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QUESTION ONE (25 marks)

(a) (i) State the memory areas available and their usage in PIC16F84A.

(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 of a program shown in Figure-Q1 written for PIC16F84A.

bsf 03,5
moviw b'01000110°
movwf 06
movwf o1
bef 03,5

Figure-Q1

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

(4 marks)

(i) Write the first three code lines in Figure-Q1 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-Q1 only to accommodate your selection.

The crystals available are,

IMHz, 2.457MHz, 3.579MHz 4MHz.

(7 marks)
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QUESTION TWO (25 marks)

A simple farm 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 of TTL
compatible signals to be handled.

Signal Description

M Soil moisture sensing unit output. Returns logic ‘1’ if the
moisture is Jower than the set limit.

R Rain sensor output. Returns logic *1” if the rain is present.

w Output of the water level sensor unit of the water tank with

incorporated hysteresis. Returns logic ‘1’ if the water level is lower
than the set limit.

p Control signal of the water pump which fills the tank. Logic ‘1’
activates the pump.
S Control signal for the water sprinkler system. Logic ‘1’ 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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UESTION THREE (25 marks

A block of assembly code program written for 16F84A is shown in Figure-Q33. 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.

(iD)

(iii)

(iv)
)

org o l
goto start movf P,w
- sublw .5
- btfsc status, 2
- goto begin
incf P11
org 64h movf P, w
start bsf status, 5 movwf N
moviw b'01010101° movwf M
tris portA goto lab-1
moviw b'10101010°
tris portB .
moviw b'00000001 break clf tmr0
option loop movf tmr0, w
bef status, 5 sublw .82
begin chef portB bifss status, 2
moviw .1 goto loop
movwf P return
movwf M
movwf N
lab-1 bsf portB, 0
lab-2 call break
decfsz N, 1
goto lab-2
bef poriB, 0
lab-3 call break
decfsz M, 1
goto tab-3
4

Figure-Q3

From what memory location the actual code is written in the program memory of the
Microcontroller? (2 marks)
Identify the port pin to which the output of the program is assigned.

(2 marks)
Find and copy the subroutine part of the code and evaluate as accurate as possible the-
time taken to execute it.

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

(7 marks)
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)



i

EFE423 MICROCONTROLLERS AND MICROCOMPUTER SYSTEMS Page 5 of 6

QUESTION FOUR (25 marks )

(@

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

(3 marks)

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

(c)

()

(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 of the registers involved. Assume that no other types of interrupts
are used.

(5 marks)
Show the contents of the registers which are effected after an interrupt mentioned
in (b)(i) above. V

" (3 marks)

(iiiy Draw a flow chart with enough details to show the servicing of interrupts

mentioned in (b)(i) above.

(7 marks)

A PIC 16F877 microcontroller is considered for the following.

(M

(i)

When using its Analog to Digital Converter (ADC), it is required to configure it

to have external voltage reference, four analog inputs, a clock source of Z%‘E. Ifthe

' input channel 1 is selected and ADC turned on but not started converting, show

the settings of the 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)

If an 8MHz crystal oscillator is to be used, select a suitable option for ADCS1
and ADCSO bits in the ADCONO register justifying the answer.

(3 marks)
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QUESTION FIVE (25 marks)

(a)

(b)

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.

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

(2 marks)
(i)  Write the bit configuration of the registers TXSTA, SPBRG and RCSTA
assuming high speed
option.
TXSTA: | CSRC | TX9 | TXEN|SYNC| - |BRGH|TRMT | TX9D
RCSTA: | SPEN | RX9 | SREN | CREN | ADDEN | FERR | OERR | RXPD

Fose s .
u o 22 i ual notation,
You may use, BR TosD with usual notatio

(9 marks)

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

(4 marks)

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 SMHz
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 of clock, data sampling at the

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

(10 marks)



PIC 16F84A re AdresS e~

_ 00h | Indirect adde" | Indwect adari" | 8O
PDIP, SOIC oth TMRO OPTION_REG | Bth
‘. 02nh PCL PCL 82h

