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DEC40053: EMBEDDED SYSTEM APPLICATION

SECTION A : 60 MARKS
BAHAGIAN A : 60 MARKAH

INSTRUCTION:

This section consists of THREE (3) structured questions. Answer ALL questions.

ARAHAN:

Bahagian ini mengandungi TIGA (3) soalan berstruktur. Jawab semua soalan

QUESTION 1
SOALAN 1

(a)

(b)

Explain the function of PORTX register in I/O with an example of C language

program using bit addressable.

Terangkan fungsi pendaftar PORTx di dalam I/O berserta contoh aturcara
Bahasa C menggunakan format pengalamatan bit.

[4 marks]

[4 markah]

Figure A1 (b) shows the connection between input devices and output devices
with PIC microcontroller. Write the C language to configure the input/output

port using bit addressable and byte addressable.

Rajah Al(b) menunjukkan sambungan peranti masukan dan peranti keluaran

dengan pengawal mikro PIC. Tulis aturcara Bahasa C untuk

mengkonfigurasikan ~ pin  masukan/keluaran ~ menggunakan  format
pengalamatan bit dan byte.

[8 marks]

[8 markah)
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Smoke sensor > RB1 RC2 > LED
LDR sensor » RC4 RB3 = LCD
Temperature sensor » RCO RB5 > Buzzer

Figure A1(b)/ Rajah Al(b)

(c) Given a crystal oscillator frequency = 20MHz and the value of TMROH:TMROL
= D5A8 H. Referring to Appendix 1, calculate the time delay generated by
Timer0 if TOCON is set to 0x05.

Diberi frekuensi pengayun = 20MHz dan nilai TMROH:TMROL =D5A8H.
Merujuk kepada Lampiran 1, kirakan lengah masa yang dijana oleh Timer0 jika
TOCON disetkan kepada 0x05.

[8 marks]
[8 markah]

QUESTION 2

SOALAN 2

(a) Explain the function of TMRxH and TMRXL registers in Timer 0 for 8 bit and
16 bit counting.

Terangkan fungsi pendaftar TMRxH dan TMRxL dalam Pemasa 0 untuk
pengiraan 8 bit dan 16 bit

[4 marks]
[4 markah]

3 SULIT
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DEC40053: EMBEDDED SYSTEM APPLICATION

(b) Write C instructions for PIC18 to initialize INT1 external hardware interrupt
and its Interrupt Service Routine (ISR).
Tulis arahan C untuk PIC18 memulakan sampukan perkakasan luaran INTI
dan Interrupt Service Routine (ISR) miliknya.
[8 marks]
[8 markah]
(c) Write C instructions for PIC18 to initialize TIMERO counter interrupt and its
Interrupt Service Routine (ISR).
Tulis arahan C untuk PIC18 memulakan sampukan pembilang TIMER(O dan
Interrupt Service Routine (ISR) miliknya.
[8 marks]
[8 markah)]
QUESTION 3
SOALAN 3
(a) Compare TWO (2) characteristics of the interrupt and polling methods in a

PIC18F4550 microcontroller.

Bezakan DUA (2) ciri kaedah sampukan dan tinjauan dalam mikropengawal
PICI8F4550.

[4 marks]
[4 markah)

4 SULIT
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(b)

(c)

DEC40053: EMBEDDED SYSTEM APPLICATION

ADC (analog-to-digital converter) and PWM (pulse-width modulation) are both
methods of controlling and manipulating analog signals using digital devices, but
they differ in their approaches and applications. Compare THREE (3)
differences between ADC and PWM.

ADC (penukar analog-ke-digital) dan PWM (modulasi lebar denyut) ialah

kedua-dua kaedah mengawal dan memanipulasi isyarat analog menggunakan

peranti digital, tetapi ia berbeza dalam pendekatan dan aplikasinya. Bandingkan
TIGA (3) perbezaan antara ADC dan PWM.

[6 marks]

[6 markah]

In figure A3(c), a 10-bit potentiometer is used to light up 10 LEDs as an output
of ADC Experiment. Given the ADC voltage reference,Vref = 5V. Calculate the
output of LED in hexadecimal value when the potentiometer is set at 50% and

80%.

Dalam rajah A3(c), 10bit potentiometer digunakan untuk menghidupkan 10 unit

LED sebagai keluaran Eksperimen ADC. Diberi nilai Vref = 5V, kirakan
keluaran LED dalam nilai hexadecimal apabila potentiometer disetkan pada
50% dan 80%.

2

| jﬁ]“|_:~ jIE
EJ?L.HJ

[ Epe pepith B
|
2
]

[

2

i

trasenimgonnas
a ?; iaﬁ

Figure A3(c)/ Rajah A3(c)
[10 marks]
[10 markah)]

5 SULIT



CLOI1

SULIT DEC40053: EMBEDDED SYSTEM APPLICATION

SECTION B : 40 MARKS
BAHAGIAN B :40 MARKAH

INSTRUCTION:

This section consists of TWO (2) essay questions. Answer ALL questions.

