
UNIVERSITY OF SWAZILAND 


SUPPLEMENTARY EXAMINATION JULY2016 


FACULTY OF SCIENCE AND ENGINEERING 


DEPARTMENT OF ELECTRICAL AND ELECTRONIC ENGINEERING 


TITLE OF PAPER: MICROCONTROLLERS AND MICROCOMPUTER 

SYSTEMS 

COURSE CODE: EE423 

TIME ALLOWED: THREE HOURS 

INSTRUCTIONS: 

1. 	 There are four questions in this paper. Answer all questions. Each question carries 

25 marks. 

2. 	 Ifyou think not enough data has been given in any question, you may assume any 

reasonable values stating your assumptions in each case. 

THIS PAPER SHOULD NOT BE OPENED UNTIL PERMISSION HAS BEEN GIVEN 

BY THE INVIGILATOR 

THIS PAPER CONTAINS FIVE (5) PAGES INCLUDING THIS PAGE 



EE423 MICROCONTROLLERS AND MICROCOMPUTER SYSTEMS Page 2 of5 

QUESTION ONE (25 marks) 

(a) 	 (i) State the difference between Von-Neumann and Harvard architectures. 

(2 marks) 

(ii) 	 State some features of a CISC type microprocessor. 

(2 marks) 

(iii) 	 In an assembly program for a 16F84A, includes instructions 'crunch equ 12Dh' 

and 'index equ 1Eh'. Using them, write the machine instructions (op codes) for 

the following assembly statements. 

andwf index,° bsf index,3 

addlw .35 gala crunch 

(4 marks) 

(b) A section of a program using 16F84 A with a 8MHz crystal is shown in Figure-Q 1. 

bsf status, 5 
movlw b'11000101' 
movwf option_reg 

Figure-Q1 

(i) 	 State what is expected from the three statements in Figure-Q1. 

(4 marks) 

(ii) 	 Calculate the frequency oftimer input signal. 

(3 marks) 

(c) 	 An application based on a 16F84A using a crystal clock oscillator, requires the timer to 

overflow in each 8ms. 

(i) Select a suitable one from 1.8432MHz, 2.4576MHz, 3.579MHz and 4MHz 

crystals, which will give a minimum timing error. Also justifY your answer. 

(6 marks) 

(ii) 	 What is the percentage timing error expected for your selection? 

(2 marks) 

(iii) 	 How do you configure the option register to meet your selection in (i) above? 

(2 marks) 
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QUESTION TWO (25 marks) 

Consider the subroutine shown in Figure-Q2. Assume that it is run in a 16F84A clocked with 
a 8MHz crystal. 

(i) Calculate the delay that will be provided by this subroutine. 
(4 marks) 

(ii) How do you obtain a delay as close as possible to O.5ms? 
(3 marks) 

(iii) 	 Construct a subroutine that will give a delay as close as possible to lOms using (ii) 

above with an aid of a flow chart. Your method must aim for a short program length 
and must show the necessary calculations required. 

(11 marks) 
(iv) 	 Write the assembly code for (iii) above. 

(4 marks) 
(v) 	 What is the actual delay produced by your subroutine in (iii) above? 

(3 marks) 

delay 	 movlw 02 
movwf reg 

loop 	 nop 
nop 
decfsz reg, 1 
goto loop 
return 

Figure-Q2 
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QUESTION THREE (25 marks) 

(a) 	 The PortB(O) to PortB(6) pins ofa 16F84A is connected to a common cathode seven 

segment LED display 'a' to 'g'respectively. The microcontroller runs on a RC clock 

oscillator of60KHz. 

(i) 	 Draw the complete circuit diagram marking the 16F84A pin numbers clearly. 

You may show the clock oscillator Rand C without values. 

(5 marks) 

(ii) 	 Construct a program flow chart/s with sufficient details and labels, which will 

display '16F' character by character in a continuous loop. Each character must be 

visible for O.5sec. The flow charts of any subroutines must be given and the 

calculation ofthe values used must also be shown. 

