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QUESTION ONE as marks) 

(a) 	 (i) Describe the memory areas available and their use in a typical microcontroller. 

(3 marks) 

(ii) 	 What is the architecture used in PIC 16F84A device? State why this architecture 
is more faster. 

(3 marks) 

(iii) 	 Identify the main features ofRISC type microcontrollers. 

(2 marks) 

(iv) 	 Differentiate between a typical microprocessor system and a microcontroller 
system. 

(2 marks) 

(b) 	 A segment of a program using PIC16F84A is given in Figure-QI. 

opuon_~ equ 01h 
bsf status, S 
movlw b'10000010' 
movwf option_reg 
bef status,S 

Figure-Q1 

(i) 	 Explain all the statements shown in Figure-Ql. 

(5 marks) 

(ii) 	 It is required to have the timer TMRO to overflow in each 10ms in a certain 
application. Crystal oscillators available are IMHz, 2.0MHz, 2.457MHz, 
3.277MHz and 3.579MHz. Recommend a suitable crystal justifying your answer 
and show the percentage timing error if any. Modify the assembly instructions in 
Figure-Q 1 to accommodate your selection. 

(8 marks) 

(iii) 	 Draw a circuit diagram to show how you will connect the crystal oscillator to the 
microcontroller. 

(2 marks) 
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OUESTION TWO (25 marks) 

(a) 	 A 3 x 4 key pad shown in Figure-Q2(a) is required to be connected to PIC16F84A 

microcontroller using its PortB. 

C1 C2 C3 

2 3 

4 5 6 

7 8 9 

* 0 # 

Figyre-Q2(a) 

R1 

R2 

R3 


R4 


delay movlw dBh 
movwf de/ayreg 

loop nop 
nop 
decfsz delayreg, 1! 
goto loop 
return 

Figure-Q2(b) 

The keys '#' and '*' may have the decimal values of 10 and 11 respectively. A 
subroutine 'scan' finds the key pressed and store the binary value corresponding to the 
key in the register 'keycode' . 
(i) 	 Draw a diagram to show the interconnections between the keypad and the 

microcontroller. Indicate whether the port pins are inputs or outputs. 
(3 marks) 

(ii) 	 Draw a labeled flow chart segment to show how a pressed key in column C 1 is 
found and to store the value of the key in 'keycode'. 

(5 marks) 
(iii) 	 Write the assembly code which will determine the scanning of key' l' and key'4' 

based on your flow chart in (ii) above. You may neglect the de-bounce effects. 
(5 marks) 

(b) 	 A subroutine written to provide a delay is shown in Figure-Q2(b). It is a part of a 
program which runs in a 16F84A microcontroller clocked with a 8MHz crystal. 

(i) 	 Find the delay time produced by this subroutine. 

(8 marks) 
(ii) 	 It is required to obtain a delay as close as 300ps. Show how you can achieve it by 

changing only a single instruction. What is the percentage timing error? 
(4 marks) 
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QUESTION THREE (25 marks) 

A house heating system is designed based on a 16F84A microcontroller powered with 5V. A 

single boiler is used to heat the upstairs and downstairs, but are equipped with independently 

controlled flow pumps. Following system components are used and they accepts TIL 

compatible signals. 

Description 

Boiler water temperature sensor output. Returns logic '1' if the 

temperature is above the set limit. 

Tu andTD Outputs ofthe upstairs and down stairs temperature sensors. Returns 

logic '0' if the temperature is less than the set value. 

PuandPD Control signals ofthe upstairs and downstairs flow pumps. Logic '1' 

applied to a control signal operates the pump. 
'" 

H Control signal of the boiler heater. Logic' l' applied to the control 

signal turns on the boiler heater. 

(i) 	 Draw a circuit diagram for this system showing all signal interconnections with the pin 

numbers of the microcontroller. You may omit the components required for the clock 

oscillator. Sensors and the controlled components can be shown as blocks. 

(5 marks) 

(ii) 	 Suggest the control logic that you are going to implement by the microcontroller 

program. 

(7 marks) 

(iii) 	 Draw a flowchart for the microcontroller program based on (ii) above. 

(9 marks) 

(iv) 	 Using assembly instructions show how you are going to configure the ports as required. 

(4 marks) 
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QUESTION FOUR (25 marks) 

(a) 	 A control system is implemented using a 16F84A microcontroller program. 

(i) 	 The value of INTCON register at the initialization is A8h. Explain what you can 
understand by this setup. 