ARAHAN:
Bahagian ini mengandungi DUA (2) soalan esei. Jawab SEMUA soalan.

QUESTION 1
SOALAN 1

An assistant engineer has been assigned to design a speed limit display system using an
LCD display that can be adjusted based on weather conditions to enhance road safety
during adverse weather, such as heavy rain. The system should display a standard speed
limit of 90 km/h under normal conditions. When heavy rain is detected, the LCD display
should automatically switch to a reduced speed limit of 60 km/h to improve safety. The
project incorporates an interrupt mechanism to enhance the system's responsiveness.
Based on the given Table B1, determine the program in C language by using PIC18

complete with schematic circuit for the speed limit display system.

Table B1: Weather — Speed limit Reference

Weather state Rain sensor Displayed speed
Normal (dry) HIGH 90 km/h
Heavy rain LOW 60 km/h

Seorang pembantu jurutera telah ditugaskan untuk merekabentuk sistem isyarat LCD
had kelajuan yang boleh disesuaikan berdasarkan keadaan cuaca untuk meningkatkan
keselamatan jalan raya semasa cuaca buruk, seperti hujan lebat. Sistem ini harus
memaparkan had kelajuan standard sebanyak 90 km/j dalam keadaan normal. Apabila
hujan lebat dikesan, paparan LCD harus secara automatik beralih kepada had
kelajuan yang dikurangkan sebanyak 60 km/j untuk meningkatkan keselamatan. Projek
ini menggabungkan mekanisme gangguan untuk meningkatkan responsiviti sistem.

Berdasarkan Jadual Bl yang diberikan, tentukan pengaturcaraan dalam bahasa C

6 SULIT
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dengan menggunakan PIC18, lengkap dengan litar skematik untuk sistem paparan had

kelajuan.
[20 marks]
[20 markah)
QUESTION 2
SOALAN 2

A parking garage with an automatic lighting control system is developed to improve
energy efficiency. The garage is divided into multiple sections, and each section is
designed to have lighting controlled by pulse-width modulation (PWM) to adjust
brightness levels based on occupancy. The system uses a PIR motion sensor to detect
the presence of vehicles or people in a section, adjusting the brightness of the LED
lights accordingly. The PIR sensor is connected to PORT B of a PIC18F4550
microcontroller. The LED lights are connected to PORT C and are dimmed using
PWM. Develop the program in C language using the PIC18F4550 microcontroller to
control the brightness of the lights based on the motion detected by the PIR sensor with
reference to Table B2. In your design, include the schematic circuit for the parking

garage automatic lighting control system.

Sebuah garaj kereta dengan sistem kawalan lampu automatik dibangunkan untuk
meningkatkan kecekapan tenaga. Garaj ini dibahagikan kepada beberapa bahagian,
dan setiap bahagian direka untuk mempunyai pencahayaan yang dikawal oleh
modulasi lebar denyut (PWM) bagi melaras tahap kecerahan berdasarkan kehadiran.
Sistem ini menggunakan pengesan gerakan PIR untuk mengesan kehadiran kenderaan
atau orang di dalam sesuatu bahagian, dan melaraskan kecerahan lampu LED
mengikut keperluan. Pengesan PIR disambungkan ke PORT B pada pengawalmikro
PIC18F4550. Lampu LED disambungkan ke PORT C dan dikawal dengan PWM untuk
meredupkan lampu. Bangunkan satu program dalam bahasa C menggunakan
PICI8F4550 untuk mengawal kecerahan lampu berdasarkan gerakan yang dikesan
oleh pengesan PIR dengan berpandukan Jadual B2. Dalam reka bentuk ini, sertakan

bersama litar skematik bagi sistem kawalan lampu automatik garaj kereta.

7 SULIT
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Table B2: PWM Reference

Condition/Stimulus PIR Sensor PWM Duty LED Brightness
(PORT B, RB0) Cycle
No motion detected LOW (0) 0% OFF
(empty section)
Motion detected HIGH (1) 12%=31 Low brightness
(vehicles/people)
Motion detected HIGH (1) 48%=124 Half brightness
continuously
[20 marks]
[20 markah]
SOALAN TAMAT

SULIT



TOCON: TIMERO CONTROL REGISTER

RW-1 RW-1 R/W-1 RW-1 R/W-1 R/W-1 R/W-1 RW-1
TMROON | TosBIT [ Tocs | Tose | PsA | Topsz | ToPst | ToPso
bit 7 bit 0
bit 7 TMROON: Timer0 On/Off Control bit

1 = Enables Timero

o = Stops Timer0
bit 6 TosBIT: Timer0 8-Bit/16-Bit Control bit

1 = Timer0 is configured as an 8-bit timer/counter

o = Timer0 is configured as a 16-bit timer/counter
bit 5 ToCS: Timer0 Clock Source Select bit

