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QUESTION ONE (25 marks) 

(a) 	 (i) State the memory areas available and their usage in PIC 16F84A. 

(3 marks) 

(ii) 	 IdentifY the architecture used in PIC microcontrollers and state why this 

architecture is more faster. 

(3 marks) 

(iii) 	 How do you describe a microprocessor based system and a microcontroller based 
system? (3 marks) 

(iv) 	 Indicate the peripheral modules available in PIC 16F84A and PIC 16F877. 

(2 marks) 

(b) 	 Consider the segment ofa program shown in Figure-Ql written for PIC16F84A. 

bsf 03,5 
movlw b'01 00011 0' 
movwf 06 
movwf 01 
bef 03,5 

Figure-Q1 

(i) 	 Explain all the statements shown in Figure-Q1. 

(4 marks) 

(ii) 	 Write the first three code lines in Figure-Ql with machine code. 

(3 marks) 

(iii) 	 In an application it is required to use timer TMRO overflow occurring in every 
5ms. Select giving justification a crystal from the following list, for the clock 
oscillator that will give a minimum timing error. What is the percentage error in 
timing? ModifY the code in Figure-Ql only to accommodate your selection. 

The crystals available are, 

1 MHz, 2.457MHz, 3.579MHz 4MHz. 

(7 marks) 
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OUESTION TWO (25 marks) 

A simple fann irrigation system is designed based on a 16F84A microcontroller. The system 

consists with a soil moisture sensing unit, rain sensor, water tank with a level sensing unit, 

water pump to fill the tank and a water sprinkler system. Following is a list ofTIL 

compatible signals to be handled. 

Description 

M Soil moisture sensing unit output. Returns logic '1' if the 

moisture is lower than the set limit. 

R Rain sensor output. Returns logic' l' if the rain is present. 

W Output of the water level sensor unit of the water tank with 
incorporated hysteresis. Returns logic' l' ifthe water level is lower 
than the set limit. 

P Control signal of the water pump which fill~ the tank. Logic' 1 ' 
activates the pump. 

S Control signal for the water sprinkler system. Logic' l' activates it. 

(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 THREE (25 marks) 

A block ofassembly code program written for 16F84A is shown in Figure-Q3. For the clock 

oscillator, a 8MHz crystal is used and the supply is +5V. Assume that the variables P, M and 

N have been already defined with other special function registers. 

org 0 

goto start 
. 
w 

-

org 64h 
start bsf status, 5 

movlw b'01010101' 
tris portA 

movlw b'10101010' 
tris portB 

movlw b'OOOOOOO1' 
option 

bcf status, 5 
begin clrf portB 

movlw.1 
movwf P 
movwf M 
movwf N 

lab-1 	 bsf portB,O 
lab-2 	 call break 

decfsz N, 1 
goto lab·2 
bcf portB,O 

lab-3 	 call break 
decfsz M,1 
goto lab-3

• 


I 


break 
loop 

movf P,W i 

sublw .5 
btfsc status, 2 

goto begin 

incf P,1 

movf P, W 

movwf N 

movwf M 

goto lab-1 


clrf tmrO 
movf tmrO, W 
sublw .82 

btfss status, 2 
goto loop 

return 

Figure-03 

(i) 	 From what memory location the actual code is written in the program memory of the 
Microcontroller? (2 marks) 

(ii) 	 Identify the port pin to which the output ofthe program is assigned. 
(2 marks) 

(iii) 	 Find and copy the subroutine part ofthe code and evaluate as accurate as possible the' 
time taken to execute it. 

(6 marks) 
(iv) 	 Build a complete flow chart to describe the function ofthe program. 

(7 marks) 
(v) 	 Draw the reSUlting output waveform for a period of 5ms after the execution of the 

program from 'begin ...... statement. You need to mark the voltage and time 
information supported with calculations where necessary. (8 marks) 
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QUESTION FOUR (25 marks) 

(a) 	 State the sources that can make an interrupt on a 16F84A microcontroller. 

(3 marks) 

(b) 	 A 16F84A is considered for the following. 

