{ % CHALMERS Maskinorienterad programmering

Serial communication

Content:
Natverkstopologier
Natverksprotokoll
Asynkron/synkron seriell dverféring
Programmering av USART-krets

Readings:
Arbetsbok kapitel 7

Q1: Why did we teach you about function pointers?
Q2: Why do we relocate the vector table?
Q3: Can anyone relocate the vector table?
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Serial communication
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Networktopology w " g ws————

punkt-till-punkt pugﬁlt-ggg;::kt
Strukturer for hur datorer

kopplas i hop, ofta ser mask

man kombinationer av de 1ng

olika varianterna.

Olika "protokoll” har m{ S |i|
utvecklats for olika n \ ﬁ' -
strukturer, exvis: ‘

RS232 (punkt till punkt) . ﬁ*
Ethernet (mask, stjarna)

Token ring (ring) i i i i * u
USB (trad)

CAN, LIN (buss)

Bus, ring,
mesh, torus,

hypercube,
gﬁ% crossbar, etc.
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Network protocol

Ett "kommunikationsprotokoll" ar en uppsattning regler som
tillsammans entydigt specificerar hur datautbytet
(datakommunikationen) ska ga till.

Protokollen baseras oftast pa nagon speciell natverkstopologi och

Kommunikationsmedia
T+

=

W .“ “ 0 .
Sandare J%ﬁ Mottagare forutsatter nagon speciell accessmetod.
Sandare e e C& Mottagare Med acessmetod (atkomstmetod) menar man den policy som
| anvands nar en nod behdver skicka data och darfor maste
T anvanda kommunikationsmediat. De vanligaste ar:

e Master/Slave (primary/replica)

;©j e CDMA, Collission Detect, Multiple Access

e CSMA/CD (Carrier Sense Multiple Access with Collision

Detection)
opto/ elektr/
o] | r el T e CRMA, Collission Resolution, Multiple Access ' Ethernet!
Kommunkations e TDMA, Time Division, Multiple Access
1 C e "token”, ring-protokoll

‘ dator ‘
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Asynchronous communication, .%
Start b|t deteCtIOH Sandare 4? Y Mottagare
ledig startbit
1 b0 b1 b2
to t1 t2 t3 t4
t
|||1|11||‘||!|||11|||||1||||1||11|1|| >

Protokollet anger en "ledig”-niva pa kommunikationsledningen. Da nivan vaxlar
tolkas detta som en "startbit” ().

Mottagaren laser darefter av ledningen ("samplar”) efter ett halvt bitintervall (t,)
och darefter ytterligare hela bitintervall (f,,t;,f, Osv).

Observera att sandare och mottagare pa forhand maste veta vilken bitrate som
anvands.

Seriekommunikation
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—,

Clock synchronization o | €

Aven om bitraten &r den samma kan skillnader i klockor orsaka en forskjutning av
mottagarens sampling som sa smaningom resulterar i att fel bitintervall samplas...

startbit '
't : | :’O - :’1 | tb2 . What is the
o U ! 3 ! safe number
o t
Séandare | L1 L1 ! L1 N of bits for a
frame in this
LUl LUl TUUUul UUl UUl |
case?
to t1 tz t3 t
| t
Mottagare | | HH HHHHHHHHHHHH—

JUuuuuvuuvvuvuuvuvuvuvvivuvvvyvvuvuvuyuuy

Genom att specificera maximalt antal bitar som skickas vid ett tillfalle, en "ram”, kan
man ocksa bestamma en storsta tillaten differens och darmed ocksa acceptera
skillnader hos sandares respektive mottagare klockor.

