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QUESTION ONE (25 marks)

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

(2 marks)
(ii) How do you describe 16F84A as a RISC type micrqcontroller?
(3 marks)
(iii) Identify the peripheral modules available in 16F84A and 16F877.
(3 marks)

(b) A section of a program using 16F84A is given in Figure-Q1. Assume it is being used
with a 5 MHz crystal oscillator.

moviw b'11000100’
movwf option_reg
bef status, b

Figure-Q1

(i)  Describe the instructions shown in Figure-Q1.

(3 marks)
(i) What is the signal frequency at the timer input?
(3 marks)
(iii) Calculate the time taken for a overflow of the timer.
(4 marks)

(iv) A program using 16F84A requires the timer to overflow in each 10ms. The
crystals available for the clock oscillator are 1MHz, 1.843MHz, 3.27MHz and

3.58MHz. Select a suitable crystal justifying your answer. Modify the assembly
instructions in Figure-Q1 to accommodate your selection.
What is the percentage timing error?

(7 marks)
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QUESTION TWO (25 marks)

Two segments of a 16F84A microcontroller program are shown in Figure-Q2(a) and in
Figure-Q2(b).

run equ 010b
wait equ 022f
moviw  ff
run instruction movwf  regt
call  wait loop nop
instruction nop
........ decfsz  reg1,1
....... goto loop
wait instruction
instruction
instruction
instruction
return
Figure-Q2(b)
Figure-Q2(a)

(a) Consider the program segment shown in Figure-Q2(a).
(i) Identify the subroutine part in this program segment and specify how much
program memory the subroutine will occupy.
(4 marks)
(i) List the changes in stack memory and the program counter, from the execution of
‘run instruction’ to the instruction following the ‘call wait’.

(6 marks)
(b) The code segment shown in Figure-Q2(b), is to be run by the microcontroller clocked
with a 8MHz crystal.
(i) Calculate the actual execution time taken by this code segment.
(6 marks)

(i) Using Figure-Q2(b) as a block, draw a flow chart of a program section that will
take an execution time of 10ms. Your method must consider a small code size and

need to show the calculations of the values required.
(9 marks)



EFE423 MICROCONTROLLERS AND MICROCOMPUTER SYSTEMS Page 4 of 6

[

QUESTION THREE (25 marks)

A green house environment control system is designed to use a 16F84A microcontroller. The

system components whose inputs and outputs are TTL compatible, listed below.

Light sensor: Returns ‘1”7 if the light level falls below a minimum value.

Moisture sensor: Returns’1” if the moisture is less than a minimum value.

Temperature sensor:  Returns ‘1 if the temperature falls below a minimum value.

Controlled components: A heater, water sprinkler, and lights which are activated by ‘1’ on
their control lines.

(i) Draw a circuit diagram showing the microcontroller pins used, the interconnections to
the sensors and the controlled components. Show the sensors and the controlled

components as blocks.
(5 marks)

(i) Show the control logic you are going to implement by the microcontroller program

with the aid of a table.

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

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

(4 marks)
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QUESTION FOUR (25 marks ) A

(a) In a program written for 16F84A microcontroller, interrupts are used.

(i)  Show the configuration of the relevant registers when using the timer and

PortB(4) to PortB(7) as interrupts.

(2 marks)

(i) While program execution, the INTCON register showed a value of 29h. Explain
the conditions described by the INTCON register at this point.

(2 marks)

(ili) When an interrupt occurs, state the events that will take place before and after the
execution of interrupt service routine. Also indicate the essential features to be
included in an interrupt service routine.

(6 marks)

(iv) The program needs to produce a regular interrupt in every 1ms, and the
microcontroller clock is 8MHz. When the timer is used for this task, show the

appropriate settings of the relevant registers. What will be the values of these
registers just after such an interrupt?

(5 marks)

(b) The microcontroller 16F877 is to be used in an application with a 4MHz crystal
oscillator,

(i)  When using its Analog to Digital Converter (ADC), it is required to have +Ve
external reference and only four analog input channels. If the input channel 2 is
selected and the ADC is turned on but not started to convert, show the settings
of the relevant registers. Assume left justification.