(2 marks) 

(ii) 	 While running the program, the INTCON register showed a value of29h at some 
point. Interpret the information described by the INTCON register. 

(2 marks) 

(iii) 	 When an interrupt occurs, state the events that will take place in the program 
counter, stack memory and OlE bit. Indicate the essential features to be included 
in an interrupt service routine. 

(6 marks) 

(iv) 	 The program uses TMRO timer to generate a regular interrupt in every lms. 
Show the settings needed in relevant registers to achieve this supported with 
relevant calculations. What is the value of INTCON register just after such an 
interrupt? Assume that the system uses a 2MHz crystal oscillator. 

(6 marks) 

(b) 	 An application uses a PIC 16F877 microcontroller with a 10MHz crystal oscillator. 

(i) 	 It is required to use the Analog to Digital Converter (ADC) of the device with an 
external voltage reference and five analog input channels. Show the settings of 
the relevant registers with justification if the input channel 4 is selected and the 
ADC is turned on but not started to convert. You may assume that the ADC 
output is left justified. 

(6 marks) 

(ii) 	 The ADC minimum acquisition time is about 20IlS. State the relevance of this 
value and indicate how it is incorporated in a program. 

(3 marks) 
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OUESTION FIVE (25 marks) 

(a) 	 A serial device which supports SPI is required to be connected to the Synchronous Serial Port 
ofa PIC 16F877 microcontroller. 

(i) 	 Draw a circuit diagram to show the interconnections of the device and the 
microcontroller. You may consider the device pins such as DIN (data in), OOUT (data 

out), SCLK (serial clock) and CS (chip select). Mark only the relevant pin numbers of 
the microcontroller used for the interconnection. 

(6 marks) 

(ii) 	 State briefly how the data is transferred between the device and the microcontroller 
using SPI mode. 

(9 marks) 

(b) 	 The serial device has a maximum data rate of 200kHz and the microcontroller is running on 
a 10MHz crystal oscillator. 

Show the settings of the SSPCON, SSPSTAT and any other register involved to establish SPI 
mode of operation, giving justifications where necessary. Among other typical settings, you 
may include the settings for, the high idle state ofclock, data sampling at the middle of the bit 
period and the data transfers are on the falling edge ofthe clock. 

(10 marks) 



85/1 

PIC 16F84A 


POIP, SOIC 

-RS4 

RA2- -RA1 

RAl- 2 -RAIl 

RA4ITOCKI - 3 - OSC1ICLKIN 

MCLR­ - OSC2ICLKOUT 

Vss­ -Voa 
RBOIINT- 6 -Ra7 


RB1- -RS6 

RB2- -RB5 


STATUS REGISTER (ADDRESS 03h, 83h) 

File Address 

Indirect addr. (11OOh 

01h TMRO 

02h PCL 

031\ STATUS 

FSR04h 

PORTA0511 

06h PORTS 

OTh 
OSh EEDATA 

09h EEADR 

OAh PCLATH 

INTCONOSh 

0Ch 

68 
General 
pu~se 
Re~ers
(S M) 

,. 

4Fh 
50h 

File Address 
In<lfrect add!".(1) SOh 

OPTION_REG 81h 

PCl 82h 

STATUS 8311 

FSR 84h 

TRISA 

TRISB 86Il 

- 8Th 

EECON1 88h 

EECON2l" 89h 

SAhPCLATH 

8BhINTCON 

8Ch 

Mapped 

(~~k~) 

CFh 
DOh 

R-1 RfIN-x RII/ll-x RIW-x 

Unimplemented: Maintain as '0' 


RPO: Register Bank Select bits (used for direct addressing) 

01:: Bank 1 (SOh - FFh) 

00 = Bank 0 (OOh - lFh) 


TO: Time-out bit 

1:: After power-up, CLRWD'l' instruction, or SLEEP instruction 
o =A WDT time-out occurred 
PO: Power-down bit 
1:: After power-up or by the CLRWDT instruction 
o By execution of the SLEEP instruction 
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 
DC: Digit carry/borrow bit (ADDWF, ADDU;, 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 
C: Csrrylborrow bit (ADDIiIF, ADDLW, SUBLW, SUBWF instructions) (for borrow, the polarity is 
reversed) 
1:: A carry-Out from the Most Significant bit of the result occurred 
0:: No carry-OUt from the Most SigniflCallt bit of the result occurred 

Note: 	 A subtraction is executed by adding the two's complement of the second operand. 
For rotate (RaF, RLF) instructions, this bit is loaded with either the high or low order 
bit of the source register. 
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16F84A and 16F877 

