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SPI modul alkalmazasa
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» 3 figgetlen SPI modul hasznalhato
» Master vagy Slave mod
8 vagy 16 bites adatatvitel
3 vagy 4 vezetékes (Framed SPI) iizemmod
 Regiszterei:
* SPIXSTAT Statusz és kontroll regiszter
* SPIxCON1 Kontroll regiszterl

* SPIxCON2 Kontroll regiszter2
* SPIXBUF Beérkezo és kiilldendo6 adatbuffer
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» Az SPI modul labai a uMogi2 panelon:
- SDI =  RF2/RP30 (pin42)
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R/W-0 U-0 R/W-0 U-0 u-0 R-0 R-0 R-0
SPIEN — SPISIDL — — SPIBEC2 SPIBEC1 SPIBECO
bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8
R-0 R/C-0 HS R/W-0 R/W-0 R/W-0 R/W-0 R-0 R-0
SRMPT SPIROV SRXMPT SISEL2 SISEL1 SISELO SPITBF SPIRBF
bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit O

SPIEN: SPIx Enable bit SPIROV: Receive Overflow Flag bit
1 = Enables module and configures SCKx, SDOx, SDIx and SSx as serial port pins 1 = A new byte/word is completely received and discarded. The user software has
0 = Disables module not read the previous data in the SPIXBUF register.

0 = No overflow has occurred
SPISIDL: Stop in Idle Mode bit
1 = Discontinue module operation when device enters Idle mode
0 = Continue module operation in Idle mode

SRXMPT: Receive FIFO Empty bit (valid in Enhanced Buffer mode)
1 = Receive FIFO is empty

0 = Receive FIFO is not empty

SPIBEC<2:0>: SPIx Buffer Element Count bits (valid in Enhanced Buffer mode)

Master mode:

Number of SPI transfers pending.

Slave mode:

Number of SPI transfers unread.

SRMPT: Shift Register (SPIXSR) Empty bit (valid in Enhanced Buffer mode)
1 = SPIx Shift register is empty and ready to send or receive
0 = SPIx Shift register is not empty
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R/W-0 U-0 R/W-0 U-0 u-0 R-0 R-0 R-0
SPIEN — SPISIDL — — SPIBEC2 SPIBEC1 SPIBECO
bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8
R-0 R/C-0 HS R/W-0 R/W-0 R/W-0 R/W-0 R-0 R-0
SRMPT SPIROV SRXMPT SISEL2 SISEL1 SISELO SPITBF SPIRBF
bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit O

SISEL<2:0>: SPIx Buffer Interrupt Mode bits (valid in Enhanced Buffer mode)

111 = Interrupt when SPIx transmit buffer is full (SPITBF bit is set)

110 = Interrupt when last bit is shifted into SPIXSR, as a result, the TX FIFO is empty

101 = Interrupt when the last bit is shifted out of SPIXSR, now the transmit is complete

100 = Interrupt when one data is shifted into the SPIXSR, as a result, the TX FIFO has one open spot

011 = Interrupt when SPIx receive buffer is full (SPIRBF bit set)

010 = Interrupt when SPIx receive buffer is 3/4 or more full

001 = Interrupt when data is available in receive buffer (SRMPT bit is set)

000 = Interrupt when the last data in the receive buffer is read, as a result, the buffer is empty (SRXMPT bit set)

SPITBF: SPIx Transmit Buffer Full Status bit

1 = Transmit not yet started, SPIXTXB is full

0 = Transmit started, SPIXTXB is empty

In Standard Buffer mode:

Automatically set in hardware when CPU writes SPIXBUF location, loading SPIXTXB.

Automatically cleared in hardware when SPIx module transfers data from SPIXTXB to SPIXSR.

In Enhanced Buffer mode:

Automatically set in hardware when CPU writes SPIXBUF location, loading the last available buffer location.
Automatically cleared in hardware when a buffer location is available for a CPU write.
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R/W-0 U-0 R/W-0 U-0 u-0 R-0 R-0 R-0
SPIEN — SPISIDL — — SPIBEC2 SPIBEC1 SPIBECO
bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8
R-0 R/C-0 HS R/W-0 R/W-0 R/W-0 R/W-0 R-0 R-0
SRMPT SPIROV SRXMPT SISEL2 SISEL1 SISELO SPITBF SPIRBF
bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit O

SPIRBF: SPIx Receive Buffer Full Status bit

1 = Receive complete, SPIXRXB is full

0 = Receive is not complete, SPIXRXB is empty

In Standard Buffer mode:

Automatically set in hardware when SPIx transfers data from SPIXSR to SPIXRXB.

Automatically cleared in hardware when core reads SPIXBUF location, reading SPIXRXB.

