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QUESTION ONE (25 marks)

(@) (i) Show the difference between Von-Neumann and Harvard architectures.

(2 marks)
(i) Write the main features of RISC type microcontrollers.

(2 marks)
(iii) Indicate the peripheral modules available in PIC 16F84A and PIC 16F877.

(3 marks)

(b) A few lines of a program using 16F84A is given in Figure-Q1. Assume it is being used
with a 4 MHz crystal oscillator.

moviw b'11000110'
movwf option_reg
bef status,b

Figure-Q1

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

(3 marks)
(il) What is the clock frequency at the timer input?
(3 marks)
(iii) Calculate the time it will take for each overflow of the timer.
‘ (4 marks)

(iv) An application requires the timer to overflow in each 20ms when using a crystal
oscillator as the device clock. Assume that the crystals available for the selection
are 1MHz, 1.843MHz, 3.277MHz and 3.579MHz. Select a suitable crystal

justifying your answer. Modify the assembly instructions in Figure-Q1 to
facilitate your selection.

(8 marks)
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QUESTION TWO (25 marks)

Two program segments in a microcontroller program are shown in Figure-Q2(a) and in

Figure-Q2(b).

begin
delay

goto

begin

delay

EQU
EQU

010a
021f

instruction
call delay
instruction

instruction
instruction
instruction
instruction
instruction
retumn

delay

loop

moviw
mowvwf
nop
nop
nop
decfsz
goto
return-

dlyreg

dlyreg,1
loop

Figure-Q2(a)

(@ Consider the program shown in Figure-Q2(a).
(i) Which part of this program is a subroutine?

Figure-

(3 marks)

(i) List the contents of the program counter and the changes in stack memory from
the execution of ‘begin instruction’ to the instruction following the ‘call’.

(5 marks)

(b) A subroutine used to provide a delay is shown in Figure-Q2(b). Assume that a 16F84A
microcontroller clocked with a 10MHz crystal runs this program.
(i) Calculate the actual delay time that the program will produce.

(6 marks)

(ii) Show how you can obtain a delay as close as possible to 400us by changing only

a single instruction of this routine.

(3 marks)

(iii) Modify this routine to produce a time delay as close as possible to 1 0ms.

(8 marks)
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QUESTION THREE (25 marks)

A 16F84A microcontroller based simple environment control system is to be designed for a

green house in a plant nursery. The system will have the following components having TTL

compatible inputs and outputs.

Temperature sensor:  Returns ‘0’ if the temperature falls below a minimum safe limit.
Moisture sensor: Returns’(’ if the moisture is less than a minimum value.

Light sensor: Returns ‘0’ if the light level falls below a minimum value.
Controlled components: A water sprinkler, heater and lights

(i) Draw acircuit showing the microcontroller pins used and the connections to the sensors
and the controlled components. Sensors and the controlled components can be shown

as blocks. (5 marks)

(i) Explain briefly the control logic you are going to implement by the microcontroller

program.

(7 marks)
(iify Draw a flowchart for the microcontroller program.

(9 marks)
(iv) Write the assembly instructions which configure the ports as required by your design.

(4 marks)
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QUESTION FOUR (25 marks )
(a) Ina 16F84A microcontroller program, the INTCON register is set to BOh.
(i) Explain the INTCON register settings.
(2 marks)

(ii) At some point in the program execution, the INTCON register showed a value of
32h. Explain the situation described by the INTCON register.

(2 marks)

(iii) In the case of an interrupt, state the events that will take place in the program

execution. Indicate the essential features to be included in an interrupt service
routine.

(6 marks)

(iv) Assume that the‘microcontroller runs on a 8MHz crystal oscillator. The system
has to produce a regular interrupt in every 512ps. Explain a simple method to

achieve this and show the settings of relevant registers. What is the value of the
interrupt register just after such an interrupt?

(5 marks)
(b) Inadesign PIC 16F877 microcontroller is to be used.

