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PSDE5013 Main Exam

Question 1

(a) Configure the microcontroller for an interrupt routine which will interrupt the processor
every 10ms when a 10MHZ crystal clock is used.
Give the necessary configuration details for the relevant function registers using the
data sheets in the appendix. [8]

(b) Using the configuration from part (a), create an interrupt routine (ISR) in C code that will
count the minutes and hours for a digital clock with a 10MHZ internal clock.

Use in — line comments to explain the code given the following global variables have
already been declared and initialised: -

[6]

int milli =0, secs =0, mins =0, hrs = 10;

(c) Create a typical state diagram that explains the alarm functions of a digital alarm clock.
This will include: - [8]

(i) Alarm time display

(if) Alarm mins increment and decrement
(iii) Alarm hrs increment and decrement
(iv) Alarm set and cancel

(v) Alarm output on / off

(d) Create a C program that implements the state diagram from part (c). Include in the
code the necessary inputs, outputs, function prototypes and global variables given.

[12]
void LCD_Startup();
void DisplayTime (int line);
void DisplayAlarmTime (int line);
void DisplaySetAlarmTime (int line);
int alarm, state, alarm_mins, alarm_hrs;
[34 marks]
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Question 2

(a) A PIC microcontroller has many on — board peripherals, one of them is an ADC
(Analogue to Digital Converter). Use the data sheets provided in the appendix to configure
the special function registers (SFR’s] for the ADC to read four continuous analogue
signals from various sensors connected to analogue channels ANO, AN1, AN6, AN7.

The ADC is to be configured for 10 bit resolution with a conversion clock rate of
Fosc/32.

Use positive and negative reference voltages connected to RA2 and RA3 in the
configuration. [9]

(b) The measurements taken at the ADC channel ANO are recorded in the table shown in
Figure Q2B. The temperature ranges between 0° and 12°C and the raw value 50 from
the ADC must be converted into 0°. Explain why 52 elements must be used in the array
for the look up table and explain the look up table function. [6]

5V

emp | ADC Value
50
54
58
62
66
72
76
80
84
90
10 94
11 98
12 101

MCU

ANO

O O|NOO|UO|PARWINFROIH

ov
Figure Q2B

(c) Create an array in C code using the look up table in part (b). [6]

(d) If the look up table in part (c) has been declared as a global variable, write the main
function in C code that samples the ADC and displays the temperature.
Use the following function prototypes given below and include all configuration.

[13]
void LCD_Startup();
void Display_LCD_Value (int line, int value);
void Delay (int t);
[34 marks]
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Question 3

(@) Using the system shown below in Figure Q3A as reference, explain how the MCU
reads the encoder pulses and how can this be tested.

Include all configurations and code snippets. [14]
Liata rr'/ 4
Port B
Control 7 3 |
Alphanvmeric 2000 RPM
Licpad Cryvstal
Display(LCD)
PIC16F877
Motor Supply
Permanent magnet —
DC motor \\ I\-'I\\l' i
600 ppr
Timer H_I_I_I_I_ ,f"/
input RCO
Optical encoder
PWM sigmal | TRF330 power
| U L -
PWAIA
output RC2 =
| 10K

Figure Q3A

(b) Create the C code for an optical encoder input at RCO and display the measured value on
the LCD in RPM (Revolutions Per Minute).

The encoder gives 600ppr and the display should be updated every 100ms.
Use the function prototypes given and include all configurations. [12]

DisplaySpeed (int line, int value);
LCD_Startup();

(c) Using the circuit in Figure Q3A, create a C program that will drive the DC motor using a

pulsed signal. Show all configurations and set duty cycle at 75% in 10-bit resolution
mode of operation.

8]

[34 marks]
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Question 4

(a) With reference to the circuit shown in Figure Q4A of a PIC microcontroller port D,
explain using a diagram and snippets of C code how a 3 x 4 keypad encoder can be

implemented.
[14]
$8% p3. zzzszsss
RoMPSPD 2 C!
RD1PSP1 j‘;’ ::
RD2PSP2 [——
RDWPSP3 [— -
RDAPSP4 ;; —y "
RD&PSPS o RC L L
RDEPSPE s "
RoTPSP? 0 RO .
PIC1EFETT

Uk

10k

Figure Q4A

(b) The keypad encoder function is to input a set value which can be displayed on the LCD
display. This value is returned from a scan function which detects key press events.
[12]

Create a C program that handles this returned value and implement a constraint and a
reset for the value entered. Use in line comments to explain the code.

Use the following scan function that returns a key press value:

int ScanKeypad ();
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(c) If the keypad encoder has four key entries to be displayed on the LCD in units, tens,
hundreds and thousands units order, create a function that will handle the

four inputs and order the display. Use in line comments to explain the C code.
Use the function prototypes given:-

[8]

void DisplayValue(int line, int value);
void DisplayString(int line, char string);

[34 marks]
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2221 STATUS Register

The STATUS register contains the arithmetic status of
the ALU, the RESET status and the bank select bits for
data memory.

The STATUS register can be the destination for any
instruction, as with any other register. If the STATUS
register is the destination for an instruction that affects
the Z, DC or C bits, then the write to these three bits is
disabled. These bits are set or cleared according to the
device logic. Furthermore, the TO and PD bits are not
writable, therefore, the result of an instruction with the
STATUS register as destination may be different than
intended.

REGISTER 2-1:

For example, CLRF STATUS will clear the upper three
bits and set the Z bit. This leaves the STATUS register
as 000u uluu (where u = unchanged).

it is recommended, therefore, that only BRCF, BSF,
SWAPF and MOVWF instructions are used to alter the
STATUS register, because these instructions do not
affect the Z, C or DC bits from the STATUS register. For
other instructions not affecting any status bits, see the
“Instruction Set Summary.”

