is 010 and that the opcode input is provided to the IR by data switches SW0 through SW2. 
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