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=  UART Architecture

————3p Parallel to Serial
—P Serial to Parallel
—P Baud Rate

LLAB -5 Esterel Technologies © 2003 — www.esterel-technologies.com




= Simple UART

Academic Program

= Serial Transmitted Data

/ — — A —
Transmitted 2 Stop Bits \

Start Bit Word: 0x45 Start Bit
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= UART Interface

_ data UART Data:
= =3 Model constant DATA_SIZE: unsigned<> = 8;
=[] UART seg constant NB_STOP: unsigned<> = 3;
& UART end data
= LART Interface. stil
[IE UARTData .
3 USRTInterface interface UAR TInterface:
1 Extem extends UARTData;
% Dale input DIn: bool[DATA_SIZE];
FEMver .
(] Constraint 1nput LD;
=4 Configuration input Rx;
Default input Baud : bool[3];
Project | D'esign | Modules output Tx;
output TxBusy;
output DOut: bool[DATA_SIZE];
output RxReady;
output RxError;
end interface

ESTE RL‘)
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=  Exercise 1

+ Design the receiver and transmitter modules.
Consider only one start bit and one stop bit

= Exercise 2
+ Update your model to take into account one start bit,
NB_STOP stop bits and the parity bit management

Exercise 3
+ Connect together 2 instances of the UART

Exercise 4
+ Verify that the data sent are always received

' EXxercise 5

+ Generate different clocks to play with the
communication Baud Rate
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— . i UART
= Exercise 1 -
|‘F Receiver
B 4 Model “data UA R Data: J
=[] UART seg constant DATA_SIZE: unsigned<>
& E&H"ﬁrj;face_gm constant NB_STOP: unsigned<> = { Transmitter
B UeRTData | end data Q_'L J
ﬁ LaRTInterf ace
1 Estem interface UAR TInterface:
% EE:;WE[ extends UARTData; Hl _’|LI
1 Constraint input DIn: bOOl[DATA_SIZE]; S
=3 Configuration input LD;
Default input Rx;
Project | D'esign | Modules input Baud: b001[3];
output Tx;
output TxBusy;
output DOut: bool[DATA_SIZE]|;
output RxReady;
output RxError;
end interface

ESTER L)
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=  Exercise 1

&)

StopBit

Tchrtmp[DATA_SIZE]

g / Emitting STxBusy ]

pause; // Start Bit => no Tx emission

Tehrtmp[i] = pre (Tehrtmp[i+1]

DATA_SIZE tick/

( orsent pause;
sustain {
. chrtmp[DATA_SIZE-1] = Rx,
w o for i < DATA_SIZE - 1 dopar
chrtmp([i] = pre(chrtmp[i+1])

. R end for
~ Shifted Registers
8 Transmitter )

ause; // Start Bit => no Tx emission
emit ?Tchrtmp = pre(?Din);
sustain {

a7 > Tx = ?Tchrtmp][0],
for i <« DATJ\_SIZE — 1 dopar for i < DATA_SIZE - 1 dopar

?Tchrtmpli] = pre(Tchrtmp[i+1])
end for
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]

Exercise 2

1’

Transmitter ﬁ

Tehrtmp[DATA_SIZE],
ATH
tx_parity

-

NB_STOP tick/

{_— stopBit 2%

emit Tw <= prel(ts_parity] :
pause;
ustain Tx

$;

Emitting SRSy

paure: S Gtart Fit =: no Tw emirrion
emit Tchrtmp = uibin(pre(?DIn]]:
rartain {

T= = Tchrtmp[0] .
for i < D&TA 3IZE - 1 daopar

Tchrtmp[i] = pre (Tchrotmp[i+1] )

v
tx parity = T« mor preltx parity)

DATA_SIZE tick/ -

¥ Parity Bit & Stop Bits Parity Bit
smit Tx <= pre(tx_parity);. Emission Computation

pause; @ty = Tx xor pre(tx_parity)

sustain Tx
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Exercise 2

-

Receier

=1
‘izt for stop bits

ME_STOP Rt

R Rezady j

Stop Bits

=2

chrimp[DATA_SIZE],
rx_parity

Start Bit

niot R

Wait for start bit

Receiving

%)

ot R
Rz Errar

‘ Rz wor prefr:=_parity )
R Error

1=

Parity werification

X
OATA_SIZE ticks
OOut[binZu(chrtmp])

