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QUESTION ONE (25 marks)

(a) Draw a typical block diagram of a microprocessor based system facilitated with storing
user inputs, interfacing analog inputs, interfacing digital 1/0, event counting, timing,
handling external interrupts and serial communications.

(5 marks)

(b) (i) Briefly state the function of ALU, control unit and few dedicated registers in a
typical microprocessor.

(6 marks)

(ii)  State the differences between RISC and CISC systems. (2 marks)

(c) A segment of a program written for [6F84A is shown in Figure-QI.

toop 1 EQU O11Fh
toop_2 EQU 021Fh

goto i Loop_2

Loop 2 bef portB, 1
call Loop_1
bsf portB, 1

ioop 1 bsf portA,0

nop
bsf portA, 1
nop
bef portA,0
bef portA, 1
retlw .50
bifsc  porB,2
goto  loop 5

Figure — Q1

(i) Find the memory locations where the subroutine section is written,

(3 marks)
(iiy Tabulate the program counter and STACK contents between the execution of the

instruction before the CALL and the instruction after the CALL.
{5 marks)
(d) Write the following information for 16F84A microcontrolier:

Program memory size, data memory size, data EEPROM size, instruction width, type
of architecture and available on-chip modules.

(4 marks)
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QUESTION TWO (25 marks)

(a)

)

A 3% 4 key pad shown in Figure-Q2(a) is required to be connected to 16F84A
microcontroller using PortB.

ct Ccz2 GC3

; - sub_1  moviw XX
1 2 3 |—RI movwf  reg_1
4 5 6 [—R2 foop nop
nop
7 8 9 [—R3 nop

# R4 decfsz  reg_1,1
goto foop
return

*

Figure-Q2(a

Fiqure-Q2(b

The keys ‘4’ and ‘+’ may have the decimal values of 10 and 11 respectively.

(i) Draw a diagram showing the interconnections between the keypad and 16F84A.
(4 marks)
(ii) Give the configuration of the relevant register in 16F84A to support the scheme in

(i) above.
(3 marks)

(iii) Draw a flow chart segment to show only the scanning of keys 3,6,9,# and
storing the result in the working register. You may neglect switch bounce.
(6 marks)

In Figure-Q2(b), a subroutine written for 16F84A is shown. The device clock is

10MHz.

(i)  Show how you can limit the execution time of this subroutine as close as 350us
with minimal changes. What is the percentage timing error in your
implementation?

(8 marks)

(ii) Find the maximum possible execution time limit in this subroutine.

(4 marks)
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QUESTION THREE (25 marks)

An irrigation system for two fields is designed based on 16F84A microcontroller.

A single overhead tank is used to supply water to the two fields through independently
controlled gate valves. A pump supplies water to the overhead tank from a well when
needed.

Following system components are used and their inputs / outputs are TTL compatible.

Signal Function

T Overhead tank water level sensor output. It is logic ‘1" if the

level is above a set value.

Sy and S, Outputs of the two soil moisture sensors of the two fields, Gives
logic *0" if the moisture is less than a set value.

Viand V, Control signals for the two gate valves, As long as logic ‘1 is applied
on these lines, the valves remain open.

wpP Control signal of the water pump. As long as logic ‘1’ is applied on

this line, the pump keeps running.

(i) Draw a circuit diagram for this system showing all signal interconnections with the pin

numbers of 16F84A. Sensors and the controlled components must be shown as blocks.

(5 marks)
(i) Design a truth table showing the control logic for this system.
(8 marks)
(iii) Draw a flowchart of a program to be used on 16F84A, using (ii) above.
(8 marks)

(iv) Show the configuration instructions of the ports of 16F84A as required.
(4 marks)
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QUESTION FOUR (25 marks )

(a) Following are with respect to a 16F84A microcontroller program,

() The value of INTCON register at the initialization is BOh. Explain what you can
understand by this setup.

