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ENTITY uart IS
PORT (clkx16 : IN std_logic;

read : IN std_logic;

write @ IN std_logic;

rx : IN std_logic

reset : IN std_logic

Input clock. 16x bit clock
— Received data read strobe
7 “—— Transmit data write strobe
— Receive data line
clear dependencies

tx © OUT  std_l / —-— Transmit data line
rxrdy : OUT  std_log — Received data ready to be read
txrdy : OUT Std/log|o: — Transmitter ready for next byte
parityerr @ OUT std 1og|c; — Receiver parity error
framingerr : OUT std logic: — Receiver framing error
overrun : OUT *\std logic; —— Receiver overrun error

data : INOUT std_logic_vector (0 TO 7)); —— Bidirectional data bus
END uart;
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data <= rxhold WHEN read = '1' ELSE (QTHERS=>'Z");
txhold <= data WHEN write = '1'" ELSE txhold;
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PROCESS (reset, clkx16)
VARIABLE cnt : unsigned(2 DOWNTO 0):
BEGIN
IF reset="1" THEN
txclk <= '0";
cnt := (OTHERS=>'0") ;
ELSIF clkx16'event AND clkx16="1" THEN
IF (cnt = "000") THEN
txclk <= NOT txclk;
END IF;
cnt :=cnt + "001";
END IF;
END PROCESS;

PROCESS (reset, txclk)
BEGIN
IF reset="1" THEN i
txreg <= (OTHERS=>'
txtag! <= '0' ;
txtag2 <= '0' ;
txparity <= 0~
tx <= '0' ;o
ELSIF txclk'event AND txclk = '1' THEN
IF (txdone AND txdatardy) = '1' THEN
— ZJI5 48
‘txreg <= txhold; — M SAIE CIOIE
txtag? <= '1'; — 4 B2 AEEOZ
txtagl <= '1'; — FItE HIE
Ctxparity <= '1'; — 4 IHEIE HEE
tx <='0" —AE dE5 ELE

ELSE

— Ad ME YRAHL HEZE SE
txreg <= txreg(1 T0 7) & txtagl;
txtagl <= txtag?;

txtag? <= '0';

— SA=E = Y EOICH TH2IEl HIA
txparity <= txparity XOR txreg(0);
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—— Shift out data or parity or stop/idle bit
IF txdone = '1' THEN

tx <= '1'; — s B=
ELSIF paritycycle = '1' THEN
tx <= txparity; — Ili2IEl HIE &<
ELSE
tx <= txreg(0); — A& AL &=
END IF;
END IF
END IF;

END PROCESS;
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txparity <= txparity XOR txreg(0);
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PROCESS (reset, clkx16)
VARIABLE wr1,wr2: std_logic;
VARIABLE txdonel: std_logic;
BEGIN
IF reset="1" THEN
txdatardy <= '0' ;

wrl = "'0" ;
wr2 = '0" ;
txdonel := '0' ;

ELSIF clkx16'event AND clkx16 = '1' THEN
IF wr1 = "0" AND wr2= "1" THEN
txdatardy <= '1';
ELSIF txdone = '0' AND txdonel = 'TV
txdatardy <= '0'; G
END IF;

THEN

wr2 = wrl;
wrl = write;

txdonel := txdone;

END IF
END PROCESS;

g@a HHE [ 2 0|<>*|<>|’"Ja|ow§§ XNE ERINR M= AS 21

&L MWEJE::HEK%&S A Ol KI(rising-edge) Al OIROIXEE A
74|J—|O*U 1AL J—I—ri—'—E'l FHA= M= “write’@ EZH WA= &

s 5 am'mLmC3“Xb**-ﬂEP MetAd MO MOAS “write”l &5
I ot&el A2XE |OH/\‘| 2HIE #IZE dXAHE ME S2=2A clkx16 2
21 NS} EJIE !é—’F—E% etth. 18 72 2HIE #ZE dXNAHE 0l=0l

MMM§ “‘write"l ofd=2 2Xet & R 2 clkx16 2 &5 WXl
O AISQl “txdatardy”S MAMot= 3|29 EFOIYOICH. 0l248
HISO| AlS2 OIXE ZESH0 SI| MolAE2 Helsted X 018
o LESO0) CHRAXIS UARTOIA =41 AlS2l AIE HIE AE0T 22 Y

< 210|C. VHDL 2 E&slH Cf21 20,

[z
T foh oy HO

—
I

o to

A

I
.

