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BER 4213

PART A (40 MARKS)
This part only bhas one (1} question.

Q1  The simple dishwasher system as shown in Figure Q1 is controlled by PIC IBF4520
with the 16MHz of external oscillator.

(a)

(b

1dentify the input and output device involved in this system by referring to
Figure Q1{a). State the logic signal (High or Low) at microcontroller’s pins
that represented by the input/output devices when they are activated. Give
reasons for each siatement.

(7 marks)

Complete the following program codes of the system by referring 1o the
process control as given in Figure Q1(b). Note that the time delay for water

inlet, drain. and deterpent solenoid ta be ON and OFF is | minute,

/ISTART OF PROGRAM CODE

#include <p18£4520.h>
#include <delays.h>

void chk_isr(void};

void DoCycles(void);

void INTO_ISR(veid);

void minDelay({unsigned char itime);

#pragma code Hi_Prio_lnt = 0x0008
void Hi_prio_Int{void)
{

chk_isr(};

3
#pragma code

#pragma intertupt chk_isr
void chk_isr(void)
{

L

HYour Code Here
¥

void main(void}

{{System Initialization and Configuration

(2 marks) |
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L@ |

AYour Code Here {5 marks)

/ System Running
while (PORTBbits.RB1==0); //wait WASH button
DaCycles();
while(1);
}

void DeCyeles(void)
t

(iii)

#Your Code Here {16 marks)

void INTO_ISR{void)
£

(iv)

#Youir Code Here {6 marks)

/{Subroutine of minute using delays.h function library
void minDelay{unsigned char itime)

{

[ (v)

AYour Code Here _ (4 marks) |

}
#END OF PROGRAM CODE
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PARTB
Answer only three (3) of five (5) questions.

Q2

Q3

A PIC18F4520 microcontroller circuit as shown in Figure Q2 is used to measure the
voltage of Lead-Acid battery from OV 1o 18V, Assume that the external crystal
oscillator is 24MHz, Vref+ is +5V, Vref- is GND and analog input is configured only at
ANO.

(a) Find the values of resistor R2.
(3 marks)

(b) Ifthe voltage of Lead-Acid battery is 9V. calculate the digital binary output.
{4 marks)

(¢) Suggest a proper A/D Conversion Clock Select bits {(ADCS2:ADCSG} 1o produce
a valid A/D data. Provide a strong reason why that conversion clock is selected.
{4 marks)

(d) Write a program code in main ¢} function to always read ADC result using polling
method. Set the conversion result for left justified and save it in a variable of
unsigned int y.

{9 marks)

(a) Calculate the number of steps per revolution for a step angle of stepper motor 2.0

degrees and find the motor speed if rpm is 4300,
{4 marks})

(b) A unipolar stepper motar is connected to the PICI18F4520 microcontroller
systemn, The direction of motor is controlled by switch SW1 and SW2. i switch
SW1 is pressed, the motor will move clockwise and if switch SW2 is pressed, the
motor will move counter clockwise. [f both switches are not pressed, the motor is

Stop.
(i) Design a circuit of the motor and switches interface to the microcontroller.
{6 marks)

(i)  Write a compiete C18 program code to control the motor in the 4-step
{wave-drive) sequence that based on status of switch SW! and SW2.
{10 marks)

{a} Explain briefly the difference between synchronous and asynchronous

communication method.
(3 marks}

(b) The PICI8F452¢ has extermal oscillator XTAL = 24MHz and want to




Q5

Q6

{a)

(b)

(c)

(a)

(b}

(¢}

(d)
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transfer/receive asynchronous 8-bit data serially, one start bit, and one stop by,
and the desired baud rate is 11.2kbps.

(i) Obtain the SPBRG value of 8-bit generator for BRGH = ¢ and BRGH =1.
{4 marks)

(ity Determine which BRGH value should be used to get the precise baud rate.
(4 marks)

(iii) Based on selection seiting in Q5{¢){ii), write a C18 subroutine of UUART
configuration and transmission of the “BER4223" message by using
polling method.