(2 marks)

(i) When the program is running, the INTCON showed a value of 34k at some point.
Interpret what is described by this situation,

(2 marks)

(iii) When an interrupt oceurs, state the events that will take place in the program
counter, stack memory and GIE bit. Indicate the essential features to be included
in an interrupt service routine,

(6 marks)

(iv) The program uses TMRO timer to generatc a regular interrupt in every 1ms, Show
the settings needed in relevant registers to achieve this suppotted with relevant
calculations. What is the value of INTCON register just after such an interrupt?
Assume that the system uses a 2/ Hz crystal oscillator.

{6 marks)
(b)  An application uses a PIC 16F877 microcontroller with a 10MHz crystal oscillator.

(i) Itis required to use the Analog to Digital Converter (ADC) of the device with an
external voltage reference and five analog input channels. Show the settings of
the relevant registers with left justification if the input channel 4 is selected and
the ADC is turned on but not started to convert.

(6 marks)

(i) The ADC minimum acquisition time is about 20ps. State the relevance of this
value and indicate how it is incorporated in a program.

(3 marks)
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QUESTION FIVE (25 marks)

(a)

(b)

A serial device which supports SPI is required to be connected to the Synchronous
Serial Port of a PIC 16F877 microcontroller.

(i) Draw a circuit diagram to show the interconnections of the device and the
microcontroller. You may consider the device pins such as DIN (data in),
DOUT (data out), SCLK (serial clock) and CS (chip select). Mark only the
relevant pin numbers of the microcontroller used for the interconnection.

{6 marks)

(i) State briefly how the data is transferred between the device and the
microcontroller using SPI mode.

{9 marks)

The serial device has a maximum data rate of 250kHz and the microcontroller is
running on a 10MHz crystal oscillator.

Show the settings of the SSPCON, SSPSTAT and any other register involved to
establish SPI mode of opetation, giving justifications where necessary. Among other
typical settings, you may include the settings for, the high idle state of clock, data
sampling at the middle of the bit period and the data transfers are on the falling edge
of the clock.

(10 marks)




w Fite Address Flie Address

_ ooh ¢ tndirect addrt? | indirect addr.® | 8on
PDIP, S0IC 01h TMRO OPTION_REG | B81h
) 02h PCL PCL 82h

RA2 {1 181]~—= RA1
RAJ E 2 17 ] =—= RAG 03h STATUS STATUS 83h
RAIECCKE =—=[]3 @ 16[]=——OSCICLKIN D4h FSR FSR 84h

MCIR—[]4 Q  15[]— OSC2CLKOUT
ves ds 2 p Voo 05h PORTA TRISA 85h
RBOANT ~—=[]6 @  13[]=—n RA7 06h PORTB TRISB 86h
RB{ =7 P 12[]=—RB6 o | 1 e
RB2 “—“E Z " %“‘ * RB3 08h EEDATA EECON1 8h
——i— —_—

RB3 1 Rad 09h EEADR geconz™ | soh
0Ah PCLATH PGLATH 8AN
0Bh INTCON INTCON 8Bh
ach 8Ch

68
General Mapped
Purpose (accesses)
Re%islers in Bank 0
(SRAM)
4Fh CFh
50h PHRAIENTE NI EOER DOh
STATUS REGISTER (ADDRESS 03h, 83h)
RW-0 RW-0 R/W-0 R-1 R-1 R/W-x RIW-x R/W-x
[wmp | Ri | RPO | 70 | PD | 2z | bc [ ¢
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= Alfter power-up, CLRWDT inslruction, oF SLEEP instruction
0= AWDT time-out eccurred

PD; Power-down bit

1 = After power-up or by the cLRWDT instruction

0 = By execution of the SLEEP insiruction

Z: Zejo bit

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

o = The result of an arithmetic or logic operation is noi zero

DC: Digit carry/borrow bit (ADDWE, ADDLW, SUBLY, SUBWF Instructions) (for bomow, the polarity

is reversed)