(14 marks) 

(b) 	 A serial temperature sensor is connected to the SPI communication port ofa 16F877 

which acts as the master. The microcontroller is running on a 3.579MHz crystal 

oscillator. 

(i) 	 Draw a connection diagram between 16F877 and the sensor, giving the usual pin 

names. Also mark the relevant pin numbers of 16F877 used for this case. 

(3 marks) 

(ii) 	 Ifthe SSPSTATand SSPCON registers are configured as 40h and 21h 


respectively, comment on the data rate limitations ofthe sensor. 


(3 marks) 
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QUESTION FOUR (25 marks) 

(a) 	 In an assembly program for 16F84A, the INTCON register is set to A8h.. 

(i) 	 Describe the settings of the INTCON register. 

(2 marks) 

(ii) 	 When the program is executed, at a certain point the value of INTCON register is 
2Dh. Explain what is described by the INTCON register at this instant. 

(3 marks) 

(iii) 	 State the essential features to be included in an interrupt service routine. 

(3 marks) 

(iv) 	 The microcontroller is provided with a 4.096MHz crystal oscillator and it is 
required to produce an interrupt in every 500ps. Show a simple method to 
achieve this and give the settings ofrelevant registers .. What is the value of 
INTCON, just after such an interrupt? 

(5 marks) 

(b) 	 An application uses the Analog to Digital Converter (ADC) ofa 16F877. 

(i) 	 The ADC is configured to have external voltage reference, four analog inputs, 
input channel 1 selected for the conversion and ADC turned ON. Ifthe 
conversion is not yet started, show the settings of the relevant registers. State 
your assumptions. 

(5 marks) 

(ii) 	 Ifthe conversion is started and not yet fmished, show the contents of these 
registers. 

(2 marks) 

(iii) 	 If a 4.096MHz crystal oscillator is used, select values for ADCS1 and ADCSO bits 
in the ADCONO register justifying the answer. 

(3 marks) 

(iv) 	 What is the minimum acquisition time and the minimum conversion time 
considering the values in (iii) above? 

(2 marks) 



PIC 16F84A 


POIP,SOIC 

-RAIRA2 -- 
RAJ 2 -RAO 

RA4lTOCKI 3 -OSC1IClKIN 

--OSC2ICLKOUT 
Vss----

MClR __ 

--Von 

RBOIINT ---  6 -RBT 

RB1 ---  1 ----RBS 

-RB4 

STATUS REGISTER (ADDRESS 03h, 83h) 

r-----c::-o-----:-::-';.~ AddressFile 

OCh 

4Fh 
50h 

SOh 

a1h 

82h 

8Sh 

B4h 

85h 

BSh 

81h 

88h 

89h 

8Ah 

BBh 
8Ch 

CFh 
DOh 

68 
General 
Purpose 
RegiSters 
(SRAM) 

RMI-O RMI-O RMI-O R-1 R-1 RMI-x RMI-x RMI-x 

IRP RP1 RPO TO 	 DC C 

bit 7 	 bit 0 

Unimplemented: Maintain as '0' 


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

01 Bank 1 (BOh - FFh) 

00 Bank 0 (DOh 7Fh) 


TO: Time-out bit 

1 After power-up, CLRWDT instruction, or SLEEP instruction 
o= A WDT time-out occurred 
PO: Power-down bit 
1 ::: After power-up or by fue CLRWDT instruction 
0::: By execution of the SLEEP instruction 

z: Zero bit 
1 ::: The result of an arifumetic or logic operation is zero 
0::: The result of an arilhmetic or logic operation is not zero 
DC: Digit canylborrow bit (ADDWF, ADDLW I SUBLWI SUBWF instructions) (for borrow, the polarity 
is reversed) 
1 =A carry-out from fue 4fu low order bit of the result occurred 
o = No carry-Out from fue 4fu low order bit of the result 

C: Canylborrow bit (ADDWF, ADDLW,SUBLW,SUBWF instructions) (for borrow. the polarity is 
reversed) 