Seriekommunikation
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RS232, 9-bits frame !}{"' Evthyd?p
1
Exempel pa hur en ram kan se ut
: ram :
| data 4 stopp-
ledig startbit! . bit | ledig
|1 [ b0 | b1 b2 | b3 [ b4 [ b5 [ b6 [ b7 [ b8 T 1

Bitarnas betydelse definieras mera exakt av protokollet e
Even parity: bit = 1
. ,, Odd parity: bit=0
Exempelvis, "RS232":

ASCllI-tecknet 'Z’ (= 01111010=0x7A, LSB forst) overfors da pa foljande satt

. pari- ;stopp-
ledig startbit . tet | bit | ledig
— i | X T
1 0 © 1 o 1 ' 1 ' 1 1 0 | I

Utilization/Efficiency? 8/11=72.7%

Seriekommunikation
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Synchronous communication

Gemensam klocksignal och data

data ~ data
‘ | niva- '
L J | | detektor | |
Klock- ' -
krets ‘* " SKIFTREGISTER | 10110010101 1 SKIFT REGISTER
| S e ' Din |
Séandare > Mottagare
litid hé liticl 12
EXEMPEL: Manchester kodning, ’ "\"g o
bitlangden bestams av positiva ‘ N // lization/Effici o
flanker, nivan i mitten av biten T — Utilization/Efficiency"
anger 0 eller 1. —I_ - o
Metoden kallas RZ (Return to 0 1 Kraver bara en ledning men
Zero) datablt | databit minskar bandbredden.
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Synchronous communication

Klocksignal och data pa skilda ledningar

’ CHALMERS Maskinorienterad programmering

JuUuuuuu
Klock-
kr(:ects data _data
7 SKIFT REGISTER[ | o110010101 lSKIFT REGISTER
Dout e s meeeeee ——{Da
>
Séandare Mottagare

Kraver tva ledningar men okar bandbredden.

Anvands for enklare tillampningar, industristandarder:
SPI (Serial Peripheral Interface)
I2C anvander denna teknik.

Seriekommunikation
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USART — universal Synchronous/Asynchronous Receiver/Transmitter

Fysiskt granssnitt (transceiver)

RS232 (PtoP, duplex)
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LIN (asynkron buss)

IR Emitter
. +5v
Send: 1L .

N

“>. Recieve:

USART

IR(tr&dl6st)

g

IR3000M i\ =

<:::> Smartcard (synkron buss)
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Ofta kommuniceras UTF8 (ASCII-) tecknen

— For teckenkoder 0-0x7F ar ASCII och UTF-8 identiska
American Standard Code for Interchange of Information.
Unicode Transformation Format.

e "Terminal"- konsollfonster
Det finns 8 olika — : ===
seriekretsar... e e
4001 1400 - 4001 17FF USART6 — e
4001 1000 - 4001 13FF USART1 . | T e
4000 7C00 - 4000 7FFF UARTS B [t e
4000 7800 - 4000 7BFF UART7 SO o iy
4000 5000 - 4000 53FF UART5 T —
4000 4C00 - 4000 A4FFF UART4 Ve ranion
4000 4800 - 4000 4BFF USART3
4000 4400 - 4000 47FF USART2 . . . .
Fysiskt granssnitt Terminal
(transceiver)
Programmerarens
bild

USART RS232

Seriekommunikation 12
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USART — programmer’s
view, like a struct...

Registeruppsattning
offset [31)30[29]28(27|26]2524]23|22|21{20(19]18|17|16{1514|13|12|111|10{ 9 |8 [ 7|6|5|4]3|2|1|0 Register
0 USART_SR
4 USART_DR
8 USART_BRR
0xC USART_CR1
0x10 USART_CR2
0x14 USART_CR3
0x18 USART_GTPR

Seriekommunikation

typedef struct tag usart

{

}

#define USARTI1

volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
USART;

unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

short
short
short
short
short
short
short
short
short
short
short
short
short

( (USART *)

Sr,

UnusedO;

dr;

Unusedl;

brr;

Unused?2;

crl;

Unused3;

Ccr2;

Unused4;

cr3;

Unusedb;

gtpr;

0x40011000)

