OBJECTIVE

The construction of a CPU that functions in a similar capacity as the MANO machine detailed in chapter 5. 

THEORY

This module was designed to complete the following 8 features: load, add, and, increment, clear, compliment, shift right, and branch unconditional.  These functions were to be implemented through the manipulation of an assortment of signals, registers, counters, and arithmetic & logic circuitry, most of which were assembled and tested using the Descriptive Language option in Xilinx. 

COMPONENTS

· 2 2X1 MUX

· 2 3X8 DEC

· 2 COUNTERS

· 19 eight – bit registers

· 4 bit register

· ASSORTMENT OF AND & OR GATES

· XILINX SCHEMATICS

· XILINX DESCRIPTIVE LANGUAGE EDITOR
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Fig. 1

PROCEDURES & RESULTS
In order to explain the operation of the CPU, it is necessary to understand what components the system consists of, how these components are organized, and the order in which these components are utilized.  The contents and organization of the system are listed on the DATA FLOW and can be found in fig1.  The system begins with a Program Counter (PC), which holds the address of all the instructions in memory. These addresses are listed sequentially according to the order they are to be executed in.    The PC is then incremented in order to move from one instruction to the next.  The order in which these instructions are chosen is presented as the RTL CODE, which is displayed as fig. 2.  In this article, the load function is the initial operation performed followed subsequently by the ADD function, then the AND, etc.  The PC is incremented by the 12th signal off the logic unit (discussed later), which enables the system to move to the next operation to be executed.

Once incremented, the address in the PC is transferred to the Address Register (AR), which accepts this address, but only if either the 11th or 13th signal from the logic circuit are set high.  The AR goes to the memory register, where the input from the AR is used to choose which of the 16 memory locations will be accessed.  The 8-bit content of the memory location chosen is then sent to the 8-bit Instruction Register (IR), where it is loaded only if the 12th signal from the logic circuit is set high.  At this point, the contents of the IR are partitioned into two main blocks: the 3-bit opcode and the 4-bit address of the data necessary to complete the desired instruction.  

The address is taken off the IR and sent to the AR, which goes to the memory and specifies the location containing the data desired.  This data is sent to the 8-bit Data Register, which is loaded on by any of the 0th, 2nd, or 4th signals sent from the Logic Circuit.  The data stored in the DR is sent to either the Accumulator Register (AC) or the Arithmetic Logic Unit (ALU), depending on the operation chosen.  In the event that the DR sent the data to the ALU, the ALU would accept input from both the DR and the AC and proceed to perform the selected instruction.  The result of the operation executed by the ALU would then be sent back to the AC.  The AC would only be loaded if any of the 1st, 3rd, 5th, 6th, 8th, 9th, or 10th signals were to be set high (or would be cleared if the 7th signal were high).  The AC would then choose between the input from the DR and the ALU depending on the state of the 1st signal sent by the Logic Circuit.  If the signal were high, the AC would accept the data from the DR, otherwise the ALU’s result would be chosen.  

The 3-bit opcode from the IR is sent to the ALU were it is decoded to determine which of the 8 available instructions are to be completed.  The opcode is also sent to the Logic Circuit were its decoded to determine the operation being chosen.   The one of the eight possible operations is signified by its corresponding symbol from D0 through D7.  At the same time, the Logic Circuit accepts 3-bit input from the Sequence Counter(SC).  The SC is a timer that is incremented with every clock cycle and then sends binary representation of the one of the numbers 0 through 7 to the Logic Circuit.  The SC never actually reaches 7 because none of the 8 operations require anything above the 4.  At that point, the SC is cleared when any of the 1st, 3rd, 5th, 6th, 7th, 8th, 9th, or 10th signals are sent to it’s clear line, hence starting the timer back at zero.  

The time signal T# is taken from the sequence counter decoder to the Logic circuit were it is ANDed with the operation signal D# selected from the IR decoder to produce the output signal X#.  These are the set of signals that have been referred to through out this report in reference to loading & clearing registers and selecting the desired input from multiplexers listed in the data flow figure.  These signals can also be found in the RTL description next to the operations they correspond to.  