(i) 	 'Task one' and 'Task two' are two different assembly code blocks. On low to 
high transition of an interrupt signal from an external device, 'Task one' needs to 
be executed. When the interrupt signal moves from high to low, 'Task two' needs 
to be executed. Select a port pin for the connection of interrupt signal. Show the 
configurations ofthe registers involved. Assume that no other types of interrupts 
are used. 

(5 marks) 
(ii) 	 Show the contents ofthe registers which are effected after an interrupt mentioned 

in (b )(i) above. 

(3 marks) 

(iii) 	 Draw a flow chart with enough details to show the servicing of interrupts 
mentioned in (b )(i) above. 

(7 marks) 

(c) 	 A PIC 16F877 microcontroller is considered for the following. 

(i) When using its Analog to Digital Converter (ADC), it is required to configure it 
. 	 loseto have external voltage reference, four analog mputs, a clock source of--. Ifthe 

2 
input channel 1 is selected and ADC turned on but not started converting, show 
the settings ofthe relevant registers. When the conversion is started and running, 
what are the changes in these registers? State your assumptions if there are any. 

(4 marks) 

(ii) 	 If an 8MHz crystal oscillator is to be used, select a suitable option for ADCS 1 
and ADCSO bits in the ADCONO register justifying the answer. 

(3 marks) 
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QUESTION FIVE (25 marks) 

(a) 	 A 16F877 is required to be connected to another device equipped with an USART 
interface. Communication is done full duplex and asynchronous with a baud rate of 
9600Hz. A 8MHz crystal oscillator is used and 8 bit data transfer is assumed. 

(i) Show how the 16F877 can be connected to the device USART interface. Any 
known pin numbers 
and pin names related to USAR T must be clearly marked. 

(2 marks) 
(ii) Write the bit configuration of the registers TXSTA, SPBRG and RCSTA 
assuming high speed 
option. 

TXSTA: 

RCSTA: 

You may use, BR = 16(X+1) with usual notation. 

(9 marks) 

(iii) 	 State when and where new data to be transmitted must be loaded and new 
data received can be recovered. 

(4 marks) 

(b) 	 A device that can transfer data at a maximum rate of 125kHz through SPI needs to be 

interfaced with a 16F877. Assume that the microcontroller is running on a 8MHz 

crystal oscillator. 

If the microcontroller is configured for SPI mode to connect with the device, show 

the settings of the SSPCON, SSPSTAT and any other register involved. 

It must include the settings for the zero idle state ofclock, data sampling at the 

middle of the bit period and the data transfers are on the rising edge ofclock. 

(10 marks) 



PDlP, SOIC 

RA2---

RMlTOCKl 3 
4MClR

7RB1

PIC 16F84A 


---RAt 
-RAD 
-OSC1JCLKIN 

- OSC2lCLKOUT 

-VDO 
-R8T 

-RB6 
-RB5 

---RB4 

STATUS REGISTER (ADDRESS 03h, 83h) 

RIW-O RIW-O RIW-O R-1 R-1 

File 

BOh 

81h 

82h 

83h 

84h 

85h 

B6h 

8Th 

88h 

89h 

BAh 

8Bh 

0Ch 8CIl 

68 
General 

~ 

~------~r-----~~'-~ 

(SRAM) 

CFI'l4Fh 
5011 DOh 

RIW-x RIW-x RIW-x 

IRP RP1 RPO TO PO z DC C 

bit 7 	 bit 0 

Unimplemented: Maintain as '0' 

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

01 = Bank 1 (SOh - FFh) 

00 = Bank 0 (OOh - 7Fh) 


TO: Time-out bit 
1 = After power..up, CLRWDT instruction, or SLEEP instruction 
o = A WDT time-out occurred 
PD: 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 
o= The result of an arithmetic or logic operation is not zero 

DC: Digit carrylbofTow 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 
o = No carry-out from the 4th low order bit of the result 

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

1 = A carry-out from the Most Significant bit of the result ocrurred 

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

Note: 	 A subtraction is executed by adding the two'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. 
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PIC 16F84A 

OPTION REGISTER (ADDRESS 81h) 