Maskinorienterad programmering
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USART Data Register (DR)

offset] 15 | 14 | 13 |12 | 11|10 ]| 9 | 8 | 7 |6 | 5| 4] 3| 2 1 0 Register
R9 | R8 | R7 [ R6 | RS | R4 | R3 | R2 | R1 | RO | RDR
Lasning: RDR, Receive data register Skrivning TDR, Transmit data register
Innehaller det senast anlanda tecknet fran Tecken som skickas ut pa serielanken
serielanken
offset | 15 | 14 [ 13 [ 12 [ 11|10 ] 9 8 7 6 S 4 3 2 1 0 Reqister
0 cTs | LBD|| TXE || TC J|RXNE||IDLE | ORE | NF | FE | PE USART_SR
Bit 7 ;TXE, Transmit data register empty Bit 5 ; RXNE, Receive data register not empty
ar 1 om TDR tomt (ledigt) ar 1 om nytt tecken finns i RDR
ar 0 om tecken haller pa att skickas (upptaget) ar 0 om inget nytt tecken
nollstalls vid skrivning till DR nollstalls vid Iasning fran DR
OUTCHAR(c): /'I/'iTCHAR:_ réturnera ¢
. . r RXNE=1?
Il Vanta tills TXE ar 1 IINei. c=0
JI Skriv 'c' till dataregistret et .
Il Ja, 1as c fran dataregistret
/I Returnera ¢

Seriekommunikation
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EXAMPLE: Simple input
and output routines using
USART

Skapa funktioner:

void outchar (char c) som matar ut
ASClI-tecknet 'c’ till en terminal.

char tstchar (void) som kontrollerar

om nagot tecken anlant fran terminalen, i sa
fall returnerar detta, annars returneras 0.

char inchar(void) som vantar tills
nagot tecken anlant fran terminalen, och
returnerar detta.

Vi I6ser pa tavian...

Maskinorienterad programmering

For teckenkoder 0-0x7F ar ASCII och UTF-8 identiska.

American Standard Code for Interchange of Information.

Unicode Transformation Format.

Hex ASCII Hex ASCII Hex ASCII Hex ASCII
0 NUL 20 40 @ 60 )
1 SOH 21 ! 41 A 61 a
2 STX 22 " 42 B 62 b
3 ETX 23 = 43 C 63 c
4 EOT 24 $ 44 D 64 d
5 ENQ 25 % 45 E 63 2
6 ACK 26 & 46 F 66 f
7 BEL 27 ! 47 G 67 Z
8 BS 28 ( 48 H 63 h
S HT 29 ) 49 I 69 i
A LF 2A * 44 J 6A 1
B VT 2B + 4B K 6B k
C FF 2C X 4C L 6C 1
D CR 2D - 4D M 6D m
E S0 2E . 4E N 6E n
F S1 2F 4F o] 6F o
10 DLE 30 0 30 P 70 p
11 DC1 1 1 51 Q 71 q
12 DC2 32 2 52 R 72 r
13 DC3 33 3 33 S 73 s
14 DC4 4 4 34 T 74 t
15 NAK 35 5 35 U 75 u
16 SYN 36 6 36 vV 76 v
17 ETB 37 7 57 W 77 w
18 CAN 38 8 38 X 78 x
15 EM 3% S 39 Y 7% v

1A SUB A : SA 4 TA z
1B ESC 3B H 3B [A 7B {3
1C FS 3C < 3C 0 iCc |8
1D GS 3D = 3D JA D I
1E RS 3E > 5E 7E ~
1IF Us 3F ? 5F TF DEL
Férklaning av ASCII 01-1F
ACK | Acknowledge GS | Group Separator
BEL | Bell HT | Horizontal Tabulation
BS | Backspace LF | Line Feed
CAN | Cancsl NAK | Negative Acknowlege

Seriekommunikation

CR | Carriage Retum NUL | Null

DC | Device Control RS | Record Separator
DEL | Delete SI | Shifti-In
DLE | Data Link Escape SO | Shift-Out

EM | End of Medium SOH | Start of Headng
ENQ | Enguiry SP | Space
EOT | End of Transmission ST | Start of Text
ESC | Ezcape SUB | Substitute
ETB | End of Transmussion Block SYN | Synchronous Idle
ETX | End of Text US | Unit Separator

FF | Form Feed VT | Vertical Tabulation

FS | File Separator

15
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USART error detection

,
offset | 15 | 14 [ 13 |12 [ 11 |10 [ 9 [ 8 | 7 |6 | 5[40 3[2][1]0 Register
0 CTS | LBD | TXE | TC |RXNE|IDLEJ ORE | NF | FE | PE USART_SR
\

