Chapter 2 continued...
I —

MAYBE YOU COULD
ASK YOUR BROTHER

WE VE HAD A BIG UP.
SWING IN PEOPLE WHO
UBE CELL PHONES IN
BATHROOMS.

DANG. I'VE GOT A
NEW GUY COMING
IN TODAY. WHERE
WILL T PUT HIM?

+ Combinational Logic (should be a review of
120A)

+ Beginning of state machine design

WELL , T SUPPOSE
YOU COULD PUT HIM
IN A CUBICLE.

WELL. TF YOU BLIND-
FOLD KIM, HE WON'T

NOW HE'S TN A
CUBTCLE.

HIS CRIME LASNT
THAT HEINOUS.
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Combinational logic design Combinational logic design
| |
A) Problem description A) Provlem descripton B) Truth table
Yo lﬁiil‘éﬂf’?ﬂ«d o boh, Inputs Outputs
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A) Problem description . A) Problem description B) Truth table C) Output equations
C) Output equations Topus ] OUPS -0 s+ alfc s b +
yistifaisi,orbandcare 1. yistifais1,orbandcare 1. a b ¢ z v ab;
zis 1ifborcis 1, but not both, — o ) ! ' zis 1ifborcis 1, but not both,
orifallare 1. y_abc+abc +ab'c + abc’ + abc orifallare 1. z=alb'c +abc' +abc + abe’ +
abe
B) Truth table A EEERE
Inputs Outputs, z=a'b'c +a'bc' + ab'c + abc' + abc D)yMinimized output equations : : ? : :
a b ¢ z
L1lofl111 1]
Al 1o 11 2200 o111 10
RIERENE ol To]l]
Lo [WIE]E]
z=ab+b'c+bc
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Combinational logic design

A) Problem description B) Truth table C) Output equations
Tnputs Outputs _al o + s .
yistifais1,orbandcare 1. a b ¢ 2 y’ab“ab;b;ab“am*
zis 1ifborcis 1, but not both,
orifallare 1. z=abc +albc' +ab'c + abe' +
abc
1o 11+
D) Minimized output equations N I O I
¥ 1l E) Logic Gates
2 y
b
c
z
z=ab+bc+be’
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Example to Work out...
I —
A) Problem description

yis 1ifais 0, or they are all 1.
zislifbandcis 1, orif all are 0.
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Example to Work out...

A) Problem description B) Truth table C) Output equations
yis1ifais 0, or they are all 1. '”F’:‘s Outputs y=ab'c' +abc +abc +abc + abc
zis1ifbandcis 1, orif all are 0. a
z=a'b'’c' +a'bc + abc
1lol1[oTo
D) Minimized output equations 11000
[ N RN N
E) Logic Gates
a y
c
Do you see room for
further improvement  s—>
(minimizing space)? z
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Optimization

Logic Gates
a y
c
2 after removing redundancy
‘ a y
c
z
Embedded Systems Design: A Unified 10

Hardware/Software Introduction, (c) 2000
Vahid/Givargis

ICE!

Logic Gates

after removing redundancy
2 y
How many transistors did we 5
save?
Hint: For a 3-input AND, just z
cascade two 2-input AND’s.
For a 3-input NOR cascade an
OR and a NOR
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Common Combinational Components

less equagreate
[

O= sum = A+B less =1if A<B O=AopB

10if .. (first n bits) equal =1if A=B op determined
I1if $=0..01 carry = (n+1)'th greater=1 if A>B byS.

bit of A+B Can be add,
I(m-1) if S=1..11 subtract, multiply,

lots of things...

With carry-in input May have status
Ci> outputs carry, zero,
sum=A+B+Ci ete.
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Combinational components (VHDL)
I —

A B Creating the VHDL for combinational components does not require a
nin process, but you can have one if you want to:

architecture RTL of COMPARATOR is

begin
less LESS <= ‘1" when A< B else ‘0’;
end RTL;
less =1if A<B —or-
architecture RTL of COMPARATOR is
begin
process (A, B) is
if A<B
LESS <=1;
else
LESS <=0;
end if;
end process;
end RTL;
Embedded Systems Design: A Unified 13
Hardware/Software Introduction, (c) 2000
VahidGivargis

Sequential components
I —

Sequential Components, like the
name implies, happen in time, and
therefore require a clock--unlike
Combinational, which have no clock.
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Sequential components

This means clock input

clear

shift . v
T Q count n
Q
Q= Q=lsb Q=
0 if clear=1, - Content shifted 0 if clear=1,
| after rising edge of - | stored in msb Q(prev)+1 if count=1.

clock; if load=1,
Q(previous) otherwise.
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Sequential components
e

How do you create the VHDL for sequential components?