RA2 +—[]s1 18[]=— RA1
RA3 »—[] 2 17 ’jq—. RAD 03h STATUS STATUS 83h
RAVTOCKI =3 7w  16[0~—0SCICLKN 04h FSR FSR B4ah

MCR—[j4 Q 15[]— OSCACLKOUT
Vss gs @ wuf Vbo 05h PORTA TRISA 85h
RBOANT ~—[]6 @  13[J~—Re7 06h PORTB TRISB B6h
RB1 ~—[]7 g 12[]~+— RBS arth 87h
RE2 ~— E : n ?] =~ RBS 08h EEDATA EECON1 8ah
-—- -—-

Re3 ° RB4 0sh EEADR EECON2I! 89h
0Ah PCLATH PCLATH 8Ah
0Bh INTCON INTCON 88h
och 8Ch

R%Iiiem in Bank 0
(SRAM)

STATUS REGISTER (ADDRESS 03h, 83h}

RWO RWO  RWD R-1 R-1 RW-x RWx  RWx
[ me | rp1 | RPO | TO | PD z | bc | c
bit 7 bit 0

Unimplemented: Maintain as ‘0’

RPO: Register Bank Select bits (used for direct addressing)
01 = Bank 1 (80h - FFh)
00 = Bank 0 {00h - 7Fh)
TO: Time-out bit
1= After power-up, CLRWDT instruction, of SLEEP instruction
0= AWDT time-out occurred -
PD: Power-down bit .
1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction
Z: Zero bit
1 = The result of an arthmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero
DC: Digit canmy/bommow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions) (for borrow, the polarity
is reversed)
1 = A camy-out from the 4th low order bit of the result occurred
0 = No camy-out from the 4th low order bit of the resuit
C: Cany/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions) {for borrow, the polanty is
reversed)
1= A camry-out from the Most Significant bit of the result occurred
0 = 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)

RW-1  RW-1 RW-1  RW-1  RW1  RW-1  RWA  RMWA
[ RBPU | INTEDG | TOCS | TOSE | PSA PS2 PS1 PSO
bit7 bit 0

RBPU: PORTB Pull-up Enabie bit

1 = PORTB pull-ups are disabled

0 = PORTB pull-ups are enabled by individual port latch values
INTEDG: interrupt Edge Select bit

1 = Interrupt on rising edge of RBVINT pin

0 = Interrupt on (alling edge of RBO/INT pin

TOCS: TMRD Clock Source Select bit

1 = Trensition on RA4/TOCK! pin

0 = Internal instruction cyde dock (CLKOUT)

TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on RA4/TOCKI pin
0 = Increment on low-{o-high transition on RA4/TOCK] pin

PSA: Prescaler Assignment bit

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

PS2:PS0: Prescaler Rate Sslect bits
Bit Value TMRO Rate WDT Rate

000 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
111 1:256 1:128

INTCON REGISTER (ADDRESS 0Bh, 8Bh)

RWO RWO RWO  RWD RWD  RWO RWOH RMWx
GIE EEE | TOE | NTE | RBIEE | TOF | INTF | RBIF
bit 7 bit 0

GIE: Global Interrupt Enable bit

1 = Enables all unmasked interrupts

0 = Disables all interrupts

EEIE: EE Write Complete Interrupt Enable bit
1 = Enables the EE Write Complete interrupts
0 = Disables the EE Write Complete interrupt
TOIE: TMRO Qverflow Interrupt Enable bit

1 = Enables the TMRO interrupt

0 = Disables the TMR( interrupt

INTE: RBO/AINT Extemnal Interrupt Enable bit

1 = Enables the RBO/INT extemal interrupt

0 = Disables the RBWU/INT external interrupt
RBIE: RB Port Change Interrupt Enable bit

1 = Enables the RB port change interrupt

¢ = Disables the RB port change interrupt
TOIF: TMRO Overflow Intermupt Flag bit

1 = TMRO register has overfiowed (must be cleared in software)
0 = TMRO register did not overflow

INTE: RBO/INT Extemal Interrupt Flag bit

1 = The RBO/INT external interrupt occured (must be cleared in software)
0 = The RBW/INT extemal interrupt did not occur