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

to have external voltage reference, four analog input channels, a clock source of
———f(;SC , input channel 1 selected and ADC turned on but not started converting.

Show the settings of the relevant registers.

(3 marks)

(ii) When the conversion is started and running, show the changes in these registers.

Q2 rharks)
(iii) 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)
(iv) The minimum acquisition time related to the ADC is defined as 20ps. State the

importance of this figure and show how it is used in the program.

(2 marks)
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QUESTION FIVE (25 marks)

(a) The serial Digital to Analog Converter (DAC) shown in Figure-Q5 is required to
communicate with the Synchronous Serial Port of a PIC 16F877 microcontroller.

v DIN = Data in
DN —1 8— vob DOUT= Data out
SCLK — 2 7— vout %‘é‘f”{;ﬁ?,,’fé.‘i&""
A
o s ssew e

Figure-Q5

(i) Draw a block diagram to show how the interconnection of the DAC and the

microcontroller is done. Show only the pins that are interconnected giving
identification.

(6 marks)

(ii) Explain briefly how the data is transferred in broad terms between the two devices.

(9 marks)

) Assume that the microcontroller is running on a $MHz crystal osciltator. The DAC can
transfer data at a maximum of 125kHz.

Configure the microcontroller for SPI mode suitable to interconnect with the DAC. Among
other typical settings it must also 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.
Show the settings of the SSPCON, SSPSTAT and any other register involved in the
configuration of SPL ' ‘

(10 marks)



w.é. File Address File Address
_ ooh | indirect adar.!!? | Indirect agar.? | &0n
PDIP, SOIC o1h TMRO | OPTION_REG | 81h
7 02h PCL PCL 82h
RAZ —a[]e1 180 = RAL
RA3 ——e [ 2 17F) - RAO 03h STATUS STATUS 83h
RAAITOCK] =[] 3 U 16[] =~ OSCHCLKIN 04h FSR FSR 84h
MOR~—[14 & 15[ OSCACLKOUT
= T
ves—e05 @ 14l —voo 05h PORTA RISA 85h
RBO/INT ~—»[1 6 @ 13[}~—RrB? ash PORTH TRISB 86h
REt1 -—=[]7 P  12[]~—RBE6 o7h - - g7h
RB2 ""’E : " g“‘“ RBS 08h EEDATA EECON1 88n
RBE3 i RB4 o9n EEADR EECON2" | &sh
0AR PCLATH PCLATH 8AN
9Bh INTCON INTCON #Bh
och acn
&8
General Mapped
Purpose {accesses)
Re%fsters inBank 0
(SRAM)
4Fn CFh
50n pon
STATUS REGISTER (ADDRESS 03h, 83h}
R/W-0 RAW-0 R/W-0 R-1 R-1 RAN-x RW-x RAW-x
' wp [ rRPt [ R0 | 70 | PO ] z | bc | c© |
bit 7 hit 0

Unimplemented: Maintain as "’
RPO: Register Bank Select bits (used for direct addressing)
21 = Bank 1 (80h - FFh)
<0 = Bank 0 {00h - 7Fh)
TO: Time-out bit
1= After powar-up, CLREDT instruction, or SLEE?R instruction
¢ = AWDT ime-out occurred
PD: Power-down bit
1= After power-up of by the CLRWDT instruction
o = By execution of the SLEEP instruction
Z:Zerobit
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/bormrow bit (ADDWF, ADDLW, SUBLW, SUBWFE instructions) {for borrow, the polarity
is reversed) :
1= A camry-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: Carry/borrow bit (ADDWF, ADDL®, SUBLW, SUBWFE instructions} {for borrow, the polarity 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
Hote: 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)

RAW-1  RW-1  RW.1 RW-1 RW-L RW-1 RWI RWA
| RBPU [INTEDG | ToCS | TosE | PSA | ps2 | Ps1 | PSO
bit 7 bit 0