1= A carry-out from the 4th low order hit of the resuit cccurred

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

C: Carry/borrow bit (ADDWF, ADDLY, SUBLW, SUBWF  instructions) {for borrow, the polarity is

reversed)

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

0 = No camry-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 (RR¥, RLF) instructions, this bit is loaded with either the high or low order
hit of the source register.
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PIC 16F84A

OPTION REGISTER (ADDRESS 81h)

RAW-1  RW-1 RAW RMW-L RMET RWAL R R
[ RePU_[INTEDG | T0CS | TOSE | PSA [ ps2 [ Ps1 | Pso
bit7 bit 0

RBPU:; PORTB Pull-up Ensable bit

1 = PORTB pull-ups are disabled

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

1= interrupt on rising edge of RBIMINT pin

o = iInterrupt on faing edge of RBOJINT pin

TOCS: TMRO Clock Source Select bit

1 = TFransition on RA4/TOCKI pin

0 = Infernal instruction cycle clock {CLKOUT)

TOSE: TMRO Source Edge Select bit

1 = Increment an high-to-low transition on RA4/TOCK! pin
0= Increment on low-fo-high transition on RA4/TACKI pin
P8A: Prescaler Assignment bit

1 = Prescaleris assigned to the WDT

0 = Prescaler is assigiad to the TimetQ module
P$2:PS0: Prescaler Rate Select bits

Bit Value TMRO Rate WOT Rate
006 1:2 1

I I
001 [:4 [:2
010 1:8 t:4
011 116 t:8
100 1:32 116
101 164 1:32
110 1:128 1:64
13131 1- 356 1:128

INTCON REGISTER (ADDRESS 0Bh, 8Bh}

RW-0  RWO  RWD __RW-0 RW-O  RW-0  RWD  RW-x
[ GE | EEE | TOlE | INTE | RBIE | TOF | INTF | RBF
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 Wrile Complete interrupts

0 = Disables the EE Write Complete interrupt
TOIE: TMRO Overilow Interrupt Enabie bit

1 = Enables tha TMRO inferrupt

0 = Disables the TMRO interrupt

INTE: RBO/INT External Interrupt Enable bit

1 = Epables the RBU/INT external intarrupt

0 = Disables the RBO/ANT externat interrupt
RBIE: RB Pori Change interrupt Enable bit

1 = Enables the RB port change interrupt

¢ = Disables the RB port change interrupt

TOIF; TMRO Overflow Intestupt Flag bit

1 = TMRO register has overflowed (must be clearad in software}
0 = TMRO register did not overflow

INTF: RBO/INT External Interrupt Flag bit

1 = The RBO/INT external interrupt occurred (must be cleared in software)
0 = The RBO/INT external interrupt did not occur
RBIF: RB Pott Change Interrupt Flag bit