O

Erinol 2]
¢
0

H

IFclkx16'event AND clkx16 = '1' THEN
—— detect falling edge “WRITE”
IF wr1 = "0" AND wr2= "1" THEN
txdatardy <= '1';
END IF;
—— Shift Register
wr2 = wri;



wrl = write;

END IF ;
SET
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PROCESS (reset, clkx16)

BEGIN

2 =0t OI0IE =&

21 8rAT| (make_rxclk)
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VARIABLE rxcnt : unsigned(0 TO 3);
VARIABLE rx1 . std_logic;

VARIABLE hunt : boolean;

IF reset='1" THEN

hunt := FALSE ;

rxcnt := (OTHERS=>'0") ;
rxt :="'0" ;

rxclk <= '0' ;

ELSIF clkx16'EVENT AND clkx16:

rxclk <= rxent(0);

IF (rxidle = '1' AND rx = '0' AND rx1
hunt := TRU
END IF :

IF rxidle = '0" THEN
hunt «:= FALSE;

- (rxidle = '0' OR hunt) THEN

rxcnt := rxcnt + "0001";
o rxent = "0001";
END IF;

END IF

END P
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PROCESS (reset, rxclk)



BEGIN
IF reset='1" THEN
rxreg <= (OTHERS=>'0") ;
rxparity <= '0'
paritygen <= '0' ;
rxstop <= '0'
ELSIF rxclk'event AND rxclk = '"1" THEN
IF rxidle = "1' THEN
rxreg <= (OTHERS=>'1");
rxparity <= '1'; N
paritygen <= '1'; — 0dd parity
rxstop <= '0'; N

ELSE C 9
rxreg <= rxreg (1 70 7) & rxparity;
rxparity <= rxstop; N
paritygen <= paritygen XOR rxstéﬁ}h
rxstop <= rx; Ty
END IF ;
END IF;
END PROCESS;

Siof VML 2ER JI&E MY GOIE 4480 HEE YNAH P I
1M 20, =42 MY AIZE UIIAEHS LEtWE rxidle OICH “rxidle”

2 10HIE =g HOIH ZYU0 DE 20 A0S 2Xs & =y 240 2
=22 HAloIH €. HIE)| 2 “rxidle” 9 ZAMAII|= 3R
VHOL 2 &= S 20,

PROCESS ( reset, rxclk)
BEGIN C &
IF reset = '1' THEN
rxidle <= '0';
ELSIF rxclk'EVENT and rxclk = '1' THEN
rxidle <= NOT rxidle AND NOT rxreg(0);

END.IFs

END PROCESS:
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Start Bit

RX | p | b7I b6I 1

RXSTOP RXPARITY RXREG
RX —» » - b7 | b6 | b5 | b4 | b3 | b2 | bl | b0 |

PARITYGEN
L —1 » RXIDLE
O 11, g oY a2

- | GIOIE{Sl AIAE! OIEHIOlA (rxio)
A {I0lHS =40 &t TS

A HAAEHS BHIE 2t Al

E245I0H 22 A

= rxdatardy% =
HAIH HIZMH 2AF HANH =4
S sk 8N =g sttt =4
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PROCESS (reset, clkx16)
VARIABLE rd1, rd2 : std- tegqc
VARIABLE rxidlel : stdn og|o
BEGIN
IF reset="1" THEN

overrun <= '0°
rxhold <= (OTHERS >'0') ;
par|tyerr <— 0

fram|ngerrw
rxdatardy <= "0

1" THEN

ELS V7|kx16 event AND clkx16 =
YN DI PR AN Il
IHIOIE AIAEN OIHHIOlA Z=HI

IF rxidle = "1'" AND rxidlel = '0" THEN

|F rxdatardy = '1' THEN

overrun <= '1';
ELSE
0

overrun <=
A& CIOIE e Xl

rxhold <= rxreg;
— IH2IEl & ZZolYuH



parityerr <= paritygen;
framingerr <= NOT rxstop;
— =41 HIoIH &I
rxdatardy <= '1';
END IF;
END IF;
— A OolAls 45*% Z Al

rxidlel = rxidle

— D] ¥IS GHZ0lH =I5
IF (NOT rd2 AND rd1) = '"1' THEN
rxdatardy <= '0';
parityerr <= '0';
framingerr <= '0';
overrun <="'0";

END IF;

— QU8 AAEHOZEHO 24D
rd2 = rdi;

rdl := read;

IF reset = '1" THEN
rxdatardy <= '0';
END IF;