1 = A carry-OUt from fue Most Significant bit of the result occurred 

o = No carry-Out from the Most Significant bit of the result occurred 

Note: 	 A subtraction is executed by adding the two's complement oftM second operand. 
For rotate (RRF. ELF) instructions, fuis bit is loaded with either the high or low order 
bit of the source register. 
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PIC 16F84A 

OPTION REGISTER (ADDRESS 81h) 

RJW-1 RIW-1 RIW-1 RIW-1 RIW-1 RIW-1 RIW-1 RNV-1 

I RBPU I INTEDG I TOes I TOSE PSA PS2 PS1 PSO 
bil7 bit 0 

RiiPU: PORTB PuD-up Enable bit 
1 '" PORTB pull-ups are disabled 
o = PORTS pull-ups are enabled by individual port latch values 

INTEDG: Interrupt Edge Select bit 
1 =Interrupt on rising edge of RBOIINT pin 
o= Interrupt on falling edge of RBOIINT pin 

Toes: TMRO Clock Source Seiad bit 
1 = Transition on RA4ITOCKI pin 
o= Intemallnstruction cycle clock (CLKOUT) 

TOSE: TMRO Source Edge Select bit 
1 =Increment on high-to-Iow transition on RA41TOCKl pin 
o= Increment onlow-to-high transition on RA4fTOCKI pin 

PSA: Prescaler Assignment bit 
1 = Prescalar is assigned to the WDT 
o '" Prescaier is assigned to 1M TI!TlerO module 
PS2:PSO: Prescaier Rate Select bits 

Bit value TMRO Rate WDT Rate 

000 
001 
010 
all 
100 
101 
110 
111 

1:2 
1 : 4 
1: 8 
1 : 16 
1: 32 
1: 64 
1: 128 
1: 256 

1.1 
1: 2 
1 4 
1: 6 
1 : 16 
1: 32 
1: 64 
1- 128 

INTCON REGISTER (ADDRESS OBh, 8Bh) 


RIW..fJ RIW-O RIW..fJ RIW-O RIW-O RIW..fJ RIW-x 

GIE EEIE TOlE INTE RBIE TOIF INTF RBIF 

bit 7 bit 0 

GIE: Global Interrupt Enable bit 
1 '" Enables all unmasked interrupts 
o Disables all interrupts 

EEIE: EE Write complete Interrupt Enable bit 
1 = Enables the EE Wnle Complete interrupts 
o = Disables the EE Write Complete interrupt 

TGIE: TMRO OVerflow Interrupt Enable bit 
1 =Enables the TMRO interrupt 
o =Disables the TMRO interrupt 

INTE: RBOIINT Extemallnterrupt Enable bit 
1 Enables the RBOIINT external interrupt 
o =Disables the RBOJINT eldernal inlerrupt 

RBIE: RB Port Change Interrupt Enable bit 

1 = Enables the RB port change interrupt 
o = Disables the RB port change interrupt 

TOIF: TMRO Overflow Interrupt Flag bit 

1 =TMRO register has OVerflowed (must be cleared in software) 

o TMRO register did not overflow 

INTF: RBOIINT External Interrupt Flag bit 
1 = The RBOJINT eldernal interrupt occurred (must be cleared in software) 
o = The RBOJINT external interrupt did not occur 

RBIF: RB Port Change Interrupt Flag bit 

1 =At least one of the RB7:RB4 pins changed state (must be cleared in software) 
o = None of the RB7:RB4 pins have changed state 
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16F84A and 16F877 

