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Datapath Verification

Develop and verify a VHDL model of the datapath of your CPU, as described in the block diagram and register transfers defined in Part 2. The CPU must be capable of working with a single memory outside the CPU; the memory for Logic Simulation in ModelSim will be added in Part 4, which will be the RAM block in the Altera Megafunctions Library. The datapath must have two 16-bit external “ports” to connect the CPU to the memory: a bidirectional data bus and an address bus. The datapath must also have the various control and status signals as external “ports”. Apart from those the datapath also needs to have the input “inr” used as a multiplexor to decide the register number and the output “outvalue” which is used to display the contents of that register in the final stage on the FPGA board. These will be connected to a Control Unit in the next part. 

Notes: 

1. This is to be a register-transfer-level (RTL) design (not gate level). 

2. Refer the VHDL Synthesis Guide and the link given to write the VHDL code according to the synthesis guidelines so that in the final stage, your design is synthesized correctly by the FPGA. 

3. The top-level design should contain only component instantiations, matching your block diagram (changes may be made to the diagram as necessary). 

4. Design and test VHDL models of each unique component used in your datapath.

5. Create a table listing all control signals and the values of each control signal required for the different clock cycles like fetch, decode, execute, etc.

6. You will have to submit the control signal table, the VHDL code and Simulation List of all the components in the datapath as well as the VHDL code the complete top level Datapath.  

Major Datapath Components Likely to be needed: 
1 ALU: The ALU must provide all arithmetic and logic functions required to support your instruction set. It should not provide unnecessary functions. 

2 Register file: Design as a multi-port “memory array”. DO NOT instantiate individual registers !  

3 Sign/zero extension logic, as appropriate, for ALU inputs. 

4 Program counter (PC). 
5 Instruction register (IR) (if required). 

6 Assorted multiplexers for data paths and register address inputs. 

Thoroughly simulate each new component individually, before inserting it into the datapath. Annotate and submit each simulation.