Mnemonic, 
Operands 

Description cycles 
14-BitOpcode Status 

Affected 
Notes 

MSI:! LStI 

BYTE'()RIENTED FI.E REGISTER OPERATIONS 

ADOWF r, d AddWandl 1 00 0111 dtf! fttt C,oc.Z 1,2 
ANOWF f. d ANDWwithf 1 00 i)101 d!t! frt! Z 1.2 
CLRF r Clear f 1 00 (lOOl H!! f!f! Z 2 
CLRW - ClearW 1 00 0001 Oxxx = Z 
COMF f. d COmplement f 1 OD 1001 (1f!f !ft! Z 1,2 
OECF f. CI Decrementf 1 00 0011 d!rt ttH Z 1,2 
OECFSZ f. d Decrement f, Skip It 0 1 (2) 00 1011 d!f! tU! 1,2,3 
INCF r. d Incrementt 1 00 1010 <lfft Uft Z 1.2 
INCFSZ f. d tntrement f. Skip if 0 1(2) 00 1111 <Itt! ttt! 1,2,3 
IORWF f, d IncluSive OR W with f 1 00 0100 <Itt! ttf! Z 1,2 
MOVf f, d Mover 1 00 1000 dftf ftf! Z 1.2 
MOVWF f MoveWlor 1 00 0000 Utf fUf 
NOP No Operation 1 00 0000 Ona ceoa 
Rlf f, d Rotate Lett r thrDUgIl cany 1 00 1101 <Itt! ftC! C 1.2 
RRF f. d RDtate Right f tnrouglt cany 1 00 1100 dHf f!ft C 1.2 
SUBWF f. d SUbtract W from f 1 00 (l(JIO <iUt !ftt C,OC,Z 1,2 
SWAPF f, d Swap nIbbleS in f 1 00 1110 dU! ttu: 1,2 
XORWF f, CI Exdusive OR W wi", f 1 00 0110 d!t! !ftr. I 1.2 

BIT.()R1CNTED FILE REGISTER OPERATIONS 

BCF r. b Blt Clear. 1 01 OObb",btt! !fft 1,2 
SSF f. b BitSetf 1 01 01bb bUt fttt 1,2 
BTFSC f, b Bit Test f, Skip If Clear 1 (2) 01 lObb toft! fU! 3 
BTFSS f, b Srt Test r. Skip if Set 1 (2) 01 lIbb b!t! u'.tf 3 

LITERAL AND CONTROL OPERATIONS 

ADOLW k Add literal and W 1 11 lllx klI:kk kkkk C,OC,Z 
ANDLW k AND literal with W 1 ·11 1001 klI:kk klcKk Z 
CALL k Call subroutine 2 10 Ok>:>: kkkk kltkk 
CLRWDT - Clear Watchdog 1imer 1 00 0000 0110 0100 TO,PO 
ooTO k Go to address 2 10 lkkk klcKk >:kkk 
IORlW k IncluSIVe OR liIeraI wllll W 1 11 1000 klcKk 1':1':1':>: Z 
MOVlW k Move literal to W 1 11 OOxx kkkk kkkk 
RETFIE . Rerum from Interrupt 2 no 0000 0000 1001 
RETLW It RettIm wittJ literal In W 2 11 Oly..JC kkkk kkkk 
RETURN - Retum from Subroutine 2 DO 0000 0000 1000 
SLEEP - Go into standby mode f 00 0000 0110 0011 TO,PO 
SUBLW It Subtrad W from literal 1 11 llOx klI:kk kl;kk C,OC,Z 
XORlW k ExclUsive OR literal wittJ W 1 11 1010 klI:kk kklck Z 
Note 1: 	 When an 110 register IS meddled as a 'unctlon of iIseIf ( e,g., XCV: POP-TIS, :). the value used Will be tnat value present 

on the pilS tnemselves. For example, if the data latch is '1' for a pin configured as input and is Clrtven low by an extemal 
deVice, the data will be wrttten back wittJ a '0'. 

2: 	 If !hIS fnsttudlon IS executed on the TMRO regiSter (and, Where applicable, If ., 11, tne prescaler will be deared If 
assigned 10 \fie 1lI11erO ModUle. 