STATUS REGISTER (ADDRESS 03h, 83h, 102h, 183h)

R/W-0 RAW-0 R/W-0 R-1 R-1 RAW-x R/W-x RW-x
[ IRP RP1 | RPO 0 B | z | oc | ¢ |
bit 7 bit 0
bit 7 IRP: Register Bank Select bit (used for indirect addressing)
1 = Bank 2, 3 (100h - 1FFh}
0 = Bank 0, 1 (00h - FFh)
bit 6-5 RP1:RPO: Register Bank Select bits (used for direct addressing}

11 = Bank 3 (180h - 1FFh)
10 = Bank 2 (100h - 17Fh)
01 =Bank 1 (80h - FFh}
00 = Bank 0 {O0h - 7Fh)
Each bank is 128 bytes

bit 4 TO: Time-out bit

1 = After power-up, CLEWDT instruction, or SLEEP instruction

o = AWDT time-out occurred
bit 3 PD: Power-down bit

1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction

bit 2 Z: Zero bit

1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero

bit 1 DC: Digit carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)

(for borrow, the polarity is reversed)

1 = A carry-out from the 4th low order bit of the result occurred
0 = No carry-out from the 4th low order bit of the result
hit 0 C: Carry/borrow bit (ADDWE, ADDLW, SURLW, SUBWF instructions)

1 = A carry-out from the Most Significant bit of the result occurred
¢ = No carry-out from the Most Significant bit of the result occurred

Note: For borrow, the polarity is reversed. A subtraction is executed by adding the iwo's
complement of the second operand. For rotate (RRF, RLF) instructions, this bit is
loaded with either the high, or low order bit of the source register.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- = Value at POR "= Bitis set 'Y = Bit is cleared x = Bit is unknown

DS30292C-page 18
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2222 OPTION_REG Register

The OPTION_REG Register is a readable and writable
register, which contains various control bits to configure
the TMRO prescaler/ DT postscaler (single assign-
able register known also as the prescaler), the External
INT Interrupt, TMRO and the weak pull-ups on PORTB.

REGISTER 2-2: OPTION_REG REGISTER (ADDRESS 81h, 181h)

RW-1  RMW-1 RW-T R R/W-1 RW-1  RW-1_ RW-1
[ RBPU | INTEDG [ TOCS | TOSE | PSA | PS2 PS1 PS0
bit 7 bit 0
bit 7 RBPU: PORTB Pull-up Enable bit

1 = PORTB pull-ups are disabled

0 = PORTRB pull-ups are enabled by individual port |atch values
bit 6 INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RBO/INT pin

0 = Interrupt on falling edge of RBO/INT pin
bit 5 TOCS: TMRO Clock Source Select bit

1 = Transition on RA4/TOCKI pin

0 = Internal instruction cycle clock (CLKOUT)
hit 4 TOSE: TMR(Q Source Edge Select bit

1 = Increment on high-to-tow transition on RA4/TOCKI pin

0 = Increment on fow-to-high transition on RA4/TOCKI pin
bit 3 PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer(® module

bit 2-0 PS2:PS0: Prescaler Rate Select bits
Bit Value TMRO Rate WDT Rate
000 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:186 1:8
100 1-32 1:16
101 1:64 1:32
110 1:128 1:64
111 1: 256 1:128
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as 0’
- n = Value at POR "1’ = Bit is set 0" = Bit is cleared X = Bitis unknown

Note: When using low voitage ICSP programming (LVP) and the pull-ups on PORTB are enabled, bit 3
in the TRISB register must be cleared to disable the pull-up on RB3 and ensure the proper oper-
ation of the device

@ 2001 Microchip Technology Inc. D530292C-page 19
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2223 INTCON Register

The INTCON Register is a readable and writable regis-
ter, which contains various enable and flag bits for the
TMRO register overfiow, RB Port change and External
RBOANT pin interrupts.

REGISTER 2-3:  INTCON REGISTER (ADDRESS 0Bh, 8Bh, 10Bh, 18Bh)

RWO  RW-0 RW-O  RW-0 RW-0  RWO RWO  RWx
GE | PEE | TOIE | INTE RBE | TOF | INTF | RBIF |
bit 7 bit 0
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 inferrupts
0 = Disables all peripheral interrupts
bit & TOIE: TMRO Overflow Interrupt Enabie bit
1 = Enables the TMRO interrupt
¢ = Disables the TMRO interrupt
hit 4 INTE: RBO/INT External Interrupt Enable bit
1 = Enables the RBO/INT external interrupt
o = Disables the RBOU/INT external interrupt
pit3 RBIE: RB Port Change interrupt Enabie bit
1 = Enabies the RB port change interrupt
0 = Disables the RB port change interrupt
bit 2 TOIF: TMRO Overflow Interrupt Flag bit
1 = TMRO register has overflowed (must be cleared in software)
¢ = TMRO register did not overflow
bit 1 INTF: RBO/INT External Interrupt Flag bit
1 = The RBO/INT external interrupt occurred (must be cleared in software)
0 = The RBWU/INT external interrupt did not occur
bit 0 RBIF: RB Port Change Interrupt Flag bit

1 = At least onhe of the RB7:RB4 pins changed state; a mismatch condition will continue to set
the bit. Reading PORTB will end the mismatch condition and allow the bit to be cleared
{must be cleared in software).

0 = None of the RB7:RB4 pins have changed state

Legend: .
R = Readable bit W = Writable bit U = Unimpiemented bit, read as "0’
- n = Vaiue at POR 1" = Bit is set ‘0’ = Bitis cleared x = Bit is unknown
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50 TIMERO MODULE Counter mode is selected by setting bit TOCS

(OPTION_REG<5>). In Counter mode, Timer0 will
The Timer0 module timer/counter has the following fea- increment either on every rising, or falling edge of pin
tures: RA4/TOCKI. The incrementing edge is determined by
« 8-bit timer/eounter the Timer0) Source Edge Select bit, TOSE

{OPTION_REG<4>). Clearing bit TOSE selects the ris-
ing edge. Restrictions on the external clock input are
discussed in detail in Section 5.2,

* Readable and writable
- 8-bit software programmable prescaler
« fnternal or external clock select

. . fw
« Interrupt on overflow from FFh to 00h The prescaler is mutually exclusively shared between

the Timer® module and the Watchdog Timer. The pres-
+ Edge select for external clock caler is not readable or writable. Section 5.3 details the
Figure 5-1is a block diagram of the Timer0 module and operation of the prescaler.

the prescaler shared with the WDT.

Additional information on the Timer0 module is avail- 51 Timer0 Interrupt

able in the PICmicro™ Mid-Range MCU Family Refer- The TMRQ interrupt is generated when the TMRO reg-
ence Manual (DS33023). ister overflows from FFh to 00h. This overflow sets bit
Timer mode is selected by clearing bit TOCS TOIF (INTCON<2>). The inferrupt can be masked by
(OPTION_REG<5>). In Timer mode, the Timer0 mod- Clearmg' bit TOIE (INTCO!\J<5>). Bit TOIF must be
ule will increment every instruction cycle (without pres- cleared in software by the Timer0 module Interrupt Ser-
caler). If the TMRO register is written, the increment is vice Routine before re-enabling this interrupt. The
inhibited for the following two instruction cycles. The TMRO interrupt cannot awaken the processor from
user can work around this by writing an adjusted vaiue SLEEP, since the timer is shut-off during SLEEP.
to the TMRO register.
FIGURE 5-1: BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER
CLKQUT (= Fosci4) Data Bus
v 8
o M 1 %
RA4/TOCKI ;J( M SYNG
pin 7 0 U - 2 TMRG Reg
) X Cycles
TOSE T f
oGS PSA Set Flag Bit TOIF
an Overilow
PRESCALER
- - - - - - =
0 | - B-bit Prescaler !
o !
u
Waichdog X 8 }
Timer | |
T | 8 -to- TMUX —— PS2:PSO |
T PSA L - o — a
o | 1

WDT Enable bit

MUX [e—— PSA

wDT
Time-out

Note: TOCS, TOSE, PSA, PS2:PS0 are (OPTION_REG<5:0>).