Bit 3 ORE: Overrun Error

Denna bit sitts av hardvaran om ett nytt tecken anlédnder Bit 2 NF: Noise detection Flag

samtidigt som det finns ett oldst tecken i dataregistret Denna bit_ sétts av hardvara néir. storningar i form av brus
("overrun error"). Ett avbrott genereras om RXNEIE = 1 i uppt.éicks 1 en mottagen ram. Biten éiter?téills av en
USART_CR1. Det éterstills av en lisning fran USART_SR ldsning fran USART_SR foljt av en ldsning fran
f5ljt av en ldsning fran USART_DR. USART_DR.
0: Inget forlorat tecken 0: Ingen' storning detekterad
1: Mottaget tecken ar Gverskrivet (forlorat) 1: Storning detekterad
Bit 1 FE: Framing Error Bit 0 PE: Parity Error
Denna bit siitts av hirdvara nir ett ramfel, oftast orsakat Denna bit sétts av hardvara nér ett paritetsfel upptréader hos
av forlorad synkronisering, upptickts. Biten aterstills mottagaren. Biten aterstélls av en ldsning fran USART_SR
av en lasning fran USART_SR foljt av en ldsning fran foljt av en lisning frin USART_DR. Programmet méste
USART_DR. vénta pa att RXNE-biten ettstillts innan PE-biten aterstélls.
0: Inge;ramfel uppticks Ett avbrott genereras om PEIE =1 1 USART_CR1.
1: Ramfel eller BREAK-ram detekterad 0: Inget paritetsfel
1: Paritetsfel
EXEMPEL

Foljande sekvens kontrollerar om nagot fel uppstatt efter att forra tecknet tagits emot:
if( USART1->sr & OxF )

/* nagon felindikator &r aktiv */
}

Seriekommunikation 16
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2

USART initialization (CR1, CR2 and CR3)

USART_CR1  Control register 1 (vid RESET: 0x0000) USART b
enable

oftet [15 | 14)| 13|12 |11 |10 9[8[ 7 |6 [5[4)3[2]1][0 R Transmitter enable
O0xC |OVERS| Res|| UE || M |WakE| PCE | PS | PEIE |TXEIE| TCIE RXNEIE[IDLEIY| TE | RE [JRwu | 8K | USA Receiver enable

#define UE (1<<13)
#define TE (1<<3) USART1->crl = UE | TE | RE;
#define RE (1<<2)

USART _CR2 innehaller huvudsakligen kontroll for funktioner da USART implementerar LIN-protokollet.

USART_CR2  Control register 2 (vid RESET: 0x0000)

offset| 15| 14 |13 (12|11 |10 9 | 8 [ 7 |6 |5 | 4 [3]|2]|1]|0 Register
0x10 | Res. [UNEN| STOP[1:0] [CLKEN| CPOL [ CPHA | LBCL | Res. |LBDIE| LBOL | Res. ADD[3.0] USART CR2

USART_CR3 innehaller kontroll for handskakningssignaler (RS232) och for funktioner da USART
implementerar SmartCard eller IR-protokoll.

USART_CR3  Control register 3 (vid RESET: 0x0000)

offset (15|14 |13 [12|11[10| 9 | 8 | 7 | 6 [ 5|4 [3[2|1]0 Register
0x14 Res. ONEBIT|CTS IE| CTSE | RTSE | DMAT [DMAR| SCEN | NACK |HDSEL| IRLP | IREN | EEE | USART CR3

Seriekommunikation
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USART initialization of the "baudrate”

USART_BRR  Baudrate register (vid RESET: 0x0000)

offset [15[14 13|12 [11[10] 9 |8 | 7

6

514

3121110 Register

8 DIV Mantissa[11:0]

DIV_Fraction[3:0] | USART BRR

Baudraten for standard och SPI-mod bestiams av:
Baudrate = fek/ (8 x (2 -

dar fck=168/2=84 MHz
EXEMPEL: Sétt baudrate hos MD407 till 115206 baud

1. Bestam USART BRR for baudrate 11
USARTDIV = f«/ (Baudrate x 16)
USARTDIV = 84 x 106/ (115 200 x 16) = 45,573

2. Konvertera till hexadecimala tal:
0,57310 ~ 9/16

3. Satt baudrate-registret:
USART1->brr = 0x2D9;

Seriekommunikation

OVERS: 8 bit oversampling
R8) x USARTDIV)