END IF
END PROCESS;
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use ieee.std_logic_arith.all;
use ieee.std_logic_unsigned.all;

entity tb_uart is
end tb_uart;

architecture tb_uart_arch of tb_uart IS



component uart
port ( clkx16 :IN std_logic;

read :IN std_logic;
write :IN std_logic;
rx :IN std_logic;
reset :IN std_logic;
tx : 0UT  std_logic;
rxrdy : 0UT  std_logic;
txrdy : 0UT  std_logic;

parityerr : OUT std_logic;

framingerr @ OUT  std_logic;

overrun : 0UT  std_logic; AN

data : INOUT std_logic_vector (0 T0 (7))}
end component ; S

signal clkx16 - std_logic: %)
signal read, write, rx, reset, tx, rxrdy, tery:
parityerr, framingerr, overrun :-std.logic := '0';
signal data : std_logic_vector(0 T0 7);
signal data_in : std_logic_vector (0 TOQ?);J

signal data_out : std_logic_vector (0 TO 7);

constant CLK_PERIOD : time ::§j25lﬁSF

—— Instantiate Device qué\fTést (DUT)

dut : uart port map (.
clkx16, read, write, rx, reset,
tx, rxrdy, txydygiparityerr, framingerr, overrun,
data ); N\

— Clock and Reset Signals

\5¢jkx16 <='0";
wait for CLK_PERIOD/2;
clkx16 <= "1';
wait for CLK_PERIOD/2;
end process;

rst @ reset <= '"1', '0' after CLK_PERIOD;



— loop the output (tx) back into the input (rx)

loopback: rx <= tx;

— Write up—count sequence to Parallel Data Input bus

Counter: process
variable count : std_logic_vector (0 to 7) := "00000000";

beg in AN
wait until txrdy = "1';
count := count — "00000001";
data_in <= count; —— display the data g0|ng to, the UART
data <= count, ('z','z','z",'z2','2",'2",'2",'Z' )

after 2*CLK PERIOD;

write <= '"1', '0' after 2+xCLK_PERIOD; ,

end process; X

—— Read data from serial input buff~‘jWHén rxrdy goes high

reader: process
begin S
wait until rising_ edge(rxrdy)

GLK. PERI0D;

read <= '1', '0" after 2xCL
wait for CLK_ PERIOD' N\
data_out <= data ; (j,;°' —— data_out latches data from the last
rxrdy C &

end process;

end tb_uart arch',”
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CHS2 UART 9 Top-Entity 2 OF2H2l 0= HIEI20I A BA&JI0IMN XIREHs
ATTRIBUTE 222 0I125t0 Y& T HMSE NHGD LY 3-state WE

LIBRARY ieee:
use ieee.std_logic_1164.all;

library metamor;
use metamor.attributes.all;

ENTITY uart_top IS



PORT ( clkx16 IN std_logic;
read :IN std_logic;
write :IN std_logic;
rx :IN std_logic;
reset :IN std_logic;
tx : 0UT  std_logic;
rxrdy : 0UT  std_logic;
txrdy : 0UT  std_logic;
parityerr : OUT std_logic;
framingerr : OUT  std_logic;
overrun : 0UT  std_logic;
data0 : INOUT std_logic;
datail : INOUT std_logic;
data? : INOUT std_logic;
data3d : INOUT std_logic;
data4 : INOUT std_logic;
datab : INOUT std_logic;
datab : INOUT std_logic;
data7 . INOUT std_logic );

— Synthesis specific ATTRIBUTES

— Following attributes are app||edkfor”METAMOR's”
—— usage of part_name

ATTRIBUTE part_name OF uart top ;fENTITY IS "EPM7128STC100-10";
—— define pinnum ATTRIBUTE

ATTRIBUTE pinnum - string; . ~

ATTRIBUTE pinnum OF ClkxIB;,‘" - SIGNAL IS "87";
ATTRIBUTE pinnum OF read’ : : SIGNAL IS "88";
ATTRIBUTE pinnum OF wr|te : SIGNAL IS "97";
ATTRIBUTE pinnum OF*fx : SIGNAL IS "93";
ATTRIBUTE pinnum OF tx : SIGNAL IS "75";
ATTRIBUTE pinnum: OF;fxrdy . SIGNAL IS "67";
ATTRIBUTE p|nnum\®F txrdy : SIGNAL IS "85";
ATTRIBUTE pinnum OF parityerr @ SIGNAL IS "71";
ATTRIBUTE,p|nnum OF framingerr : SIGNAL IS "65";
ATTRIBUTE pinnum OF over run : SIGNAL IS "64";
ATTRIBUTE pinnum OF reset - SIGNAL IS "99";
ATTRIB [E pinnum OF data0 : SIGNAL IS "63";
ATTRIBUTE pinnum OF datat : SIGNAL IS "68";
ATTRIBUTE pinnum OF data2 : SIGNAL IS "57";
ATTRIBUTE pinnum OF data3 : SIGNAL IS "56";
ATTRIBUTE pinnum OF data4 : SIGNAL IS "B5";
ATTRIBUTE pinnum OF datab : SIGNAL IS "54";
ATTRIBUTE pinnum OF data6 : SIGNAL IS "53";
ATTRIBUTE pinnum OF data7 : SIGNAL IS "52";