© 2001 Microchip Technology Inc. DS30292C-page 47
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5.2 Using Timer0 with an External Timerd madule means that thers is no prescaler for the

Clock Watchdog Timer, and vice-versa. This prescaler is not
readable or writable (see Figure 5-1).

When no prescaler is used, the external clock input is The PSA and PS2:PSO bits (OPTION REG<3:0>)

the same as the prescaler output. The synchronization

. . i | i d prescale ratio.
of TOCKI with the internal phase clocks is accom- defermine the prescaler assignment and p e raflo

plished by sampling the prescater output on the Q2 and When assigned to the Timer0 module, all instructions
Q4 cycles of the internal phase clocks. Therefore, it is writing to the TMRO register (e.9. CLRF 1, MOVWF 1,
necessary for TOCKI to be high for at least 2Tosc (and BSF 1, x....etc.} will clear the prescaler. When assigned
a small RC delay of 20 ns) and low for at least 2Tosc to WDT, a CLRWDT instruction will clear the prescaler
{and a smali RC delay of 20 ns). Refer to the electrical along with the Watchdog Timer. The prescaler is not
specification of the desired device. readable or writable.

53 Prescaler

There is only ane prescaler available, which is mutually
exclusively shared between the Timer0 module and the
Watchdog Timer. A prescaler assignment for the

REGISTER 5-1:  OPTION_REG REGISTER

RAN-1 RAW-1 RAN-1 RAN-1 RANV-1 RAN-1 RAN-1 RAN-1
RBPU | INTEDG | T0CS TOSE PSA Ps2 P31 Pso
bit 7 bit 0
bit 7 RBPU
hit 6 INTEDG
hit5 TOCS: TMRO Clock Source Select bit

1 = Transition on TOCKI pin

0 = Internal instruction cycle clock (CLKOUT)
bit 4 TOSE: TMRO Source Edge Select bit

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

0 = Increment on low-to-high transition on TOCK! pin
bit 3 PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT

0 = Prescaler is assigned to the Timer0 module

hit 2-0 PS2:PS0: Prescaler Rate Select bits
Bit Value TMRO Rate WDT Rate
000 1:2 1:1
0ol 1:4 1:2
010 1:8 1:4
011 1:18 1:8
100 1:32 1:16
101 1:64 1:32
i10 1:128 1:64
111 1:256 1:128
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as '/
- n = Value at POR ' = Bitis set Q" = Bit is cleared X = Bitis unknown

DS30292C-page 48 © 2001 Microchip Technology Ine.
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TABLE 5-1: REGISTERS ASSOCIATED WITH TIMEROD

Value on: | Value on

Address Name Bit7 Bité |Bit5|Bit4] Bit3 | Bit2 | Bit1 | Bit0 POR, all other

BOR RESETS

01h,101h | TMRO Timer0 Module's Register KXXX XXX | uuuu wuuu
0Bh,8Bh, |[INTCON GIE PEIE TOIE & TOIF

0000 000x} 0000 Q00U

10Bh,18Bh

81h,181h |OPTION REG TOCS TGSE|"P5 [ Ps2 | Psi

Legend: x = unknown, u = unchanged, - = unimplementad locations read as '0".
Shaded cells are not used by Timer.

PSO 1111 1111|1111 1111

© 2001 Microchip Technology Inc. DS30292C-page 49
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11.0 ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D} Converter module has five
inputs for the 28-pin devices and eight for the other
devices.

The analog input charges a sample and hold capacitor.
The output of the sample and hold capacitor is the input
into the converter. The converter then generates a dig-
ital result of this analog level via successive approxima-
tion. The A/D conversion of the analog input signal
results in a corresponding 10-bit digital number. The
A/D module has high and low voltage reference input
that is software selectable to some combination of VoD,
Vss, RAZ, or RA3.

The A/D converter has a unique feature of being able
to operate while the device is in SLEEP mode. To oper-
ate in SLEEP, the A/D clock must be derived from the
A/D’s internal RC osciilator.

REGISTER 11-1:

RW-0 RAN-D RIW-0

RW-0

The A/D module has four registers. These registers
are:

= A/D Result High Register (ADRESH)

* AJ/D Result Low Register (ADRESL}

« A/D Control Registerd (ADCONDO)

< A/D Control Register? (ADCON1)

The ADCONO register, shown in Register 11-1, con-
trols the operation of the A/D module. The ADCONT
register, shown in Register 11-2, configures the func-
tions of the port pins. The port pins can be configured

as analog inputs (RA3 can also be the voltage refer-
ence), or as digital /0.

Additional information on using the A/D module can be
found in the PICmicro™ Mid-Range MCU Family Ref-
erence Manual (BS33023).

ADCONO REGISTER (ADDRESS: 1Fh)

RAW-0 RIW-0 U-0 RAN-0

| Apcst | ADCso | cHs2 | CHSt

l CHSO GO/CONE ADON

bit 7

bit 7-6
oo = Fosc/2
01 =Fosc/8
10 = Fose/32

kit 0

ADCS1:ADCS0: A/D Conversion Clock Select bits

11 = FRC (clock derived from the internal A/D module RC oscillator)

bit 5-3 CHS2:CHS0: Analog Channel Salect bits
000 = channel 0, (RAG/ANQ)

001 = channel 1, {RA1/AN1)

010 = channel 2, {RAZ/ANZ)

011 = channel 3, {RA3/AN3)

100 = channel 4, (RAS5/AN4)

101 = channei 5, (REO/ANS)T

116 = channe! &, (REV/ANB) Y

111 = channel 7, (RE2/ANTYY

GO/DONE: A/D Conversion Status bit
HADON = 1:

bit 2

1 = A/D conversion in progress {setting this bit starts the A/D conversion)
0 = A/D conversion not in progress (this bit is automatically cleared by hardware when the A/D

conversion is complete}
Unimplemented: Read as 0’

ADON: A/D On bit
1 = A/D converter module is operating

bit 1
bit &

o = A/D converter module is shut-off and consumes no operating current

Note 1: These channels are not available on PIC16F873/876 devices.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as '0’
- n = Value at POR ' = Bit is set '0" = Bit is cleared % = Bif is unknown