{6 marks)

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

(2 marks)

(iii) State what is to be ensured before the start of conversion, after following the
steps in (i) above.

(2 marks)
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QUESTION FI1VE (25 marks)

(@)

(b)

The USART interface of 16F877 is used to connect a device with it. The connection
is done full duplex and asynchronous with a baud rate of 115.2 kb/s. A crystal
oscillator of 4MHz is used and 8 bit data transfer is considered.

(1) Show the interconnection between the two devices clearly marking the
relevant pin numbers and pin names of the 16F877.
(2 marks)

(i)  Show the configuration of the registers TXSTA, SPBRG and RCSTA
assuming high speed option for this connection.

TXSTA: | CSRC | TX9 TXEN |SYNC| - | BRGH | TRMT | TX9D

RCSTA: | SPEN | RX9 | SREN | CREN | ADDEN | FERR | OERR | RXPD

FOSC

Te(x+1) with usual notation.

You may use, BR =

(8 marks)

(iti)  State briefly how the data is sent and received through this interface.

(5 marks)

A device having a data rate of 200kHz is connected to the SPI of a 16F877 microcontroller,
running with a crystal oscillator of 4MHz. The relevant pin names of the device are DIN,
DOUT, and SCLK.

(i) Draw a diagram to show the interconnection, marking the pin numbers and pin names
of 16F877 and the device.

(2 marks)

(i}  Show the settings of the SSPCON, SSPSTAT and any other register involved in the
configuration, if the 16F877 and the device are connected using SPI. You may include
the settings for high idle state clock, data sampling at the middle of the bit period and
the data transfers are on the falling edge of clock.

(8 marks)



w& File Address File Adoress
- ooh | Indirect addr. ™ | indwectadar ! | soh
PDIP, 80OIC 01h TMRO OPTION_REG | 81h
-~ 02h PCL PCL 82h
RA2 w10t 18[] w—w RA1
RA3 =—e[] 2 17 > RAD 03h STATUS STATUS 83h
RAUTOCKI ~—+[13 1 18] ~——OSCUCLKIN 04h FSR FSR sah
WMOR—-CO4 O
MCLR O O 51— DSC2ACLKOUT 05h PORTA TRISA 85h
vsg—= [ 5 2 u ] «——voo
RBO/MNT =[] 6 g 13[] == RE7 06h PORTB TRISB 86h
RE1 w7 P> 2[]e— REs o7h ‘ . &7h
zez - E 3 B % ¥ mi 08h EEDATA EECON1 88h
—— e 4
8 10 RE 09h EEADR EECON2M 89h
0Ah PCLATH PCLATH 8Ah
0Bh INTCON INTCON 88h
och 8Ch
68
General Mapped
Purpose {accesses)
Re%nsters “in Bank 0
(SRAM)
4Fh CFh
50h DOh
STATUS REGISTER (ADDRESS 03h, 83h)
R/W-0 RAY-0 RW-O R-1 R-1 R/W-x RW-x RMW-x
| we [ RP1 | RP0 | TO | ®D z DC C
bit7 bit 0

Unimplemented: Maintain as '6’°

RPO: Register Bank Select bits {(used for direct addressing)
01 = Bank 1 (80h - FFh)

00 = Bank O (00h - 7Fh)

TO: Time-out bit

1 = After power-up, CLRWDT instruction, or SLEEP instruction
0= A WDT time-out occurred

PD: Power-down bit

1 = After power-up or by the CLRWDT instruction

0 = By execution of the sLEEP insfruction

Z: Zero bit

1 = The result of an arithmetic or logic operation is zero

0 = The result of an arithmetic or logic operatiory is not zero

DC: Digit carry/borrow bit (ADDWE, ADDLW, SUBLW, SUBWF instructions) (for borrow, the polarity

is reversed)

1= A carry-out from the 4th low order bit of the result occurred

0 = No carry-out from the 4th low order bit of the result

C: Carry/orrow bit (ADDWF, ADDLW, SUBL®, SUBWF instructions) (for borrow, the polarity is

reversed)

1= A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result cccurred

Note:

A sublraction is executed by adding the two's complement of the second operand.