REPU: PORTB Pull-up Enable 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 fising edge of RBO/INT pin

0 = Interrupt on falling edge of RBO/ANT pin

TOCS. TMRO Clock Source Select bit

1 = Transition on RA4/TOCKI pin

0 = Internal instruction cycle clock (CLKOUT)

TOSE: TMRO Source Edge Select bit

1= Increment on high-to.Jow transition on RA4/TOCK] pin
0 = Increment on low-to-high transition on RA4/TOCKI pin
PSA Prescaler Assignment bit

1= Prescaler is assigned to the WDT

a = Prescaler is assigned to the TimerD module
PS2:PS0: Prescaler Rats Select bits

Bit Value TMRO Rate WDT Rate

000 1:2 11
001 1:4 1:2
010 1-8 14
011 1-16 1.8
100 1:32 116
161 1-84 1:32
110 1:128 1:64
111 1: 258 1:128

INTCON REGISTER {ADDRESS 0Bh, 8Bh)

RWO  RW-0 RW-0  RW-D RW-0  RW.D  RW.D  RWx
[ Ge | EEE | TOE | 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 Write Complete interrupts
0 = Disables the £E Write Complete interrupt
TOIE: TMRO Overflow interrupt Enable bit

1 = Enables the TMRO interrupt

0 = Disables the TMRO interrupt

INTE: RBW/INT Extsmal Interrupt Enable bit

1 = Enables the RBO/INT external interrupt

¢ = Disables the RBY/INT external interrupt
RBLIE: RB Port Change Interrupt Enable bit

1 = Enables the RB port change intarrupt

o = Disables the RB port change interrupt
TOIF: TMRO Overflow Interrupt Flag bit

1 = TMRO register has overflowed {must be cleared in software)
0 = TMRQ register did not overflow

INTF: RBO/INT Extemal Interrupt Flag bit

1 = The RBOANT extemal interrupt occurmred (must be cleared in software)
0 = The RBO/INT external interrupt did not accur

RBIF: RB Port Change interrupi Flag bit

1 = Al least one of the RB7.RB4 pins changed state (must be cleared in software)
o = None of the RB7:RB4 pins have changed state



16F84A and 16F877

Mnemonic, e 14-Bit Opcode Status
Operands Description Cycles NSh Lsp | Affected Notes
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f, o Add W ana 1 0¢ 0111 afff ffff| CDCZ 12
ANDWF f.d AND W with 1 1 02 0l0l 4ref ferr z 1,2
CLRF f Chear { 1 09 G001 Lfff frff z 2
CLRW - Clear W 1 00 0001 OxxXx Xwax F4
COMF 1,d Complement f 1 oo 1501 arfr fre 4 12
DEGF f.d Decrement t A 00 3011 arfr rere 2 1.2
DECFSZ f,d Decrement |, Skipit 0 1(2) 00 1011 arfr ffrr 1,23
INCF f.d increment 1 1 60 1010 arff frff Z 12
INCF8Z fa Increment 1, SKip 1 0 1(2y | 00 1111 dfre fffr 1,28
ORWF 1d inclusive ORW with { 1 00 100 Afrf gfrr z 1.2
MOVF 1da Move 1 1 00 1000 Affr ffff b4 12
MOVWF 1 Move wiot 1 G0 0000 ifff rfft
NCP - No Cperation 1 80 000C OxxD 06000
RLF fd Rotate Lef f through Catyy 1 00 1101 Aafff ffft c 1.2
RRF f,d Rotate Right { through Carry 1 00 1100 drsr eff C 12
SUBWF 1, d Sublract W from 1 1 G0 061D afff rfrf} CODCZ 1.2
SWAPF {,d Swap nibbles in 1 1 [ D DR ¢ 4-3 4 4 4 1 1.2
XORWF 1.d Exclusive OR W wih 1 - 80 0110 arfst fffr z 12
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF b Bl Clearf 1 01 O0bb BIIf fL£F 1.2
BSF 1.b Bit Set € 1 21  0lbk BfIZf f££ff 12
BTFSC b Bt Test {, Skip if Clear 12 01 10bbk BLIf frer 3
BTFSS f.b Bit Test {, Skip if Set 1@ 01 11bb BLrf £Iff 3
LITERAL AND CONTROL OPERATIONS
ADDLW k Add iterat and W 1 11 111z kkkk Kkkk| CDCZ
ANDLW [ AND literal with W b1 11 1001 ¥kkk kkkk Z
CALL - k Cali subroutine 2 10 Okkk xkkk kkkk| _
CLRWOT - Clear Watchdog Timer 1 G0 0000 0110 c1uo| TOPD
GOTO 3 Goto address 2 10 1%k kkkk kkkk
ORLW K fnclusive OR literal with W 1 11 1560 Xkrkk KEkk Z
MOVIW k Move Reral to W b 11  00xx ®ikk kkEkk
RETFIE - Retum from Internupt 2 00 0060 G000 1501
RETLW [3 Retum with bleral m W 2 11 Dlix REXRK kkkk
RETURN - Retumn from Subroutine 2 00 00CO 00GO 1000
SLEEP - Go into standby mode 1 GO 0000 0110 0O} TORPD
SUBLW k Sublract W from literal 1 11 110x Xkkk kkkk| CDCZ
XOrwW K Exdusive OR literal with W k! 11 19010 kkxk kkkk Z