RBIF: RB Port Change Interrupt Flag bit

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

Mnsmonie, 14-8it Opcods status
Description Cycles Notes
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF d |AddWandt 1 00 0111 affr fffr| COCZ 12
ANDWF 1.d ANDWwith 1 1 00 0101 arfe crrr z 1,2
CLRF H Ciear { 1 00 0001 1fff fffr z 2
CLRW - Clear W 1 00 0001 Oxxx XXX z
COMF f.d Compiement { 1 00 1001 arrr tfre z 12
DECF 1d Decrement [ 1 00 0011 arfe rrre z 1,2
DECFSZ  f.d |Decrementf,Skipito 1(2) | o0 1011 arer rrer 123
INCF 1d Increment { 1 00 1010 arer fefr Zz 1,2
INCFS2 £.d | Increment!, Skip 0 12y | 00 1111 arfr gree 123
IORWF f.d Inclusive QR Wwith 1 1 00 0100 arrr rref r4 1.2
MOVF 1.d Move { 1 00 1000 arfrr rree z 1,2
MOVWF p { Move W io 1 00 0000 xfff fIff
NOP - No Operation 1 00 Q00 Oxx( 0000
RLF 1d Rotate Left f through Catry 1 00 1101 arfcr rrrr [ 1.2
RRF f.d |Rotate Right f through Carry 1 00 1100 affr rree c 12
SUBWF 1.d Sublract W from ¢ 1 00 0010 affr frer]l CODCZ 1,2
SWAPF 1.d Swap nibbles in f 1 00 1110 d4drfr frer 1.2
XORWF 1d Exclusive ORW with 1 1 00 0110 Aarfr rref z 1.2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF b BRt Clear 1 1 01 O00bb biff frrf 12
BSF b |BHSetf 1 01 Olbb bffr frfrt 12
BTFSC b | BHtTestt Sxip i Ciear 1) | 61 10w bprer fres 3
BTFSS f.b | B Testf, Skip it Set 1(2) | 01 1ibb DbIfr fIff 3
LITERAL AND CONTROL OPERATIONS )

ADDLW K Add Hersl and W 1 11 11ix kKkkkx Xxxkk| CDCZ
ANDLW K AND Heral with W 1 11 1001 kkkk kkkk Y4
CALL k Call subroutine 2 10 Okkk kkkk kkkk|
CLRWDT - Clear Walchdog Timer 1 00 0000 0110 0100 TOPD
GoTO K Go to address 2 10 1kkk kkkk kkkk
ORLW K inciusive OR Reral with W 1 11 1000 kkkk kkkk Z
MOVLW K Move literal oW 1 11 o0mx kkkk Xkkk
RETFIE - Retum from intemupt 2 a0 0000 0000 21001
RETIW K Retum with iiteral in W 2 11 0Olxx kkkk kkkk
RETURN - Retum from Subroutine 2 00 0000 0000 1000|
SLEEP - Go into standhy mode 1 00 0000 0110 oo1l{ TOPD
sSuBLW K Subtract W from Iiteral 1 11 110x kxkk kkkk| COCZ
XORLW K Exdlusive OR Hleral with W 1 11 1010 Xxkkk kkkk z

Hote 1: When an VO register is modified as a function of itseff ( e.g., MOVE PORTE, 1), the vaiue used will be that value present
on the pins themselves. For example, if the data latch |s 1 for a pin configured as input and Is driven low by an extemal
device, the data will be wititen back with a ‘0",
2: Wthis instruction is executed on the TMRO register (and, where appiicable, d = 1), the prescaler wilt be cleared ¥
assigned to the Timerd Module.
3: W Program Counter (PC) is modified of a condttional test ks true, the Instruction requires two cycies. The second cycle Is
executed as a ROP
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Pin Diagram

PIC 16F877

PDIP

MOLRVPP ——=[]
RmAm“E
RAYANT <w—e[]
RAYANINREF- a—a |}
RAVANIAREFs «a—[]
RASITOCK! ca—a ]
RAS/ANASS w— ]
REDIRDIANS <— [}
REVWRIANG <—[]
RE2/CSIANT «—- ]
VOO — - []
vss . []
OSCHCLKIN ——- [
OSCACLXOUT ]
RCIT10SOTICK] —t ]
RCUTIOSHCCP2 —w|]
RCHOCPY w—e ]
RCISCK/SCL =—[]