For rotate (RRE, RLF) instructions, this bit is loaded with either the high or low order

bit of the source register.
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16F84A and 16F877

Mnemonic, . 14-Bit Opcode Status
Operands Description Cycles eb Lsp | Affected Notes
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF td AddWand 1 1 00 0111 drrr frrel CDCZ 1,2
ANDWF f,d AND W with { 1 00 G101 aret rref z 1.2
CLRF f Clear t 1 00 0001 1fff frry z 2
CLRW - Clear W 1 00  OO001 Owxx xxxx Z
COMF td Complement { 1 00 1001 Afrr rrff F4 1.2
DECF f.d Decrement { 1 00 2011 drfrr fref ¥ 1,2
DECFSZ f.d Decrement 1, Skip if ¢ 1(2) 00 1011 arfr fere 12,3
INCF f.d Increment 1 00 1010 drrr rree z 1,2
INCFSZ f.d Increment t, Skip I1 0 1{2y | 00 1111 arfr rree 1,23
IORWF f.d Inclusive OR W with { 1 00 0100 arfr trre z 1.2
MOVF td Move { 1 o0 1000 arer rref z 1,2
MOVWF f Move Wlof 1 00 0000 1fff frrff
NOP - No Operation 1 00 0000 (xx0G 0000
RLF f.d Rotate LeR f through Carry 1 00 1101 Affr ferf Cc 1,2
RRF f.d Rotate Right f through Carry 1 00 1100 d4ffr rerr C 1,2
SUBWF td Subtract W from £ 1 00 0010 afrr frf | CDCZ 1,2
SWAPF f.d Swap nibbles in 1 1 00 1119 d4ffr rree 1.2
XORWF f.d Exclusive OR W with { 1 00 0110 drry ffef 4 1.2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF b Bl Clear t 1 01 00bb bfff ffefr 12
BSF b Bit Set f 1 01 0lbp bffr frer 1,2
BTFSC b Bit Test 1, Skip if Clear 1{2) 01 10bb bfrt ff£rf 3
BTFSS b Bit Test 1, Skip if Set 1{2) 01 1lbb bffr frrf 3
LITERAL AND CONTROL OPERATIONS
ADDLW K Add literal and W 1 11 111x kkkk kkkk| CDCZ
ANDLW K AND literal with W 1 11 1081 kkkk kkkk V4
CALL K Call subroutine 2 10  Okkk kkkk kkkk|
CLRWDT - Ciear Watchdog Timer 1 00 0800 0118 o100| TOPD
GOTO K Go 1o address 2 10 1kkk kkkk kkkk
HORLW K Inclusive OR Ifleral with W 1 11 1000 kkkk Kkkk z
MOVLW K Move literal lo W 1 11  00xx kkkk kkkk
RETFIE - Retum from Interrupt 2 00 0000 0000 1001
RETIW K Retumn with literal in W 2 11 0lxmx kkkk kkkk
RETURN - Return from Subroutine 2 00 06000 0000 1000|
SLEEP - Go into stanoby mode 1 00 0000 ©110 0011 | TOPD
suBLw k Sublract W from literal 1 11 110x kkkk kkkk| CDCZ
XORLW k Exdlusive OR Heral with W 1 11 1619 kkkk Kkkkk Z

Note 1: When an YO register is modified as a function of itseif { €.g., XOVE FORTE, 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 input and is driven low by an extemnal
device, the data will be written back with a '0°.

2: Ifthis instruction is executed o the TMRO register {and, where applicable, d = 1}, the prescaler wilt be cleared if

assigned {o the Timer0 Module.
3: W Program Counter (PC) is modified or a conditional test is frue, the instruction requires two cycles. The second cycle is
execuled as a NOR
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Pin Diagram