{9 marks)

State the difference between the single-byte and burst modes in terms of the /CE

signal.
(2 marks)

DS1306 is a real time clock (RTC) chip. Draw the SPI connection between
PIC18F4520 and DS1306 chips. Show your direction of data inpul and output
AITOWS.

{6 marks)

Write a subroutine C18 program code to sel a time 1o “10:55:27 PM”, day 1o
Monday {1}, and date to “30 June 30107, Assume XTAL=40MHz. Configure the
SP] with read at middle. send on active edge and 5MHz clock speed. The register
of DS1306 is given in Table Q5{(¢)

{12 marks)

Give two advantages of [*C over UART protocol.
{2 marks)

Sketch and explain the I°C data transmission of SCL and SDA lines for write
mode operation
{8 marks)

What value should be written into the SSPADD register so that the 1°C module
can operated at 400KHz if fosc= 24MHz.
{2 marks)

Write a function to initialize the MSSP module to operate in the ['C mode that

based on (J6{c) requirgment.
{8 marks}
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Tabie Q5{c)
HEX Address DATA RANGE
READ |WRITE| D7 | D6 | D5 | Da | D3 [ D2 | D1 | DO
Ox00 0x80 0 10 SEC SEC
0x01 Ox81 0 10 MIN MIN
20HR | 10
0x02 Ox82 0 (24215 | ur HOURS
| 0x03 | 0x83 0 0 ¢ | 0 0| DAY
%04 0x84 0 0 10 DATE DATE
0x05 0x85 0 Q 16 MONTH MONTH
0x06 0x86 0 10 YEAR YEAR
ALARM FUNCTIONS
Ox0F 0x8F | CONTROL REGISTER
0x10 0x90 STATUS REGISTER
Ox 11 0x91 TRICKLE CHARGER REGISTER
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APPENDIX 1

ANALOG TO DIGITAL CONTROL REGISTER 0 (ADCONO0)

RWO  RWO  RWO  RWO  RWO  RWD U0 RWD
ADCS1 | ADCS0 | CHS2 | CHS1 | CHSO |GOIDONE | — | ADON |
Bt 7 ) - T b0

bit76 ADCSHADCSD: AID Conversion Clock Select bits (ADCOND bils in bold)

[ ADCOM1 ©  ADCOND | ' ’ ]
<ADCSZ> | <ADCS1:ADCSe> Clock Comversion ;_
1 00 Fosci? T ' o
c A e —~
o Y] | Foscrs2 . '_";
& 11 7 TERc [chodk dertved from tha intennial ADTC osclary
1 i of Foscid B
S Sl — —
1 | 10 Froso b
1 ] 11 Fnc{ﬁunkﬁmhedﬁmh}malmmm]

bit 53 CHS2:CH30: Analog Channel Selact bits
ana = Channed O (AND)
ool = Chapnel 1 [AN1)
plo = Channel 2 (AN2)
o11 = Channel 3 (AN3)
100 = Channel 4 (AN4)
101 = Channal 5§ (ANS)1
110 = Channel 6 {aNBY1
111 = Channet 7 (ANTH

MHote 1: These channels are unimplemented on PIC 1B 2X8 (28-pin) devices. Do not select
ary unimpemented channe.

bit 2 GO/DONE: AD Conversion Status bit
Yyhen ADON = 1.
1 = AMD conversion in progress {sefing this bit starks the AT conversion which is automatically
ciearsd by hardware when the A/D conversion is complete)
¢ = AD conversion not in prograss
bt 1 Unimplementad: Read a5 '
bit 0 ADON: AD On bit
1 = A/D converter module is powenad up
= A0 converter module is shwt-off and consumes no operating curent
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APPENDIX 2

ANALOG TO DIGITAL CONTROL REGISTER 1 {ADCONI)