RIW-1 RIW-1 RIW-1 RJW-1 RIW-1 RIW-1 RiW-1 RJW-1 

I RBPU IINTEDG I TOCS lOSE PSA PS2 PS1 PSO 

bil7 bit 0 

RBPU: PORTB Pul..up Enable bit 
1 =PORTB pcjI-ups are disabled 
o=PORTB pull-ups are enabled by individual port latch values 
INTEDG: Interrupt Edge Seled bit 
1 = Interrupt on rising edge of RBo/lNT pin 
o= Interrupt on laDing edge of RBOIINT pin 

TOCS: TMRO Clock Source Select bit 
1 = Transition on RMrrOCKl pin 
o= Internal instruction cycle dock (CLKOUT) 

TOSE: TMRO Source Edge Select bit 
1 =Increment on high-Io-Iow transition on RA4rrOCKJ pin 
o =Increment on low-ta-high transition on RA4rrOCKI pin 

PSA: Presceler Assignment bit 

1 =Prescaler is assigned to the WDT 
a =Prescaler is assigned to the TImerO module 
PS2:PSO: Prescaler Rate Select bits 

Bit Value lMRO 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: 8 
1: 16 
1 :32 
1: 64 
1: 128 

INTCON REGISTER (ADDRESS OSh, 8Sh) 


RlW-O RMI-O RJW-O RIW-O RIW-O RIW-O RIW-O RJW-x 

GIE EEIE TOlE INTE RBIE TOIF INTF RBIF 

bil7 bilO 

GIE: Global Interrupt Enable bit 
1 =Enables al unmasked interrup1s 
o =Disables all interrup1s 

EEJE: EE Write Complete Interrupt Enable bit 
1 =Enables the EE Write Complete interrup1s 
o =Disables the EE Write Complete interrupt 

TOlE: TMRO Overflow Interrupt Enable bit 
1 = Enables the TMRO interrupt 
a =Disables the TMRD interrupt 

INTE: RBOIINT Extemallnterrupt Enable bit 
1 =Enables the RBOIINT external interrupt 
a = Disables the RBo/INT external interrupt 

RBIE: RB Port Change Interrupt Enable bit 

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

TOIF: TMRO Overflow Interrupt Flag b.it 
1 = TMRO register has overllowed (must be cleared in software) 
a =TMRO register did not overtlow 

INTF: RBOJINT External Interrupt Rag bit 
1 =The RBOIINT external interrupt occurred (must be deared in software) 

a =The RBo/lNT external interrupt did not occur 


RBIF: RB Port Change Interrupt Rag bit 


1 =At least one 01 the RB7:RB4 pins changed stete (must be deared in software) 

a =None of the RB7:RB4 pins have changed slate 
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16F84A and 16F877 

MnemonIc, 
Operands 

DescrIption Cycles 
14-810pc0de A=INOtHMSb LSb 

BYTE.()RlENTED FILE REGISTER OPERATIONS 

ADfNIf' f,d AddWandf 1 00 0111 ctttf ttft c,oc.z 1.2 
ANDWF f,d ANDWWlttlf 1 00 0101 cttff ttf!! Z 1,2 
ClRF f Clearf 1 00 0001 Utf tttt Z 2 
CLRW - ClearW 1 00 0001 Oxxx xxxx Z 
COMF f,d COmplement f 1 00 1001 4ftt tfff Z 1,2 
OECF f,d Deaementf 1 00 0011 4ff!! tftf Z 1,2 
OECFSZ f,d Deaemenl f, ~ II 0 1 (2) 00 1011 ctttt ftff 1,2.3 
INCF f,d Incrementf 1 00 1010 4fft tttt Z 1,2 
INCFSZ r,d lnaement f, ~ If 0 1 (2) 00 1111 df!t rtff 1,2,3 
IORWF f,d Inc:Iu$I¥e OR W WIttI f 1 00 0100 4frt t!t! Z 1,2 
MOYF f, d Move' 1 00 1000 4ft! ttt! Z 1,2 
MO\IWF f Move wto, 1 00 0000 ut! ffff 
NOP - NoOperaUon 1 00 0000 oxxo 0000 
RLF f,d Rotate Left f through cany 1 00 1101 4ft! tt!t C 1,2 
RRF f, d Rotate RIght f IIIroUgh cany 1 00 1100 ctttf t!t! C 1,2 
SUBWF f. d ~ctWflomf 1 00 0010 4ft! tftt c.oc.z 1,2 
SWAPF f,d swap nibbles ... f 1 00 1110 4ft! !ttt 1,2 
XORWF f,d ExduslVe OR W will f 1 00 0110 4ft! ttf! Z 1,2 

