CMPE 240

Project II

PrMay 30, 2003

Project Description
In this project, you will design a very simple 4-bit microcontroller with hardwired instruction set. The microprocessor processes 4-bit signed data represented in two’s complement. The layout of the controller is shown in the figure.
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In this controller there are four 4-bit registers (A, B, C and D) and one 8-bit shift register (M) which can be handled as two four bit registers (MH and ML). The specifications of the registers can be described as follows:

	Register Name
	Functional Description

	A
	4-bit data register

	B
	4-bit data register

	C
	4-bit data register which is used to hold the carry and sign information of the adder/subtractor 

	D
	4-bit data register which is used to hold the result of the adder/subtractor.

	MH:ML
	8-bit shift register with parallel data load. 

It consists of two 4-bit sub-shift-registers. 

Separate STORE signals enable sub-registers to be loaded separately.

The SHIFTR signal causes the data to be shifted in both registers to the right.

(Note: Since the processor operates on signed data, the shift operation must be handled in a very careful way. Consider the following data:

00010101.

Shifting data to right will yield:

00001010.

Now consider another data:

11110101.

Then shifting data to right will yield:

11111010.)

SHIFT and STORE operations cannot be done simultaneously.


The switch bank in the figure is used to provide instruction and data at the same time. The most significant four switches are used for instruction entry. These instructions are shown in Table 1.  Each instruction is converted to a high signal by the Instruction Decoder. The job of this decoder is to keep all of its outputs at ground state except for the the output of the corresponding instruction.

	Switch Configuration 
(Switch 7-4)
	Instruction Name
	Meaning

	0000
	NOP
	Do nothing

	0001
	ADD
	Add B and A. The result is in C:D

	0010
	SUB
	Subtract A from B. The result is in C:D

	0011
	SHIFTR
	Shift right the contents of ML:MH

	0100
	LOADA_S
	Load A with Switch 3-0

	0101
	LOADA_C
	Load A with Register C

	0110
	LOADA_ML
	Load A with Register ML

	0111
	LOADA_MH
	Load A with Register MH

	1000
	LOADB_0
	Clear B

	1001
	LOADB_C
	Load B with Register C

	1010
	LOADB_ML
	Load B with Register ML

	1011
	LOADB_MH
	Load B with Register MH

	1100
	NOP
	Do nothing

	1101
	NOP
	Do nothing

	1110
	STORE_ML
	Store D to Register ML

	1111
	STORE_MH
	Store D to Register MH


Table 1 Instruction set for the microprocessor.

There are also two B boxes in this processor. B1 box is used to generate the select signals of the multiplexers. B2 box is used to generate the addition or subtraction signal for the adder/subtractor.

Project Steps
The project requires usage of Xilinx-ISE

PART1:

1. (10 pts) Design a 4-bit 4-way bus multiplexer with ECS. Simulate and create schematic symbol.

2. (15 pts) Design the Instruction Decoder with ECS. Simulate and create schematic symbol.

3. (10 pts) Design B1 with ECS. Simulate and create schematic symbol.

4. (5 pts)   Design B2 with ECS. Simulate each unit. Create schematic symbols.
5. (20 pts) Design the M register with ECS and/or StateCAD. Simulate your design. Create schematic symbol.

PART2

This part will not be evaluated if any step in PART1 is wrong.

6. (20 pts) Using the blocks of PART1 and the standard units of the ECS, complete your design. Use buffers for switches and leds. 
7. Simulate your design for the following program segments. For each segment, write the switch combination and simulate your design. Try to find what the program segment does.
a. (10 pts)

LOADA_S
LOADB_0
SUB
STORE_ML
LOADA_C
ADD

STORE_MH 

b. (15 pts)

LOADA_S

LOADB_0

ADD

STORE_ML

LOADA_C

ADD

STORE_MH

LOADB_ML

LOADA_S

ADD

STORE_ML

LOADA_C

LOADB_MH

ADD

STORE_MH

SHIFTR

8. (25 pts) Write a program segment that takes average of four numbers. Simulate your design.
What must you submit?

You must submit 

1. a very detailed report for everything that you have done. 

2. the project folder prepared with Xilinx-ISE. It should contain everything that you have done, including schematics, symbols, testbench waveforms.
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