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-- Listing 7.3

library ieee;

use ieee.std_logic_1164._all;
use leee.numeric_std.all;
entity uart _tx is

generic(

DBIT: integer:=8; -- # data bits

SB_TICK: integer:=16 -- # ticks for stop bits
)
port(

clk, reset: in std_logic;
tx_start: in std_logic;
s_tick: in std_logic;
din: in std_logic_vector(7 downto 0);
tx_done_tick: out std _logic;
tx: out std_logic
)

end uart_tx ;

architecture arch of uart_tx is
type state type is (idle, start, data, stop);
signal state_reg, state next: state_type;
signal s reg, s_next: unsigned(3 downto 0);

signal n_reg, n_next: unsigned(2 downto 0); \ 2\ l
signal b_reg, b _next: std _logic vector(7 dow ; e ‘g',‘efs o d
signal tx_reg, tx_next: std_logic; ?; © é,
begin v {:; +\o/\
-- FSMD state & data registers . '105(* inJorwal
process(clk, reset) S tme N
begin e {\CC_QL\/Qr
if reset="1" then o5

state_reg <= idle; <

s_reg <= (others=>"0"); %N’ ¥OV Cownr*

n_reg <= (others=>"0"); 6(’\'6(14 +

b_reg <= (others=>"0%);
tx_ reg <= "1°7;
elsift (clk"event and clk="1") then . —fngﬂ
state_reg <= state_ next; L{fg %13
S reg <= s_next;
n_reg <= n_next;
b_reg <= b _next;
tx_reg <= tx_next;
end if;
end process;
-- next-state logic & data path functional units/routing
process(state_reg,s reg,n_reg,b reg,s tick,
tx_reg,tx_start,din)

da«.h lﬂ .‘— Cov™ '"]‘

sme

begin
state_next <= state_reg;
S-next <= s_regy;

tx_next <= tx_reg ;
tx _done_ tick <= "0";

case state reg is \A \\ V\rAp
‘9

when idle =>
e

n_next <= n_reqg;
b_next <= b reg; )\ :*

if tx_start="1" then

state next <= start; \\él
s_next <= (others=>"0
b_next <= din;

end if;

t>xX_next <= "17; :
s”“



when start => /Z \(\,\ &

IT (S_Tick = "1") then 55(0\(
if s reg=15 then
state _next <= data;

= = -y - 0(\
hhext. <= Eﬁiﬂiiiziﬁéé\ o\ ol §>me( N
else ¢

S _next <= s_reg + 1;

end if;
end if; é\a&_"“

when data => - _\, \ol»)
tx_next <= b_reg(0); \D'
e
IT s_reg=15 trern \ d‘\a\'&_‘\
s_next <= (others=>"0"); (\q_{‘\/
b next <= "0" & b _reg(7 downto 1) Pl/;\/
if n rea=(DBIT-1) then ~ T
0

\O")( else \QL-\'

n_next <= n_reg + 1; N A
4)0( end if; \en
B(D else 4\«5\
S_hext <= s reg + 1; - é\a
end if; 6\'\&;\, "\/
; end if; ce b
5(\& when stop => Y ot
&\O\ tx_next <= "1°; 6.4 &
ifT (s_tick = "1") then e~ . -
if s_reg=(SB_TICK-1) then \(\“4 1" Sw\"(\’e
state _next <= idle; X wr
tx _done_tick <= "1°;
else
S_hext <= s reg + 1;
end if;
end if;

end case;

end process;

tx <= tx reg;
end arch;
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-- Listing 7.5

library ieee;

use ieee.std logic 1164.all;

use leee.numeric_std.all;

entity uart_test is

port(

clk, reset: in std_logic;
btn: std_logic vector(2 downto 0);
rx: in std_logic;
tx: out std logic;
led: out std _logic_vector(7 downto 0);
sseg: out std_logic_vector(7 downto 0);
an: out std_logic_vector(3 downto 0)

E COV\VH&C:[— “p ﬂﬁ UART itk
end uart_test; He Feedback 200P

architecture arch of uart_test is
signal tx_full, rx_empty: std_logic;
signal rec data,rec datal: std logi
signal btn_tick: std_logic;
begin

a
-- instantiate uart Ba-ﬁ\ - - gred Py Fhe
uart _unit: entity work.uar

tr_arch) are Tr935¢
port mapfclk=>clk racaf=srocat_ rd uart=>btpAfick, buitors

. B — tal,
, tX=>1tx)
0 f\-o—\lainstantiate debounce circuit Qeaa‘ out f‘ec_dq"/'7

btn_db_uni ounce(fsmd_arch) -
& port map(clk=>clk, reset=>reset, sw=>btn(0), 0Jrf+€ chAk ﬂrc_aﬁﬂé:L
e ick);

--_incremented data 100p back
——gt_datal <= std_logic_vector(unsigned(rec_data)+1);

-— led display —_

led <= rec_data; 4/_ , N cyewte V\+ UQIHG’ —]_b
an <= "1110"; - A hack s

sseg <= "1" & (not tx_full) & "11" & (not rx_empty) & "1114;e<

arch; a\wqj S quai)q“e
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