RW0  RWw0 U U0 RWO  RWD  RWO  RWJ
[AliFM [ ADcsz [ = [ — | PCFG3 | PCFG2 [ PCFG1 | PCFGO |
Bt 7 bit O

it 7 ADFM; A/D Resull Fonmed Select bit
1 = Righ justified. Six (&) Most Significant bits of ADRESH are read a5 '07.
] tLﬂﬂ}ﬁﬁﬁuﬂ.S&{E]LﬂﬂﬂmtuﬁdAEREimmdu'ﬁ’.
bit b ADCS2: A0 Conversion Clock Select bil (ADCONT bits in bokd)

ADCON1 ADCONO ]
<ADCSZ> | <ADCB1-ADCIE Clock Conversion
o no Fosci2 T ) T
0 To1 FosciB i e T
—-3 -+ = s —
T a 11 FRC (0ck derived from the nternal AD RC osciftator)
— 2 o0 |Foscd ) —
1 o1 Fascri6 ]
T 10 [Foschd T
g u Fr {clock derived ffom the infsmal AT RC osciigir) |

bit 54  Unimplemented: Read as ‘0"
bit 30 PCFGI:PCFGH: AD For Configuration Control bits
| e }

[ hCFO | ANT | ANE | ANS | ANA | AND | ANZ | ANf | AND | Ve | Wer- | /R |
. . o= - 4 - .. e e} -
noon A A [ A A A A [ Wag 8o
Theor [ A | A | A | A v+ | A A | h [TAM [Tves | T
Toetn | D | D | O | A A TA A | A | voo | wss | &0 ;
Teo11 | D | B 1 DA [wEeel & A T A | ANE | vss 1 A1 |
o100 D D D R o A A ' vpn | ves 3
"ewnl | D [ o | | vuwrr; D &1 a7 a3 | vss | 244
[‘ai1x | D D | & | B b : D p 1o — | = 1| dio
aoua | A | A [ A& A | veare | VREr- T A AT a3 1TENZ | &2
T3g01 | D D - A | A A A & Voo T vss | 8/0
(Geie | O T 0 | A | A [wier | A Al A ] ANS | uss 51 ]
i 1ol D & A A | WREFe | VREF- | A A AN AMZ D oar2 -
f 1:ca | D[ D | D & [ vrese | Vemr- . A AT ANT | aNz 1 3127
1101 D | D O | D | wrs | VREF- | A A ANS | AN2 |22
e BT e {8 ] 876 ) D | A { Voo | vss | 10
4311 | D [ D | 6 | b |waee Ve ] D | A ] ana [ ANz | 102

A= Anslog input D = Digitel YO
C /R = # of anawg input channets ( # of 4/0 voltage referantes

H
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APPENDIX 3

INTERRUPT CONTROL REGISTER (INTCON)

RAW-D RWD  RW.O RW0O RWO RWO  RWD  RWa
[GIE/GIER | PEIE/GIEL | TMROIE | INTOIE | RBIE | TMROF | INTOF | RBIF_|
but 7 b O

b7 QIENGIER: Global intemupt Enable bt

Yhen WFEN = 0
1 = Erables afl unmasked miamups
& = Drsables all wibsrmupis
WhenIPEN -1,
1 = Enabies all hgh prionty intemogs
¢ = Disables all intermupls
wt B PEIEASIEL . Petipheral Inkestupt Enadle b
YhenlPEN<= o,
1 = Enables all unmasked peripheral imemupts
0 = Disables all peripheral intemapts
Witen FPEN =1
1 = Enables af iow prionity perpheral imesrupts
0 = Dsables all low prionity peripheral intempts
b5  TMROIE: TMRO Cverflow irbemyp Enable bt
1 = Enables the TMRD overfiow it
0 = Drsables the TMRELD overflow imtermal
bt 4 INTOIE: INTU Externat Interrupt Enable bit
1 = Enables the INTC sxdemal intemags
0 = Desaties the INTD external rdemags
b2  RPIE: RE Fort Change Interrupl Enable bt
1 = Enahies, the RB port change memupt
9 = Disabdes the BB paort change dlemp:
bet 2 TMROIF . THRD Overfiow intermugst Frag et
1 = TMAD regrster has overflowed {must be cheared in solflware)
0 = TMRD register cid not overflow
i1 PNTOIF: INTG Externat nkermupt Frag ba
1 = The INTD extermal itermupt ocoumed (st be deared n softwane )
0 = The ANTD exterral wdevrupt did not coor
b 0 RBF: RR FPoit Change ntermupl Flag bit
1 = Al teast one of the RB7 RB4 pins changed state |musl be ceared in software)
0 = None of the RB7-RE4 pas have changed size
Mote: A mesmatch condition will conbnue to set s bit. Reading PORTE will end the
mirmatch condition and afiow the bit to be cleared.