Note 1. When an IO regisler is modified as a function of itself ( £.9., ¥oVvE PORTE, 1), the value used will be that value present
on the pins themselves. For example, if the data latch is “1' for a pin configured as inpul and is driven low by an extemat
device, the data will be wiitten back with a'0°.

2: Ifthis instruction is executed on he TMRO register (and, where applicable, d = 1), the prescater will be cleared i
assigned to the Timer0 Module.

3: ¥ Program Counter (PC) is modified or a conditional test Is tnse, the instruction requires two cycles. The second cycle is
executed as a NCE




PIC 16F877

Pin Diagram
PDIP
MCLRVPE v [ 1 u 40 [] a—m REVPGD
RAQIAND [T 2 39 [J - RBOPGC
RAHANT e[ 3 38 [ e RB5
RAUANINVGEF. w— ] 4 37 [] - RB4
RAMANMVREF+ w—e{] 5 28 [] w—» REVPGM
RAMTOCK! w—w[] 6 35 [ ww RE2
RASIANASS «—[] 7 <« * ]« RE1
REQRINANS o [] 8 P~ 33 []-e—s REOANT
RE1ANFUANE w—=[] g L e v
REZCSIANT =[] 10 K 31 [] e VS5
YoO e [T 11 B mQe— roTRSE?
veE o [ 12 @O 29 [] =—a ROGPSPS
OSCHCLKIN ——w 1T 13 ‘(3 28 [ ~—e ROSSSPS
OSCACLKOUT [ ] 14 5 ] - RO4PSP4
RCOTIOSTFTICK! e [ 45 26 []=—w» RCHRXDT
RCHTIOSVCCP? e ] 18 25 [ i RCSTXICK
RCA/CCPY w—w[| 17 24 [] = RCHSDO
RCVSCKISCL [ 18 23 [] e RCUSDUSDA
ROWPSPD =1 19 22 ] =—w RDMPSP3
RDWPSPY [ 20 21 [ e RD2PSP2




PIC 16F877
SSPSTAT. SYNC SERIAL PORT STATUS REGISTER (ADDRESS: 94h)