In Enhanced Buffer mode:

Automatically set in hardware when SPIx transfers data from SPIXSR to buffer, filling the last unread buffer location.
Automatically cleared in hardware when a buffer location is available for a transfer from SPIXSR.
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U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — DISSCK DISSDO MODE16 | SMP | CKE
bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
SSEN CKP MSTEN SPRE2 SPRE1 SPREO PPRE1 PPREO
bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
DISSCK: Disable SCKx pin bit (SPI Master modes only) CKE: SPIx Clock Edge Select bit(3)
1 = Internal SPI clock is disabled; pin functions as 1/0 1 = Serial output data changes on transition from active clock state to
0 = Internal SPI clock is enabled Idle clock state (see bit 6)
: o 0 = Serial output data changes on transition from Idle clock state to
DISSDO: Disable SDOx pin bit active clock state (see bit 6)
1 = SDOx pin is not used by module; pin functions as 1/0
0 = SDOx pin is controlled by the module SSEN: Slave Select Enable (Slave mode) bit(4)
o : 1 = SSx pin used for Slave mode
MODE16: Word/Byte Communication Select bit 0 = SSx pin not used by module; pin controlled by port function
1 = Communication is word-wide (16 bits)
0 = Communication is byte-wide (8 bits) CKP: Clock Polarity Select bit

1 = Idle state for clock is a high level; active state is a low level
0 = Idle state for clock is a low level; active state is a high level
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U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — DISSCK DISSDO MODE16 SMP CKE
bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
SSEN CKP MSTEN SPRE2 SPRE1 SPREO PPRE1 PPREO
bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
MSTEN: Master Mode Enable bit . .
1 = Master mode Master eszkoz oOrajele:
0 = Slave mode Fcy
FscK = :
SPRE<2:0>: Secondary Prescale bits (Master mode) Primary Prescaler * Secondary Prescaler
111 = Secondary prescale 1:1
110 = Secondary prescale 2:1 Secondary Prescaler Settings
Fcy = 16 MHz
000 = Secondary prescale 8:1 14 21 41 A A
Primary Prescaler Settings 1:1| (Invalid) 8000 4000 2667 2000
PPRE<1:0>: Primary Prescale bits (Master mode) 41| 4000 2000 1000 667 500
1= Bl [resesle 11 16:1] 1000 | 500 250 167 125
10 = Primary prescale 4:1 641 250 125 53 12 31

01 = Primary prescale 16:1
00 = Primary prescale 64:1 Az értékek kHz-ben értendéek.
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R/W-0 R/W-0 R/W-0 U-0 U-0 U-0 U-0 U-0
FRMEN SPIFSD SPIFPOL . — — — —
bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8
U-0 U-0 U-0 U-0 U-0 U-0 R/W-0
— — — — — — SPIBEN
bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
FRMEN: Framed SPIx Support bit SPIBEN: Enhanced Buffer Enable bit
1 = Framed SPIx support enabled 1 = Enhanced Buffer enabled
0 = Framed SPIx support disabled 0 = Enhanced Buffer disabled (Legacy mode)

SPIFSD: Frame Sync Pulse Direction Control on SSx pin bit
1 = Frame sync pulse input (slave)
0 = Frame sync pulse output (master)

SPIFPOL: Frame Sync Pulse Polarity bit (Frame mode only)
1 = Frame sync pulse is active-high
0 = Frame sync pulse is active-low
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// Periferia - lab osszerendeles PPS (pp.135)

//PPSUnLock
__builtin write OSCCONL(OSCCON & ©oxbf);
//SPI
RPINR206bits.SDI1R = 30; //42-es lab SDI1
RPOR8bits.RP16R = 7; //41-es 1ab SDO1
RPOR7bits.RP15R = 8; //43-as 1lab SCLK1
//PPSLock

__builtin_write OSCCONL(OSCCON | ©x490);

// SPI inicializalasa 2MHz-es o6rajellel

void spiInit(){
SPI1CON1 = ©x013A; // master méd, CKP=0, CKE=1, 8-bites, 1:2, 1:4
SPI1STAT = 0x8000; // SPI engedélyezése, statuszok torlése
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Az adat kikildése és beérkezése szimultan megy végbe.
» Ha adatot kuldunk ki, akkor a visszatéro érték eldobhato
« Ha csak adatot akarunk fogadni, akkor egy dummy értéket kell kiildeni