ROOPSPD a—[]

RDUPSP1 ~w—[ ]|

dapglgeeNanswna

PIC16FB77/874

[ ~—e RB7TPGD
[] «—s RB&IPGC
[ w— RBS
[]e— RB4

[J ++—» RBIPGM
[] -—e RB2
[]-w—» RBY

[] «—s ROOANT
[]-— Voo

] «——vss

[ w+— RDZPSPT
[] =—+ RDEPSPE
[] «—= RDSPSPS
] «—s RD4PSPS
] -—e RCIRIOT
[]w+—» ROWTXICK
[ ] -—e RCSISDO
[] == RC4/SDUSDA
]H RD3PSP3
| | we— RDAIPSP2

NNBERENEREUYBEYARYNEES
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PIC 16F877

SSPSTAT. SYNC SERIAL PORT STATUS REGISTER (ADDRESS: 84h)

RWO  RWD R0 R-0 RO R0 RO R0

[ svv | cxke | A | P | s | rW | ua | ®F
bit 7 bito
SMP: Sample b

SPI Master mode:

1 = Input data sampled at end of data output time

0 = Input data sampied at middie of data cutput time

SPI Slave mode;

SM;' must be cleared when SPI is used In slave mode

In 1“C Master or Stave mode;

1 = Slew rate control disabled for standard speed mode (100 kHz and 1 MHZ)
G = Slew rate confrol enabied for high speed mode (400 kHz)
CKE: SPI Clock Edge Select {Figure 9-2, Figure 9-3 and Figure 9-4)
SP1_mode;

ForCKP =0

1 = Data transmitled on rising edge of SCK

0 = Data transmitted on failing edge of SCK

ForCKP =1

1 = Data transmified on falling edge of SCK

0 = Data transmitied on rising edge of SCK

In1°C Master or Stave mode:

1 = inpul levels conform o SMBus spec

0 = Input levels conform to 1°C specs

. DiA: Data/Address bit (°C mode only)

1 = indicates that the last byte recelved or fransmitted was data

0 = indicates that he last byte received or fransmitted was address

P: STOP bit

{2C 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 bitis 0" on RESET)
0 = STOP bit was not detected last

S: START bit

{(1*C made only. This bit is cleared when the MSSP module is disatded, SSPEN is cleared )

1 = Indicates that a START bit has been detecled kast (this bit is ¥ on RESET)

0 = START bil was not detected last

R/W: Read/Wiite bit information {I°C mode cnly)

This bit hokds the RW bit information following the last address match. This bit is only valid from the
address match {o the next START bit, STOP bit or not ACK bit.

1 = Read

0 = Write

1 = Transmit Is in progress

0 = Transmit Is not in progress

Logical OR of this bit with SEN, RSEN, PEN, RCEN, or ACKEN will indicate # the MSSP is in IDLE mode.
UA: Update Address (10-bit °C mode only)

1 = Indicates that he user needs fo update the address in the SSPADD register

0 = Address does not need o be updated

BF: Buffer Full Slatus bit

Recei P modes):

1 = Receive complele, SSPBUF is full

0 = Receive not complete, SSPBUF is empty

1 = Data transmit in progress (does not include the ACK and STOP bits), SSPBUF is full
¢ = Data transmit complete (does not include the ACK and STOP bits), SSPBUF is emply
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PIC 16F877
SSPCON: SYNC SERIAL PORT CONTROL REGISTER (ADDRESS 14h)

RWO RWO  RW-D RWO RWD RWO  RWD  RWD
| wcoL | ssPov | SSPEN | cCKP | SSPM3 | SSPM2 | SSPM1 | S5PMO
oit 7 bit 0

WCOL: Write Collision Detect bit

Master mode:

1 = Awriie to SSPBUF was attempied while the 12C conditions were not valid

a = No collision

Slave mode:

1= SSPBUF register is written while still fransmitfing the previous word (must be cleared in
software)

0 = No coliision

S$SPOV: Receive Overflow Indicalor bit

In SPI mode:

1= A new byle is received while SSPRUF holds previous data. Data in SSPSR is lost on overfiow. In Slave
mode, the user must read the SSPBUF, even if only transmitting data, to avoid overfiows. In Master
mode, the overflow bit is not set, since each opesation is infliated by writing to the SSPBUF register.
(Must be cleared in sofiware.) ) :

0 = No overflow

ni 3

1= Abyte is received while the SSPBUF is holding the previous byte. S§POV isa “don™t care” in Transmit
mode. (Must be cleared in software.) !