RWD  RMW-0 R0 R-0 R-0 R-0 RO R-0

[ svp | cke | A | P | s | RW | ua | BF
bit 7 bito
SMP: Sample bit

SPI Master moade:;
= |nput data sampled at end of data output time
0 = Input data sampled at middle of data output time
SPI Slave mode:
StP must be cleared when SPL is used in siave mode
In 1°C Master or Slave mode:
1 = Slew rate control disabled for standard speed mode (100 kHz and 1 MH2z)
¢ = Slew rate control enabled for high speed mode (400 kHz)

CKE: BPI Clock Edge Select (Figure 9-2, Figure 9-3 and Figure 9-4)

SPI_mode:
ForCKP =0
1 = Data transmitied on rising edge of SCK
¢ = Data transmifted on falling edge of SCK
For CKP =1
1 = Data transmitted on falling edge of SCK
¢ = Data transmitted on rising edge of SCK
ln 1*C Master or Slave mode:

= Input levels conform to SMBus spec

= [nput levels conform to IFC specs

D!A Data/Address bit (°C mode only)
= {ndicates that the last byte received or fransmitted was dafa
= Indicates that the last byte received of transmitted 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 defected last (this bil is 0" on RESET)
¢ = STOP bit was not detected fast
$: START bit
{2C mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared )
1 = Indicates thal a START bit has been detected last (ihis bit is ‘0’ on RESET)
¢ = START bit was not defected last
R/W: Read/Write bit Information (i°C mode only)
This bit holds the RAW bit information Toflowing the fast address match. This bit is only valid from the
address match to the next START bit, STOP bit or not ACK bit.
in C Siave mode:
1= Read
0= Wrile
In I2C Master mode:
1 = Transmit is In progress
0 = Transmit is not in progress
Logicat OR of this bit with SEN, RSEN, PEN, RCEN, or ACKEN will indicate if the MSSP is in IDLE mode.
UA: Update Address (10-bit 2C mode only)
1 = Indicates that the user needs to update the address in the SSPADD register
0 = Address does not need to be updated
BF: Buffer Full Status bit
Receive (SP! and PC modes),
1 = Recejve complete, SSPBUF is full
o= Recalvs not camplete SSPBUF is emply
hi I
1 = Data transmit in progress (does not include the ACK and STOP bits), SSPBUF is full
0 = Data transmit compiete (does not include the ACK and STOP bits), SSPBUF is empty



PIC 16F877

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

RW-0  RWO  RWO  RWD  RWO  RWO  RWO  RWD
| woo | sspov | sSPEN | CkP | SSPM3 | SSPM2 | SSPM1 | SSPMO
bit 7 bit 0

WCOL: Write Collision Detect bit

Master mode:

1 = A write to SSPBUF was attempted while the 12C conditions were not valid

0 = No collision

Slave mode:

1 = SSPBUF register is writien while still fransmitting the previous word {must be cleared in
software)

0 = No coftision

SSPOV: Receive Overflow Indicator bit

in 5P mode:

1 = A new byte is received while SSPBUF holds previous data. Dala in SSPSRisloston gverfiow. in Stave
mode, the user must read the SSPBUF, even if only transmilting data, to avoid overflows. In Masler
mode, the overflow bit Is not set, since each operation is initiated by wating to the SSPBUF register.
{Must be cleared in sofiware.}

2= No overflow

10.12C mode:

1= Abyte is received while the SSPBUF is holding the previous byte. 85POV is a "don't care™ in Transmit
mode. (Must be cleared in software )

0 = No overflow

SSPEN: Synchronous Seriat Port Enable bit

In SPI mode

When enabled, these pins must be properly configured as input or autput

1 = Enabies serial port and configures SCK, SDO, SDI, and SS as the source of the serial port pins

0 = Disables serial port and configures these pins as /O port pins

In £2C mode,

When enabled, these pins must be properly configured as inpul or culput

1 = Enables the serial port and configures the SDA and SCL pins as the source of the serial porf pins
0 = Disables serial port and configures these pins as O port pins

CKP: Clock Polarity Seiect bit

in SPI mode:

1 = \die state for clock is a high level

£ = ldle state for clock is a low level

in ¥C Stave mode:

SCK release controf

1 = Enatde clock

0 =2Hoids clock low {clock stretch). (Used to ensure data setup time. )
In I*C Master mode:

Unused in this mode

SSPMI:SSPMO: Synchronous Serial Port Mode Select bils

0000 = SPI Master mode, dock = Fosc/i4

0001 = SFl Master mode, dock = Fosn/16

6010 = SPi Master mode, clock = Fosc/64

0011 = SPI Master mode, clock = TMR2 output/2

0100 = SP! Slave mode, clock = SCK pin. S8 pin control enabled.

0101 = SP| Slave mode, clock = SCK pin. SS pin control disabled. SS can be used as VO pin.

8110 = I°C Slave mode, 7-bit address

0111 = 1°C Slave maode, 10-bit address

1000 = 12C Master mode, clock = Fosc / (4 * (SSPADD+1))

1011 = 12C Firmware Controlled Master mode (slave idie)

1110 = *C Finmware Controlled Master mode, 7-bif address with START and STOP bit interrupts enabled
1111 = 1%C Firmware Controfied Master mode, 10-bit address with START and STOP bit interrupts enabled
1001, 1010, 1100, 1101 = Reserved




PIC16F877/876 REGISTER FILE MAP

PIC 16F877

Fie
Address
Indirect aadr.t | ooh
TMRO oth
PCL o2h
STATUS | 03h
FSR 04h
PORTA 05h
PORTB psh
PORTC orh
PORTDMY | 08h
PORTEY | 08h
PCLATH | DAh
INTCON | 0Bh
PIR1 och
PIR2 0Dh
TMRAIL OER
TMRIH OFh
TICON 10h
TMR2 1ih
T2CON 12h
SSPBUF | 13h
SSPCON | 14h
CCPRIL | 15h
CCPRIH | 16h
CCPICON | 17h
RCSTA 18h
TXREG 19h
RCREG | 1Ah
CCPR2L | 1Bh
CCPR2H | 1Ch
CCP2CON | 1Dh
ADRESH | 1Eh
ADCONG | 1Fh
20h
General
PUIPOS&
Register
96 Byles

Bank 0

File
Address
Indirect addr. ™| gon
OPTION REG | 81h
PCL 82h
STATUS | 83h
FSR 84h
TRISA 85h
TRISB 86h
TRISC 87h
TRISD! | 8an
TRISEY | asn
PCLATH | sah
INTCON | 8Bh
PIE1 B8Ch
PIE2 80h
PCON 8Eh
8Fh
aoh
SSPCONZ | 91h
PR2 92h
SSPADD | 93h
SSPSTAT | 94n
95h
96h
g7h
TXSTA 98h
SPBRG 95h
9Ah
9Bh
9Ch
a0h
ADRESL | $Eh
ADCON1 | 9Fh
Alh
General
Register
80 Byles
EFh
acecesses Foh
70h-7Fh
FFh
Bank 1

Indirect addr.")

TMRO

PCL

STATUS

FSR

PORTB

PCLATH

INTCON

EEDATA

EEADR

EEDATH

EEADRH

General

Purpose
Register

16 Byles

General
Purpose
Register
80 Bytes

accesses
70h-7TFh

Bank 2

Unimplemented data memory locations, read as ‘0",

* Not a physical register.
Note 1: These registers are not implemented on the PIC15FB76.

2: These registers are reserved, maintain these registers dlear.