® 2001 Microchip Technology Inc.
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REGISTER 11-2: ADCON1 REGISTER (ADDRESS 9Fh)

-0 U-0 RAN-0 U-0 R/W-0 RW-0 RAWN-0 R/W-0
ADFM : ; PCFG3 PCFG2 PCFG1 PCFGO
bit 7 bit 0
bit 7 ADFM: A/D Result Format Select bit

1 = Right justified. 6 Most Significant bits of ADRESH are read as ‘0",
0 = Left justified. 6 Least Significant bits of ADRESL are read as ‘0.

bit 6-4 Unimplemented: Read as 0"
hit 3-0 PCFG3:PCFGO: A/D Port Configuration Control bits:

PCFG3: | AN7I"M | AN6(™ | ANS!"| AN4 | AN3 | AN2 | ANT | ANO |\ 1\ | CHaN/

PCFGO | RE2 | RE1 | REO | RA5S | RA3 | RA2 | RA1 | RAD Refs@
0000 A A A A A A A A Voo Ves 80
0001 A A A A VREF+ A A A RA3 Vss 71
0010 D D D A A A A A VoD Vss 50
0011 D D [»] A VREF+ A A A RA3 Vss 4/
0100 D D D D A D A A Voo V33 310
0101 D [n] 3] D VREF+ D A A RA3 Vas 211
011x 3] D 2} D D D D D Vop Vss 0/0
1000 A A A A VREF+ 1 VREF- | A A RA3 RA2 6/2
1001 ¥ D A A A A A A VDD Vas 6/0
1010 D D A A VREF+ A A A RA3 Vss 51
1011 D D A A VREF+ | VREF- | A A RA3 RA2 4/2
1100 o] D D A VREF+ | VREF- A A RA3 RA2 3/2
1101 o] D D D VREF+ | VREF- A A RA3 RA2 2/2
1110 D D D D D D D A VDD Vss 1/0
1111 D D D D VREF+ | VREF-| D A RA3 RA2 112

A = Analog input D = Digital /O

Note 1: These channels are nof available on PIC16F873/876 devices.
2: This column indicates the number of analeg channels available as A/D inputs and
the number of analog channels used as voltage reference inputs.

Legend:

R = Readabie bit W = Writable bit U = Unimpiemented bit, read as ‘0’

-n =Value at POR 1’ = Bit is set '}’ = Bit is cleared % = Bit is unknown
The ADRESH:ADRESL registers contain the 10-bit To determine sample time, see Section 11.1. After this
resuit of the A/D conversion. When the A/D conversion acquisition time has elapsed, the A/D conversion can
is complete, the resultis loaded into this A/D result reg- be started.

ister pair, the GO/DONE bit (ADCONO0<2>) is cleared
and the A/D interrupt flag bit ADIF is set. The block dia-
gram of the A/D module is shown in Figure 11-1.

After the A/D module has been configured as desired,
the selected channel must be acquired before the con-
version is started. The analog input channels must
have their corresponding TRIS bits selected as inputs.

DS30292C-page 112 @ 2001 Microchip Technology Inc.
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These steps should be followed for doing an AR
Conversion:
1. Configure the A/D module:
» Configure analog pins/voltage reference and
digital YO {ADCON1)
+ Select A/D input channel (ADCON()
» Select A/D conversion clock (ADCONQ)
= Turn on A/D module (ADCONO)
2. Configure A/D interrupt (if desired):
« Clear ADIF bit

Wait the required acquisition time.

Start conversion:

+ Set GO/DONE bit (ADCONGO)

Wait for A/D conversion to complete, by either:

+ Polling for the GO/DONE bit to be cleared
(with interrupts enabled); OR

» Waiting for the A/D interrupt

Read A/D result register pair
(ADRESH:ADRESL), clear bit ADIF if required.
For the next conversion, go to step 1 or step 2,
as required. The A/D conversion time per hit is

\o 001
T & RAT/ANA

» Set ADIE bit i .
. SetPEIE b'lt defined as TaD. A minimum wait of 2TaD is
& ) ! required before the next acquisition staris.
+ Set GIE bit
FIGURE 11-1: A/D BLOCK DIAGRAM
CHS2:.CHS0
' 111
; : RE2/AN7(D
: 10 RE1/ANB(M
: 101 -
: } REO/ANST
X 100 -
' RASB/AN4
VAIN ! \
{Input Voltage) 1 \O_‘(&:_“_% RA3ANINVREF+
: 010 .
AD ; \\r v % RA2/AN2/VREF-
Converter ! .

% RAQ/AND

PCFG3:PCFGO

MNote 1: Notavailablie on PIC18FB873/876 devices.

VREF+ z - :
(!\?fefgen;:e X G 2
oltage Ve e s
lifl
PCFG3:PCFGO
VREF- E o :
{Reference ! '
Voltage) [ I
T ves
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6.0 TIMER1 MODULE

The Timer1 module is a 16-bit timer/counter consisting
of two 8-bit registers (TMR1H and TMR1L), which are
readable and writable. The TMR1 Register pair
{(TMR1H:TMR1L)} increments from 000Ch to FFFFh
and rolls over to 0000h. The TMR1 Interrupt, if enabled,
is generated on overflow, which is latched in interrupt
flag bit TMR1IF {PIR1<0>). This interrupt can be
enabled/disabled by setting/clearing TMR1 interrupt
enable bit TMR1TIE (PIE1<0>}).

Timer1 can operate in one of twa modes:

+ As atimer
» As a counter

The operating mode is determined by the clock select
bit, TMR1CS (T1CON<1>).

REGISTER 6-1:

In Timer mode, Timeri increments every instruction
cycle. In Counter mode, it increments on gvery rising
edge of the external clock input.

Timert can be enabled/disabled by setting/clearing
control bit TMR1ON (T1CON<0>).

Timer1 also has an internal “RESET input”. This
RESET can he generated by either of the two CCP
modules (Section 8.0). Register 6-1 shows the Timer1
control register.

When the Timer1 oscillator is enabled (T10OSCEN is
set), the RC1/T10SI/CCP2 and RCO/T10SOM1CKI
pins become inputs. That is, the TRISC<1:0> value is
ignored, and these pins read as '0".

Additional information on timer modules is available in
the PICmicro™ Mid-Range MCU Family Reference
Manual (DS33023).