BIT.()RIIiNTED FI.EI REGISTER OPERATIONS 

BCF f, b 
BSF f. b 
BTfSC f,b 
BTfSS f,b 

BlClearf 
BlSetr 
Bl Test f, ~ IfClear 
BIt Test r, _IfSet 

01 OObb b!tf ttft 
01 Olbb btt! ttf! 

1 01 lObb btft tftt 
01 llbb btf! tttt 

1,2 
1,2 
3 
3 

UTERAL AND CONTROL OPERATIONS 

ADDLW k Add IIfenlI and W 1 11 111x tkkk kIckk c.oc.z 
ANDLW k AND IIfenlI WIttI W 1 11 1001 tkkk tkkk Z 
CALL. k Gall subn:IUltIe 2 10 0k1tt tkkk kIckk 
CLRWDT - Clear watdldog 11mer 1 00 0000 0110 0100 TO,PO 
GOTO k Go to8ddIesS 2 10 1kkk tkkk II'JI:lI:k 
IORLW k InclusIVe OR IItenII WIttI W 1 11 1000 ItIctk ItIctk Z 
MOVLW k Move IItenII toW 1 11 OOXX ItIctk kIckk 
REl'f'IE - Return from Interrupt 2 00 0000 0000 1001 
RETlW k Return WIttIIItelalIn W 2 11 01xx: tktlt kkkJt 
RETURN . Return fI'Om Subroutine 2 00 0000 0000 1000 
SLEEP -
SUBLW k 

Go Into standby mode 
SUbIrad W from lIeral 

1 
1 

00 0000 0110 0011 
11 11ox ItIctk kIckk 

TO,PO
c.oC.z 

XORLW k ExclUsIve OR IItefaI WIttI W 1 11 1010 kkkJt II'JI:lI:k Z 
NoW 1: 	 When an 110 register Is modIIIed as a funcIIon Of Itself ( e.g., MOVF PORTB, I), the value used WIll be 1IIat value present 

on UIe pIn$ themselves. For example, rUle da1a latch Is '1' for a pin CXIIlfIgUftId as Jnput and Is drIVen lOW by an external 
deVIce, UIe daIa wi be M1IIen back wIIh a '0'... 

2: 	 Ifthis InSIrudIon Is executed CII the TMRO register (and. Where applicable, d .. 1). the presc:aIer WIll be deared If 
assigned to lIle 11mef'O ModUle. 

3: 	 IfProgram Counter (PC) Is modIIIed or a condIIIonaI test Is true.1I1e InsIrudIon reqUi'eS two cydes. The second cytIe IS 
executed as a )lOP. 
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PIC 16F877 

Pin Diagram 

PDIP 

MClRIVPP ------RADrAMI_ 

RA.1lAN1 RA2fAN2IIIREF- _ 

RA3lAN~_
Rft4lTIICKI _ 

RASlAN4ISS 
REDRDIANS

RE11WRfAN6 

RE2JCSfAN1 -
VDo_ 
vss_

0SC1JCl.KIN __ 

O5C2IClKCUT __ 

RCOfr10S0fT1CKJ _ 

RC11f1OS11CCP2 _ 

RC2KX:P1_ 

RC3ISCKISCI... RDIJPSPD_ 
RDWSP1_ 

- RB7JPGO 
- RB6IPGC 
-RB5 
-RB4 _ R83IPGM 

_RB2 

-RB1 

- RBOIINT 
-'.tIlD 
__ \ISs 

- RD7PSP1 
-RD&PSP6 
_ Rl)5jp5P5 

_ R04oPS~ 

_ RC11RX11JT 
_ RC6ITXICK 

_ RCSISOO 

-_ RC4JSDIISDARD3PSP3 
_ RD2IPSP2 
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PIC 16F877 

