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EEE324 INTRODUCTION TO PROGRAMMABLE ARRA YS AND MICROCONTROLLERS 

QUESTION ONE (25 marks) 

(a) 	 Draw a circuit of a single bit RAM cell using a latch and basic gates. 

(3 marks) 

(b) 	 Show with the aid of a diagram with enough details, how you are going to implement 

a 2K x 8 RAM memory using lK x 8 RAM chips. 

Assume that the lK x 8 RAM chips have address, data input, data output (3-state), 

enable and RIW lines. 

(7 marks) 

(c) 	 Implement the following logic functions using a PLA with four product terms. 

A(x, y, z) = l' (1,3,4,6) 

B(x,y,z) = l' (0,2,5,6) 

Provide the programming table and draw the connection map. Show the steps of your 


derivation. 


Give the specification for the minimum size ofthe PLA required. 


(15 marks) 
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QUESTION TWO (25 marks) 

(a) 	 Write the machine codes (op-codes) of the following for 16F84A. 

subwf PortA, w 
btfss 	intcon, rOlF 

sublw 	 .150 

(5 marks) 

(b) 	 A signal of pulses is applied to the PortA(O) of a 16F84A. Draw the section of a 
flowchart to show, how to determine the width of the pulses in ~s using TMRO. 
Assume that the external clock is 16MHz. Show the configurations of the relevant 
registers with supportive calculations. 

(IOmarks) 

(c) 	 A serial device supporting SPI has a maximum data rate of 200KHz. The device is 
connected using SPI with a 16F877 running on a 3MHz external oscillator. 

(i) 	 Show the settings ofthe SSPCON and SSPSTAT registers. You may assume 
low idle state of clock, data sampling at the middle ofthe clock period and 
data transfers are on the rising edge ofthe clock. 

(6 marks) 

(ii) 	 Outline briefly what is to be done and observe when transferring data between 
the two devices in (i) above. 

(4 marks) 
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QUESTION THREE (25 marks) 

A microcontroller 16F84A running with a 8. 19l\1.Hz crystal is considered for the following. 

(a) 	 State the steps the processor core performs when interrupted by an interrupting source. 

(5 marks) 

(b) 	 In a program, the only interrupting source is the timer. Show the contents of the 

INTCON register just after such an interrupt. 

(3 marks) 

(c) 	 A program needs to generate an interrupt in every lms. Show the settings required in 

the relevant registers to implement this with justification. 

(6 marks) 

(d) 	 At each interrupt generated by the timer, PortA(O) must be high for three instruction 

cycle periods and then must become low. 

(i) 	 Draw a flow chart for the interrupt service routine (ISR). 

(6 marks) 

(ii) 	 State the important points generally to be followed in a ISR. 

(5 marks) 

http:19l\1.Hz
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QUESTION FOUR (25 marks) 

The ADC module of a 16F877 is used to drive two LEDs according to the level of an input 
analog voltage. The analog input signal is connected to PortA(O). A green LED and a red 
LED are connected to PortA(l) and PortA(2) respectively. The LEDs will light as, 

i Input Voltage Vi Green Red 
! Vi:::; 2.0V 

I 2.0V < Vi:::; 3.5V 

off off 

on 
--­

off 

I Vi> 3.5V off on 

You may assume that, 

Fosc 6MHz Vref = internal resolution used = 8 bits 

(a) Draw a flowchart of a subroutine with enough details which will accomplish this task. 

(11 marks) 

(b) Give the initial configuration of the relevant registers for this operation. 

(9 marks) 

(c) Ifthe input analog voltage is 3V, write the contents of ADRESH and ADRESL 

registers just after a conversion. 