0 = No overitow

SSPEN: Synchronous Serial Port Enabile bit
In SPI mode
When enabled, these pins must be properly confiqured as input or output
1 = Enabies serial port and configures SCK, SDO, SN, and S as the source of the serial port pins
0 = Disabies serial port and configures these pins as 10 port pins
In 2C mode
when enabled, these pins must be properly configured as input or oufput
1 = Enabies the serial port and configures the SDA and SCL pins as the source of the seriat port pins
0 = Disables serial post and configures these pins as VO post pins
CKP: Clock Polarity Select bit
In SPI mode:
1 = Idle state for clock is & high level
Ozzmes(a‘tehrdcckisahwievel
In I”C Slave mode:
SCK release confrol
1 = Enable clock : o
0 = Holds clock low (diock siretch). {Used to ensure data sefup time.)
1 F A
Unused in this mode
SSPM3:S5PMO: Synchronous Serial Port Mode Select bils
0000 = SPI Masler mode, clock = Fosc/4
0001 = SPI Master mode, dock = FOSC/16
0010 = SP1 Master mode, olock = FOsc/64
0011 = SPI Masler mode, dock = TMR2 oufputf?
0100 = SP1 Slave mode, dock = SCK pin. S5 pin confrolenabled.
0101 = SPi Slave mode, cdock = SCK pin. SS pin control disabled. SS can be used as 110 pin.
0110 = FC Slave mode, 7-bit address
0111 = °C Siave mode, 10-bit address
1000 = 2C Master mode, clock = Fosc / (4 * (SSPADD+1))
1011 =1°C Firmware Confrofled Master mode (slave ifie)
1110 = PC Firmware Confrolied Master mode, 7-bit address with START and STOP bit interrupts enabled
1111 = °C Firmware Controlied Master mode, 10-bit address with START and STOP bit inferrupts enabled
1001, 1010, 1100, 1101 = Reserved
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PIC16F877/876 REGISTER FILE MAP

PIC 16F877

Fie
Address

Indirect addr.C? | 00h
TMRD 0th
PCL 02h
STATUS 03h
FSR 04h
PORTA 05h
PORTB 06h
PORTC 07h
PORTD!Y | 0Bh
PORTE"! | OSh
PCLATH OAh
INTCON 0Bh
PIR1 och
PIR2 0Dh
TMR1L OEh
TMRIH OFh
TiCON 10h
T™R2 $1h
T2CON 12h
SSPBUF | 13h
SSPCON | #h
CCPRIL | 15h
CCPRTH | 16h
CCPICON | 17h
RCSTA 18h
TXREG 19h
RCREG 1Ah
CCPROL. | 1Bh
CCPR2H | 1Ch
CCP2CON | 4Dh
ADRESH | 1Eh
ADCOND | TFh
20h

General

s

96 Bytes
7Fh

Bank 0

File

Address

Indirect adar ™ | gon
OPTION_REG | 81h
PCL 87h
STATUS | 83n
FSR 84n
TRISA 85h
TRISB 86h
TRISC 87h
TRISDM! | gBn
TRISEW | goh
PCLATH | 8Ah
INTCON | 8Bh
PIE1 &Ch

ADCON1

General
Reglister
80 Bytes

accesses
TOh-TFh

Bank 1

EFh
FOh

File
Address
Indirect adar? | 1000
TMRO 101h
PCL 102h
STATUS 103h
104h
j 1050
106h
107
B 108n
M 109h
10Ah
108h
EEDATA t0Ch
EEADR | 10Dh
EEDATH | 10Eh
EEADRH | tOFh
1100
Mth
12h
1130
114h
1150
116h
General 117h
Rogee | n1en
16Bytes | 1190
AR
11Bh
t1Ch
11Dh
HEN
1Fn
120h
General
Fumcse
80 Bytes 16Fh
accesses 176h
700-7Fh
17Fh
Bank 2

Il unimplemented data memory locations, read as 0.