MlMtmonlc. 
OlMrands 

Dncrlptlon Cy~l9$ 
14-B1t Opcode Status 

Affected 
Notes 

MSb LSb 

BYTEoORJENTED FILE REGISTER OPERATIONS 

AOOWF f. d AddWand' 1 00 0111 dtft ftff C,DC,Z 1.2 
ANDWF I,d AND W with I 1 00 0101 lit!f ft!! Z 1,2 
ClRF f Clearf 1 00 0001 It!t ff!t Z 2 
CLRW - ClearW 1 00 0001 Oxxx lOClIJ(. Z 
COMF f. d complement I 1 00 1001 dttf !tft Z 1.2 
OECF f.d Decrementf 1 00 0011 d!tt tttt Z 1,2 
OECFSZ I,d Decrement f, Skip ItO 1 (2) 00 1011 dtft tttf 1.2,3 
INCF f.d Inaementf 1 00 1010 dtff ftft Z 1,2 
INCFSZ f, d Increment f, SIdp If 0 1 (2) 00 1111 dtt! tUt 1,2,3 
IORWF f,d Inclusive OR W with f 1 00 0100 dftf fUf Z 1,2 
MOVF f.d Movef 1 00 1000 dtff !tft Z 1,2 
MOVWF f MoveWtof 1 00 0000 lftf ft!U 
HOP - No Operation 1 00 0000 aXlto 0000 
RtF f. d Rotate lei fthrOugh carry 1 00 1101 dttt t!t! C 1,2 
RRF f,d ROIate RIght f Ihrough carry 1 00 1100 dftt fftt C 1.2 
SUBWF f,d Subtract wfrom r 1 00 0010 dt!f r.r.tt C.oC,Z 1,2 
SWAPF f.d Swap nibbleS In f 1 00 1110 dftf ·fUf 1,2 
XORWF f, d Exduslve OR W with r 1 00 0110 dtft fft.f Z 1.2 

BlToORIENTED FilE REGISTER OPERATIONS 

BCF f.b SItClearf 1 01 OObb btM ffft. 1,2 
BSF f,b BIt self 1 01 01bb bUf tfft 1,2 
BTFSC I. b BIt lest1. SkIp If Clear 1 (2) 01 10bb btff ft.ft S 
BTFSS f, b BIl1est f. SkIp IfSet 1 (2) 01 llbb bfU fUt 3 

UTERAL AND CONTROL OPERATIONS 

AOOlW k Add literal and W 1 11 ll1x k1ckJc k1ckJc C.oC,Z 
ANDLW k AND IIIeraI with W 1 11 1001 k1ckJc k1ckJc Z 
CAll k C8II subroutine 2 10 Oltkk k1ckJc k1ckJc 
CLRWDT - Clear watChdog Timer 1 00 0000 0110 0100 TO,PO 
GOTO II Go to address 2 10 lkklt k1ckJc k1ckJc 
IORLW k Inclusive OR 11tel31 with W 1 11 1000 k1ckJc kkltk Z 
MOVLW k Move lllelal to W 1 11 OOXlt kkltk k1ckJc 
RETFIE - Retum from Interrupt 2 00 0000 0000 1001 
RETlW k Retum with lHerailn W 2 11 01xx: kkkk k1ckJc 
RETURN - Return from Subroutine 2 00 0000 0000 1000 
SLEEP - Go Intostandby mode 1 00 0000 0110 0011 TO.PD 
SUBLW k SUbtract W from lllelal 1 11 110x k1ckJc k1ckJc C.OC,Z 
XORLW k Exduslve OR literal with W 1 11 1010 kkltlt kkltk: Z 

Note 1: 	 When an 110 regISter Is IIlOdllledasa fUncIIon otl\self( e.g., MOVE' PORTS, l),IheVaJue used will be thatvaJue present 
on the pInS themselves. For example. If the data latch Is '1' for a pin configured as input and Is driven low by an extemal 
deVIce, the data wi! be wrIIten back with a '0'. 

2: 	 Hthis Inslructron IS executed 00 the TMRO register (and. where applicable. d =1). the prescaler wi. be deared II 
assigned to the TimelO Module. 