SSPSTA'r. SYNC SERIAL PORT STATUS REGISTER (ADDRESS: 94h) 

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

SMP CKE DlA P S RIW UA BF 

bit 7 bit 0 

SUP: Sample bit 
SPI Master mOde: 
1 =Input data sampled at end of data output time 
o = Input data sampled at middle ordata output time 

SPI SlaVe mode: 

SMP must be cleared When SPI is used In slave mode 

In !2C MasferorSlaye mode: 

1 == Slew rate oontroI disabled fOr stmdard speed mode (100 kHZ and 1 MHz) 

o == Slew rate control enabled fOr high speed mode (400 kHz) 

CKE: SPI CIodt Edge select (figure 9-2, Figure 9-3 and FIg\I'e 9-4) 
SPJ mode-
ForCKP==O 

1 == Data lransmlled on /1sIng edge or SCI( 

o = Data tr.msmiIted on failing edge orSCK 
For CKP = 1 
1 "" Data kansrnllled on failing edge or SCI( 

o= Data Ifansmilted on rising edge or SCI( 
In ,2C Master or SlaVe mode: 
1 = Inpullevels COlIform 10 5MBus spec 
o = Input levels conIiJmI to t2c specs 

DlA: DaIaIMdfess bit (J2c mode only) 

1 = indicates that the last byte received or lransmllted was data 

o :: indicates that the last bytereceived or transmmed was address 

P:STOPbit 

(J2c mode only. lbis bit is cleared when the MSSP module is disabled, SSPEH is Cleared.) 

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

0= STOP bitwas notdeteded last 


S:STARTbit 

(J2c 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 bills '0' on RESET) 

o:: START bI was not de1eded last 

RIW: ReadhVIIe bit Infonnation (IZc mode only) 

This btl holds the RIN bit information following the last address match. ThIs bit Is only valid from the 

address match to lhe next START bit. STOP bit or not ACK bit. 

In 12C SIaye mode: 

1:: Read 
o=WI1te 
In ec Master mode: 
1 :: Tnmsmlis In progress 
o == Transmit Is not in progress 

Logical OR or this bitwilh SEN. RSEN. PEN. RCEN, or ACKEH will Indicate If the MSSP is in IDLE mode. 


UA: Update Address (1 D-bIt rc mode only) 

1 = Indicates that !he user needs 10 update the address In tile SSPADD register 

o= Address does not need to be updated 

BF: Burrer FIJI Slatus bit 
Receive eSPI and ec modes)" 
1 = Receive complete, SSPBUF is IUn 
o = Receive not complete. SSPBUF is empty 
Transmft (Fe mode onlY): 

1 = Data transmit In progress (does not Induc:/e 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 

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

RIW-O RIW-O RIW-O RIW-O RJIN-O 

I WCOL SSPOV SSPEN CKP SSPU3 SSPM2 SSPM1 SSPMO 

bil7 bit 0 

weOl: WIle Collision Deled bit 
Master mode: 
1 - A'WI1Ie to SSPBUF was attempted WhIle tile I2C conditions were not valid 
o :: No colliSIon 
Slave mode: 
1 '" SSPBUF regISter is written While still transmllling the previous word (must be cleared In 

software) 
0= Nocollsm 

SSPOV: ReceiVe QverIk)w Indlcalor bit 
InSPlmode: 
1 :: A new byte 15 receIVed WhIle SSPBUF holds previOUS data. Data in SSPSR Is loSton overtlow. In Slave 

mode.. Itle user JOOSt reaclltle SSPBUF, even If only lransmiWng data, to avoid overDows. In Master 
mode, Itle overflow bit Is not set, since ead1 operation Is Inl1iated by writing to the SSPBUF register. 
(Must be cleared in software.) 

o '" No ovet1low 
In llemode: 
1 '" A byte 15 received whilellle SSPBUF is holding tile previous byte. SSPOV Is a 'lOOn' care" In Transmit 

mode. (Must be cleared in soflware.)' 
o :: No overllow 

SSPEN: synchronous Serial Port Enable bit 
tI SPI mode. 
When enabled, theSe pins must be properly configured as input or output 
1::Enables sertaI port and oonfiguresSCK, SOO, SDI. and SS as the source of the serial port pins 
o= Disables serial port and configUres these pins as 110 part pins 
In l2cmode, 
When enabled, these pins must be properly configured as Input or output 
1 :: Enables the serial port and configures the SOA and SCL pins as the source of the serial port pins 
o = Disables sertaI port and configures these pins as 110 part pins 