PIC 16F877

PDIP

MCLRAvPp ~—— [
RADVANG w7

N

a8

(] et REFEGD
[ e RBBPGC

1
2
RAHANT -—»[112 38 [] w—w RBS
RAYANIVFEF. e [T 4 37 [] w—w» RB4
RANANIVREF+ e[ ] 6 36 ] ~w——w RBIPGM
RAYTOCK] =[] 6 35 [] w—» RB2
RAS/IANASSE w17 < 34 [ s RENM
REGRIVANS w8 ~ 33 [] w—w RBOANT
REVAWIIANG w7 g R e
REWCEANT =[]0 o 310<—vss
VOD e [ 11 E 30 [ = RO7PSF7
VS o [T 12 0  29[] = ROGPSPS
OSCHCLKIN ~——w [T 13 6 28 [ w—= RDSPSPS
OSCCLKOUT -Q-—oE 14 E 7 :}-:-—.- REMASPA
RCUTIOSOMTICK! e [T 15 26 [] = RCTRXOT
RCUTIOSHCCP? w— [T 18 25 [ w—m ROBTXICK
RCCCP1 w—w[] 17 24 [} = RCHSDO
RCHSCHSCL =[] 18 23 [ e RCAISDUSDA
ROGPSPO w7 19 22 [ «—= RDIPSP3
ROAPSP1 e [ 20 21 [} =—w ROIPSP2
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PIC 16F877
SSPSTAT: SYNC SERIAL PORT STATUS REGISTER (ADDRESS: 94h)

RW-D  RWO R-0 R-0 RO R-0 R-0 R-0

| smp | cke | oA | P | s | RW | uan | BF
bit 7 bit 0
SMP: Sample bit

SPI Master mode:

1 = input data sampled at end of data output time

0 = Input data sampled at middie of data output time

SPI Slave mode:

SMP must be cleared when SPI is used in slave mode

In 12C Master or Slave mode;

1 = Slew rate confrol disabled for standard speed mode (100 kHz and 1 MHz)
0 = Slew rate control enabled for high speed mode {400 kHz)

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

sP e

ForCKP =0

1 = Data transmitied on rising edge of SCK

0 = Data transmitted on falling edge of SCK

For CKP = 1

1 = Dala transmifted on falling edge of SCK

0 = Data ransmitted on rising edge of SCK

in 12C Master or Slave mode:

1 = Input levels conform to SMBus spec

0 = Input levels conform 1o 12C specs

D/A: Data/Address bit (PC mode only)

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

¢ = Indicates that the iast byte received or transmitied was address

P: STOP bit

{I*C mode only. This bil is cleared when the MSSP module is disabled, SSPEN is cleared.)
1 = Indicates that a STOP bit has been detected last {this bil is ‘0" on RESET)

0 = STOP bit was not detecled last

$. START bit

(2C mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared.)

1 = Indicates that a START bit has been detected tast (this bit is ‘0" on RESET)
0 = START bit was not detected last

R/W: Read/Write bit Information (izc mode only)

This bit holds the RW bit information following the last address match. This bit is only valid from the
address maich to the next START bit, STOP bit or not ACK bit.

In 1?C Slave mode:

1 = Read

0 = Wrile

In_I2C Master mode:

1 = Transmit is in progress

¢ = 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 {10-bit 1°C mode only)

1 = Indicales that the user needs 1o update the address in the SSPADD register

0 = Address does not need to be updated

BF: Buffer Full Slalus bit

Receive (SP1 and 1°C modes);

1 = Receive complete, SSPBUF is full

0 = Receive not complete, SSPBUF is emply

Transmit {C mode only);

1 = Data transmit in progress (does not inciude the ACK and STOP bits), SSPBUF is full
0 = Data transmit complete (does not include the ACK and STOP bils), SSPBUF is empty
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PIC 16F877

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

RW-0 RWO  RWO  RW0O RWD  RWO  RWO  RWO
| wcoL | sspov | sSPEN | ckP | ssPM3 | ssPmz | SSPM1 | SsPMO
bit 7 bit 0

WCOL: Write Collision Detect bit

Master made:

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

¢ = No collision

Slave mode:

1= SSPBUF register is written while still transmitting the previous word {must be cleared in
software}

0 = No coflision

SSPOV: Receive Overflow Indicator bit

In SP1 mode;

1 = A new byte is received while SSPBUF holds previous data. Data in SSPSRis lost on overfiow. In Slave
mode, the user must read the SSPBUF, even if only transmilting data, to avoid overflows. In Master
mode, the overflow bit is not set, since each operation is initiated by writing to the SSPBUF register.
(Must be cleared in software.)