3: 	 If Program COunter (PC) IS modified or a condlUonal test Is true, the InslrucUon requires two cycles. Tile second cycle IS 
executed as a IIOP. 
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Pin Diagram 

PDIP 

MClRiVl'P-
RAOIAtI)_ 

RA1IAN1
fUi2lAN1IIIRfF- _ 
RA3lAN3MiEF+ _ 

RA4ITOCIQ

RA5lAN4ISS 

REI)'flDI'AN5 

RE11WR1AH8 RE2ICSIAN7 _ 
\/IlD ___ 

vss_ 
05C1JCU(JN 

OSC2JCLKOUT _ 

RCOIT1OS0lT10<1 _ 
RC11T1OS11CCP2 _ 

RC2JCCP1_ 

RC3/SCKlSCL 
RDI:WPSPO_ 
RD1IPSP1_ 

PIC 16F877 


- R87iPGO 
- RB6tPGC 
-RBS 
_RIM 
_ R83IPGM 

_RB2 

-RS1 

- R8IIfINT 
-\/IlD 
-\ISs 

- RD1IPSP7 

- Rll6fPSP6 
-
_ 

RDSIPSPS
RD4tPSP4 

_ RC71RX1OT 
_ RC6ITXfCK 
_ RCSISDO 

-_ RC4ISDIISOAR03IPSP3 

_ RDlE'SP2 
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PIC 16F877 


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

SMP: Sample bit 
SPI Master mode: 

1 =Input data sampled at end of data output Urne 

o = Input data sampled at middle of dam output time 

SPI Slave mode: 

SMP must be cleared When SPIIs used In slave mode 

In 12c MasterorSlave mode: 

1 '" Slew rate control disabled for standard speed mode (100kHz and 1 MHz) 

o = Slew rate cootrol enabled for high speed mode (400 kHz) 

eKE: SPI Clock Edge Select (FlQure 9-2, Figure 9-3 and figure 9-4) 
SPI moue; 
ForCKP=O 
1 = Data transmitted on lising edge of SCK 
o=Data transmitted on falling edge of SCI< 
ForCKP = 1 
1 :: Data transmitted on falling edge of SCK 
o = Data transmitted on lising edge of SCK 
In 12c Master or Slave mode: 

1 = Input levels ,conform to 5MBus spec 

o= Input levels conform to t!c specs 
D/A: DalalAddress bit (~ mode only) 

1 = Indicates that the last byte received or transmitted was data 

0= Indicates that the last byte received or transmitted was address 

P: STOP blt 

(12c mode only. This bit Is cleared wilen 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 

02c mode only. This bit Is cleared When the MSSP modUle is disabled, SSPEN is cleared.) 

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

o:: START bit was not detected last 

RlW: ReadiWme bit Information (a2c mode only) 
This bit holds the RIW bit information following Ule last address match. this bit is only valid from the 
address match to Ibe next START bit, STOP bit or not ACK bil 
In 12C Slave mode: 
1= Read 
0:: Write 
In J2c Master mode· 
1 = Transmlt is In progress 
o = Transmit is not in progress 

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


UA: Update Address (1O-b1t r2c 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: Burrer Fun status bit 
ReceiVe (SP! and 12C modes); 
1 :; Receive complete. SSPBUF is fUll 
o =:; Receive not complete, SSPBUF is empty 
Transmit fl2C mode onlY): 
1 = Data transmit In progress (does not indude the ACK and STOP bits). SSPBUF Is fUll 
o = Dam transmit complete (dOeS not indude Ule ACK and STOP bits), SSPBUF Is empty 
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PIC 16F877 

SSPCON: SYNC SERIAL PORT CONTROL REGISTER (ADDRESS 14h) 

RMJ-O RJ\lV-O RMJ-O RJW-O RJW-O 

weOl SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMQ 

bH7 bIG 

WCOl: Witte Collision Detect bit 
Master mode: 

1 '" A write to SSPBUF was attempted while the I2C conditions were not valid 

o"' No collisioo 
S!avemode: 
1 = SSPBUF register is written while still transmitting the previous worn (must be cleared in 

software) 
o = No coIJlslon 

SSPOV: Receive Over1loW Indicator bit 
In SPI megr 
1 =A newbyte Is received while SSPBUF holds previoUS data. Data in SSPSR is lost on overflow. In Slave 

mode, the user owst read the SSPBUF, even If only transmiWng data. to avoid overflows. In Master 
mode, the overflow bH is not set. since each operation Is initiated by Wl1IIog to the SSPBUF register. 
(Must be cleared in software.) 