CKP: Clock Polarity Seled bit 
InSPlmode: 
1 =Idle state for dock is a high level 
a:: Idle state tJr dock is a loW leVel 
In 120 S!aye mode: 
SCI< release conlrol 
1 :; Enable dock 
o ;:: Holds dock low (dock stretch). (Used to ensure data setup time.) 
bile Masler!'!!Ode: 
Unused In thiS mode 

SSPM3:SSPMO: 5ynchrDnous Senal Port Mode Select bits 
0000 :: SPI Mastermode. dock == Fosc14 
0001:: SPI Master mooe. dock == Fosc/16 
0010:: SPI Master mode. dock =FoscI64 
0011 = SPI Maslermode, dock =TMR2 ~ 
0100 :: SPI stave mode. dock :: SCI< pin. SS pin control enabled. 
0101 = SPI Slave mode.. dock == SCI( pin. SS pin control disabled. SS can be used as 110 pin. 
0110 :; r2c Slave mode. 7 -bit address 
0111 :::; r2c Slave mode, 1O-b1t address 
1000 =r2c Master mode, clock =Foscl (4 * (SSPAOD+1» 
1 011 '" 120 Firmware COOIroIIed Master mode (sI'aWe idle) 
1110:: r2c Fumware controlled Master mode. 7 -bit address With START and STOP bit intenupts enabled 
1111 :; 120 firmware controlled Master mode, 1O-bitaddress With START and STOP bit Intenupts enabled 
1001, 1010, 1100, 1101 "'Reserved 
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PIC 16F877 

PIC16F877/876 REGISTER FILE MAP 

fie File 
AdEh5S AckRss 

Indirect addr.M 

1MRO 

PCL 
STAlUS 

FSR 
PORTA 

PORTB 

PORTe 
PQRTDtf) 

PCJRTEf11 
PCl.ATH 
INTCON 

PIR1 
PIR2 

lMR1l 
lMR1H 
T1CON 
1MR2 

l2CON 
SSPBUF 
SSPCON 
CCPR1l 
CCPR1H 

CCP1CON 

RCSTA 
TXREG 
RCREG 

CCPR2l 
CCPR2H 

CCP2CON 
ADRESH 
AOCONO 

General 

96=Bytes 

DOh 8lIl 
01h 81h 
02h 82h 
03h 83h 
04h 84h 
05h 85h 
06h 86h 
07h 81h 
08h 88h 
D9h 89h 
OM BAh 
IBh 8Bh 
OCh 8Ch 
DOh BOh 
0Eh 8Eh 
OFh 8Fh 
100 90h 
11h 91h 
12h 92h 
1311 93h 
14h 94h 
15h 95tt 
1611 96h 
11h 97h 
18h 98h 
19h 99h 
1M 9Ah 
1Bh 9Bh 
1Ch 9Ch 
1Dh 90h 
1Eh 9Eh 
1Fh 9Fh 
20h AOh 

General 

80 Byles = 
EFh 

FOb
accesses 

7Oh-lFh 
7Fh FFh 

BankO Bank 1 Bank 2 

General 
Purpose
RegIster 
16 Byles 

General = 80 Bytes 

accesses 
7Oh-lFh 

• unimplemenled dala memoryrocatioos. read as '0'. 
• Not a physical register. 

Note 1: These registers are not i~ on the PlC16F876. 
2: These registers are reseNed. maintain these registers dl9'. 