— declare clock_buffer ATTRIBUTE

— and mark port CLKX16 as using a clock buffer
ATTRIBUTE clock_buffer : boolean;
ATTRIBUTE clock_buffer OF clkx16 : SIGNAL IS true;

END uart_top;
ARCHITECTURE struct OF uart_top IS

COMPONENT wuart

PORT ( clkx16 IN std_logic;
read :IN std_logic;
write :IN std_logic;
rx :IN std_logic;
reset :IN std_logic;
tx : 0UT  std_logic;
rxrdy : 0UT  std_logic;
txrdy : 0UT  std_logic;

parityerr @ OUT  std_logic;
framingerr : OUT  std_logic; «

overrun - OUT  std_logics
rxhold : OUT std_logic vector(O T0 7);
0T07));

txhold : IN std_logic_vector (
END COMPONENT; NG

SIGNAL txhold : std_logic_ vector
SIGNAL rxhold : std_ Iog|o vector(

BEGIN

u_uart : uart N\

PORT MAP ( Qlkx16 read, write, rx, reset,

tX‘ rxrdy, txrdy, parityerr, framingerr, overrun,
rxhold, txhold );

e data bus only during read

<= rxhold(0) WHEN read = '1' ELSE 'Z'
“ rxhold(1) WHEN read = '1' ELSE 'Z'
data2 <= rxhold(2) WHEN read = '1' ELSE 'Z'
data3 <= rxhold(3) WHEN read = '1' ELSE 'Z';
data4 <= rxhold(4) WHEN read = '1' ELSE 'Z'
databs <= rxhold(5) WHEN read = '1' ELSE 'Z'
data6é <= rxhold(6) WHEN read = '1' ELSE 'Z'
data7 <= rxhold(7) WHEN read = '1' ELSE 'Z'



—— lLatch data bus during write

txhold(0) <= data0 WHEN write = '1' ELSE txhold(0)
txhold(1) <= datal WHEN write = '1' ELSE txhold(1)
txhold(2) <= data2 WHEN write = '1' ELSE txhold(2)
txhold(3) <= data3 WHEN write = '1' ELSE txhold(3);
txhold(4) <= data4 WHEN write = '1' ELSE txhold(4);
txhold(5) <= data5 WHEN write = '1' ELSE txhold(5)
txhold(6) <= data6 WHEN write = '1' ELSE txhold(6)
txhold(7) <= data7 WHEN write = '1' ELSE txhold(7)
END struct;

Aot ZS HAB EoI0 ZANE Top-Entity S ABa0IE S AWM
testbench € S 20| =Zot==E &tCt. N

signal data : std_logic_vector(0 TO 7);

dut : uart_top

port map (
clkx16, read, write, rx, reset, )
tx, rxrdy, txrdy, parityerr, fram ‘gerr overrun,
data(0), data(1), data(2), data(3),
data(4), data(5). data(6), data(7));
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«x DEVICE SUMMARY .
Chip Input Output Bidir Shareable

POF Device Pins Pins Pins LCsjExpéhders % Utilized
uart_top EPM7128STC100 5 6 8 66 ( 1 51 %
** P|N/LOCATION/CHIP ASSIGNMENTS ==
Actual

User Assignments Q
Assignments  (if different) _‘NOdélName
uar t_top@87 clkx16
uar t_top@63 data0
uart_top@68 ) datail
uar t_top@57 CH data2
uart_top@s6 C & data3
uar t_top@s5 N datad
uar t_top@s4 D data5
uart_top@53 N\ data6
uar t_top@52 data7
uart_top@65 . framingerr
uar t_top@64. overrun
uart_top@1 parityerr
uar t_top@8sg read
uar t_top@99 - RESET
uart.top@93 rx
uar t_top@67 rxrdy
uar t_top@75 tx
uar t_top@85 txrdy

uart_top@97 write
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LIBRARY alt_vtl; A\
USE alt_vt|.VCOMPONENTS.all;
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ARCHITECTURE struct OF uart_top IS
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ARCHITECTURE WEPM7128STC100-10% OF uart_top IS
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CONF IGURATION FUNCTIONAL_FOR_uart OF tb_uart IS
FOR tb_uart_arch
FOR dut : uart_top
USE ENTITY work.uart_top (struct);
END FOR; (
END FOR;
END FUNCTIONAL_FOR_uart;

CONF IGURATION TIMING_FOR_uart OF th_ uart\
FOR tb_uart_arch
FOR dut : uart_top Q
USE ENTITY work. uart top‘(WEPM7128STC1OO 10W)
END FOR;
END FOR;
END TIMING_FOR_uart;

Jls AIZI0I&S 28 SO0ls “FUNCTIONAL_FOR_uart"S Ol &&ICH,
vsim FUNCTIONAL_FOR_u@fEfl
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