1 = Al least one of the RBT:RB4 pins changed state {must be cleared in software)
0 = Nono of the RB7:RB4 pins have changed state
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16F84A and 16F877
4-Bit Opcode
Mnemonic, Descilption Cycles ! i status Notes
Gperands MSh Lsp | Affected
BYTE-QRIENTED FiLE REGISTER OPERATIONS
ADDWF 1,d Addwand{ 1 o0 0111 dfef rfrr| CDCZ 1,2
ANDWF f.d AND W with t 1 00 0101 dfff f£fef z 1,2
CLRF f Ciear [ 1 00 0001 Lfff Lfff Z 2
CLRW - Ciear W 1 00 DODL OXXX XXXX z
COMF f.d Complement { 1 00 1001 dEff TLIf z 1,2
DECF 1.d Decrement { 1 00 00Ll aftt ffff z 1,2
DECFSZ f,d Decrement {, SKip If 0 1(2) 00 k011 dfff ffff 1,23
INCF 1d fncrement I 1 G0 1010 Afrff ffff z 12
INCF8Z 1.d Increment f, Skip If 0 1(2) 00 11131 aref ffcf 1,23
IORWF f,d inclusive OR W with f 1 00 0100 dfff Crff F 1,2
MOVF 1,d Move f 1 00 1000 Afff fLff Z 1,2
MOVWF { Move Wiol 1 00 000D 1fff [fLff
NGP - No Cperatlon 1 00 0000 0xx0 0000
RLF f,d Rolate Lefi { through Carry 1 00 1101 dfff ££ff [ 1,2
RRF fd Rotate Right  through Carry 1 00 1100 4frr ffLf c 1,2
SUBWF 1,d Sublract W from T 1 00 0010 d4FEf fEFL| CDCZ 1,2
SWAPF 1d Swap nibbles in ( 1 o0 1110 4arfff ffft 1,2
XORWF f.d Extlusive OR W with | 1 00 0110 dfff ffeg z 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF b Bit Clear { 1 01 00bb DbEff fref 12
BSF Lo Bit Setf 1 01 Oibb Dpftf Efff 1,2
BTFSC b Bit Test 1, Skip if Clear 1(2) 01  10bb bfff ffif 3
BTFSS Lo Bit Tesl f, Skip if Set 1(2) 01 1iibb DbEff ffff 3
LITERAL AND CONTROL OPERATIONS
ADOLW Kk Add Hteral and W 1 11 111x kkkk kkkk| C,DCZ
ANDLW Kk AND literal with W 1 11 1001 Kkkkk Kkkk Z
CALL K Call subrouting 2 10 Okkk kkkk kkkk{
CLRWDT - Clear Watchdog Timer 1 06 0000 0110 D100{ TOR
GOTO K Go {o address 2 10 1KKK KkkkKk KKKk
IORLW k inclusive OR literal with W 1 11 1000 kkkk kkkk Z
MOVLW K Move lileral to W 1 11 00xx kkkk kkkk
RETFIE - Return from interrupl 2 00 G000 0000 1001
RETLW k Return with fiterat in W 2 11 6ixx kkkk kkkk
RETURN - Retum from Subroutine 2 00 G000 0000 10004 _
SLEEP - Go into standby mode 1 00 0000 o110 ooili TOPD
suBLW k Subtracl W from lileral 1 11 116x ¥kKkk kkkk| CDC.Z
XORLW K Excluslve OR literal with W 1 11 1010 kkkk KRKkk z

Note 1: When an VO reglster is tnodified as a function of fiself { e.g., Mov# PORTB, 1), the value used will be that value present
on the pins themselves, For example, if the data latch is *1” for a pin contigured as input and is driven low by an extemas
device, the data will be wrilten back with a'0"
2: 1f this Instruclion Is executed on the TMRO register {and, where applicable, d = 1), the prescaler wilt be cleared if
assigned to the Timer0 Module.
3: W Program Counter (PC)is modified of a conditional test is true, the instruckion requires two cycles. The second cycle Is
executed as a NOP.
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PIC 16F877

Pin Diagram

PDIP
MOLRVPP —— If 1 U 40 [] =—s RETIPGD
RAD/AND w—n-[] 2 3% [} =— RBSPGC
RA1ANT =-—(]3 36 [ —m RBS
RAZAMINVREF- w— |} 4 37 {[] ~—» RB4
RANANINREF+ w—-[] 5 36 [} -— RBUPGM
RAHTOCK! w—w-[] 6 35 :] -+—w» RB2
RASIANASSE w—w ] 7 - 34 [7] -+— RBf1
REO/RD/ANS =-—»-[1 8 t= 33 []=— RBOINT
RE1ANRIANG <—= [T 9 D . [~ Vo
RECSIANT w—=-[] 10 E 3] —Vs3
voo— O 1 ﬁ 30 [J=— ROTPSPT
ves . [] 12 oW 29 [} =~—s RDSPSPS
OSCHUCLKIN —» [ 13 G 28 [] =— RDSIPSPS
OSCACLKOUT +——[7 14 = 97 []-+—+ RDAPSP4
RCOT10SOMCK! =—-[1 15 Q. 26 [} =— RCTIRXIOT
RCHTI0S/CCP2 w—- [ 18 25 [ w—= RCETXICK
RCACCH a—»[] 17 24 [] =+—» RCS/SD0
RCYSCK/SCL =—»[] 18 23 [[] -—s RCA/SDYSDA
ROO/PSPD wt—n-[ 1 19 22 [} e RDHPSP3
ADPSP1 e [T] 20 21 [] = RD2PSP2
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PIC 16F877
SSPSTAT SYNC SERIAL PORT STATUS REGISTER (ADDRESS: 94h)