Make a register starting with this entity:
library IEEE;

use [EEE.STD_LOGIC_1164.all;

entity REG is

port (CLK, CLEAR, LOAD : in std_logic;
INPUT - in std_logic_vector (7 downto 0);
OUTPUT : out std_logic_vector (7 downto 0)

)
end REG;
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VHDL for a Register

library IEEE;

use |IEEE.std_logic_1164.all;

architecture RTL of REG is
signal OUT_REGISTER : std_logic_vector (7 downto 0);

entity REG is begin
port ( process (CLK, CLEAR, LOAD, INPUT)
CLK, CLEAR, LOAD : in std_logic; begin

INPUT : in std_logic_vector (7 downto 0);
OUTPUT : out std_logic_vector (7 downto 0)

%
end REG;

if (CLK'event and CLK="1") then
if CLEAR ="1" then
OUT_REGISTER <= "00000000";
elsif LOAD ="1' then
OUT_REGISTER <= INPUT;
else
OUT_REGISTER <= OUT_REGISTER;
end if;
end if;
end process;
OUTPUT <= OUT_REGISTER;
end RTL;
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Sequential logic design

A) Problem Description

Slow down your pre-existing
clock so that you output a 1 for
every time four clock pulses as
long as ‘a’is 1.

» Given this implementation model
— Sequential logic design quickly
reduces to combinational logic design
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Sequential logic design

A) Problem Description
Slow down your pre-existing
clock so that you output a 1 for
every time four clock pulses as

long as ‘a’is 1.
X'is the output
ais the input
B) State. D‘agra‘"/ The numbers inside the circles are the state number (or label)

z=lC4 X<=0 1 Qa:o’

« Given this implementation model

— Sequential logic design quickly reduces
to combinational logic design
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Sequential logic design

A) Problem Description A state machine is sequential.

Slow down your pre-existing
clock so that you output a 1 for

every time four clock pulses as On every rising clock edge, the next
long as ‘& ie 1. state is determined by TWO things:

The present state, and the inputs.

B) State Diagram

) To implement a state machine, we

need some way to store the current
state. To do that, we use a register.
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Sequential logic design

A) Problem Description C) Implementation Model
Slow down your pre-existing
clock so that you output a 1 for a Combinational logic |-~
every time four clock pulses as - il
long as ‘a’is 1.
11 is one bit, and 10 is one bit,

1 .
Q Qo | — so this register is only two bits

B) State Diagram " State register wide!
o
a= X<=0 Xesl /D)as0
@)
la:w a=1
a X<=0 X<=0 WDa<0
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Sequential logic design

C) Implementation Model ) Implementation Model
x
a [ Combinational logic .

a [ Combinational logic |1
10

af 3

State register
clk e
i 0

NOTE: We are using a Moore State machine M
So, the output is ONLY dependant on the state w

and NOT the input. Therefore the combinational

logic can be split up if you want to.
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Sequential logic design

A) Problem Description C) Implementation Model D) State Table (Moore-type)
Slow down your pre-existing
clock so that you output a 1 for a__ [ Combinational logic |-—» Tnputs Gutputs
every time four clock pulses as 11 al Q "o x
long as ‘a’is 1.
0
Qat Qo 0
4
B) State Diagram State register 1o [ ]
clke N T VT N O
z=[C4 X<=0 X<=1 Qa:o " 1o 1j1]1]ofo
Remember how to turn this into logic components?
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ICE!

D) State Table (Moore-type)
Inputs Outputs’
" Q1 Q ol
Why can we draw out output X with boxes 2
spanning two rows?
0
1 01 1 1 °
1 1 0] 1 1 1
1 1 1 0 0
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Sequential logic design (cont.)

F) Combinational Logic

,:Dif x

E) Minimized Output Equations
1 a1
a\_00 01 11
0
ofolu 11=Q1'Qoa + Qta’ +
1o |1 o] 1| 919
1Q0
':Q 00 o111 10
o o|1 ]| o] 10=coa+a0a
ailo]o it
x Q1Q0
N\, 00 01 11 10
ol ol o] x=at00
Tololis]fo

QlQo
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Sequential logic design

) Implementation Model

x/
a__[Combinational logic |-—
- i

A
at Qo \
ok State register

F) Combinational Logic

,:Dif x

QlQo
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To Do before Tuesday...

» Finish Homework!
» Read through Chapter 2.
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