#include <stdint.h>

// 1 bajt kiuldése és fogadasa
uint8 t spilWrite(uint8 t b) {

SPI1BUF = b; // buffer iradsa kuldésre
while(!SPI1STATbits.SPIRBF); // varakozas az atvitel befejezéséig
return SPI1BUF; // beérkez6 adat kiolvasasa
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* uMogi2 panelon egy 251.C256 EEPROM talalhat6

e )
Z.a N F ti
. 256 Kbyte memoéria e
. 3,3V-on 5MHz-es 6rajel + SO | Serial Data Output
e 64 byte-os Iapok IC3 WP Write-Protect
Cl2 | csi1 1 cS  vee 8 VSS Ground
— MISO 2 TS 7 )
100n 3 % Hgéi 6 SCK Sl Serial Data Input
. — 4 5 _MOSI SCK Serial Clock Input
WP disable — 1T GNb S —
VCC Supply Voltage
N J
// EEPROM CS 1ab
#tdefine CSEE _LATD7 // CS1 lab
#define TCSEE _TRISD7 // CS1 lab iranya
void eelInit() { // EEPROM labainak inicializalasa
TCSEE = 0; // CS1 kimenet
CSEE = 1; // EEPROM nincs kivalasztva
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Instruction Name Instruction Format Description
READ 0000 0011 Read data from memory array beginning at selected addr
WRITE 0000 0010 Write data to memory array beginning at selected addr
WRDI 0000 0100 Reset the write enable latch (disable write operations)
WREN 0000 0110 Set the write enable latch (enable write operations)
RDSR 0000 0101 Read STATUS register
WRSR 0000 0001 Write STATUS register

// 25LC256 SPI EEPROM parancsai
#define SEE_WRSR
#define SEE_WRITE
#define SEE_READ
#define SEE_WRDI
#define SEE_RDSR
#define SEE_WREN

// statusz regiszter 1irasa

// 1ras parancs

// olvasas parancs

// 1ras tiltasa parancs

// statusz regiszter olvasasa
// 1ras engedélyezése parancs

OV b~ WNPR
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» A statusz regiszter tartalma:

7 6 5 4 3 2 1 0
W/R - - - W/R W/R R R
WPEN X X X BP1 BPO WEL WIP
W/R = writable/readable. R = read-only

« WPEN: a hardwares irasvédelem engedélyezése (WP labtol fiigg)
* BP1, BPO: blokk védelem beallitasa (a védett teriilet csak olvashato lesz)

Array addres
BP1 BPO Write-Protected
0 0 none
0 1 upper 1/4
(6000h-7FFFh)
1 0 upper 1/2
(4000h-7FFFh)
all
1 1 (0000h-7FFFh)

« WEL: iras engedélyezése allapot jelzése (1)
« WIP: iras folyamatban (1), iras befejezédott (0)
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SCK

<+— Instruction =
5,:*0 0 o nn/’—l\o/l
. Data from STATUS Register ———
High-Impedance
s0 )02 (00

// statusz regiszter olvasasa
uint8 t eeReadSR() {

e

CSEE = ©; // EEPROM kivalasztasa
spiWrite(SEE_RDSR); // statusz regiszter olvasasa
uint8 t SR = spiWrite(9); // kiuldés/fogadas

CSEE = 1; // EEPROM elengedése

return SR;
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Feladat
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* A véletlen feluliras ellen tobb védelemmel rendelkezik:

(S&VEiIE 1) (SV;/QPbI?th WP pin Protected Blocks |Unprotected Blocks| STATUS Register
0 X X Protected Protected Protected
1 0 X Protected Writable Writable
1 1 0 (low) Protected Writable Protected
1 1 1 (high) Protected Writable Writable

» minden iras el6tt ki kell kapcsolni az irasvédelmet a (Write Enable— WREN) paranccsal — WEL
értéke 1 lesz

* A levédett blokkok csak a védettség (BP1, BPO) megsziintetése utan irhatok

// 1ras engedélyezése // varakozas az irds befejezésére
void eeWriteEnable() { void eeWait() {
CSEE = ©; // EEPROM kivalasztasa // 1iras folyamatanak vége (WIP)
spiWrite(SEE_WREN); // iras engedélyezése parancs while(eeReadSR() & 0x01);
CSEE = 1; // EEPROM elengedése }
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// 1ras és blokk védelem torlése
void eeClearProtect() {

eeWriteEnable(); // 1ras engedélyezése

CSEE = ©; // EEPROM kivalasztasa

spilWrite (SEE_WRSR); // statusz regiszter irasa
spilWrite(0); // védelem torlése

CSEE = 1; // EEPROM elengedése

eeWait(); // varakozds az irds folyamatanak a végére (WIP)

// 1ras és blokk védelem beallitasa
void eeSetProtect() {

eeWriteEnable(); // 1ras engedélyezése

CSEE = ©; // EEPROM kivalasztasa
spiWrite(SEE_WRSR); // statusz regiszter irasa
spilWrite(0x8C); // 1rds(0x80) és/vagy blokk(©x0C) védelem
CSEE = 1; // EEPROM elengedése

eeWait(); // varakozas az iras folyamatanak a végére (WIP)
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— .
Ccs |\ /
0 1 2 3 4 5 6 7 8 9 10 11 21 22 23 24 25 26 27 28 29 30 31
SCK
=— Instruction - 16-bit Address——
si_j0 00 o o of1 1Y15)14)f13)12) ----. (2)1)0]
High-Impedance Djfﬁ’ﬂ”‘
SO -—-——"'T':I"EII:SJI"J:I:EIEFLL&