3: 	 Ir Program counter (PC) IS modllle4 or a COndItIonal test 1$ true, tne tnstructlon requireS two cycles. TIle second c:yde 1$ 

executed as a NOP. 
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PIC 16F877 

SSPSTAT: SYNC SERIAL PORT STATUS REGISTER (ADDRESS: 94h) 

RNV-O RIW-O R-O R-O R-O R-O R-O R-O 

SMP CKE D/A P s RIW UA BF 

bit 7 bit 0 

SMP: Sample bit 
SPI Master mode: 
1 ::. Input data sampled at end of data output time 
o::. Input data sampled at middle of data output time 

SPI Slave mode: 

SMP must be cleared When SPI is used in slave mode 

In 12C Master Of Stave mode' 

1 :: SleW rate control disabled for standard speed mode (100 kHz and 1 MHZ) 

o = SleW rate conlrol enabled for high speed. mode (400 kHZ) 

eKE: SPI ClOck Edge Select (FIgUre 9-2, FIgUre 9-3 and Figure 9-4) 


SPI mode: 

ForCKP =0 

1 :: Data transmitted on rising edge of SCK 

o :: Data transmitted on falling edge of SCK 

For CKP =1 
1 :: Data transmitted on falling edge 01 SCK 
o:: Data transmitted on rising edge ofSCK ,. 

to 12C Master Of Slave mode: 

1 = Input levels conform to 5MBus spec 

o =Input levels conform to ~C specs 

D/A: DatafAddress bit (12C mode only) 

1. :: Indicates fuat the last byte receIVed or transmitted was data 
o Indicates that the last byte receIVed or transmitted was address 

P: STOP bit 

(12C mode only. This bit is cleared when the MSSP modUle is disabled, SSPEN is cleared.) 


1 =Indicates that a STOP bit has been detected last (this bit is '0' on RESET) 

o :: STOP bit was not detected last 

S: START bit 

(12(; mode only. This bit is cleared when the MSSP module is disabled, SSPEN is deared.) 

1 ::. Indicates that a START bit has been detected last (this bit is '0' on RESET) 

o::. START bit was not detected last 

R1W: ReadlWrlte bitin1ormatJon (12c mode only) 


This bit holds the RIW bit information following the last address matdl. This bit is only valid from the 

address match to the next START bit, STOP bit or not ACK bit. 

to 12c Slave mode: 

1::. Read 

0::. WI1le 

In 12C Master mode: 

1 = Transmit is to progress 

o :: Transmit is not in progress 

Logical OR of this bit with SEN, RSEN, PEN, RCEN, or ACKEN wHI indicate if the MSSP is in IDLE mode. 


UA: Update Address (1O-bit ~C mode only) 

1 :: Indicates that the user needs to update the address In the SSPADD register 

o =Address does not need to be updated 

BF: BuITer Full status bit 


ReceiVe (SPI and t2c mOdes): 

1 = Receive complete, SSPBUF is full 

I} :: Receive not complete, SSPBUF is empty 

Transmit 02C mode only), 

1 :;: Data transmit in progress (does not ,ndUde the ACK and STOP bits), SSPBUF is full 
o =Data transmit complete (does not inclUde the ACK and STOP bits), SSPBUF is empty 
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PIC 16F877 

PIC16F8771876 REGISTER FILE MAP 

Indirect addr.M 

TMRO 
Pel 

fie Ale Ale 
AckRss Address Address 

Indirect addr.M i 00h 

TMRO 
Pel 

STAlUS 
FSR 

PORTA 
PORTe 
PORTe 

PORTDlll 
PQRTE(1) 

PCLATH 
INTCON 

PIR1 
PlR2 

TMR1L 
TMR1H 
nCON 
TMR2 

T2C0N 
SSPBUF 
SSPCON 
CCPR1l 
CCPR1H 

CCP1CON 
RCSTA 
TXREG 
RCREG 
CCPR2l 
CCPR2H 

CCP2CON 
ADRESH 
ADCONO 

General 
Purpose 
Register 

96 Bytes 	

1001IncIred addr.'") 

OPTION REG 
PCl 

! 

I 

! 