12
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APPENDIX 4
INTERRUPT CONTROL REGISTER 2 (INTCON2)
RW-1 RW1 RW  RW- UD  RW U R
[ Réeu | mTEDGO [ NTEDGY [ INTEDG2| — [TmroP | — | REIP |
bit 7 bit 0
Bi7  RBPU: PORTB Pul-up Enable bit

bit &

pit 5

bt 4

bit 3
but 2

bit 1
bit 0

1 = AJl PORTE pull-ups are disabled

o = PORTE pulHups are enabled by individual port latch vaiues
INTEDG): Extermnal Irderrupt 0 Edge Select bit
1 = interrupt oh rising edge

¢ = Interrupt on falling edge

INTEDGA: External Interrupt 1 Edge Select Dit
L = Imemupt on rising ecge

o= [ntemupt on faling adge

WTEDG2: Extemal Intermupd 2 Edge Select bit
1 = Interrupt on rising adge

0 = Interrupt on falling edge
Unimplemented: Read as "0

THRUP; TMRD Cverflow Intermupt Priority Dit
1 = High priofity

o = Lovw pricnity
Unimiplemented: Read as '0'

REIP: RS Port Change Interrupl Priority bh

1 = High pricrit

0 = Low priofty

13
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APPENDIX §

bit 7

bit B

bit 5

bit 4

bi3

bit 2

bt 1

bt O

TRANSMIT STATUS AND CONTROL REGISTER (TXSTA)

RAD  RWO  RWE  RWD  RWD  RWD R R
[CSRC | TX8 | TXEN | SYNC | SENDB | BRGH | TRMT | TxeO
e 7 bit

CSRE: Clack Source Select it
AMCH D00 uS MOCE .

Don't care.

Synchrmoous mode,

1 = Master macde {dock penerated ntemally from BRG)
¢ = Slave made (gadk from extemal source)

TX8: 9-bit Transmt Enable bit

1 = Selects 9-bit transms=an

& = Salercts B-hit FaAnsmISSEOoN

TXEN: Transmit Erable bit

1 = Transmni ernabled

¢ = Trangme drsabked

Mot SRENICREN gvertides TXEN 17 Sync mode.

SYMC: EUSART Mode Sebect bit
1 = Synchranous mode

0 = Asynchronous mode

SENDS: Send Breakt Character bl

ARTChIDODUS mode.

1 = Send Sync Break an next transmission (deared by hardware upan completion )
& = Sync Break ransmission completed
Synchronous mode

Cont cane.

BR@H: High Baud Rate Seled bit
Asynchronous mode.

1 = Hipgh speed

¢ = Liww speed

Synchrgnous mode:

Unused in this mode .

TRMT: Transmil Shift Register Status bit
1 =TSR ampty

6= ToR il

TASD: Mh bit of Transmit Data

Can be addrezsidata bit or a panty bit.

14
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APPENDIX 6

RECEIVE STATUS AND CONTROL REGISTER (RCSTA)

RW0  RWD  RWO  RWD AW R-0 R-0 Rox
[spsn|mc9ESREN]cHEN|ADnEN[FEm|OERﬂ[mc:|
bt 7 br 0

tut 7 SPEN: Serial Port Enalile et
1 = Senal porl enaheed {configures DT and TXCK pins as senal port pins)
0 = Serial pavt disabled (held in Reset)
bith RX3: B-bi Receive Enabie bit
1 = Sede s St eeception
0 = Seweds B-nt reception
bt 5 SFEM: Snjle Receive Enable bit

Asmchronous mode
Dont cae .