T1CON:; TIMER1 CONTROL REGISTER (ADDRESS 10h)

u-o u-0 R/W-0 R/W-0 R/W-0 R/W-0 RW-0 RAV-0
[ — ] = [71ckps1]|T1CKPSO| T10SCEN |TISYNC | TMR1CS | TMRION
bit 7 bit ¢
bit 7-6 Unimplemented: Read as '¢/
bit 54 T1CKPS1:T1CKPSO0: Timer1 Input Clock Prescale Select bits

11 = 1.8 Prescale value
10 = 1:4 Prescale vaiue
01 = 1:2 Prescale value
00 =1:1 Prescale value

bit 3 T1QSCEN: Timer1 Oscillator Enable Control bit

1 = Oscillator is enabled

0 = QOscillator is shut-off {the oscillator inverter is furned off to eliminate power drain)
bit 2 T1SYNC: Timer1 External Clock Input Synchronization Control bit

When TMR1CS = 1;

1 = Do not synchronize exfernal clock input

0 = Synchronize external clock input

When TMRI1CS = 0:

This bit is ignored. Timer? uses the internal clock when TMR1CS = 0.
bit 1 TMR1CS: Timert Clock Source Select bit
1 = External clock from pin RCO/T10SO/T1CKI (on the rising edge)

¢ = Internal clock (Fosc/4)
bit 0 TMR1ON: Timer1 On bit

1 = Enables Timer1i
0 = Stops Timer1

l.egend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1" = Bit is set '0" = Bit is cleared x = Bit is unknown

© 2001 Microchip Technalogy Inc.
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6.1

Timer mode is selected by clearing the TMRI1CS
{T1CON<1>} bit. In this mode, the input clock fo the
timer is Fosc/4. The synchronize control bit T1SYNC
{T1CON<2>) has no effect, since the internal clock is
always in sync.

Timer1 Operation in Timer Mode

TIMER1 INCREMENTING EDGE

6.2

Timer! may operate in either a Synchronous, or an
Asynchronous mode, depending on the setting of the
TMR1CS bit.

When Timer1 is being incremented via an external
source, increments ocour on a rising edge. After Timer1
is enabled in Counter mode, the module must first have
a falling edge before the counter begins to increment,

Timer1 Counter Operation

FIGURE 6-1:
T1CKI —
{Default High)
$ 4 t } 4
T1CK!
(Default Low) —
4 4 } 4
Note: Arrows indicate counter increments.

8.3 Timer1 Operation in Synchronized

Counter Modse

Counter mode is selected by setting bit TMR1CS. In
this made, the timer increments on every rising edge of
clock input on pin RC1YT10SI/CCP2, when hit
T108CEN is set, or on pin RCO/T10SO/T1CKI, when
bit TTOSCEN is cleared.

FIGURE 6-2: TIMER1 BLOCK DIAGRAM

If TAISYNC is cleared, then the external clock input is
synchronized with internal phase clocks. The synchro-
nization is done after the prescaler stage. The
prescaler stage is an asynchronous ripple-counter.

In this configuration, during SLEEP mode, Timer1 wilf
not increment even if the external clock is present,
since the synchronization circuit is shut-off. The
prescaler, however, will continue to increment.

Set Flag bit
TMR1IF on

0l Synchronized

QOvarflow
TMR1 Clock Input
TMR1H | TMRIL .
1 -—
TMR1ON
: TT;C")S“(S - OnfOff TISYNC
RCOT1OSOMTICK! % P [ 1 i
: | [ Prescaler Synchranize |
: —T10SCEN  Fosci + 2.4, _f det
- : . Enable ¢y Internal— 0 I
RC1/T10SI/CGP2 Oscillator™” Clock /T’ 2 G Clock

Note 1: When the T10OSCEN bit is cleared, the inverter is turned off. This eliminates power drain.

T1CKPS1:T1CKPS0
TMR1CS
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6.4  Timeri Operationin
Asynchronous Counter Mode

if control bit T1SYNC (T1CON<2>) is s&t, the external
clock input is not synchronized. The timer continues to
increment asynchronous to the internal phase clocks.
The fimer will continue to run during SLEEP and can
generate an interrupt-on-overflow, which will wake-up
the processor. However, special precautions in soft-
ware are needed to read/write the timer (Section 6.4.1).

In Asynchronous Counter mode, Timer1 cannot be
used as a time-base for capture or compare opera-
tions.

6.4.1 READING AND WRITING TIMER1 IN
ASYNCHRONOQUS COUNTER
MODE

Reading TMR1H or TMR1L while the timer is running
from an external asynchronous clock, will guaranteg a
valid read (laken care of in hardware). However, the
user should keep in mind that reading the 16-bit fimer
in two 8-bit values itself, poses certain problems, since
the timer may overfiow between the reads.

For writes, it is recommended that the user simply stop
the timer and write the desired values. A write conten-
tion may oceur by writing to the timer registers, while
the register is incrementing. This may produce an
unpredictable value in the timer register.

Reading the 16-bit value requires some care. Exam-
ples 12-2 and 12-3 in the PICmicro™ Mid-Range MCU
Family Reference Manual (DS33023) show how fo
read and write Timer1 when it is running in Asynchro-
nous moede.

6.5 Timeri Oscillator

A crystat oscillator circuit is built-in between pins T108I
{input) and T10S0 (amplifier cutput). it is enabled by
setting controf bit T1OSCEN (T1CON<3>). The oscilla-
tor is a low power oscillator, rated up to 200 kHz. 1t will
continue to run during SLEEP. It is primarily intended
for use with a 32 kHz crystal. Table 6-1 shows the
capacitor selection far the Timer1 oscillator.

The Timer1 oscillator is identical to the LP oscillator.
The user must provide a software time delay to ensure
proper oscillator start-up.

TABLE 6-1: CAPACITOR SELECTION FOR
THE TIMER1 OSCILLATOR
Osc Type Freq. c1 Cc2
LP 32 kHz 33 pF 33 pF
100 kHz 15 pF 15 pF
200 kHz 15 pF 15 pF

These values are for design guidance only.

Crystals Tested:

32.768 kHz | Epson C-001R32.768K-A | £ 20 PPM
100 kHz Epson C-2 100.00 KC-P | £ 20 PPM
200 kHz STD XTL 200.000 kHz | + 20 PPM

Note 1: Higher capacitance increases the stabifity
of oscillator, but also increases the start-up
fime,

2: Since each resonator/crystal has its own
characterislics, the user should consult the
resonator/crystal manufacturer for appro-
priate values of external components.

6.6 Resetting Timer1 using a CCP
Trigger Output

if the CCP1 or CCP2 module is configured in Compare
mode to generate a “special event frigger”
(CCPIM3:CCP1MO = 1011), this signal will reset
Timeri.

‘Note: = The "special event friggers from the CCP1
L and CCP2 modules -will not: set mterrupt
flag bit TMR1IF {PIR1<0>).

Timer1 must be configured for either Timer or Synchro-
nized Counter mode to take advantage of this feature.
If Timert ig running in Asynchronous Counter mode,
this RESET operation may not work.