1 = Transition on TOCKI pin

o = Internal instruction cycle clock (CLKO)
bit 4 TOSE: Timer0 Source Edge Select bit

1 = Increment on high-to-low transition on TOCKI pin

o = Increment on low-to-high transition on TOCKI pin
bit 3 PSA: TimerO Prescaler Assignment bit

1 = TImer0 prescaler is not assigned. Timer0 clock input bypasses prescaler.

o = Timer0 prescaler is assigned. TimerO clock input comes from prescaler output.
bit 2-0 ToPS2:ToPS0: Timer0 Prescaler Select bits

111 = 1:256 Prescale value

110 = 1:128 Prescale value

101 = 1:64 Prescale value

100 = 1:32 Prescale value

011 = 1:16 Prescale value

010 =1:8 Prescale value

ool = 1:4 Prescale value

000 = 1:2 Prescale value

T1CON: TIMER1 CONTROL

u-0 u-o RWO  RW-0 RIW-0 RW-0  RWO  RW-0
[ — | — [rickpsi|Tickrso] T10sCEN [TTSYNC [ TMR1CS [TMR1ON
bit 7 bit 0

bit 7-6 Unimplemented: Read as ‘o'
bit 5-4 T1CKPS1:T1CKPSO0: Timer1 Input Clock Prescale Seledt bits
11 = 1.8 prescale value
10 = 1:4 prescale value
01 = 1.2 prescale value
00 = 1:1 prescale value
bit 3 T10SCEN: Timer1 Oscillator Enable Control bit
1 = Oscillator is enabled
0 = Oscillator is shut-off (the oscillator inverter is turned off lo eliminate power drain)
bit 2 T18YNC: Timer1 External Clock Input Synchronization Control bit
When TMRICS = 1:
1 = Do nol synchronize external clock input
0 = Synchronize external clock input
When TMRICS = o:
This bit is ignored. Timer 1 uses the internal clock when TMRI1CS = 0.
bit 1 TMRA1CS: Timer1 Clock Source Select bit
1 = External clock from pin RCO/T10SO/T1CKI (on the rising edge)
0 = Internal clock (Fosc/4)
bit 0 TMR1ON: Timer1 On bit
1 = Enables Timer1
0 = Stops Timer1



T2CON: TIMER2 CONTROL

RAN-1 RAW-1 R/W-1 RAW-1 RAW-1 RIW-1 RAN-1 RAW-1
RAPU | INTEDG | TO0CS | TOSE PSA PS2 PS1 PS0

hit 7 hit 0

bit 7 RAPU: PORTA Pull-up Enable bit

1 = PORTA pull-ups are disabled

o = PORTA pull-ups are enabled by individual PORT latch values
bit 6 INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RA2/INT pin

o = Interrupt on falling edge of RAZ/INT pin
bit 5 TOCS: TimerD Clock Source Select it

1 = Transition on RA2/TOCKI pin

o = Internal instruction cycle clock (Fosc/4)
bit 3 PSA: Prescaler Assignment hit

1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module

hit 2-0 P$<2:0>: Prescaler Rate Select bits
BITVALUE TIMERQ RATE WDT RATE

000 b s st |
001 1:4 1:2
010 1:8 1:4
011 1:18 1:8
100 1:32 1:18
101 1:64 1:32
10 1:128 1:64
m 1:256 1:128




Appendix 2

INTCON: INTERRUPT CONTROL REGISTER

R/W-0 RW-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x
GE | PEE | TOE | INTE RBIE( ToIF? INTF RBIF
bit 7 bit 0
Legend:
R = Readable bit W = Wiritable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1" = Bit is set ‘0' = Bit is cleared x = Bit is unknown
bit 7 GIE: Global Interrupt Enable bit

1 = Enables all unmasked interrupts
0 = Disables all interrupts
bit 6 PEIE: Peripheral Interrupt Enable bit
1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts
bit 5 TOIE: Timer0 Overflow Interrupt Enable bit
1 = Enables the Timer0 interrupt
0 = Disables the Timer0 interrupt
bit 4 INTE: INT External Interrupt Enable bit
1 = Enables the INT external interrupt
0 = Disables the INT external interrupt
bit 3 RBIE: PORTB Change Interrupt Enable bit(!)
1 = Enables the PORTB change interrupt
0 = Disables the PORTB change interrupt
bit 2 TOIF: TimerQ Overflow Interrupt Flag bit?
1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow
bit 1 INTF: INT External Interrupt Flag bit

1 = The INT external interrupt occurred (must be cleared in software)
0 = The INT external interrupt did not occur

bit 0 RBIF: PORTB Change Interrupt Flag bit
1 = When at least one of the PORTB general purpose /O pins changed state (must be cleared in
software)