Rle 
Adc:t'ess 

1DOh 
101h 
10211 
103h 
104h 
10511 
10611 
101h 

10Bh 
109h 
10M 
10Bh 
tOCh 
100h 
10Eh 

10Fh 
1100 
111h 
11211 
11311 
114h 

115h 
11611 
117h 
118h 
119h 
11M 
11Bh 

11Gb 
t10h 
11Eh 
f1Fh 

12111 

16R1 
170b 

11Fh 

Fie 

AdcRss 


1SOh 
181h 
182h 

183h 
184h 
185h 
186h 
18Th 
188h 
189h 
1BAh 
18Bh 
1801 
1SOh 
18Eh 
18Fh 

General 
PlI'pOSe 
Register 
16 Bytes 

General 
Purpose 
Register 
80 Bytes 

accesses 
7mt-7Fh 

190h 

191h 
192h 
19311 
194h 
195h 
196h 
197h 
198h 
199h 
19M 
19Bh 
19Gb 
190h 

19Eh 
19Fh 

1ACh 

1EFh 
1FOh 

1FFh 
Bank 3 
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PIC 16F877 

ADCONO REGISTER (ADDRESS: 1Fh) 

RIW-O RIW-O RJW-O RIW-O RJW-O RIW-O u-o R/W-O 

bit 7 bit 0 

ADCS1 :ADCSO: AID Conversion Clock Select bits 
00 =FosC12 
01 =FoscI8 
10 =F0SCI32 
11 =FRC (dock derived from the internal AID module RC oscillator) 

CHS2:CHSO: Analog Channel Select bits 
000 =channel 0, (RAGlAND) 
001 = channel 1. (RA1/AN1) 

010 = channel 2, (RA2lAN2) 
011 =channel 3. (RA3lAN3) 
100 =channel 4, (RA5fAN4) 
101 = channel 5, (REOIAN5)C1) 

110 =channel 6, (RE1/AN6}fI) 
111 =channel 7, (RE2lAN7)l1) 

GOIDONE: AID Conversion S1atus bit 

IfAOON= 1: 

1 = AID conversion in progress (setting this bit starts the AID conversion) 

o = AID conversion not in progress (this bit is automatically deared by hardware when the AID 

COIWersion is complete) 

Unimplemented: Read as '0' 

ADON: AID On bit 
i = AID converter module is operating 
o =AID converter module is shut-oJfand consumes no operating current 
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PIC 16F877 

ADCON1 REGISTER (ADDRESS 9Fh) 

U-O U-O RIW-O U-O RIW-O R/W-O RIW-O RIW-O 

ADFM PCFG3 PCFG2 PCFG1 PCFGO 

bil7 bit 0 -
ADFM: NO Result Format Select bit 

1 =Right justified. 6 Most SignHkant bits of ADRESH are read as '0'. 

o =Left justiIied. 6 Least Significant bits of ADRESL are read as '0'. 


Unimplemented: Read as '0' 


PCFG3:PCFGO: AID Port Configuration Control bits: 


PCF03: ANtlt ) ~) AN5(11 AN4 AN3 AN2 ANt ANO 
VREF+ VR£F. CHAW 

PCFGO RE2 REt REO RA5 RA3 RA2 RAt RAG RefsI2) 

0000 A A A A A A A A Voo Vss 810 

0001 A A A A VREF+ A A A RA3 Vss 711 

0010 0 0 0 A A A A A Voo Vss 510 

0011 0 0 0 A VREF+ A A A RA3 Vss 411 
0100 0 0 0 0 A 0 A A 310 

0.101 0 0 0 0 VRt:F+ 0 A 

01lx 0 0 0 0 0 0 

1000 A A A A 

1001 0 0 A A 

1010 0 0 A A 

1011 0 0 A A 

1101) 0 0 0 A 

1101 0 0 0 0 

1110 0 0 0 0 0 0 

1111 0 0 0 0 VRt:F+ VREF

A ~ Analog input o = Digital 110 

Note 1: These channels are not available on PIC16F8731876 devices. 
2: This column indicates the number ofanalog channels avaifable as AID inputs and 

the number of analog chamels used as voltage reference inpu1s. 

legend: 

R=Readablebit 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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PIC 16F877 

FIGURE 10-1: USART TRANSMIT BLOCK DIAGRAM 

, 
BaUd R8tit.~ 
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fiGURE 10-4: USART RECEIVE BLOCK DIAGRAM 

x64 Baud RaIB a.K 

• 
Fosc·1 I SPBRG 

I 

r--+----------~FFO 

8 

Data Bus 