In the event that a write fo Timer1 coincides with a spe-
cial event trigger from CCP1 or CCP2, the write will
take precedence.

in this mode of operation, the CCPRxH:CCPRXL regis-
ter pair effectively becomes the period register for
Timer1.

@ 2001 Microchip Technology Inc.
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6.7 Resetting of Timer1 Register Pair
(TMR1H, TMR1L)

TMR1H and TMR1L registers are not reset to 0Ch on a
POR, or any other RESET, except by the CCP1 and
CCP2 special event triggers.

TTCON register is reset to 00h on a Power-on Reset,
or a Brown-out Reset, which shuts off the timer and
leaves a 1:1 prescale. In all other RESETS, the register
is unaffected.

6.8

Timer1 Prescaler

The prescaler counter is cleared on writes to the
TMR1H or TMR1L registers.

TABLE 6-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER
Value on: Value on
Address | Name Bit7 Bit & Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 POR, all other
BOR RESETS
9Bh8Bh  Linrcon ] GIE PEIE | LTOE | NTE ]| REIE- “INTE | ReIF. | 0000 0oox | 00co ocoou
10Bh, 18Bh UL R AT g INEE :
och PIRT PSPIFUL| - ADIF | RCIF - |- TXIF | *SSPIF.{' CCPUE"| TMR2IF:| TMRIIF | nooo gooo | soco oooo
8Ch PiE1 psPIEM | . ADIE | RCIE TXIE - | SSPIE- | CCPHIE | TMR2IE ;| TMRYE | cooo oooo | cooo oooo
0Eh TMR1L | Holding Register for the Least Significant Byte of the 16-bit TMR? Register XXXX XKKX | UUUU uuuu
0Fh TMR1H | Holding Register for the Most Significant Byte of the 16-bit TMR1 Register AKX XHXX | QUUL wuuu
10n TICON | e | — |?1CKPS1 |T1CKPSO|T1DSCEN|T1SYNC ] TMR1CS ITMR?GN --00 0000 | --wn wuun
Legend:  x = unknown, u = unchanged, - = unimplemented, read as '0". Shaded cells are not used by the Timer! module.

Note 1: Biis PSPIE and PSPIF are reserved on the PIC16F873/876; always maintain these bits clear.
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7.0 TIMER2 MODULE

Timer2 is an 8-bit timer with a prescaler and a
postscaler. It can be used as the PWM time-base for
the PWM mode of the CCP module(s). The TMR2 reg-
ister is readable and wiritable, and is cleared on any
device RESET.

The input clock (Fosc/4) has a prescale option of 1:1,
1:4, or 1:16, selected by  control bits
T2CKP3ST:T2CKP30 (T2CON<1:0>).

The TimerZ2 module has an 8-bit period register, PR2.
Timer2 increments from 00h until it matches PR2 and
then resets to 00h on the next increment cycle. PR2 is
a readable and writable register. The PR2 register is
initialized fo FFh upon RESET.

The match output of TMRZ goes through a 4-bit
postscaler (which gives a 1:1 to 1:16 scaling inclusive)
to generate a TMRZ interrupt (latched in flag bit
TMR2IF, (PIR1<1>)).

Timer2 can be shut-off by clearing control bit TMR20N
(T2CON<2>}, to minimize power consumption.

Register 7-1 shows the Timer2 control register.
Additional information on timer modules is available in
the PICmicro™ Mid-Range MCU Family Reference
Manual (DS33023).

FIGURE 7-1: TIMER2 BLOCK DIAGRAM

Sets Flag
bit TMR2IF | Thach

RESET Prescaler

TMR2 R —
11,14, 1:16] TOSH
Postscaler :I/z
1.1 to 1:16] EQ
T2CKPS1:
4 T2CKPS0
T20UTPS3:
T20UTPS0

Note 1: TMR2 register output can be software selected by the
SSP module as a baud clock.

REGISTER 7-1; T2CON: TIMER2 CONTROL REGISTER (ADDRESS 12h}
u-0 RW-0 R/W-0 RAW-0 R/W-0 R/W-0 R/W-0 R/W-0
— | TOUTPS3 | TOUTPS2 | TOUTPS1|TOUTPSO0 | TMR2ON | T2CKPS1 | T2CKPSO
bit 7 bit 0
hit 7 Unimplemented: Read as '0
bit 6-3 TOUTPS3:TOUTPSO: Timer2 Output Postscale Select bits
0000 = 1:1 Postscale
0001 = 1:2 Postscale
0010 = 1:3 Postscale
1111 = 1:16 Posiscale
bit 2 TMRZON: Timer2 On bit
1 =Timer2 is on
0 = Timer2 is off
bit 1-0 T2CKPS1:T2CKPS0: Timer2 Clock Prescale Select bits

00 = Prescaleris 1
01 = Prescaler is 4
1x = Prescaler is 16

Legend:
R = Readable bit W = Writable bit i) = Unimplemented bit, read as 'Y
- n = Value at POR " = Bit is set ‘0" = Bit is cleared x = Bitis unknown

© 2001 Microchip Technology Inc.

DS30292C-page 55




PIC16F87X

7.1 Timer2 Prescaler and Postscaler

The prescaler and postscaler counters are cleared
when any of the following occurs:

= a wrile to the TMR2 register

7.2  QOutput of TMR2

The output of TMR2 {before the postscaler) is fed fo the
SSP module, which optionally uses it to generate shift
clock.

+ awrite fo the T2CON register

+ any device RESET (POR, MCLR Resef, WDT
Reset, or BOR}

TMR2 is not cleared when T2CON is written.

TABLE 7-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER
Value on: Value on
Address Name Bit7 Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
OBh,8Bh, |INTCON GlE PEIE TOIR JINTE RRBIE TOIF JINTF...{ RBIF- 0000 000x%| 0000 000u
10Bh,18Bh .
0ch PIR1 PSP ADIF RCIF TXIF S8PIF CCP1IF | TMR2IF { TMR1IF. [oooo oooo [cooo 0000
8Ch PIE1 PSPIE!) | ADIE RCE | TxiE SSPIE_ | CCP1IE | TMR2IE j TMRYUE ‘[ ooco 0000 |cono ooog
11h TMR2 Timer2 Module's Register 8000 00000000 0800
12h T2CON — TOUTPS3 § TOUTPS2 | TOUTPS1 | TOUTPSO | TMR20N | T2CKPS1 | T2CKPS0 | -000 0000 | -000 0000
92h PR2 Timer2 Period Register 11131 13111 )1111 1111
Legend:  x =unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are nof used by the Timer2 module.