0 = None of the PORTB general purpose I/O pins have changed state



bit 7

bit 6

bit 5

bit 4

bit 3
bit 2

bit 1
bit 0

INTCON2: INTERRUPT CONTROL REGISTER 2

R/W-1 R/W-1 R/W-1 R/W-1 u-0 R/W-1 u-0 R/W-1
RBPU | INTEDGO | INTEDG1 | INTEDG2 — TMROIP —_ RBIP
bit 7 bit 0

RBPU: PORTB Pull-up Enable bit
1 = All PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled by individual port latch values

INTEDGO: External Interrupt 0 Edge Select bit
1 = Interrupt on rising edge

0 = Interrupt on falling edge

INTEDG1: External Interrupt 1 Edge Select bit
1 = Interrupt on rising edge

0 = Interrupt on falling edge

INTEDG2: External Interrupt 2 Edge Select bit
1 = Interrupt on rising edge

0 = Interrupt on falling edge
Unimplemented: Read as '0’

TMROIP: TMRO Overflow Interrupt Priority bit
1 = High priority

0 = Low priority

Unimplemented: Read as ‘0’

RBIP: RB Port Change Interrupt Priority bit
1= High priority

0 = Low priority



Appendix 3

ADCONO REGISTER (ADDRESS 1Fh)

R/W-0 R/AW-0 R/W-D RAN-0 R/AN-0 RAW-0 u-0 RW-0
| Aocsi | Apcso | cHs2 | cHS1 | CHS0O [GODONE| — | ADON |
bit7 bit 0
bit 7-8  ADCS1:ADCS0: A/D Conversion Clock Select bits (ADCONO bits in bold)

ADCON1 ADCONO :

<ADCS2> | <ADCS1-:ADCS0> Clook Comeerion
[} 00 Foeci2
0 01 FoeciB
[ 10 Foscia2
i 11 Fre {clock derived from the intemal A/D RC oscillator)
1 00 Fosc/4
1 [FY Fosc/16
1 10 Fosc/é4
1 11 Frc (clock derived from the intemal A/D RC oscillator)

bit 5-3 CHS2:CHS0: Analog Channel Select bits
000 = Channel 0 (AND)
001 = Channel 1 (AN1)
010 = Channel 2 (AN2)
011 = Channel 3 (AN3)
100 = Channel 4 (AN4)
101 = Channel 5 (ANS)
110 = Channel 6 (ANG)
111 = Channel 7 (AN7)

Note:  The PIC18F873A/876A devices only implement A/D channels 0 through 4; the
unimplemented selections are reserved. Do not select any unimplemented
channels with these devices.

bit 2 GO/DONE: A/D Conversicn Status bit
When ADON = 1,
1 = A/D conversion in progress (setting this bit starts the A/D conversion which is automatically
cleared by hardware when the A/D conversion is complete)
0 = A/D conversion not in progress
bit 1 Unimplemented: Read as '0’
bit 0 ADON: A/D On bit
1 = A/D converter module is powered up
0 = A/D converter module is shut-off and consumes no operating current




ADCON1 REGISTER (ADDRESS 9Fh)

RWO RWO U0 U0 RWD  RWD  RW-D  RWD
aDFM | apcs2 | — | — [ perea | pcre2 [ Pore1 | porco
bit 7 bit 0

bit 7 ADFM: A/D Result Format Select bit

1 = Right justified. Six (6) Most Significant bits of ADRESH are read as '0".
0 = Left justified. Six (8) Least Significant bits of ADRESL are read as "0".

bit 8 ADCS2: A/D Conversion Clock Select bit (ADCON1 bits in shaded area and in bold)

ADCONY £9C0N Clock Conversion
<ADCS2> [<ADCS1:ADCS0>
0 00 Fosc/2
0 01 Fosc/8
0 10 Fosc/32
0 1k FRC (clock derived from the internal A/D RC oscillator)
1 0o Fosc/4
1 01 Fosc/16
1 10 Fosc/64
1 1% FRC (clock derived from the internal A/D RC oscillator)

bit 54 Unimplemented: Read as 0’
bit 3-0 PCFG3:PCFGO: A/D Port Configuration Control bits

':;';f AN7 | ANG | AN5 | AN4 | AN3 | AN2 | ANt | ANO | vRer+ | vRer- | CR
0000 A A A A A A A A Voo Vas 8/0
BB | A | KA | R e A | A | A | AN (NS |
G| D |0 | R A ATk |h | Vho | vEs | o
011 | D | D | D | A |wert| A | A | A | AN3 | vss | an
P T BT G B P e D | A | A | voo | ves | 3
gL | 0 | D | D |0 |wmer| D | A | A | Ana | vEs | 2N
sk B o |0 | B | B Bl o o
1000 A A A A VREF+ | VREF- A A AN3 AN2 82
1001 D D A A A A A A VDD Vvss 6/0
SO0 | DA | A e A R A AN | ek |
0120 | D | D | A | A |Veert |[WREr- | A | A | AN3 | AN2 | 412
1100 | D | D | D | A |VRert |WREF-| A | A | AN3 | AN2 | 32
100 | D | D | D | D |VRert |WREF-| A | A | AN3 | ANZ | 212
Yo B e s s e D | D | A | voo | vss | 10
1111 | D | D | D | D |VRert |WRer-| D | A | AN3 | AN2 | 12

