5.1 Negative True and VHDL

5.2 More on Negative True
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OSignals in VHDL are inherently positive true. A signal is high (a one) when

it "happens".
OA negative true signal is low (a zero) when it "happens".

Olt is nice to be able to recognize whether a signal is negative or positive
true from a clue provided by the signal name.

O0Good names to use for the negative true signal, foo, are:

O/foo

Onfoo

on_foo
Onot_foo
Oneg_true_foo

O/foo is out as a VHDL identifier cannot begin with a slash.
Onfoo could be troublesome for signal names beginning with the letter n.
Onot_foo and neg_true_foo are verbose.

So, we will choose n_foo to mean negative true.

By convention, we will prepend n_ to all signal names when the signal is
negative true. That is, when a signal is low (a zero) when it "happens".

5.3 Negative or Positive True?

5.4 Digital Building Blocks - MUX

library ieee;
use ieee.std_logic_1164.all;
entity neg is
port (al, bl, a2, b2, a3, b3 : in std_logic;
X, n_y, n_z : out std_logic);
end neg;
architecture equations of neg is
signal y : std_logic;
begi n
-- The only clue we have are the signal nanes.
-- The next two are positive true.
x <= al AND b1l;
y <= a2 AND b2;
-- The next two are negative true.
n_y <= not vy;
n_z <= not (a3 OR b3);
end equati ons;

A Multiplexer selects one signal according to an address.
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5.5 Using a MUX as Loqgic

5.6 Demultiplexer

OMuxes are usually used to select a source of signal.
OBut can be used for making logical functions.
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5.7 Ripple Counters

5.8 Synchronous Counters

It is easy to make a counter using T flip-flops.

They are usually negative edge triggered. An example is the 74LS393.
The toggle rate is fastest for the least significant bit.

The count can take time to settle.

The apparent count is less than or equal to real count.
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Synchronous Counters: reduceripple by setting all bits at once.
I=P*T

Da=/1*Qa+1*/Qa

Db =/1*Qb +1*Qa*/Qb +/Qa* Qb
Dc=/1*Qc+1*Qa*Qb */Qc +/Qa*Qc +/Qb * Qc

Dd=/1*Qd +1*Qa* Qb *Qc */Qd + Qd*/Qa + Qd*/Qb + Qd*/Qc
Rco = T*Qa*Qb*Qc*Qd




5.9 Glitch on RCO

5.10 Cascading / Specific Counts
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Care is required of the
Ripple Carry Output:

It can have glitches:
Any of these transition
paths are possible!

74L S163 has clear and load
functionstoo.
CL and LD are synchronous

| ifCLthenQ:=0

elseif LD then Q :=1
eseif P*T=1then Q := Q+1
edseQ:=Q
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To cascade synchronous counters (to count more bits):
P is "count Enable".
RCO and T are daisy chained.
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5.11 Finite State Machines

5.12 Timing of an FSM

Finite State Machines are Clocked Sequential Systems.
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5.13 Mealy Model

5.14 Moore Model
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"Mealy Model": Output = F(State, Input) ~ Arcs between states also
note output.
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"Moore Model": Output = F(State) State names describe output.
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5.15 Simple FSM

5.16 FSM Logic

O0One input. One output.

OState names are numbers - Q0 Q1.
Next State and Output
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5.17 FSM Combinational Logic

5.18 Another FSM: Divide by Five
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State of the FSM isthe remainder
of the division operation.

Binary division: shift input

bit stream left

NS=(2* PS+ input) mod 5
Output = 1if (2* PS+input >=5

oo

Onecan (if you wish) derive these
equations from thetruth table

Q,Q QX[ DD Dyy assuming the extra states result
0 0 o 0 000 in"don't cares".
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5.19 Extract of Lab 1

5.20 Simulation of the Extract

library ieee;
use ieee.std_logic_1164.all;
entity ff is
port (ffclk, din, tin, jin, kin: in std_|logic;
dff, tff, jkff : out std_logic);
end ff;

architecture behavioral of ff is
-- This declares two signals so we don’t
-- use tff and jkff as inputs.
signal insidetff, insidejkff : std_logic;
begi n
process (ffclk) begin
if rising_edge(ffclk) then
df f <= din;
insidetff <= tin xor insidetff;
insidejkff <= (jin and (not insidejkff)) or
((not kin) and insidejkff);
end if;
end process;
tff <= insidetff;
jkff <= insidejkff;
end behavioral ;

ONotice that the dff is a sample and hold.

OBoth the dff and tff are synchronous.

ODoes this test all possible transitions of the jkff?
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5.21 A Simple Counter

5.23 Simulation of Simple Counter

library ieee; use ieee.std_logic_1164.all;
use work.std_arith.all;
entity ctr is
port(clk, n_clr, enb : in std_logic;
cnt : out std_logic_vector(1l downto 0);
rco : out std_logic);
end ctr;
architecture behavioral of ctr is
signal intcnt : std_logic_vector(l downto 0);
begi n
cl ocked: process (clk)
begi n
if rising_edge(clk) then
if n_clr =70 then
intcnt <= "00";
elsif (enb ='1") then
intcnt <= intcnt + 1;
end if;
end if;
end process cl ocked;
rco <= '1 when (intcnt = "11") else '0';
cnt <= intcnt;
end behavioral ;

O Notice that the counter doesn’t count when not enabled.

OAlso that n_clr is synchronous, that is the counter doesn’t clear unless
n_clr is low when the clock has a rising edge.

OWhat change to the VHDL would make n_clr asynchronous?
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