o = No overflOW 
In 12C mode: 
1 = A byte is received while the 5SPBUF is holding the previous byte. SSPOV isa "don't care' in Transmit 

mode. {Must be cleared in software.) 
o = No overflow 

SSPEN: Synchronous serial Port Enable bit 
InSPlmode. 
When enabled. these pins nwst be propef1y configured as input or output 
1 = Enables seflal port and configlB'eS SO<, SOO, SOL and S5 as the source of the serial port pInS 
o= Disables seflal port and oontigures these pins as 110 port pInS 
In 12c mode. 
When enabled, these pins must be propei1y configured as input or output 
1 = Enables the serial port and configures the SOA and SCl pins as the source or the serial port pins 
0= Disables serial portand configures these pins as I/O port pins 

CKP: Clock Polatlty Select bH 
InSPI mode: 
1 = Idle sIale for dock is a high level 
o = Idle sIale for dock Is a low level 
In 12c Slave mode: 
SCK release conlrol 
1 "" Enable dock 
o =Holds dock low (dock stretch). (Used to ensure data setup lime.) 
In 1$ Master mode: 
Unused in this mode 

SSPM3:SSPMO: Synchronous Serial Port Mode Select bits 
0000 = SPI Master mode. dock F0SCI4 
0001 = SPI Master mode. clock = F0SCI16 
0010 = SPI Master mode. dock FoscJ64 
0011 =SPI Master mode, clock TMR2 ~t12 
0100 =SPI Slave mode, dock = SCK pin. SS pin control enabled. 
0101:; SPI Slave mode, dock '" SCK pin. SS pin control disabled. SS can be usedas 110 pin. 
0110:: 12C Slave mode, 7-bit address 
0111:; 12C Slave mode, 10-bit address 
1000:: 12C Master mode, dock =Fosc I (4 • (SSPADD+1)) 
1011 = 12c Firmware Controlled Master mode (slave Idle) 
1110 =I2c Firmware Conlrolled Master mode, 7-bit address with START and STOP bit interrupts enabled 
1111 = 12c FllTIIWare Controlled Master mode, 1O-bit address witIJ START and STOP bit Interrupts enabled 
1001, 1010, 1100. 1101 = Reserved 
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PIC 16F877 

PIC16F877/876 REGISTER FilE MAP 

fie FIle 
A.d<Rs:s Address 

• 80h 
01h 81h 
02h 

TMR1L 

07h 

82h 

Indirect adc:1r.M • 00h 

TMRO 
Pel 

STATUS 
FSR 

PORTA 

103h 63h 
O4h • 84h 

i 05h : 85tI 

! 06h 86h 
87h 

i 08h 88h 
·09h 8911 

0Ah • BAh 
! 0Bh 8Bh 

0Ch 8Gh 
i OOh 80h 
·OEb 8Eh 

TMR1H OFh 8Fh 
i 10h 90h 


11h 
 9111 

12h 
 92h 

13h 
 93h 
14h 94h 

1511 
 95h 

16h 
 96h 

17h 97h 

1611 98h 

19h 99h 


i 1M 9Ah 

1Bh 
 9Bh 

1Ch 9Gh 

lOh 

General 
Purpose 
Register 
80 Bytes 

accesses 
7Oh-7Fh 

90h 

1Eh 
 i 9Eh 
1Fh 9Fh 
20h AOI'I 

EFh 
FOIl 

FFh 
BankO Bank 1 Bank 2 

7Fh 

General = 16 Byles 

General 
Pupose
Register 
80 Byles 

accesses 
7Oh-7Fh 

• Unimplemented data memory locations, read as '0'. 
• Not a physical register. 

Note 1: TIlese ~rs are not implemented on the PlC16F876. 
2: TIlese registers are reserved, maintain these registers dear. 