Neote 1: Bits PSPIE and PSPIF are reserved on the PIC16F873/876; always maintain these bits clear.
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Question 1

(a)

Internal clk = 10 MHZ

Fosc = 10MHZ / 4 = 2500000HZ per instruction

Time period = 1/ instruction cycle time = 1/ 2500000 = 0.4us

Timer increment = 0.4us * 256 [prescaler] = 102.4us

For 10ms = 10ms / 102.4us = 98

98 — 2 for errors = 96.
Preload counter TMRO = 256 — 96 = 160
TMRO = 160; //in code for 10ms delay

Configuration:

INTCON = 10100000

Bit 1 and 2 — unused

Bit 3 —clear TOIF

Bit 4 - unused

Bit 6 — disable peripheral interrupts

Bit 8 — global interrupt enable

OPTION_REG = 00000111

Bit 1 — 3 — prescaler 1:256 maximum
Bit 4 — use prescaler enabled

Bit 5 — not used

Bit 6 — Tosc select internal clock

Bit 7 and 8 — not used

8]



(b)

Void interrupt ISR (void){

if (TOIF == 1){
TOIF = 0;

TMRO = 160;

milli ++;
if (milli ==1000){
milli = 0;
Secs++;
if (secs == 60){
secs = 0;
mins++;
if (mins == 60){
mins = 0;
hrs++;
if (hrs == 24){
hrs = 0;
Ylend if hrs
Hlend if mins
}lend if secs
YHiend if milli
YHiend if TOIF
}/end ISR

/Ino return value from function
[lcheck if TMRO has interrupted
[reset interrupt

[lpreload register for 96 counts
/lincrement milliseconds
/lcheck for 1 second
Minitialise milli
/lincrement seconds
/lcheck for 1 minute
/linitialise seconds
/lincrement minutes
/lcheck for 1 hour
/linitialise minutes
/lincrement hours
/lcheck for 1 day

/linitialise hours

[6]



(©

ALARM CANCEL

State: 0

pel

Normal mode

ALARM SET

DECREMENT

DECREMENT

State: 1

=

Alarm display

INCREMENT

State: 2

Alarm set hrs

o

F

INCREMENT

State: 3

Alarm set mins

!
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(d)
Void main (void){ /[start of main program
TRISA = 0B00011111; [loutput for alarm and inputs for switches
TRISB = 0b00000000; //ILCD output
INTCON = 0b10100000; /lset up interrupt
OPTION_REG =0b00000111; /lset up prescaler 1:256
TMRO = 160; [lpreload TMRO with 160 and count for 96
LCD_Startup(); //power up LCD and initialise
While (1){ /Istart super loop
Case 0: DisplayTime (0); /ldisplay normal time
if (RAL) state = 1; /lgo to state 1
if (RA3 == 1){
if (alarm == 0){ /fif alarm off
alarm =1, /Iset alarm
}
else{
alarm = 0; /falarm cancel
}
break;

Case 1: DisplayAlarmTime (0);  //alarm time line 0

if (RAL) state = 0; /Inormal mode
if (RA2) state = 2; /lgo to state 2
break;

Case 2: DisplaySetAlarmTime (0); //Display set alarm time on line 0

if (RAL) state = 1; /Icheck alarm time
if (RA2) state = 3; /lgo to state 3
if (RA3){
alarm_hrs ++;} /lincrement alarm hours
if (RA4){
alarm_hrs --;} /l[decrement alarm hours
break;

Case 3: DisplaySetAlarmTime (0); //Display set alarm time on line 0
if (RAL) state = 1; /lcheck alar time
if (RA2) state = 0; //normal mode
if (RA3){
alarm_mins ++;} //lincrement alarm mins
if (RA4){
alarm_mins --;} //decrement alarm mins
break;
}/end while
}end main

[12]

[34 marks]



Question 2

(@)

ANO = RA0
AN1 =RAl
ANG6 = RE1
AN7 =RE2

TRISA = 00000011
TRISE = 00000110
ADCONO = 10000001
ADCON1 = 10001000

[9]

/IRAO and RA1 set as inputs

/IRE1 and RE2 set as inputs

/IFosc\32 set, chan 0 selected and ADC enabled
/[Bit 7 right justified, 6 channels enabled

/IRA2 and RA3 VREF —ve and +ve

ADCONO channel select bits are 5:3 CHS2, CHS1, CHSO

Select channel ANO — 000
AN1 -001
ANG6 - 110
AN7 -111

()

[6]

Total number of raw values to be stored within LUT = ((101 —50) + 1) = 52 elements

The look up table LUT enables the values to be manipulated or set against the raw values
from the ADC. This means that the device can be made to look more linear if needed.
This is because more than one raw value can represent a unit value.

(©)

[6]

int LUT [52] = {0,0,0,0,1,1,1,1,2,2,2,2,3,3,3,3,4,4,4,4,4,45,55,5,6,6,6,6,7,7,7,7,8,8,8,8,8,8,
9,9,9,9,10,10,10,10, 11,11,11,12};



(d) [13]

Void main (void){

int index, temp, ADC_Value;
TRISA = 0b00000011;
TRISE = 0b00000110;
ADCONO = 0b10000001;
ADCON1 = 0b10001000;

LCD_Startup ();
while (1){
GODONE =1; /lcheck ADC data
while (GODONE ==1);
Delay (100);
ADC_Value = (int) ADRESL + (int) ADRESH <<8; //2 x 8 bit regs configured
[ffor 10 bits
/Ishift 8 places for 10 bit
/Iresolution

Index = ADC_Value - 50; /ltake 50 from initial

/Ivalue for 0 marker
temp = LUT [index]; /ltemp = element value
Display_LCD_Value (1, temp); /[display value on line 1
}/end while
}/end main

[34 marks]



Question 3

(@) [14]

INTCON1 = 0b11100000 — Bit 8 is global interrupt enable GIE
Bit 7 is PEIE peripheral Int enable where 1 = all enabled
Bit 6 is TOIE — timer 0 overflow Int bit
Bit 2 is TOIF — timer 0 overflow Int flag
1 - TMRO has overflowed
0 — TMRO did not overflow

PEIE = 0b00000011 — bit O timer 1 enabled
Bit 1 timer 2 enable (not used here)

OPTION_REG = 0b10000111 — bit 2:0 prescaler bits for TMRO rate
111 is set for 1:256

T1CON = 0b00000111 - this sets up the TMR1 in event mode with TMRO Int
Bit 2 — do not sync with internal clk
Bit 1 — use external clk from RCO pin on rising edge
Bit 0 — enable timer 1

The Int is set up for 1 second by configuring TMRO for 10ms by pre-loading the timer with a
pre-calculated value. This value ensures the overflow occurs every 10ms.
This is extended using C code to make a 1 second Int.

miliseconds += 10;
if (milliseconds == 1000) -100 x 10ms =1 sec

The number of pulses at RCO input are counted using the event of 1s on TMRO. The value is
stored 2 x 8 bit registers TMR1L and TMR1H. These 2 registers make up a 10 bit register by
using a shift right configuration.