* Not a physical register.
Note 1: These registers are not implemented on the PIC16F876.

2: These registers are reserved, maintain these registers clear.
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File

180h
181h
182n
183h
184h

¥ 185n

186h

B 187n

Generat

wpose
Register
16 Byles

General
Purpose

80 Bytes

accesses
70h - TFh

Bank 3

188h

| 1890

18Ah
18Bh
18Ch
18Bh
18Eh
18Fh
190h
191h
192h
133h
194h
185h
196h
197h

1EFh
1FOh




PIC 16F877

ADCONGO REGISTER (ADDRESS: 1Fh)

RWO RWO RWO RWO RWO  RWO
| ADcst | aDcso | cHs2 | cHs1 | CHSD | GO/DONE g
bit 7

ADCS1:ADCSD: AD Conversion Clock Select bits

00 = Fosc/2

01 =Fosc/8

10 =Fosc/32

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

CHS2:CHS0: Analog Channel Select bits

000 = channel! 0, (RAO/AND)

001 = channel 1, (RA1/AN1)

010 = channel 2, (RA2Z/AN2)

011 = channel 3, (RA3/AN3)

100 = channel 4, (RAS/AN4)

101 = channe! 5, (REDVAN5)I!!

110 = channel 6, (RE1/ANG){!!

111 = channel 7, (RE2ZANT)!

GOJ/DONE: A/D Conversion Status bit

iEADON = 1:

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 cieared 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

0 = A/D converter module is shut-off and consumes no operating currerdt
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PIC 16F877
ADCON1 REGISTER (ADDRESS 9Fh)

ug U0 RW.0 U0 RwO RW-0 RIWD RWO

bit7 bit0

ADFM: A/D Result Format Selact 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 ‘().

Unimplemented: Read as (/'

PCFG3:PCFGO: AD Port Configuration Control bits:

PCFG3: | ANT! | AN | ANS!) AN4 | ANS | AN2 | ANT | ANO | | CHa

PCFGO | REZ | RE1 | REO | RAS | RA3 | RA2 | RA1 | RAD Refs®

0000 A A A A A A A A | VoD | Vss | 8/0
0001 A A A A |vrers | A A A | RA3 | vss | ™1
0010 D D D A A A A A | Voo | vss | S0
6011 D D D A | Vrers | A A A | RA3 | vss | 4an
0100 D D D D A ) A A | voo | .vss | 3m
0101 D D D O |vrers | D A A | RA3 | vss | 2M
011x D D D D D D s} D | Voo | vss | 00
1000 A A A A | VRer+ | VREF-| A A | RA3 | RAZ | &2
1001 D D A A A A | A A | voo | vss | &
1010 D D A A | Vrer+ | A A A | RA3 | vss | 5M
1011 D D A A | VRerr |VREF-| A A | RA3 | RA2 | 4
1100 D D D A | VReF+ |VREF-| A A | RA3 | RAZ | a2
1101 D D D O | VRers |VREF-| A A | RA3 | RAZ | 212
1110 D D D D D D D A | Voo | Vss T
1111 D D D D | Vrert |Vrer-| D A | RA3 | RAZ | W2

A=Analoginput D = Digital VO

Note 1: These channels are not available on PIC16F873/876 devices.
2: This column indicates the number of analog channels available as A/D inputs and
the number of analog channels used as voltage reference inputs.

Legend:

R = Readabie bit
-n= Value at POR

W = Wiritabie bit
' = Bitis set

U = Unimplemented bit, read as 0’
‘0’ = Bit is cleared

x = Bit is unknown
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PIC 16¥877

FIGURE 10-1: USART TRANSMIT BLOCK DIAGRAM

FIGURE 10-4: USART RECEIVE BLOCK DIAGRAM
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