A = Analog input D = Digital VO
C/R = # of analog input channels/# of A/D voltage references



ADCON2 REGISTER
R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

| aoFM | — [ Acar2 | Acat1 | Acato | Apcs2 | ADCS1 | ADCSO
bit 7 bit 0
bit 7 ADFM: A/D Result Format Select bit

1 = Right justified
0 = Left justified
bit 6 Unimplemented: Read as ‘0’

bit 5-3 ACQT2:ACQTO: A/D Acquisition Time Select bits
111 = 20 TaD
110 = 16 TAD
101 = 12 TAD
100 =8 TAD
011 =6TaD
010 =4 TAD
001 =2TAD
000 = 0 Tap("
bit 2-0 ADCS2:ADCS0: A/D Conversion Clock Select bits
111 = FRC (clock derived from A/D RC oscillator)(!)
110 = Fosc/64
101 = Fosc/16
100 = Fosc/4
011 = FRe (clock derived from A/D RC oscillator)("
010 = Fosc/32
001 = Fosc/8
000 = Fosc/2



REGISTER 11-1:

TOCON: TIMERO CONTROL REGISTER

RAN-1 RAN-1 RIW-1 RAW-1 RAW-1 R/W-1 RAN-1 RAW-1
| TMROON | To8BIT | Tocs | ToSE | PsA TOPS<2:0> .
[pit 7 bit 0
'Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0
-n = Value at POR ‘1" = Bit is set ‘0" = Bitis cleared X = Bit is unknown
bit 7 TMROON: Timer0 On/Cff Control bit
1 = Enables Timer0
0 = Stops Timer0
hit 6 TOSBIT: TimerC 8-bit/16-bit Control bit
1 = Timer0Q is configured as an 8-bit timer/counter
0 = TimerQ is configured as a 16-bit timer/counter
bit 5 TOCS: Timer0 Clock Source Select bit
1 = Transition on TOCKI pin
0 = Internal instruction cycle clock (CLKOUT)
bit4 TOSE: Timer( Source Edge Select bit
1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin
bit 3 PSA: Timer0 Prescaler Assignment hit
1 = Timer0 prescaler is NOT assigned. TimerQ clock input bypasses prescaler.
0 = TimexQ prescaler is assigned. TimerD clock input coimes from prescaler output.
bit 2-0 TOPS<2:0>: Timer0 Prescaler Select bits

REGISTER 13-1:

111 = 1:256 prescale valus
110 = 1:128 prescale value
101 = 1:64 prescale value
100 = 1:32 prescale value
611 =1:16 prescale value
010=18 prescale value
601 =14 prescale value
600 =12 prescale value

T2CON: TIMERZ CONTROL REGISTER

U-0 R/IW-D RW-0 R/W-0 R/W-0 R/W-0 RW-0 R/W-0
. — | T20UTPS3 | T20UTPS2 | T20UTPS1 | T20UTPSO | TMRZON T2CKPS1 T2CKPS0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as 0’
-n = Value at POR 1" = Bit is set ‘0" = Bt is cieared x = Bitis unknown
bit 7 Unimplemented: Read as ‘0’
bit 8-3 T2ZOUTPS3T20UTPSO: Timer2 Cutput Poslscale Select bits
0000 = 1.1 Postscale
0001 = 1:2 Postscale
1111 =1:16 Postscale
bit 2 TMR20ON: Timer2 On bit
1 =Timer2 is on
0 =Timer2 is off
bit 1-0 T2CKPS1:T2CKPS0: TimerZ Clock Prescale Select bits

ac = Prescaler is 1
0% = Prescaleris 4
ix = Prescaler is 18




REGISTER 9-1:  INTCON: INTERRUPT CONTROL REGISTER

RAW-0 RW-D RAW-0 RAN-D RAW-0 R/W-0 RIW-O R/W-x
GIE/GIEH PEIE/GIEL TMROIE INTOIE RBIE THROIF INTOIF RBIFT
bit 7 bito

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as '0’
-n = Value at POR ‘1’ = Bitis set ‘0" = Bit is cleared x = Bit is unknown
bit 7 GIE/GIEH: Global interrupt Enable bit
when IPEN = o:

1 = Enables all unmasked interruplts
i3 = Disables all interrupis
When IPEN = 1°
1 = Enables all high-priority interrupts
& = Disables all interrupts
bit 6 PEIE/GIEL: Peripheral Interrupt Enable bit
When IPEN = ¢:
1 = Enables all unmasked peripheral inferrupts
¢ = Disables all peripheral interrupts