1 = Enables sngie receive
o = Dusables angle ecenve
This bit = cearssd after recephon is complete.

Dan't care.
hit4 CREN- Continupus Recerwe Enable b

1 = Enables receier
o = Dhsables recemwer

Synchron s Iode.
1 = Enables contnuous recewve Uil enable bit CREN 1= deared (CREN overrides SREN)
o = Disah|es continuUOUS recen'e

it 3 ADDEM: Address Detect Enable bit

1 = Enables address detecbon, enahlas mbermupt ans kaads the receive buffar when RSR<E>
is Set
o = Disables address detection, all tryte s are recetved and ninth bit can be wsed as party bit
Aswichronous mode 3-b (X8 = gF
Dan'T care.
nt 2 FERR: Framng Ermror it
1 = Framing ermor [can be updated by readng RCREG repister and reczrng next vali! ve)
0 = No framing ermar
hit, ¥ DERH: Cwvermun Efror b
1 = Oyerrun ermor {can be desred by ceanng bit GREN)
0 = N0 DVEITLN EMOF
hit0 RXS[x Oth kit of Recerved Dats
This can be addre ssitata bt or & parky bi and must be caiculated by user irmwane

15




PEPERIKSAAN AKHIR

SEMESTER/SESI  : SEMESTER I1/ 2008/ 2009 KURSUS : 4 BEE
MATA PELATARAN : APLIKAS|I MIKROPENGAWAL KOD MATAPELAJARAN : BER4223
APPENDIX 7

BAUD RATE CONTROL REGISTER (BAUDCON)

RWD R U0 RWD WA Lo RWD  RMA
(ABDOVF | RODL | — | SCKP | BRGIB | — | WUE | AHDEN |
bit 7 kit

bt 7 ABDOYF: Autn-Baud Acquisiton Rollover Status bit

1 = A BRG rollever has ocowmed duning Auto-Baud Rate Deterct mode
{must be cleared in software}
v = Mo BRG mliover has occumed

bit B RCIOL: Receve Operation 1de Stiws bit
1 = Rerewe operation is ldie
0 = Receive Dperslion is adve
bit 5 Un|mplem anted: Read as "o’
bit 4 SCHP: Synchronous Clack Polarity Select bit

Unused n s moode.

Synchranoys mode:
1 = {ciie state for clock {CK) is a high level
0 = |die stare for clock {CK) 15 a low keved

bit3 BRG4S: 16-bit Baud Rate Regisier Enable hit

3 = 1B-bit Baud Rate Generator — 3PARGH and SPEHRG
o = g-bit Baud Rate Generaior — SPERG pnly (Compatible mode), SPARGH value ignared

b 2 Unbmplen antad: Read 350
bit 1 WUE Wake-up Enable bt

Asnchmneys mode;

1 = EUSART wil continue to sample the RX gin — internipt generated on falling edpe; bit
cleared in handware on following nsng edge

o = R gin not mandored or nsing edge detected

Synchipnous made;
Urnused in this mode.
4 g1 ABDEN: Auin-Baud Detect Enable i

Asynohrnous mode:.

1 = Enable baud rate measurement on the next character. Requires reception of a Sync field
{55h). cleared :n hardware upon cormpietion

p = Hauwd rate measurement disabled of completzd

Synchranous made;
Unused in this mode.

