Lab Assignment 6

ECE/CS 3700
Spring 2009
Assigned Mon (April 14) onwards, circuit demo during the wdé21-4/24, final report due by 4/29.

Now that you have become familiar with both combinationall aequential logic design (adders, counters,
latches, FFs, etc.) it is time to put these pieces togetherbaild some large systems. So, in this lab, your as-
signment is:

« Verilog Design, Simulation, Synthesis, Implementatiod drsting of a4-bit CPU and contral.

The project requires the implementation of a state-machm interfacing it with other components. Given
below is the design description:

I. THE 4-BIT CPUAND CONTROL

You will be designing a circuit very similar to the one shownFig. 7.73 in the textbook. Take a look at the
figure and maybe you should also go through Sections 7.14.7 44.2.

Your CPU will have the following:

« An Arithmetic and Logic Unit (ALU) that takes 2 4-bit numbeas inputs and produces an output (4-bit for logical
ops, 5 bits for add, but you may choose to ignore the carry Bt operations that the ALU performs ayeb and

the following bit-wise logical opsOR, XOR, NOT.

« There are three 4-bit registely , R, and R,,; connected to a 4-bit bus via tri-state buffers.

« I’'m asking you to design a small finite-state-machine (FSh\} thard-codes a few instructions”, executes them,
and then comes to a halt. The execution can be re-started iehenis pressed. This FSM is essentially a circuit
that controls/assigns the signals to: i) the register- abdftenable signals that transfer data between registars
the bus; and ii) select the required ALU operation. This FSRW control (and the program to be hard-coded) is
described in the next section.

(Note: In a general purpose computer, the bus is connectadrtemory that holds a program. The CPU control
then has the responsibility to fetch/decode/execute #tedictions - usually done by enabling/disabling the bgffer
and registers, just as required above. The FPGA board deesasha&SDRAM where you can store a large program.
However this requires an interface via a memory controliet the subsequent design and synthesis would require
a lot more time and effort than a 1-week lab project. It woirdfact, turn out to be a mini-3710 project. So, I'm
asking you to just “hard-code” a program in an FSM, and im@etithe required CPU control. This way, you will
get a fair idea of why CPU control is a state machine and hows daeork!)

« The Bus is also connected to a 4-bit external input (say, adich on your board?) to read data that the FSM

would then process. Note the tri-state buffer to isolatesthigch.



« A block diagram of the design is shown in Fig. 1. The entirgeysis synchronized w.r.t. a common clock.
The block-diagram is just a reference, you may (or may nafjiire to add/delete a few signals. You have enough
flexibility to implement your design.

« Just make sure to implement: i) a globvabet as an external combinational input connected to a puslobutt
switch on the XESS board; ii) connect a 7-segment displai®tg to view the result; and iii) 4 push-button or

dip-switches to read external data as input.
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Fig. 1. Block Diagram of thé-bit CPU+Control

A. FSM: CPU control + Hardcoded Program

Your design will interface the CPU with a control FSM that tiae following specifications:
o At Reset, it goes to State-3({). Here, it tri-states all bufs, and resets all registersh@@00.
« When reset is de-activated, the machine transitions to estate (fromsS; to S;;1) at every positive-edge of the
clock.
« In State-1 §;), the machine reads the data on the external switch and lbadsegister R;. In other words,
the first instruction being executed isGAD R; EXTERNAL_DATA”. How would you do this? Well, open the
respective buffers to put the data on the bus; en&hlso that at the next positive edge of the clogk, loads the
data corresponding to the external switch connections.
« In S5, load an integer-value 3 iRs. This is akin to a “load-immediate” instruction: LDl R2g0011.

« In S3, ADD R; + Rs and store the result iR,,;. For this, you will have to give a signal to the ALU that it has t



perform the add operation on the data available at its inguid you have to enablg,,; so it will store the result
at the next posedge clk. InstructiolR4,; < R1 + R»).
o In Sy, transfer the data fromR,,,,; to Ro: MoV Ry < Ryi.
e IN S5, Rout — Ry V R, (bit-wise OR).
e IN Sg, MOV Ry «— Rou:.
e In S7, Ryut — NOT(Ry), (bit-wise complement).
e In Sg, MoV Ry «— R u:.
e IN Sy, Rout — R1 ® Ro, (bit-wise XOR).
« When you get taSy, you display the result on the 7-segment and stay in thie suatil the reset is pressed - in
which case re-start the process frém

Hints:
« One can test your program by adjusting the external-DIPchw# to different 4-bit values and re-starting the
program. For example, what is the valueRy,; (7-segment display) in the terminal state, whHen= 4’61001 in
the initial state?
« Study tri-state buffers. Recall, bufif0 and bufifl library dutes that | showed in class? If you don't, try google!
« Should the 'bus’ variable be declared as a wire? Or as sonteéise? Check Section 7.14.
« Trytoimplement each element of the CPU as a separate modaletop-level hierarchy would then interconnect
all these modules via wires/tri-state buffers.

The Assignment: Verilog Design + Simulation + Synthesis + Mapping + Demo +j€cbreport = the usual.

B. Lab Report Submissions + Deadlines

As usual, you will be expected to document your labs in a gsi@al manner. Show your design as a block-
diagram/schematic. State any assumptions, highlight itapbfeatures, elaborate on any “optimizations” that you
may have performed. Describe the testing/troubleshodtirajegy.

Deadlines. Classes end on Wed, 4/29. So | will ask you complete the degitpm 1 week, i.e. during the week
4/20 - 4/24, and then you can submit the lab report by 4/29s Waly, you can use the next few days to work on the
assignment, and submit the report later.

Have fun!