When IPEN = 1:
1 =Enables all low-priority peripheral nferrupts (if GIE/GIEH = 1)
¢ = Disables all low-priority peripheral interrupls
bit 5 TMROIE: TMRO Overflow Interrupt Enable bit
1 = Enables the TMRO overfiow interrupt
& = Disables the TMRO overflow interrupt
bit 4 INTOIE: INTO External Internipt Enable bit
1 = Enables the INTD externat interrupt
i = Disabies the INTO extemal inferrupt
bit 3 RBIE: RB Port Change Interrupt Enable bit
1 = Enables the RB port change interrupt
i; = Disabies the RB port change interrupt
bit 2 TMROIF: TMRO Overflow Interrupt Flag bit
1 = TMRU register has overflowed (must be cleared in software)
o = TMRD register did not overfiow
bit 1 INTOIF: INTO External Intefrupt Fiag bit
1 =The INTO external interrupt occurred (must be cleared in software)
¢ = The INTO external interrupt did not occur
bit 0 RBIF: RB Port Change Interrupt Flag bit!")

1 = Atleast one of the RB7:RB4 pins changed state (musl be deared in software}
i3 = None of the RB7:RB4 pins have changed state



REGISTER 9-2:  INTCONZ2: INTERRUPT CONTROL 2 REGISTER

R/W-1 RAN-1 RMW-1 RAW-1 U-0 R/W-1 u-0 R/AW-1
RBPU INTEDGO | INTEDG1 | INTEDG2 | — | TMROP |  — RBIP
bit 7 bit0
Legend: ]
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1" = Bitis set ‘0" = Bitis cleared % = Bit is unknown
bit7 RBPU: PORTB Pull-up Erable bit

1 = All PORTB pull-ups are disabled

G = PORTB puli-ups are enabled provided that the pin is an input and the corresponding WPUB bit is
set.

bit 6 INTEDGO: External Interrupt 0 Edge Select bit
1 = Interrupt on rising edge
1 = Interrupt on falling edge

bit 5 INTEDG1: External interrupt 1 Edge Select bit
1 = Interrupt on rising edge
0 = Interrupt on falfing edge

bit 4 INTEDG2: External Interruipt 2 Edge Select bit

L = interrupt on rising edge
0 = Interrupt on falling edge

bit 3 Unimplemented: Read as ‘¢’

bit 2 TMROIP: TMRO Overflow interrupt Priority bit
1 = High priority
0= Low priority

bit 1 Unimplemented: Read as ‘¢’

bit © RBIP: RB Port Change Interrupt Priority bit

1 = High priority
0 = Low priority

REGISTER 89-3:  INTCON3: INTERRUPT CONTROL REGISTER 3

RAN-1 RAWW-1 u-0 RAW-0 R/W-0 u-0 R/W-0 R/W-0
T2 | wTup [ T ONT2E [ ONTHE | = ] INT2F INT1iF
bit 7 bit 0
Legend:
R = Readable hit W = Writable hit U = Unimplemented bit, read as '’
-n = Value at POR ‘1" = Bitis set ‘0 = Bitis cleared X = Bit is unknown
bil 7 INT2iP: INT2 External Interrupt Priorily bit
1 = High priority
O = Low prionty
bit8 INTHP: INT1 External Interrupl Priority bit

1 = High priority
G = Low priority
bit 5 Unimplemented: Read as ‘¢’
bit 4 INT2IE: INTZ2 External Interrupt Enable bit
1 = Enables the INT2 external interrupt
0 = Disables the INT2 external interrupt
bit 3 INT1HIE: INT1 External Interrupt Enable bit

1 = Enables the INT1 extemal interrupt
0 = Disables the INT1 external interrupt

bit 2 Unimplemented: Read as ¢’
bit 1 INT2IF: INT2 Extemal Interrupt Flag bit

1= The INT2 external interrupt occurred {must be cleared in software)
1 = The INT2 external interrupt did not occur

bit O INT1IF: INT1 External Interrupt Flag bit

1 = The INT1 external interrupt occurred (must be cleared in software)
0= The INT1 external interrupt did not oceur




REGISTER 17-1: ADCONO: A/D CONTROL REGISTER 0

u-o RMW-B RIW-0 RIW-0 RIW-0 RAN-O RAN-0 RAW-0
e CH5<4.0> GC/DONE ADON
bty bito

Legend:

R = Readable hit W = Writable bit Ui = Unimplemented bit, read as 0’

-n = Value at POR ‘1" =Bilis sef ‘0" = Bit is cleared ¥ = Bit is unknown
bit7 Unimplemented: Read as ‘9’

bit -2 CHS<4:0>: Analog Channel Select bits

31010 = AN1D
31011 = ANtt

411561 = AN13
01110 = ANY4
21111 =AN1IR
i 3= ANiS
1= AN1Y
J1¢=AN18

11001 = AN2&Y
11019 = AN28UY
11011 = AN27Y
11149 = Resenved
11101 =CTMU
11119 =DAC
11111 = FVR BUF2 {1.024V/2 048V/2 008V Volt Fixed Voltage Reference )2
bit1 GO/DONE: A/D Conversion Status bit
i = A/D conversion tycle in progress. Setting this bil starts an A/D conversion cycle.
This bit is automnatically cleared by hardware when the A/D conversion has completed.
¢ = A/D conversion compleied/not in progress
bito ADON: ADC Enable bit
i = ADC is enabled
4 = ADC is disabled and consumes no operating current

Note 1 Avaiable on PIC18{L)F4XK22 devices only.
2:  Allow greater than 15 ps acquisition time when measuring the Fixed Voltage Reference.