0 = No overfiow

in 12C mode:

1 = Abyleis received while the SSPBUF is holding the previous byte. SSPOV s a "don't care” in Transmit
mode. (Must be cleared in software.)

0 = No overflow

SSPEN: Synchronous Serial Port Enable bit

In SPI mode,

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

1 = Enables serial port and configures SCK, SDO, SDI, and SS as the saurce of the serial port pins
0 = Disables serial port and configures these pins as O port pins

in 12C mode.

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

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

CKP: Clock Polarity Select bit

in SP! mode:

1 = idle state for clock is 3 high level

0 = ldle state for clock is a low level

in 12C Siave mode:

SCK release confrol

1 = Enable clock

0 = Holds clock low (clock strelch). {Used to ensure dala selup time.)

in 12C Master mode;
Unused in this mode

SSPM3:SSPMO: Synchronous Serial Port Mode Select bits

0000 = SPi Master mode, clock = Fosc/4

0001 = SPI Master mode, clock = Fosc/16

{1010 = SPI Master mode, dock = Foscibd

6011 = SPi Master mode, clock = TMR2 oulputi2

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

4101 = SPI Slave mode, clock = SCK pin. SS pin control disabled. SS can be used as IO pin.

0110 = 1°C Slave mode, 7-bit address

0111 = 1°C Slave mode, 10-bit address

1900 = 1°C Master mode, clock = Fosc / {4 * (SSPADD+ 1Y)

1011 = °C Firmware Controlied Master mode (slave idlg)

1110 = C Firmware Conlrolled Master mode, 7-bif address with START and STOP bit interrupts enabled
1111 = 1°C Firmware Controlied Master mode, 10-bit address with START and STOP bit interrupis enabled
1001, 1010, 1100, 1101 = Reserved
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PIC 16F877

PIC16F877/876 REGISTER FILE MAP

File File File File
Address Address Address Address

Indirect addr.¥? | aoh indirect adar®! gon indirectaddrf? 100h | Indirectadar®t| 1agn
TMRO 0th OPTION_REG  81h TMRO 101h OPTION_REG| 181n
PCL 62h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104n FSR 184h
PORTA 05h TRISA 85h L 185h
PORTB 06h TRISB 86h TRISB 186h
PORTC 07h TRISC 87h ur Y 18Th
PORTDY | 0Bh TRISD!Y | 88h 188h
poORTEM | o%h TRISE! | gop 18%h
PCLATH 0Ah PCLATH | BAh PCLATH 18Ah
INTCON 0Bh INTCON  8Bh INTCON 10Bh INTCON 18Bh
PIR1 och PIE1 8Ch EEDATA | 10Ch EECON1 18Ch
PIR2 0Dh PIE2 80h EEADR 10Dh EECON2 18Dh
TMRIL 0Eh PCON 8Eh EEDATH | 10ER | Reserved® | 18En
TMR1H OFh 8Fh EFADRH | 10Fh Reserved®. | 18Fh
T1CON 10h , , 90h 110h 190h
TMR2 11h SSPCON2 | 91h 111h 19th
T2CON 12h PR2 92h 112h 192h
SSPBUF 13h SSPADD | 93h 113h 193h
SSPCON | 14h SSPSTAT | 94h 114h 194n
CCPRIL 15h e = | 95h 115h 195h
CCPRTH | 16h ‘ 0 116h 1960
CCPICON | 17h : N guerr;gsaé 117h gg&e&a’e 197h
RCSTA 18h TXSTA 98h Register 118h Register 198h
TXREG 1%h SPBRG agh 16 Bytes 19h 16 Byles | 19%h
RCREG 1Ah P ' 11Ah 19AR
CCPR2L 1Bh 11Bh 19Bh
CCPR2H 1Ch 11Ch 19Ch
CCP2CON | 1Dh : : 11Dh 190h
ADRESH 1Eh ADRESL 11Eh 1SEh
ADCONO | 1Fh ADCON1 9Fh 11Fh 19Fh