16
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APPENDIX 8

PERIPHERAL INTERRUPT REQUEST REGISTER 1 (PIR1}

RWD  RWO RO RO RWD RWO RWO  RWO
[PsPFT | ADIF | RCIF | TXIF | SSPIF | CCPIF | TMROF | TMRIIF |
bit 7 bit 0

b7  PSPIF: Paralel Slave Port Read/Write Interrupk Flag bit®
1= A read or 3 wike operation nhas taken place {must be ceared in software)
o = Mo read or wike has occumed
Nots 1: This bil is urimplemented on 28-pin devices and will read as '’
bt 6 ADNF- A0 Converter internugd Flag et
1= An AD conversion compleled (must be deared 0 software)
0= The A converuon is not complete
bit 5 RCIF; EUSART Receive intermupt Flag bt
1 = The EUSART recerve buffer, RCREG is full {tleared when RCREG 15 read)
0 = The ELSART receive buffer is emply
bit 4 TXIF: EUSART Transmi Intermupt Flag bit
1= The EUSART tansmit buffer, TXRES s amply (Cheared when TXREG s watten)
o = The EUSART transmit bufler is full
bit 3 SSPIF: Master Synchwonous Serial Porl Interrupt Flag bit
1 = The sansmisssnrecephon 15 camplete (must be cieared m software}
o = Wading 1o fansmilTecsive
tet 2 CCPAF: CCPY Interrupd Flag bat

Cophse mode; .
1= A TMR# register caphure octumed (must be deared n software)
o = Mo TMR1 regisler capiure occumed

Compale mode,
1= A TMRI regster compare mabch ocoumed {mus be ceared n software)
o= No TMR1 regsier compare match occured

WM mode.
Unusad m this mode.
bit 1 THEZF. TMRZ to PRZ Malch Intermupt Flag bt
1= TMR2 to PRZ maich occured (musi be cleared in software)
o = Ne TMR2 o PR2Z match ocomed
et O THRIF: TMRET Overfiow intermupt Flag bi

1= TMR1 regster overfiowed {must be deared n software)
o = TMR1 regster did not overfiow

17
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APPENDIX 9

MSSP STATUS REGISTER (S5PSTAT)
For SPI Mode
RWO  RWD RO RD R-D RD RD R-D
HEL CHE oA | P | 5 | mw ua | e |
it 7 bit 0

bit 7 SMP- Sample bit

SRl M I ode:;
1 = Input data sarrpled at end of data qutput bre
o = Input data sampled st rmiddle of data ouput ame

SPI Slave made;
=M P must be deared when SP1 is used in Slave mode.

hit & CKE 5P| Clock Seledt bit
1 = Transmit uocurs on transition from active to ldle clodk siate
o = Trangsmit accurs on ransition from ldle to active Clodk state
Nete  Poianty of dock state is set by the CKF bit {[SSPCON1=4>].
bit5  DiA: Data/Address bit
Used in 1°C mode anly.
bité  P: Smp bil
Used in 12C mode only. This bit is deared when the MSSP moduie is disabled, SSPEN is
cleared.
kit 3 S: Start bt
Usedin 1C mode only.
bitz  RAW: ReadWWite \nformation bit
Used i 1°C mode only.
bit 1 UA: Update Address hit
Used m 12C mode only.
bito  BF: Buffer F ull Status bit {Receive mode anty)

1 = Recewve complete, SSPBEUF is full
o = Receve i complete, SSPBUF is ernply
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APPENDIX 10

MSSP CONTROL REGISTER 1 (8SPCON1)
For SPI Mode

RWO RWIO  RWD  RW.0  RWD  RWO  RWD  RWD
[ weol [ 5sPov | SSPEN | CkP | SSPM3 | SSPM2 | SSPMI | SSPMO
ba 7 bitD

bit T WCOL: Write Cofisian Detedt bit (Transmt mede only)

1 = The SSPBUF regrster iswritten while it is still ransmitting the previous word
{rrust be deared in softweare)

0 = No coliisan

W6 SSPOV: Receive Overflow indicator bit

SP1 Slave made.

1 = A new byte is recetved while the SSPBUF register is still hoiding the previous data . In case
of overflow, the data in SSPSR is lost. Overflow can anly occur in Stave mode. The user
must read the SSPBUF, even if only transmitting data, 1o avoid setting overfiow (must be
ceared m software).