USART_CR1  Control register 1 (vid RESET: 0x0000)

offset

Register

0xC

OVERS| Res] [ U

5[ 14131211109 8|7 [6|5|4]3

M |WAKE| PCE | PS | PEIE [TXEIE| TCIE |RXNEIE|IDLEIH TE | RE [JRWU

s8« | USART CR1

void _init(void)

{
USART1->brr = 0x2D9;
USART1->cr3 = 0;
USART1->cr2 = O;

USART1->crl

UE | TE | RE;
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USART with interrupts

Maskinorienterad programmering

Att overfora ett 10-bitars ord med bithastigheten 115200 baud tar ca 80 pus.

Antag pessimistiskt att en genomsnittlig instruktion tar 4 klockcykler, cykeltiden (168
MHz ar cirka 6 ns, dvs. en genomsnittlig instruktion nagot mindre an 24 ns.

Det innebar att den vantetid som kravs mellan overforingen av tva tecken motsvarar
80x10%/24x10°, dvs. exekveringstiden for ca 3300 instruktioner.

offset

15

14

13 112 11

10

5 || 4

3121110 Register

0xC

OVERS

Res.

UE M | WAKE

PCE

PS

PEIR

TXEIE

TCIE

RXNEIE| DLEIE

TE | RE |Rwu | s8k | USART CR1

Bit 7 TXEIE: TXE Interrupt Enable

Biten satts och nollstills av programvara.
0: Ingen funktion
1: USART avbrott genereras da TXE=1 1
USART_SR.

Seriekommunikation
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Bit 6 TCIE: TC Interrupt Enable

Biten satts och nollstills av programvara.
0: Ingen funktion
1: USART avbrott genereras da TC=11

Bit 5 RXNEIE: RXNE Interrupt Enable
Biten sdtts och nollstélls av programvara.
0: Ingen funktion

1: USART avbrott genereras da ORE=1 eller

USART SR RXNE =1 i USART SR
#define TXEIE (1<<7) TCIE: Transfer
#define TCIE (1<<6) Complete
#define RXNEIE (1<<5) Interrupt Enable

19
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EXAMPLE: USART with interrupts

EXEMPEL.:

Skapa funktioner:
void usart outchar (char c)

char usart tstchar (void)
void usart init (void) som initierar USART-kretsen for avbrottsdriven kommunikation

void usart irg routine(void) med en enkel 1-teckenbuffert for mottagare resp. sandare.

Anvand foljande testprogram:
void main (void)
{
char c;
usart init();
while( 1 )
{
c = usart tstchar();
if (¢ )
usart outchar (c);

Vi I6ser pa tavian...

Seriekommunikation 20
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Step 0: Idea

main:

usart_outchar ,§

Maskinorienterad programmering

vid avbrott:

TXEIE = 1;

USART_DR=outhuf

Seriekommunikation

usart_inchar:

inbuf
] e )

inbuf=USART_DR

char inbuf, outbuf;

SPECS:

Console serial comm on USART1
Baudrate 115200

Create functions:

void usart outchar (char c)
char usart tstchar (void)
void usart init (void)

void usart irqg routine (void)
Use main:

void main (void)
{
char c;
usart init();
while( 1 ) {
Cc = usart tstchar();
if (¢ )
usart outchar (c);