RIW-0 RIW-0 R-0 R-0 R-0 R-G R-0 R-0
| swp | cke | oA | P S | rW | ua | ®F j
it 7 bit O

SMP: Sample bit

SP) Master mode;

1 = Input data sampled at end of data autput time

o = Input data sampled at middie of data output time

5Pi Slave mode:

SMP must be cleared when SP) is used in slave mode

In 12C Masler or Stave mode:

1 = Slew rate conirol disabled for standard speed mode (100 kHz and 1 MHz)
o = Slew rate confrol enabled for high speed mode (400 kHz)

CKE: SPI Clock Edge Select (Figure 9-2, Figure 9-3 and Figure 9-4)
SP1_mode:

For CKP =0

1 = Data transmitted on fAsing edge of SCK

¢ = Dala transmitted on falling edge of SCK

For CKP =1

1 = Pata transmited on faling edge of SCK

o = Data transmilied on rising edge of SCK

in 12C Masler of Slave mode:

1 = Input levels conform to SMBus spec

o = Input levels conform to 1°C specs

DiA: DatajAddress bit (I°C mode only)
1 = Indicates that the last byte received or transmitted was data
o = Indicates that the last byte received or transmilted was address

P STOP bit

(I2C 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 bit is '0° on RESET)

0 = STOP bit was nol detected last

S: START bi

(IQO mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared.)
1 = Indicates that a START bit has been detected fast (this bit Is '0" on RESET)

o = START bit was nof detected last

RIW: Read/Write bit information (I2C mode only)

This bil holds the RAY bit Information following the last address match. This bit s only valid from the
address match to the next START bit, STOP bit or not ACK bit.

In 12C Stave mode:

1= Read

0 = Write

In 12C 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 I°C mode only)

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

0 = Address does not need {o be updated

BF: Buifer Full Status bit

Receive (SP| and G modesy.

1 = Receive complete, SSPBUF is ull

0 = Receive not complele, SSPBUF is empty

Transmit (I2C mode only).

1 = Data transmit in progress {does not include the ACK and STOP bits), SSPBUF is full
g = Data transmil 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)

RW-0  RWO  RW-0  RWO  RWO  RMWOD  RWO  RWO
[“wcoL | Sspov | SSPEN | CKP | SSPM3 | SSPM2 [ ssemt [ sspmo |
bit 7 bit 0

WCOL: Wrile Collision Detect bit

Master mode:;
1 = A write to SSPBUF was attempted while the i2C conditions were not valid

0 = No collision

Slave imode:
1 = SSPBUF register is writlen white still transmitting the previous word (must be cleared in
software)

0 = No collision

$SPOV: Receive Overflow Indicator bit

In SPimode:

1 = A new byte is received while SSPBUF holds previous data. Data in SSPSR ig [051 on overfiow. In Slave
mode, the user must read the SSPBUF, even if only lransmitting dala, to avoid overfiows. in Master
mode, the overflow bit is not sel, since each operation is initialed Dy writing to the SSPBUF register.
{Must be cleared in software.) ‘

¢ = No overflow

In I°G mode:

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

0 = No overflow

SSPEN: Synchronous Serial Port Enable bit

In SPHmode, :

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

1 = Enables serial port and cobfigures SCK, SDO, SDI, and SS as the source of the serial port pins

0 = Disables serial port and configures these pins as HO 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

o = Disables serial port and configures these pins as IfQ port pins

CKP: Clock Polarity Select bit

In.SPImede:

1 = Idle state for clock is a high level

o = Idie state for clock is a low fevel

I.{2C Slave mode:

SCK release control

1 = Enable clock

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

Unused in this mode

SSPM3:5SPMO; Synchronous Serial Port Mode Select bits

0000 = SP1 Masler mode, clock = Fascl4

0001 = SP| Master mode, clock = Fosc/16

0010 = SPI Master mode, clock = Fosc/64

0011 = SP| Master mode, clock = TMR2 output/2

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

0101 = SP| Slave mode, clock = SCK pin. S8 pin controf disabled. SS can be used as ¥O pin.

0110 = I°C Slave mode, 7-bit address

111 = I°C Slave mode, 10-bit address

1000 = I2C Master mode, clock = Fosc / (4 * (SSPADD+1))

1011 = {2C Firmware Controfied Master mode (slave idle)

1110 = [?C Firmware Controlled Master mode, 7-bit address with START and STOP bit inferrupts enabled
1111 = 1°C Firmware Confrolied Master mode, 10-bit address with START and STOP bit Interrupts 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.l? | 0oh indirect addr™?| son Indirect addr™ | 100n | indirect adar | 1apn
TMRO 01h OPTION_REG | 81h TMRO 101N OPTION_REG| 181h
PCL 0z2n PCL 82h PCL. 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h ¢ S 1o8n [EEEED 185h
PORTH 06h TRISB B6h PORTB 106h TRISB 185h
PORTC 07n TRISC 87h E a2l 107h 187h
PORTDI! | 08h TRISD! | ash 1 108h 188h
poRTEN) ] 09h TRISEH | 89h ool 100 (Eiiiiiiar] 189Rh
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18AR
INTCON 0Bh INTCON | 8Bh INTCON 10Bh INTCON 188h
PIRt 0Ch PIE1 ach EEDATA i0Ch EECON1 18CH
PIR2 oDh PIE2 8Dh EEADR 100h EECON2 18Dh
TMRIL OEh PCON 8Eh EEDATH | 10Eh | iReseved® | 18En
TMRIH OFh o 1 sFn EEADRH | 10Fh |5 Reservedm:| 18Fh
TICON 10N i 90h 110h 190h
TMR2 1Mh SSPCONZ | 91h 1ith 1910
T2CON 12h PR2 97h 112h 192h
SSPBUF | 13h SSPADD | 93h 113h 193h
SSPCON 14h SSPSTAT | 94h 114h 194h
CCPRIL | 15h : “| 95h 115h 195h
CCPRTH | 16h 96h ' 116h 196h
CCPI1CON _17n el oth gf#éi?é H7h gt?r?)%rsaé 197h
RCSTA 18h TXSTA 98h Regster 118N Register 198h
TXREG 190 SPBRG 9oh 16 Byles 119h 16 Byies 199h
RCREG 1AR 2 9an 11Ah 19Ah
CCPR2L 1Bh 9Bh 11Bh 198h
CCPR2H | iCh 9Gh 11Ch 19Ch
CCP2CON | 1Dh el aph +1Dh 190N
ADRESH | 1Eh ADRESL 9EN 11ER 156h
ADCONO | 1Fb ADCON1 9Fh 11Fh 19Fh
20n AOh 120 1A0N

General General General General

Purpose Purpose Purpose Purpose

Register Register Register Register
95 Bytes 80 Byles EFh 80 Bytes . 80 Bytes FEER
accesses | [ON accesses | 1700 accesses 1FOn

70n-7Fh 70h-7Fh 70h - 7Fh
7Fh FFh 17Fh iFFh

Bank 0 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 PIC16FB76.
2: These registers are resetved, maintaln these registers clear.
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PIC 16F877

ADCONO REGISTER (ADDRESS: 1Fh)