0 = Nop overflow

Mots: Ir Master mode, the averflow bit is not set since each new reception (and
fransrnission) is intiated by wntng tn the SSPBUF register.

hit5  SSPEN: Synchronous Senial Port Engble bit L
1 = Enables serial port and configures SCK, SDG, SOI and 55 as serial port pins
p = Disables senal port and configures these pins 25 U0 port pins
MNots: Wwhen enabled, these pns must be properly configured as input o puput.

kit 4 CKP: Clock Paolanty Sebkect bt
1 = Idle state for clockis a high lewel
o = Idie state for clockis a low level
hit3-0 SSPNG:SSPMD: Synchronous Senal Port Mode Select bt
0101 = 5P| Slave mooe, dock = SCK pn, 55 pin cantrol disabled, 35 can be used as O pin
o100 = SPI Slave mode, clock = SCK pin, 55 pin contral enabled
0011 = SP1 Master moge, dack = TMR?Z putput/d
g010 = SP Master mode, dock = FoscB4
o061 = SP Master mode, dock = FOscf16
oago = 5P Master mode, dock = FOBGH
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MSSP STATUS REGISTER {SSPSTAT)
For IX°C Mode
RAN-D RAN-0 R-G R-0O R0 RO R=0 R-0
[sme | coxE | o | P | s [ rRW | ua gF ]
bl T bt 0

bit 7 BMP: Stew Rate Conir bl
In Master or Shipes e
1 = Sherw rate conimoi dizsabled for stanvdard speed mode {100 kKHz and 1 MHZ)
0 = Slew rate control enabied for high-speed mode (400 kKHz)
bt B CKE: SMBus Sedect bit
1 = Enable SMCus spacific inputs
{:u-_Di:abh SMBuUs speciiic NpLts
bit 5 D/A: DsaAddresas bit
I Mt maces:
Reserved,
In $ave qrde:
1 = [ndicaies thal the Lxst byte received of Transmitted was data
o = Indicales that the last Dybe recetved or trarmsmithed was sddvess
bit 4 P: Stop bit
1 = Indicates that a Stop bit haw been datected laat
o = Stop bit was ot dedected st
Nabe:  Thes bil 1 cheared on Resst and when SSPEN B deared.

hit 3 3: Stant b
1 = Indicaies thal & Start bit has been deteched last
¢ = Start bit wias ot detected U

Notw: This bt is cheaned on Raset and when SSPEN is chaaned.

btz  RAW: Rescd/Wrae Information bit {12C mode anty)
In Slave rmode:
1= Read
o = Yvrite
Mote:  This pit holds the RAY bit information Tolkewing the last addvess match, This bit is
only valid from the address match tn the next Star bit, Stop bit of not ACK bit
In biysiar mcde;
1 = Tranmndl is in progress
0 = Transmet is not in progress
Nois: CRing thia bit with SEN, RSEN, PEN. RCEN o ACKEM wil indicats if e MESF
N Actoes mode.
bit 1 UA: Upcate Sddress bit {10-bit Shave mode ondy]
1 = Indicaies thal the usar nesda to update the addrass i the SSPADD register
o = Address Joes not need to be updated
bit G BF: Bufler Full Stahrs bit
In Tranamij mode;
1 = S5PBUF i full
4 = SSPHUF s amply
N Recwoy mode:;
1 -SSPBUFBMIIMMMMEMEEKMMW}
0 = SSPBUF is mmply (doss not include the ACK and Stop bite)
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MSSP CONTROL REGISTER 1 (SSPCON1)
For I)'C Mode

RAWDO RWO RWO RWO ARWD RWD  RWD  RWL
r_@ﬁggg_ll_sspeu [ ckP | sSPM3 | sSPM2 | ssPm1 | ssPmo |
bit 7 bit D

bit7  WCOL: Write Collision Detect bil

In Master Tranamit mode;

1= Awrite 1 the SSPBUF register was aterpted white the I2C condions were not valid for a
tranamission to be atarted {must be clearad i scftware)

