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Project Summary

*To design some of the internal components of a
microcontroller using L-EDIT.

*To create several delays by designing the internal 16-
bit timer circuitry and 4 registers.

* These delays can run real time systems and interrupts.

*The design will also be done in VHDL code and
implemented into FPGA.

Preliminary Work

*The microcontroller to be designed is similar to the
Motorola 68HC11.

*The designers used Motorola s microcontroller as aguide;
however, their logic design was independent.

*http://mww.play-hookey.com hel ped the designers with the
gate level design for the D flip-flop and the XOR gate.

*The D flip-flop designed used the |east number of gates.




Preliminary Work

| D flipflopin LEDIT

Project Description

| D flipflop plot in PSPICE




Project Description

Functional Description

User inputs:
*8-bit accumulator
*2-bit register controller input and 1-bit enable
«2-hit clock controller input and 1-bit enable
stimer reset
eclock

User outputs:
*1 bit from each of the four comparators

1 bit overflow from timer

Project Description

Functional Description

M odes of operation: The user inputs 8 bitsinto the
accumulator and 2 bits to the register controller and
clock controller. The register controller specifies
which register to store the 8 bitsinto. The clock
controller specifies the period of the input clock
pulse.

The 16-bit timer continuously increments with the
clock. Thelower 8 bitsinput into each of the 4
comparators. They are then compared to the 8 bits
stored in each register. The comparator output is
logic ‘1" when the two values are equal.




Project Description

Block Diagram
Subsystems:
Clock Controller
16-bit Timer
Register Controller
Register

Comparator

Project Description

System Block Diagram
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Project Description

Clock Controller Subsystem
I nputs:
Clock (user input)
Enable (user input)
2-bit Control Value (user input)
Outputs:

Clock (to timer and register controller
subsystems)

Project Description

Clock Controller Subsystem Block Diagram
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Project Description

Description of Clock Controller Subsystem
*This controls the clock pulse entering the timer subsystem.

*The user inputs the fastest clock pulse desired into the clock
input.

*The subsystem can then output that pulse, or a pulse two
times, four times, or eight times the period of the origina
pulse, into the timer subsystem.

*The 2-bit controller value selects which pulse to output
using a4 to 1 multiplexer.

*The pulse periods are decreased using a 4-bit counter.

Project Description
Xilinx Design of Clock Controller Subsystem




Project Description
LEDIT Design of Clock Controller Subsystem

Project Description

16-bit Timer Subsystem
Inputs:
Clock (from clock controller subsystem)
Enable (user input)
Reset (user input)
Outputs:

Lower 8 bits of timer value (to comparator
subsystem)

Overflow bit (external output)




Project Description
' 16-bit Timer Subsystem Block Diagram

Reset

)

Clock pulse lowver 8-bits of timer
S ——— 1 B-hit Timer
from clock cortroller to comparatar

cCarry \L
Out Bit

Project Description

Description of Timer Subsystem
*Thisisthe main subsystem in the project.
*The enable input starts and stops the counter.

oIt operates as a 16-bit counter. After reaching FFFFh, it
sets the overflow bit high for one clock pulse and will
restart at 0000h.

Although only the lower 8 bits are used in the timer,
having 16 bits will allow for longer delays.




Project Description

Xilinx of Timer Subsystem

Project Description

LEDIT of Timer Subsystem




Project Description
VHDL Design of Timer Subsystem

library ioee;
usp ieer.std_logic f16&.all;
mtity timeria is
part{enable ,clk rst: in std_logic;
co: put std_logic;
qowt: oot integer range @ to 153;
empd bimeridd;
architecture rtl of tineri1d is
signal coumt: imteger range ¥ to 15%;
aegin
ckr: process (enable,clk,rst)
hegin
ifF frst = '4°) them
co €= '@Y;
count £= 03
elsif (clE'event amd clE = *“1°' and €nable = "7 ) Ther
if {ceunt >= 123 Cher
oo 4= @5
count <= U3
else
[H BRI
ColnL <= Chuntsg
iF count = 15 Ther
Co <= "1°§
end iFj
el iF;
el 1F;
end prOCESS G
qout €= count;
amid FEL}

Project Description

Register Controller Subsystem

Inputs:
Enable (user input)
Clock (from clock controller subsystem)
2-bit Control Value (user input)

Outputs:
Clock (to register subsystem)




Project Description
Register Controller Subsystem Block Diagram
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Project Description

Description of Register Controller Subsystem.

*The 2-bit controller value specifies which of the 4 registers
. to point the 8-bit accumulator value to.

*A register only receives the accumulator value when the
controller turnsits clock on.

. +Only register clock can be on at atime.

*A 110 4 decoder is used to select which register will receive
the input clock pulse.




Project Description




Project Description
VHDL Design of Register Controller Subsystem

library ieee;
wse dees.std_logic 11684105

entity regoon is
porTia: in std_logic_vecher (7 downto 03
onable c1k: in std_ legicy
gz out std legic_wector (2 dowsto @));
R T TE

srchitecture vkl of regoom is
component motd
port {x: in std_legic;
z: vut std legic);

end Comprnent 3

conponent mork
por® f(a,b,c,d: In std_loqgics
putput: out std_legich;

end component;

signal nclk nenable: std_logic;
=ignal na: std logic_wecter (1 cownto 63

Begin

3 nofl port map {afayna{e)r;

:omokt port map (agiy.naf 1),

: mot1 port map (clk,mcii);

3 noll port eep (emEable  menable)

onoed port map (nal 0  mad 1y, nclK, remabde  qicy )
: nord port map (agd)y.naf i) ,mclk, aenable, q{#1);
s onorl port map (naf ) A1) aclk nenable, q{1));
T onoed port ran LafAy,af1),nelk, nenable qi 9}y ;

BLEREERS

end rtl;

Project Description

Register Subsystem
Inputs:
8-bit Accumulator Value (from accumulator)
Clock (from register controller)
Outputs:

8-bit Register Value (to comparator
subsystem)




Project Description
Register Subsystem Block Diagram
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Project Description

Description of Register Subsystem

*Each register will consist of 8 D flip-flops, which will
store the register value.

*A register stores the accumulator value only when the
controller turns on its clock.

*Otherwise, the register will hold its previous value until
this value is written over with a new value from the
accumulator.

*The inputs and outputs previously mentioned are for each
of the 4 registers.




Project Description
LEDIT of Register Subsystem
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Project Description
VHDL Code for Register Subsystem

A D flip-flop component was written in a program.

A program for the register was written. It includes port
maps for each of the 8-bits.

*Four 8-bit registers were needed, so another program was
written using port maps as shown here:




Project Description

" Comparator Subsystem

Inputs:

8-bit Register Value (from register
subsystem)

Lower 8-bit Timer Value (from timer
subsystem)

Outputs:
1-bit Compared Value (external output)

Project Description
| Comparator Subsystem Block Diagram
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Project Description

Description of Comparator Subsystem
*There are 4 comparators, 1 for each register.

*The 8-bit value from each register is compared to the lower
8-bits of the timer.

. If thetwo inputs are the same, the output islogic ‘1.

¥ «Otherwise, the output is logic ‘0'.

Project Description

Xilinx of Comparator Subsystem




Project Description
LEDIT of Comparator Subsystem

Project Description
VHDL Code for Comparator Subsystem

*An XOR gate was written in a program.
*A NOR-8 gate was written in a program.

*The comparator program declared xor_gate and
nor8_gate as components. Port maps were used as

component nor8
port(input: in st downto 0);

1 logic_vector(7 downto 0);
zoutstd logic);
end comp;




Schedule of Tasks

Questions?