REGISTER 17-2:

ADCON1: A/D CONTROL REGISTER 1

R/AW-0 u-0 u-0 U-0 R/W-0 R/W-0 R/W-0
TRIGSEL e PVCFG<1:0> NVCFG<1.0>
bit7 bit 0
Legend: R
R = Readable bit W = Writable bit U = Unimpiemented bit, read as ‘0’
-n= \_/alue at POR = Bi_t is set ‘0" = Bit is cleared X = Bit is unknown

bit 7 TRIGSEL: Special Trigger Select bit

1 = Selects the special trigger from CTMU
0 = Selects the special trigger from CCP5

Unimplemented: Read as '’

PVCFG<1:0>: Positive Voltage Reference Configuration bits

00 = A/ID VREF+ connected to internal signal, AVOD

01 = A/D VREF+ connected to external pin, VREF+

10 = A/D VREF+ connected to internal signal, FVR BUF2

Li = Reserved (by default, A/D VREF+ connected to internal signal, AVoD)
NVCFG<1:0>: Negative Voltage Reference Configuration bits

00 = A/D VREF- connected to internal signal, AVss

01 = A/D VREF- connected to external pin, VRer-

10 = Reserved (by default, A/D VReF- connected to internal signal, AVss)

11 = Reserved (by default, A/D VREF- connected to internal signal, AVss)

bit 6-4
bit 3-2

bit 1-0

REGISTER 17-3: ADCON2: A/D CONTROL REGISTER 2

RMW-0 U-0 RMW-0 R/W-0 R/W-0 R/AW-0 R/W-0 RMW-0
ADFM  [FiiEEE ACQT<2:0> | ADCS<2:0>
hit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0
-n = Value at POR ‘1" = Bitis set ‘0" = Bit is cleared % = Bit is unknown
bit 7 ADFM: A/D Conversion Result Format Select bit

1 = Right justified

0 = Left justified
bit & Unimplemented: Read as ‘¢’
bit 5-3 ACQT<2:0>: A/D Acquisition time select bits. Acquisition time is the duration that the A/D charge
holding capacitor remains connecled to A/D channel! from the instant the GO/DONE bit is set until
conversions begins.

000 = oft)

001 =2 Tap

0i0=47AD

0il =67AD

100 =8 TAaD

101 =12 TaD

110 =16 TaD

111 =20 TAD
bit 2-0 ADCS<2:0>: A/D Conversion Clock Select bits

400 = Fosci2

001 =Fosc/g

310 = FOSCi32

011 = Fre!W (clock derived from a dedicated internal oscillator = 600 kHz nominal)

100 = Fosci4

101 = Fosci6

119 = Fosc/i64

11t = Frel® (clock derived from a dedicaled internal oscitlator = 800 kHz nominal)
Note 1:  When the A/D clock source is selected as FRC then the start of conversion is defayed by one instruction

cycle after the GO/DONE bit is set to aliow the 3LEEFP instruction to be executed.
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REGISTER 21-1: VREFCONO: FIXED VOLTAGE REFERENCE CONTROL REGISTER

R/W-0 R/W-0 R/W-0 RAV-1 u-0 U-0 U-0 u-o
__FVREN | FVRST | FVRS<1:0> s e = E
bit7 _ - hit 0
Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged X = Bit is unknown -nin = Value at POR and BOR/Value at all other Resets
‘1" = Bitis set ‘0’ = Bit is cleared

bit 7 FVREN: Fixed Voltage Reference Enable bit

0 = Fixed Voltage Reference is disabled
1 = Fixed Voltage Reference is enabled
bit 6 FVRST: Fixed Voltage Reference Ready Flag bit
0 = Fixed Voltage Reference output is not ready or not enabled
1 = Fixed Voltage Reference output is ready for use
hit 5-4 FVRS<1.0>: Fixed Voltage Reference Selection bits
0¢ = Fixed Voltage Reference Peripheral output is off
(1 = Fixed Voltage Reference Peripheral output is 1x (1.024V)
10 = Fixed Voltage Reference Peripheral output is 2x (2.048V)(D
11 = Fixed Voltage Reference Peripheral output is 4x (4.096V)("
bit 3-2 Reserved: Read as ‘0’. Maintain these bits clear.
bit 1-0 Unimplemented: Read as ‘0",

Note 1: Fixed Voltage Reference output cannot exceed VoD.