0 = Mo collision

In Slawe Transmit mode:
1-ThaSSPBUFmghtarbmﬂnnmﬁhnlsstiltamnmmwprevmwd[nmﬂba
cleared i software)

bit & SSPOV: Rewsive Overfiow Indicator bet
In Recetye mode;
1=AMQEWMMSSFBUFWE#HMMMM{MN
cleared m software)
0 = No overflow
In Trangmi made:
This i= # ~don't carg” bit in Transmil mode.
bit5  SSPEN: Synchwonhous Serial Port Enable bit
xzmummwmusmwsummumﬁmm
it = Disables serial port and configures these png as 1O port pins
Note: When enabled. the SDA and SCL pins must be property configured as inpist of
Outpurt,
bit4 CKP: SCK Releass Control bit
in Slave mode:
1 = Rimease clonk
¢ = Holds clock low (clock stredch), used to ensure data setup time
iy Mastes mode:
Unused in this mode.
bil 30 SSPMI:S5PMO: Synchronous Seral Port Mode Select bits
1111 = PC Siave mode, 10-bit address with Start and Stop bit inerTupls enabled
1110 = 12C Slave mode, 7-bit address with Start and Stop bit interrupts enabled
1011 = 2C Firmware Controlled Master mode {Slave ldle)
1000 = PC Masier mode, chock = Fosc/(4 * (SSPADD + 1))
0111 = FC Slave mode, 10-bit address
6110 = [C Stave mode, 7-bil address
Bﬂmmmmmmﬂmmmwmsplmm.
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APPENDIX 13

MSSP CONTROL REGISTER 2 {(SSPCON2)
For I°C Mode

RA-0 RWO  RWO  RWD  RAVO  RAMD  RW-D  RW-D
[TGcen [ACKSTAT | ACKDT | AcKEN') | RCEN® | PENC) | RsEné't | sEN |
o7 bt 0

bit 7 GCEN: Gandlal Cal Ensble bt (Sleve mods only)

1=Enmmmmunlgmdcdluhn{muhjllmdhhssm
0 = General call address disabiad

b6  ACKSTAT Acknowledge Stalus bit (Masier Trarmmit mode only)

1 = Acknowiedge was not recelysd from diave
0 = Acknowiedgs was receivad from slave

bit 5 ACKDT: Acknowlsdge Dale bl (Master Raceive mode only)
1 = Nat Acknowiedge

o = Acknowladgs
Nobw: vumummummmmrm:mammdpqu-
the and of & receive.

bil 4 ncmamm-mumnnm-mmuﬁw
1=InlﬂMuummsmmmmmrmlanﬂlu
Automaiically clanred by hardwars,
0 = Acknaowledge sequence |dka
bit3  RCEN:Receive Encblo bit (Master mode onlyy™
1 = Enables Recelve mode for 1°C
0 * Roceive [de
bl 2 FlH:ShpCmﬂlmEr.bhbﬂ{lﬁstormndunﬂy}m
1=I:ﬂ-3¢Mm$ﬂA.ﬂSﬂ.pﬁs,mmmwm.
0 = Slop condtilon Idle
bH 4 nﬂ:wusmcmemummmmﬂ
1 = InNak Repested Starl condiion on SDA and SCL ping. Aulomatically cleansd by hardvwares.
0 = Repssted Stad condiion Idis
b0  SEN: Stwt Condition Enabia/Siretch Enabie bt}
|n Magler mode;
l-lrlﬁismimnlmunm-ﬂSCLpim.Mnmmmwm.
0 = Start condition Ide
In Slgve mode:
1=Mﬁrﬂdﬁg‘nmﬁhdhrhﬂmﬂulmﬂﬂmmuhﬂmm
0 = Clock siretching 15 dizabled
Note 4: For bl ACKEN, RCEN, PEN, RSEN, SEN: It the I7C maduie i nol in the Ide mode,
mmmwmuﬂ{mmwhﬁ?ﬁmwmummr
wiies 1o the SSPBUF ars dissblad).
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