The value is then saved to a variable.

A calculation is created in the C program to convert the number of pulses per second i.e.
frequency to RPM for motor speed.

Speed = (int) (TMR1L + TMR1H * 256) * 60) / 600);

Where the conversion = frequency * 60 (mins) / 600(ppr)

This can be tested using frequency inputs from a generator at RCO on MCU and using
variable frequencies.



ilp HZ 600 ppr to RPM
100 10
500 50
1000 100
5000 500
10000 1000
20000 2000
(b) [12]
Void Interrupt ISR (void){
if (TOIF == 1){
TOIF =0;
TMRO 160; /lInt every 10ms

milliseconds += 10;
if (millseconds == 100){ //extend interrupt to 100ms

speed_low_byte = TMR1L;
speed_high_byet = TMR1H;

TMR1L = 0;
TMR1H =0;
milliseconds = 0;
}
}
if (TMR1F ==1){ [[Timer 1 flag is set
TMRI1F = 0; /lclear flag
}
}Hlend ISR
Void main (void){
TRISA = 0xff; /fall inputs
TRISB = 0x00; /fall outputs for LCD
TRISC = 0x01; /linput RCO used for count on TMR1

LCD_Startup ();

PIE1 = 0b00000011; /Iperipheral interrupts enable for TMR1 and
/ITMR2

INTCON1 = 0b11100000; /Isetup TMRO

OPTIONS_REG = 0b10000111;

T1CON =0b00000111; /lset up timer 1in event mode from RCO

While (1){

Speed = (int) ((speed_low_byte + speed_high_byte + 256) * 6) / 60);
DisplaySpeed (0, speed);
}/end while

}/end main



(c) [8]

Void Interrupt ISR (void){
if (TMR2IF == 1){

TMR2IF = 0; [[clear Int flag of timer 2for PWM
}
}/end ISR
Void main (void){
TRISC = 0x01; /loutput RC2 used for PWM with TMR2 PR2 = 255;
/Imax for PWM time period register
CCPR1L =0; //0% duty cycle initialise
T2CON = 0b00000111; [/set up TMR2 in PWM mode
/ITMR2 enable and prescale = 16
CCP1CON = 0b00001100; /llset the extra 2 LSB bits for PWM 10 bit mode
While (1){
CCPRLL = (1024 / 100) * 75; 1175% duty cyclePWM
}/end while
}/end main

[34 marks]



Question 4

(@)

[14]

The keypad encoder show below is connected to the microcontroller using port D. C1 to C3
are the columns and are connected to RDO to RD2. The rows RA to RD are connected to
RD4 to RD7. This encoder uses 7 of the 8 bits of the port.

{

{

—

RA A

0
@

——-8B

i
@3
®®

[a2]

EICIO
IOIC

The columns are energised in turn and the program scans the rows for a key press. When a
key is pressed the junction with the corresponding column goes high. The identity of the key
pressed is recognised by the program and the function returns the value as an integer.

The C code below shows a function prototype that performs this process by energising the
columns and scanning each column in turn. The delay provides stability. As can be seen the 3
columns RDO to RD3 are energised and turned of sequentially as part of the scanning
process. The rows are detected by the program during the scan.

int ScanKeypad(void)

{
int key=-1

RDO =1,
Delay(1);
if(RD4 ==
if(RD5 ==
if(RD6 ==
if(RD7 ==
key =
RDO = 0;

RD1 =1,
Delay(1);
if(RD4 ==
if(RD5 ==

D)
1)
1)
1)

1)
1

key =1;
key = 4;
key =7,
key =

key = 2;
key = 5;

/Iscan column 1
[Iwait for keypress event on RD4 for key = 1
[Iwait for keypress event on RD5 for key = 4
[Iwait for keypress event on RD6 for key = 7
/Iwait for keypress event on RD7 for
/[disable column 1

/Iscan column 2

[Iwait for key = 2
[Iwait for key =5



if(RD6 == 1)
if(RD7 == 1)
RD1=0;

RD2 =1,
Delay(1);
if(RD4 == 1)
if(RD5 == 1)
if(RD6 == 1)
if(RD7 == 1)

RD2 =0;

return key;

key = 8;
key = 0;

key = 3;
key = 6;
key = 9;
key = '#,

[Iwait for key = 8
[Iwait for key =0
/[disable column 2

//scan column 3

/Iwait for key = # which is used for reset
/[disable column 3

/Ireturn the value of the key pressed to
/lthe main program function call



(b) [12]
#include <pic.h>

int ScanKeypad (void);
int key_value=0; /10 for first key press for position 1 which is units

void main(void)

{
int enable_keypad=1, key;
TRISD =0b11110000; /lkeypad rows input and columns output on
/[PORT D
while(1) [Isuper loop
{
key = ScanKeypad(); //scan keypad function call
if((key!=-1) && (enable_keypad==1)) /lcannot use <0 and >0 because we
Il need zero
[ltherefore we have to use != -1 and == -1
/lenable_keypad stops the debounce count
effect
/land latches keypress
{
Key value = key value * 10 + key; //key entries move over 1 space (x10) each key
/I press for 10’s, 100’s, 1000’s and key value is O at first press for
units
enable_keypad=0; [latch key press to distinguish from the next press
}
if(key=="#" [# key will reset the value to 0
Key value =0;
}
if(key==-1) enable_keypad=1; I/keeps the keypad active

/I and resets the latch
/I enable for next press

if(key_value>2000) key_value = 2000; /lkey_value = 2000 if
/I greater than 2000
if(key_value<0) key_value = 0; /lkey_value < 0 then key _value =0

}/end while



(c) [8]

void DisplayValues (int line, int value) /[function start

{
int units, tens, hunds, thous; /Nocal variable declaration
unsigned char string[4]; /4 element array declared locally
thous = value /1000; /lthousand units sort value
hunds = value %1000/100; /lhundreds value sort
tens = value %1000%2100/10; [/ltens value sort
units = value %1000%100%210; [/lunits value sort
string[0] = thous + 48; /Istore the digit values in the
string[1] = hunds + 48; /farray elements 0 — 3 followed
string[2] = tens + 48; /Iby asci 0 to end each line

string[3] = units + 48;
DisplayString(line, string);//send string data to function in LCD.main to print

/lon LCD lineOor 1
}/end DisplayValue function

[34 marks]
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