21
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Step 1: Declarations

UJ i . l N e
Quick Guide Pg 17 SPECS:
offset[31]30[29]28[27]26[25[24[23[22]21[20]1918[17]16[15[14[13[12[11]10[ 9[8[ 7[6[5 [4[3][2[1]0]  Register .
0 USART_SR Console serial comm on USART1
8 USART_BRR Baudrate 115200
0xC USART_CR1 . ]
0x10 USART _CR2 Create functions:
Ox14 USART_CR3 :
05 y USART GTPR void usart_outchar(chér C)
// char usart tstchar (void)
typedef struct tag_usart void usart init (void)
{ . . void usart irqg routine (void)
volatile unsigned short sr; U . - -
volatile unsigned short UnusedO; Sle malr). .
volatile unsigned short dr; void main (void)
volatile unsigned short Unusedl; {
volatile unsigned short brr; char c;
volatile unsigned short Unused?Z; usart init () ;
volatile unsigned short crl; while_( 1) {
volatile unsigned short Unused3; _
, , c = usart tstchar();
volatile unsigned short cr2; £ -
volatile unsigned short Unused4; 1 (c)
volatile unsigned short cr3; usart_outchar (c);
volatile unsigned short Unusedb5; }
volatile unsigned short gtpr; }
} USART;

Seriekommunikation
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Step 2: Definitions

LI Quick Guide pg 17 < SPECS:

Console serial comm on USART1

USART | | Baudrate 115200

Universal synchronous asynchronous receiver transmitter ]

USART1: 0x40011000 Create functions:

USART2: 0x40004400 void usart outchar (char c)
char usart tstchar (void)
void usart init (void)

tdefine USARTL ((USART *) 0x40011000 vold  usart_irq routine(void)
Use main:

void main (void)
{
char c;
usart init();
while( 1 ) {
Cc = usart tstchar();
if (¢ )
usart outchar (c);

Seriekommunikation 23
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Step 3: Initialization USART

! Quick Guide pg 17 SPECS:

USART_BRR Baudrate register (0x0000) Console serial comm on USART1

')";1‘ s I 5 ] b IL]:V_V;HL;IIII}?II S l ‘1 ‘ E[\.!'_F/‘j:u'.‘('l[}- ;i l_JS’)\\.;i]lf;';’l{Fé BaUdl’ate 11 5200

. . ) Create functions:

1. Bestam USART_BRR for baudrate 115200, OVER8=0 void usart outchar (char c)
USARTDIV = f.«/ (Baudrate x 16) n t tstch (void)
USARTDIV = 84 x 106/ (115 200 x 16) = 45,573 chat  Usart-_t5.char vol

. _ void usart init (void)
2. Konvertera till hexadecimala tal: : . . :
45. =90 void usart 1rg routine (void)
10 = 246 .
0,573, ~ 9116 Use main:
void main (void)
LI Quick Guide pg 17 {
USART_CR1 Control register 1 (0x0000) char c;

Hogstor
USART_CRI

ofsot [ [ [ 13 [ 12N [ W[ 9[B[7[6[86[A]3[2[1]0
0x OVERS| M | X M| MANE| PCE | PS | PEE |TIE E| TCE FONEIE IDUEE | T FE | KAV | 56K

usart init();
while( 1 ) {

_ — . * — *
Usiii ibrg - 8%2[)9, /* Baudrade 115200 */ UE: USART Enable
UsS crs = Uy | TE: Transmit (Send) Enable
USART1->cr2 = 0; /* 1 stopbit */ RE: Receive Enable
USART1->crl = UE | RXNEIE | TE | RE; RXNEIE: Interrupt Enable when

L Receiver Not Empty (after has
received something)

Seriekommunikation 24
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Step 4: Initialization Interrupt