General General General General

Purpose Purpose Purpose Purpose

Register Register Register Register
9 Bytes 0By emn BOBYES | y6mm 80Byles | 1ern
acCesSes FGh acresses 170h accesses 1FOh

70h-7TFh 70n-7Fh 70h - 7Fh
7Fh FFh 17Fh 1FFh

Bank O Bank 1 Bank 2 Bank 3

# unimplemented data memory locations, read as 0.
* Not a physical register.

Note 1. These registers are not implemented on the PIC16F876.
2: These regisiers are reserved, maintain these registers dlear.
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PIC 16F877
ADCONO REGISTER (ADDRESS: 1Fh)

RWO RWO RW-0 RWO  RWO  RWO U-0 R/W-0
| ADCS1 | ADCSO | CHS2 | CHS1 | CHSO |GOMONE| ,—
bit 7 bit 0

ADCS1:ADCS0: A/D Conversion Clock Select bits

oo = Fosc/2

01 = Fosc/8

10 = FOsc/3az2

11 = FRc {clock derived from the internal A/D modute RC oscillator)

CHS2:CHS0: Analog Channel Select bits
000 = channel 0, (RAD/ANG)

001 = channel 1, (RA1/AN1)

010 = channel 2, (RA2/AN2)

011 = channel 3, {(RA3/AN3)

100 = channel 4, (RA5/AN4)

101 = channel 5, (REO/ANS)T

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

111 = channel 7, (REZ/AN7)1

GO/DONE: A/D Conversion Status bit

fADON = 1;

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

0 = AJD conversion not in progress (this bit is automatically cleared 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 na operating current
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PIC 16F877
ADCON1 REGISTER (ADDRESS 9Fh)

U-0 u-o R/W-0 u-o RW-0 RW-D RWO  RWO
[apFM [ = [0 = [ = ] PCFG3 | PCFG2 | PCFGI | PCFGO
bit 7 bit 0

ADFM: A/D Result Format Select bit
1 = Right justified. 6 Most Significant bils 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/D Port Configuration Control bits:

PCFGI: | ANT'™ | ANG! ANS™)| AN4 | AN3 | ANZ | ANT | ANO | | | CHA
PCFGO0 | RE2 | RE1 | REO | RAS | RA3 | RAZ | RAt | RAD Refs!?
0000 A A A A A A A A | voo | vss 8/0
0001 A A A A VREF+ A A A RA3 Vss n
0010 D D D A A A A A Voo vss 510
G011 D D D A VREF+ A A A RA3 Vss 41
0100 D D D D A D A A | vop | Vss 310
0101 D D D C | VRer+ | D A A | RA3 | vss 1
011x D D D D D D D D | Voo | vss /0
1000 A A A A | VREF+ | VREF-| A A | RA3 | RA2 | &2
1001 D D A A A A A A | vop | Vss 6/0
1010 D D A A | VREF+ | A A A | RA3 | vss 51
1011 D D A A | VREF+ | VREF-| A A | RA3 | RA2 | 412
1160 D D D A VREF+ | VREF- A A RA3 RA2 32
1101 o] D 8] D VREF+ | VREF- A A RA3 RA2 22
1110 O D D D D D D A VDb Vss 10
1111 D D D D | VREF+ | VREF-| D A | RA3 | RA2 172

A = Analog input D = Digital /O

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 0’
- n = Value at POR "I’ = Bitis set '0’ = Bit is cleared x = Bit is unknown
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PIC 16K877

FIGURE 10-1: USART TRANSMIT BLOCK DIAGRAM

F Data Bus

FIGURE 10-4: USART RECEIVE BLOCK DIAGRAM

. _Xb4 Baud Rate CLK _
' : CREN }
Fosc SPBRG ‘
' ' B3
I R R EEEEREIEEIENNN] 0‘
Baud Rate Generator +16
RCIRXMDT
Pin Buffer
= and%omrot Rgtgbvew
8P RX9D| RCREG Register
EN b FIFO
&
Interrupt RCIF " Da Bus
RCIE
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