T100N 
TMR2 

T2CON I 

TXREG 
RCREG 
CCPR2l 
CCPR2H i 

CCP2CON 

A 
ADCONO 

General 
Purpose 
Register 

96 Bytes 

RIle 
Address Address 

File 

11Dl 

General 
Purpose 
Register 
16 Bytes 

Genera( 
Purpose 
Register 
811 Byles 

180h 
101h 181h 
10211 182h 
10311 183h 
104h 184h 
10511 185h 
106h 186h 
107h 187h 
108h 188h 
10911 169t1 
10M 18Ah 
10Sh 18Bh 
1001 18Ch 
1001'1 18011 
10Eh 18Eh 
10Fh 18Fh 
110h 190h 
111h 191h 
112h 19211 
113h 193h 
114h 194h 
11511 19511 
116h 196h 
117h 197h 
118h 198h 
11911 19911 
11M 19M 

. 11Bh 19BI1 
i 11Ch 19Ch 

11Dh 19DI1 
11Eh 19Eh 
11Fh 19Fh 
12011 1AOh 

1EFh16Fh 
170h 1FOhaccesses 

7011 -7Fh 

l1Fh 
 1FFh 

Bank 3 
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PIC 16F877 

ADCONO REGISTER (ADDRESS: 1 Fh) 

RIW-O RIW-O RIW-O RJW-O RIW-O RIW-O u-o RIW-O 

bit 7 bit 0 

ADCS1 :ADCSO: AID Conversion Clock Select bits 
00 =FOSCI2 
01 = FosCl8 
10 =FosC132 
11 =FRC (dock derived from the internal AID module RC oscillator) 

CHS2:CHSO: Analog Channel Select bits 
000 =channel O. (RAn/ANO) 
001 =channel 1, (RA1/AN1) 
010 = channel 2, (RA2lAN2) 
011 = channel 3, (RA3lAN3) 
100 = channel 4, (RA5lAN4) 
101 = chamel5. (REOIAN5)t1J 
110 = channel S, (RE1/ANS)11J 
111 channel 7, (RE2IAN7)(1) 

GOlDONE: AID Conversion Status bit 
IfADON = 1
1 = AID conversion in progress (setting this bit starts the AID conversion) 
o = AID conversion not in progress (this bit is automatically cleared by hardware when the AID 

conversion is complete) 

Unimplemented: Read as '0' 

ADON: AID On bit 
1 AID converter module is operating 
o =AID converter module is shut-off and consumes no operating current 
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PIC 16F877 

ADCON1 REGISTER (ADDRESS 9Fh) 

u-o u-o RIW-O u-o RIW-O RIW-O RIW-O RIW-O 

bit 7 

ADFM: AID Result Format Seled bit 

1 = Right justified. 6 Most SignifICant bits ofAORESH 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: 
PCFGO 

AN111 ) 

RE2 
ANSI1) 

RE1 
AN,(11 

REO AN41RA5 ::: 
AN2 
RA2 

AN1 
RA1 

ANO 
RAO V'REf+ VREF· 

CHAW 
Refs(2) 

0000 

0001 

0010 

0011 

0100 

A 

A 

0 

0 

0 

A 

A 

D 

D 

D 

A 

A 

0 

0 

0 

A 

A 

A 

A 

0 

A 

VREF+ 

A 

VREF+ 
A 

A 

A 

A 

A 

0 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

Voo 
RAJ 

Voo 
RA3 
Voo 

Vss 
Vss 
Vss 
Vss 

,Vss 

6/0 

7/1 

5fO 

411 

310 

i 

I 

0101 0 D 0 D VREF+ D A A RA3 Vss 211 

011x 0 D D D D D 0 D Voo Vss 0/0 i 

1000 A A A A VREF+ VREF A A RA3 RA2 6/2 

1001 0 D A A A A A A voo VSS 610 

1010 0 D A A VREf+ A A A RA3 Vss 511 

1011 0 D A A VREF+ VREF A A RA3 RA2 4/2 

1100 0 D D A VREF+ VREF A A RA3 RA2 312 

1101 0 D 0 D VREF+ VREF- I A A RA3 RA2 212 

1110 0 D D 0 0 D 0 A Voo \Iss 110 

1111 0 D D D VRef+ VREF 0 A RA3 RA2 1/2 

A :. Analog Input 0 =DlgItall/O 

Note 1: These channels are not available on PIC16FS731876 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 bit, read as '0' 

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