STATUS 
FSR 

TRISA 
TRISS 
TRlSC 

TRlSo(11 
TRlsEi1} 

PCLATH 
INTCON 

PIE1 
PIE2 

PCON 

SSPeON2 
PR2 

SSPAOO 
SSPSTAT 

TXSTA 
SPBRG I 

ADRESl 

ADCON1 

General 
Purpose 
Register 
80 Bytes 

accesses 
7Oh-7Fh 

SOh 
01h 101h 
02h 

8th 
102h82h 

03h STATUS 103h 
04h 

83h 
FSR 104h 

05h 
84h 

10511 
06h 

85tl 
106hPORTB86h 

07h 107h 
08h 

87h 
10811 

09h 
ash 

109h8911 
0Ah PCLA1H 10M8Ah 
0Bh INTCON 10Bh 
OCh 

8Bh 
1001 

ODh 
EEDATA8Ch 
EEADR 100h 

OEh 
SOh 

10Eh 
OFh 

8Eh EEDATH 
10Fh 

10h 
8Fh EEADRH 

110h90h 
11h 111h91h 
12h 112h 
13h 

92ll 
113h 

14h 
93h 

114h94h 
15h 115h95h 
16h 116h96h 

General17h 117h97h 
Purpose1811 11Bh98h Register

19h 119h 
1M 

16 Bytes99Il 
11M 

iBh 
9M 

11Bh 
1Ch 

9Bh 
11Ch 

1Dh 
9Ch 

110h90h 
1Eh 11Eh9Eh 
1Fh 11Fh9Fh 
20h 12011AOh 

General 
Purpose 
Register 
808ytes

EFh 16Fh 
FOh 170haccesses 

70h-7Fh 
7Fh FFh 17Fh 

BankO Bank 1 Bank 2 

I!I Unimplemented da1a memory locations, read as '0'. 
• Not a physical register. 

Note1: These registers are not if11)lemented on the PIC16F876. 
2.: These registers are reserved. maintain these registers dear. 

Ale 

Address 


Indirect adci".M • 1BOh 

Pel 
STATUS 

FSR 

TRISS 

PCLATH 
INTCON 

EfCON1 
EECON2 

Reserve<FI 
Reservedl2l 

Gener.ll 
Purpose 
Register 
16 Sytes 

General 
Purpose 
Register 
80 Bytes 

accesses 
70tl 7Fh 

OPTION REGI 	 181h 
162h 
183h 
184h 
185h 
l86h 
l87h 
168h 
18911 
18Ah 
l8Sh 
18Ch 
180h 
18Eh 
18Fh 
190h 
19th 
192h 
19311 
194h 
195h 
196h 
197h 

198h 
199h 
19M 
19Bh 
1901 
19Dh 

19Eh 
19Fh 

1AOh 

1EFh 
1FOh 

1FFh 
BankS 
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PIC 16F877 

ADCON1 REGISTER (ADDRESS 9Fh) 

u-o u...() RfW,...() U-O RiW-O RW-O RIW-O RfW-O 

I ADFM PCFG3 PCFG2 PCFG1 PCFGO 

bitl bit 0 

ADFM: AID Result Format Select bit 

1 =Right justified. 6 Most Significant bits of AORESH are read as '0'. 

0= left justified. 6 least Significant bits of ADRESL are read as '0'. 


Unimplemented: Read as '0' 


PCFG3:PCFGO: NO Port Configuration Control bits: 


PCFG3: ANrC1) AN6t11 ANSI1) AN4 AN3 AN2 ANt ANO 
PCFGO RE2 RE1 REO RA5 RA3 RA2 RAt RAO 

0000 A A A A A A A A 

0001 A A A A VREF+ A A A 

0010 D D D A A A A A 

0011 D D D A VREH A A A 

0100 D D D D A D A A 

0101 D 0 D D VREF+ D A A 

01lX D 0 D 0 D D 0 D 

1000 A A A A VREF+ VREF­ A A 

1001 D 0 A A A A A A 

1010 D 0 A A VREF+ A A A 

1011 D 0 A A VREF+ VREF­ A A 

llOO 0 D D A VREF+ VREF­ A A 

1101 D 0 D 0 VREF+ VREF­ A A 

1110 D D D 0 D 0 0 A 

lIll D 0 D D VREF+ VREF­ D A 

V'REF+ ;::l CHAW i 
Refs(2) I 

Voo Vss 810 I 
RA3 Vss 7/1 

VOD Vss 510 

RA3 Vss 411 

VriO Vss 310 

RA3 Vss 211 

Voo Vss 010 

RA3 RA2 612 

Voo Vss 6/0 

RA3 Vss 511 

RA3 RA2 4/2 

RA3 RA2 312 

RA3 RA2 212 

Voo Vss 110 

RA3 RA2 1/2 

A =Analog input D = Digital 110 

Note 1: These channels are not available on PIC16F8731876 devices. 
2: This column indicates the number of analog channels available as NO inputs and 

the number of analog channels used as voltage reference inputs. 

Legend: 

R =Readable bit W =Writable bit U = Unimplemented bi~ read as '0' 

- n = Value at POR '1' = Bit is set '0' = Bit is deared x = Bit is unknown 
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