REGISTER 10-3: ANSELA — PORTA ANALOG SELECT REGISTER

u-0 U-0 RIW-1 u-o RIW-1 RIW-1 RAW-1 RAW-1
Ciiemnlen ] ANBAS [ iesiiE ANSAS ANSA2 ANSA1 ANSAD
bit 7 _ hit 0
Legend: 1\
R = Readabie bit W = Writable bit U = Unimplemented bit, read as ‘0’ j

\

-n = Value at POR 1" = Bit is set ‘0’ = Bit is cleared X = Bit is unknown :
bit 7-6 Unimplemented: Read as 'o’
bit 5 ANSAS: RA5 Analeg Select bit

1 = Digital input buffer disabled
0 = Digital input buffer enabled

bit 4 Unimplemented: Read as ‘¢’
bit 3-0 ANSA<3:0>: RA<3:0> Analog Select bit

1 = Digital input buffer disabled
¢ = Digital input buffer enabled

Vi



REGISTER 14-1: CCPxCON: STANDARD CCPx CONTROL REGISTER

U0 U-0 RW-0 RW-0  RWO RW-0 RW-0 RIW-0
= e BoxB< 0> [ CCPXM<30>
bit7 bit G
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as (¥
u = Bit is unchanged % = Bit is unknown -1vn = Value at POR and BORMalue at all other Reset
1= Bit s sel Y = Bitis ¢leared
bt 7-6 Unused
bit 54 DCxB<1:0>: PWM Duty Cycle Least Significant bits
Caplure mode;
Unused
m
Unused
PWM mode:
These bits are the two LSbs of the PWM duty cycle. The eight MSbhs are found in CCPRxL
it 3-0 CCPxM<3:0>: ECCPx Mode Select bits

5000 = Caplure/Compare/PWM off {resets the module}
2001 = Reserved

3010 = Compare mode: toggle output on match

2011 = Reserved

2104 = Caplure mode: every falling edge
= Capture mode: every rising edge

= Caplure mode: every 4th rising edge
1 = Caplure mode: every 18th rising edge

1000 = Compare mode: set output on compare match {CCPx pinis set, CCPIF 1s set)
01 = Compare mode: clear oulput on compare match (CCPx pin is cleared, CCPxIF is sat)

4

1010 = Compare mode: generale software interrupt on compare match {CCPx pin is unaffected,
CCPxiF is sef)
1711 = Compare mode: Spetial Event Trigger (CCPx pin is unaffected, CCPxIF is se)
TimerX {selected by CxTSEL bits) is reset
ADON is set, starting A/D conversion # A/D module is enabled!V
Lixx = PWM mode
Note 1: This feature is available on CCP5 only.

PR? — PWM pel;iod L
TMR2PS"4"Tosc

EQUATION 14-3: DUTY CYCLE RATIO

(CCPRYL:CCPXCON<5:4>)
4(PRx +1)

Duty Cycle Ratio =

vii




Pulse Width = (CCPRxL:CCPxCON<5:4>) e

Tosc e (TMRx Prescale Value)

Pulse width = Duty cycle x Tpwm
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17cy =
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RAO/C12INO-FANO RCO/P2B/TICKITIG/T1CKI/SOSCO
RA1/C12IN1-/AN1 RC1/PZAICCP2/S0SCI
RA2/C2IN+/AN2/DACOUT/VREF- RC2/ICTPLS/P1A/ICCP1/TECKIIAN14
RAJICHIN+HAN3INREF+ RC3/SCK1/SCL1/AN1S
RAMC'%OUT/SRQI'T?_C_@ RC4/SDI1/SDA1/AN16
RAS/C20UT/SRNQ/SS1/HLVDIN/ANA RCS/SDO1/AN17
RAG/CLKO/OSC2 RC6/TX1/CK1/AN18
RA7/ICLKI/OSCAH RC7/RX1/DT1/AN19
RDO/SCK2/SCL2/AN20
RBO/ANTOFLTO/SRIFAN12 RD1/CCP4/SDI2/SDAZ2IAN21
RB1/INT1/C12IN3-/AN10 RDZ#’E%@:‘AN?Z
RB2/ANTZ2/CTED1/ANS RD3/P2C/SS2/AN23
RB3/CTED2/P2A/CCP2/C12IN2-/ANS RD4/P2DISDO2/AN24
RB4/10CO/TSG/ANT1 RDS5/IP1B/ANZ2S
RBSAOC1/P3A/CCP3/T3CKI/T1G/ANTS RD6/P1C/TX2/CK2/AN26
RB&AOC2/IPGTC RD7/P1D/IRX2/DT2/IANZT

RB7/10C3/PGD
REO/P3A/CCP3/AND
RE1/P3B/ANG

REZ2/CCP5/AN7 |
MCLRNPP/RE] e

e fom OO §CO
o

PIC18F45K22
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