File

100h
101k
102h
103h
104h
105b
106h
107h
108h
109
10Anh
108h
18Ch
1006
10Eh
10Fh
110h
11th
112h
113h
114h
115h
116h
117h
118h
118h
11Ah
116h
11Ch
11Dh
11Eh
11Fh
120h

16Fh
170h

17Fh

File
Address
Indirect adar. [ 180n
OPTION REG] 18th
PCL 182h
STATUS 183h
FSR 184h
185h
TRISB 186h
187h
188h
185h
PCLATH 184h
INTCON 18Bh
EECONT 18Ch
EECON2 18Dh
Reserved® | 18Eh
Reserved2 18Fh
190h
191h
192h
143h
194h
195h
196h
General 197k
Purpose
Register | 198h
16 Byles 198h
19AhO
19Bh
18Ch
14900
19Eh
19Fh
1A0h
General
Purpose
Register
80Byles | 4epn
accesses | 1FON
70h - 7Fh
1FFh
Bank 3




PIC 16F877
ADCONO REGISTER (ADDRESS: 1Fh)

RWO RWO RWO RWO RWO  RWJO u-0 R/W-0
| ADcs1 | Aapcso | CHs2 | CHs1 | CHso |GOMDONE| — ADON
bit 7

ADCS1:ADCSO0: A/D Conversion Clock Select bits
00 = FOSC2

01 = Fosc/8

10 = Foscf32

11 = FRre {dock derived from the internal A/D module RC oscillator)
CH3$2:CHSO0: Analog Channel Select bits

000 = channel 0, (RAQ/AND)

001 = channel 1, (RAT/AN1)

010 = channel 2, (RAZ/AN2Z)

011 = channel 3, (RA3/ANS)

100 = channel 4, (RAS/AN4}

101 = channel 5, (REO/ANS)!

110 = channel 6, (RET/ANG)

111 = channel 7, (REZANT)Y

GO/DONE: A/D Conversion Status bit

HADON = 1;

1 = A/D conversion in progress {setting this bit starts the A/D conversion)

0 = A/D conversion notin progress (this bit is automatically cleared by hardware when the A/D
conversion is comptlete)

Unimplemented: Read as 'O

ADON: AD On bit

1 = A/D converter module is operating

0 = A/D converter module is shut-off and consumes no operating cutrent



PIC 16F877

ADCON1 REGISTER (ADDRESS 9Fh})

U-0 U0 RIW.0 u-o RW.-0 R/W-0 R/W.0 RAW-D
| ADFM | — — | — T PcrG3 | pcFG2 | PCFG1 | PCFGO
bit 7 bit 0
ADFM: A/D Result Format Select bit
1 = Right justified. & Most Significant bits of ADRESH are read as ‘0.
0 = Left justified. 6 Least Significant bits of ADRESL are read as 0.
Unimplemented: Read as '0'
PCFG3:PCFGO: A/} Port Configuration Control bits:

PCFG3: | AN | ANGU) | ANS™)| AN4 | AN3 | AN2 | ANT | ANO | 1 | CHAN
PCFGO | RE2 | RE1 | RE0 | RAS | RA3 | RAZ | RA1 | RAC Refsi?!
0000 A A A A A A A A Voo | Vss 80
0001 A A A A VREF+ A A A RA3 | Vss m
0010 D o D A A A A A VoD | Vss 50
0011 D o D A VREF+ A A A RA3 Vss 411
0100 D D D D A D A A Voo | Vss 30
0101 D D D D |VeRer+| D A A RA3 | Vss 211
011x D D D D D D D D Vop | Vss 00
1000 A A A A | VREF+ | VREF-| A A RA3 | RA2 612
1001 D D A A A A A A Vob | Vss 640
1010 D D A A VREF+ A A A RAZ Vss 511
1011 D D A A | veer+ | VREF-| A A RA3 | RA2 412
1100 D D D A VREF+ | VREF- A A RA3 RA2 32
1101 D D D D VREF+ | VREF- A A RA3 RAZ 272
1110 D D 0 D D D D A Voo | Vss 1/0
1111 D D D D | VRee+ | VREF-| D A RA3 | RA2 142

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 = Readable bit W = Writable bit U = Unimplemented bit, read as 'y
-1y = Value at POR 1" = Bitis set ¥ = Bit is cleared x = Bit is unknown