// 16 bites cim tartalmanak olvasasa
uint8 t eeRead(uintl6_t addr) {

CSEE = ©; // EEPROM kivalasztasa
spiWrite(SEE_READ); // olvasas parancs

spiWrite(addr>>8); // a cim felsé része (MSB)
spilWrite(addr); // a cim also része (LSB)

uint8 t b = spilWrite(9); // dummy érték kildése/érték beolvasasa
CSEE = 1; // EEPROM elengedése

return b;
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// 16 bites cimtdl n adat olvasasa buff tombbe
// 64 byte-os laphatart ne lépjunk at!
void eeReadN(uintl6_t addr, uint8 t *buff, int n) {

CSEE = ©; // EEPROM kivalasztasa
spiWrite(SEE_READ); // olvasas parancs
spiWrite(addr>>8); // a cim fels6 része (MSB)
spiWrite(addr); // a cim alsdé része (LSB)

for(int i = 0; 1 < n; i++)
buff[i] = spiWrite(©); // dummy érték kiildése/érték beolvasasa
CSEE = 1; // EEPROM elengedése
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S x Twc
0 1 2 3 456 7 8 9 10 11 21 22 23 24 25 26 27 28 29 30 31
SCK .
-=—— |nstruction |- 16-bit Address - - Data Byte
S| j’(‘ 0 0 0 0 o of1\o)f15(14(13(12) ----- @EQE{MEM’E@E}’E'
High-lmpedance
SO Soe-
// adat irasa a 16 bites cimre
// csak nem védett adatterilet irhatd, iras utan WEL értéke ujra 0 lesz
void eeWrite(uintl6_t addr, uint8 t data) {
eeWriteEnable(); // 1ras engedélyezése
CSEE = ©; // EEPROM kivalasztasa
spiWrite(SEE_WRITE); // 1ras parancs
spiWrite(addr>>8); // a cim fels6 része (MSB)
spiWrite(addr); // a cim alsé része (LSB)
spiWrite(data); // az adat kiildése
CSEE = 1; // EEPROM elengedése
eeWait(); // varakozas az iras folyamatdnak a végére (WIP)
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cs \

01 2 3 4 5 6 7 8 9 101 21 22 23 24 25 26 27 28 29 30 31
SCK

~—— |nstruction - 16-bit Address - Data Byte 1
Sljo 0 0 0 0 oﬂo*15)(14)(13)(12) ----- (2X1 Xo*7)(e)(5)( (3)Y2)1¥0

s - /

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

<—— Data Byte 2 - *ﬁ Data Byte 3 ——— * }(*— Data Byte n (64 max) —-*)\‘

o )M R ELLOE0ERE0RNLODOB BT
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// adat irdsa a 16 bites cimtél n adattal buff tombbdl
// csak nem védett adatterulet irhatd, iras utan WEL értéke ujra O lesz
void eeWriteN(uintl6 t addr, uint8 t *buff, int n) {

eeWriteEnable(); // 1rds engedélyezése
CSEE = ©; // EEPROM kivalasztasa
spiWrite(SEE_WRITE); // 1ras parancs
spiWrite(addr>>8); // a cim fels6 része (MSB)
spiWrite(addr); // a cim also része (LSB)
for(int i = 0; i < n; i++)
spiWrite(buff[i]); // az adat kildése
CSEE = 1; // EEPROM elengedése
eeWait(); // varakozas az iras folyamatanak a végére (WIP)
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Feladat
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enum States switch(State){
{ ST_INIT, case ST _INIT:
ST _START, // EEPROM betoltése
ST_IDLE, State = ST _START;
ST_PRINT, break;
ST_SERVICE, case ST _START:
ST _ERROR // Kiirtatas LCD-re
}; - if(page >= MAXPAGE ) State = ST_ERROR;
else State = ST _IDLE;
enum States State = ST_INIT; break;
case ST IDLE:
? // gombok figyelése
INIT break;
case ST _PRINT:
l //nyomtatdsi oldalak ndvelése és kimentése
o) START State = ST_START;
ég%//, l break;

case ST_SERVICE:

ERROR IDLE //Toner csere és mentés
SW3+\ SW3 N \ State = ST_START;
break;
SW4 ?
SW case ST_ERROR:
SERVICE

if(SW3 && SW4) State = ST _SERVICE;
break;