RW-0 RWO  RWO RWD  RWO  RWO u-0 RIW-0
[ADCS1 | ADCSO | CHS2 | CHS1 | CHSO | GOMONE | - | ADON
bit 7 bit 0

ADCS1:ADCS0: A/D Conversion Clock Select bits

00 = FQsc/2

01 = Fosc/8

10 = Fosci32

11 = FRe (clock derived from the internal A/D module RC oscillator)

CHS2:CHS0: Analog Channel Select bits
000 = channel 0, {RAO/AND)

ool = channel 1, (RAT/AN1}

010 = channel 2, (RA2/AN2)

011 = channel 3, (RA3/AN3)

100 = channel 4, (RAS/AN4)

101 = channel 5, (RED/AN5)®)

110 = channel 6, (RE1/ANG)T)

111 = channel 7, (REZANT)

GO/DONE: A/D Conversion Status bit

if ADON = 1:

1 = A/D conversion in progress (setling this bit starts the A/D conversion)

o = A/D 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
o = A/D canverter module is shut-off and consumes no operating current
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PIC 16F877

ADCON1 REGISTER (ADDRESS 9Fh)

U-0 -0 RIW-0 U-o RW-0  RW-0  RMW.O  RW-0
ADFM [ = ] = ] pcrc3 [ PCFG2 | PCFG1 | PCFGO
bit 7 bit 0

ADFM: A/D Result Format Select bit
1 = Right justified. 6 Most Significant bits of ADRESH are read as ‘0"
o = Left justified. 6 Least Significant bits of ADRESL are read as ‘0"

Unimplemented: Read as '0’
PCFG3:PCFGO: A/D Port Canfiguration Control bits:

peFea: | ANTY [ ANG™ | ANSHMT | ANG | ANS | ANZ | ANT | ANOD | oo o) yorr, CHAN/
PCEGe | RE2 | RE1 | REO | RAB | RA3 | RAZ | RA1 | RAD Refs(
00090 A A A A A A A A VoD | Vss 80
04001 A A A A VREF+ A A A RA3 Vss 7t
0010 D D D A A A A A voo | Vss 510
6011 D D D A VREF+ A A A RA3 Vss 4
0100 D D D D A 3] A A Voo Vss 3/0
0101 D D D D VREF+ n} A A RA3 Vss 21
011x D D D D D D ) D VoD | VsS 0f0
1000 A A A A VREF+ | VREF- A A RA3 RAZ2 612
1001 D D A A A A A A Vob | Vss 6/0
1010 D D A A | VRer+ | A A A RA3 | Vss 5H
1011 D D A A | VREF+ | VREF-| A A RA3 | RA2 412
1100 D D D A | VREF+ | VREF- | A A RA3 | RA2 352
1101 D D D D VREF+ | VREF- A A RA3 RA2 212
1110 D D D D D D D A Vop | Vss 110
1111 D (»] D D | VRee+ |VREF-| D A RA3 | RAZ 142

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 avaitable 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 "' = Bitis set '0" = Bit is cleared X = Bit is unknown
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PIC 161877

FIGURE 10-1: USART TRANSMIT BLOCK DIAGRAM

f Data Bus

TXREG Register |
is
.................. 1861
' PnA H—le S
e l 0 :_““| anr}! Cuon!Fol
......... TSR Regisler, . ....... RCHTXICK pin

—
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FIGURE 10-4; USART RECEIVE BLOCK DIAGRAM

. X84 Baud Rate CLK rOERRl ‘ FERRJ
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Fose SPBRG e T S N { _______
; ; 7o RSR Register £Sb 3
' BAjd Rale Generator +16 soo 1| 0|sTART
RCTRXDT  h o e T T T e

Pin Buffer

Data
1 and Conlrol Recovery

SPEN RX9D| RCREG Register
FIFO
A8
- Interrupt Dala Bus
TXSTA: | cspe | TX9 | TXEN |SYNC| - | BRGH | TRMT | TX9D

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

= fose — —Fose
BRy = 16(X+1) BR, = 64(X+1)
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$P! Mode Waveform {Master Mode)
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