¥

-

LAB - 13

v
Stop Bits

Detection

v
Parity Bit
Verification

<

Parity Bit

Computation

@y = Rx xor pre(

rx_parity)

y
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= Exercise 3

Structural Diagram / Renaming = o

LD2 —
TxBusyl
LDI TxBusy2?
DIn S
DOut
RxReady?
3
Baud RxError2
p RxReadyl
»  RxErrorl

ES TERL)
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= Exercise 3

d Twollart ﬁ

b

Tx1Rx2,

? ? Tx2Rx1

UART@UARTI[.] @) | ( UART@UART2[.] @)

C -
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Top Level

Top Level Interface
extends data UARTData;

-] input DIn: bool[DATA_SIZE];

=-[E Twaolans_Clkgen.etp

=3 Model
=) UARTInterface.strl
3% UARTData
- F3 UARTInterface
El- [E] Tweoldart_Clk [En.sC
&8 TwoUan_Clkgen
=[] ClkGen.scg
ClkGen

=[] UART_Clkgen.scg

B9 UART

-1 Extern
-1 Data
-1 Dhserver
-1 Constraint
=3 Configuration

@@ Default

input LDI1,LLD2;

input Baud|3];

output DOut: value bool[DATA SIZE];
output TxBusyl, TxBusy2;

output RxReadyl,RxReady2;

output RxErrorl,RxError2;

4 TwoUart_Clkgen
Tx1Rx2. =
Tx2Poxd

?

{ UART1@UARTL.J@)

?

[ UART2@UART[ ]2

Froject | Design | Modules
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N
Renamings

LD1/LD, LD2/LD,
Tx2Rx1/Rx, Tx1Rx2/Rx,
Tx1Rx2/Tx, Tx2Rx1/Tx,
TxBusyl/TxBusy, TxBusy2/TxBusy,
RxReady1l/RxReady, RxReady2/RxReady,
RxError1/RxError RxError2/RxError

d
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Exercise 4:

—
r TwoUart =
.S
{ UARTRUARTIL] @] {  UARTRUARTZL] W)
l L J l L J LDA/Sert(701n]
2=
[DATA_SIZE]tick
Tx1Rx2 .
' ; == 7
Tezhoe [DATA_SIZE]tick {7Sent <= ?00WWEug
Sent unsigned=2**0ATA_SIZE=
wt
%

Emita signaIvBug when the
Sent data is different from
the Received one
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= Exercise 5
+ Introduce the notion of multi-
clock

+ We generate different signals
which are different clocks
signals

+  We suspend the emission of
those generated clocks using
suspend connectors.

Behavior is suspended
when the Divided Clock
Is not present
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Exercise 5

UART Clock Generation

— , ( ClkGen )
constant DIV0: unsigned<2> =1 ; .
. LIVISOT . Value unsignea<piv/ri~
constant DIV1: unsigned<3> =2 ;
constant DIV2: unsigned<4> =3 ; Baud Rate Conversion =
constant DIV3: unSigned<7> = 6 ; signal letudIu : walue unsigned<Z**3> in
sustaln
constant DIV4: unsigned<13> =12 ; "Baud_u <= binZu(Baud),
. Divisor <= DIVD if - (?Baud u = 0},
constant DIVS: uns1gned<25> =24 ’ ?Divisor <= DIVL if :{?Baud u = 1},
. Mhivisor == DIVE if :{?Baud w = E},
constant DIV6: unsigned<49> = 48 ; Divisor <= DIV3 if ¢ {?Baud u = 3),
. M0ivisor <= DIWV4 if : (?Baud w = 4],
constant DIV7: unsigned<97> =96 ; IDivisor <= DIVS if - (?Baudu = 5.
Divisor <= DIVE if [ {7Baud u = &),
Divisor == DIV? if :{?Baud u = 7}
L3 ° }
input Baud|[3]; and signal
output DivCIk;
< >
Uart Clock Generation =
every Ihdsiss ick do
] n / end every
Divided Clock —]
B

&
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