Ll Quick Guide pg 22 | RPEr <.
rial comm on USART1
IRQ | priority [name description vector offset
num 15200
| ~~ [ ”~ L
| 37 | settable IUSART1 |USART1 global interrupt |0x0000 00D4 | tions:
void usart outchar (char c)
L Quick Guide pg 14 char usart tstchar (void)
NVIC _ void usart init (void)
Nested vectored interrupt controller (0xE000E100) — d
Fér varje avbrott kontrollerat av NVIC finns féljande funktioner: ‘3“7’ :2;:3:: ngRﬁ 3;&%’910;:2:;22:2: oo gigggg ggg: )
e Interrupt Set Enable Registers, NVIC_ISERx 38 | seftable [USART2 USART? alobal interruot 0x0000 0008
e Interrupt Clear Enable Registers, NVIC_ICERx IRQ-nummer=37:
e Interrupt Set Pendig Registers, NVIC_ISPRx 373021 ISE'R1 #define USART1_IRQVEC 0x2001COD4 I
e Interrupt Clear Pending Registers, NVIC_ICPRx 37%32 = 5 —» (1<<5)
e Interrupt Active Bit Registers, NVIC_IABRx
e Interrupt Priority Registers, NVIC_IPRx
e Software Interrupt Trigger Register, NVIC_STIR -
#define NVIC ISART1 ISER 0xE000E104
onsel31pdmmzs;zsmpmmqmamnensmnaummqg[e|7|s|s|4|3|z|1 [0]_mnemonic #define NVIC_USART1_IRQ BPOS (1<<5)
0 SETEN NVIC_ISERD
mpwpmvavq\w;\vywpwvvaimpvql\\pw t\||V1FW|mpw1mpw1wq|w’w'w'wp\vp\qumy -
3004 SETENAGS 3] NVIC_ISERT
rwwirafwwfrewirvwinaedravlovidn “1'"rwr"r\~1' m « rvww%wvw-‘p -
x00 Reserveral g064] NVIC_ISER?
. n\lrwiwlrvvivinvaJ WWM\\'IWJW-N - onseu31b(129[2812?l26]25¥24p3?2121I2€[1S{18{1TI16115114112{1211 11d9[8[7]6[5[43[2[1]0 mnemonic
. SETENARI
OXE000E 100 IR - 70
0xEOOOE104 L. o o o o e e ?EJTE!“}[%;:?JI T NVIC_ISER1
0xE000E108 o T ] NVIC_ISER?
*((void (**) (void) ) USART1 IRQVEC ) = usart irg routine;
* ((unsigned int *) NVIC USART1 ISER) |= NVIC USART1 IRQ BPOS;

Seriekommunikation 25



(#) CHALMERS

Step 5: Interrupt Handling

LU Quick Guide pg 17

USART_SR Statusregister (0x00C0)
[ofiset [ [ 1413 12 M[10] 087 6164321
[0 | s o | e | e Reneioe [ ome | ne |

[0 Regster |
- | ke [pe | USART SR |

USART_DR Dataregister

Maskinorienterad programmering

SPECS:

Console serial comm on USART1
Baudrate 115200

Create functions:

R s e o | g void usart outchar (char c)
char usart tstchar (void)
void usart init (void)
void usart irqg routine (void)
lIse main-

void usart 1rqg routine( void )
{
Receive Interrupt if ( USART1->sr & RXNE)
inbuf = (char) USART1->dr;
1if (( USART1->crl & TXEIE) && (USART1->sr & TXE))
{
P L e USART1->dr = (unsigned short) outbuf;
USART1->crl &= ~TXEIE; /* Clear interrupt on
transmitter empty */
}
}
Seriekommunikation
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¥

Step 6: User functions Input & Output

SPECS:
Console serial comm on USART1
char usart tstchar ( void ) Baudrate 115200
{ , Create functions:
§har ¢ = inbuf; void usart outchar (char c¢)
inpbuf = 0; char usart:tstchar(void)
return ¢; void usart init (void)
) void usart 1irqg routine (void)
Use main:
void main (void)
void usart outchar( char c )‘ {

{
outbuf = c;
USART1->crl |= TXEIE;
/* Interrupt on
transmitter empty */

Why user sets TXEIE to send but not RXNEIE to receive?
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Maskinorienterad programmering

Step 7. Whole program on simulator

char C;
usart_initi{);
printlu=sart("USART program");
while{ 1 )
I
L

c = usart_tstchar():

1if ( = )

usart_outchar(c):

USART program

B USART1 Up 77?77?77

Terminal

U I:l

Seriekommunikation

vold main(wvoild) Write void printlusart(char *)

SPECS:

Console serial comm on USART1
Baudrate 115200

Create functions:

void usart outchar (char c)
char usart tstchar (void)
void usart init (void)
void usart irqg routine (void)
Use main:
vold main (void)
{

char c;

usart init();
while( 1 ) {
C = usart tstchar();
if (¢ )
usart outchar(c);
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