(5 marks) 



PIC 16F84A 


PDIP,SOIC 

RA2­ -RA1 

RA3­ -RAO 
RMfTOCKI­ - OSC1ICLKIN 

MCLR-­ -- OSC2ICLKOUT 

Vss­ -Voo 
6RBOIINT­ -RB7 

RB1-­ 7 ---RB6 

-RBS 

-RB4 

STATUS REGISTER (ADDRESS 03h, 83h) 

RIW-fJ RIW-O RJW-O R-1 R-1 

File 

OCh 

4Fh 
50h 

Mappea
(accesses) 
In BankO 

RIW-x RIW-x RJW-x 

Address 

80li 

B1h 

B2h 

83h 

84h 

a5h 

86h 

87h 
B8h 
B9h 

BAh 

aBh 
aCh 

CFh 
DOh 

Unimplemented: Maintain as '0' 


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

01 Bank 1 (80h - FFh) 
00 ::: Bank 0 (DOh - 7Fh) 

TO: TIme-out btl 
1:= After power-up, CLRWDT instruction, or SLEEP instruction 
0::: A WDTtime-out occurred 

PO: Power-down bit 
1 After power-up or by the CLRWDT instruction 
o By execution ofthe SLEEP instruction 

Z:. Zero bit 

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

o= The result of an arithmetic or logic operation Is not zero 


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

is reversed) 

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

o No carry-out from the 4tl1low order bit of the result 

C: Carrylborrow bit (ADDWF, ADDLW,SUBLW,SUBWF instructions) (for borrow, the polarity is 
reversed) 
1::: A carry-out from the Most Significant bit of the result 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) 


RIW-1 RIW-1 RiW-'1 RIW-1 RlW-l RiW-l RiW-1 RIW-l 


RBPU: PORTB PuB-up Enable bit 

1 PORTB pull-ups are disabled 
o PORTS pull-ups are enabled by individual port latch values 

INTEDG: Interrupt Edge Select bit 
1 = Interrupt on rising edge of RBOIINT pin 
o = Interrupt on faRing edge of RBo/INT pin 

TOeS: TMRO Clock Source Select bit 
1 = Transition on RA4fTOCKI pin 
o = Internal instruction cycle clock (CLKOUT) 

TOSE: TMRO Source Edge Select bit 
1 Increment on high-to-fow transition on RA4fTOCKI pin 
o Increment on low-to-high transiUon on RA4fTOCKI pin 

PSA: Presealer Assignment bit 

1 = Prescaler is assigned to the WDT 
o = Prescaler is assigned to the l1merO module 

PS2:PSO: Prescaler Rate Selact bits 

Bit Value TMRO Rate WDT Rate 

000 
001 
010 
all 
100 
101 
110 
111 

1: 2 
14 
1'8 
1 .16 
1: 32 
1: 64 
1: 128 
1: 256 

1 ' 1 
1'2 
1: 4 
1.8 
1: 16 
,[ :32 
1 :64 
l' 128 

INTCON REGISTER (ADDRESS OBh, aBh) 

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 
o = Disables the EE Write Complete interrupt 

TOlE: TMRO Overflow Interrupt Enable bit 

1 =Enables the TMRO interrupt 
o Disables the TMRO interrupt 

INTE: RBOIINT Extemal Interrupt Enable bit 

1 Enables the RBOIINT external interrupt 
o Disables the RBOflNT extemal interrupt 

RBIE: RB Port Change Interrupt Enable bit 

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

TOIF: TMRO Overflow Interrupt Flag bit 

1 =TMRO register has overflowed (must be deared in software) 

o TMRO register did not overflow 


INTF: RBOfiNT External Interrupt Flag bit 


1 =The RBOIINT external interrupt occurred (must be deared in software) 

o = The RBOIINT extemal interrupt did nol occur 


RBIF: RB Port Change Interrupt Rag bit 


1 = At least one ofthe RB7:RB4 pins changed state (must be daared in software) 

0= None of the RB7:RB4 pins have changed stale 
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16F84A and 16F877 

14-Bit Opcode Stltus
Cycles NotesOeserlptlon 

AffectedOpI "':=j MSb LSb 

BYTE-oRIEt.lTED FILE REGISTER OPERATIONS 

AOOWF f, d AddWandf 1 C,DC,Z 1,2£10 0111 dttt tt!! 
1ANDWF f,d AND WWith f £1£1 01£11 gut rtf.! Z 1.2 

CLRF f Clearf 1 £10 £1£101 <Htt !ft'f. Z 2 
CLRW ­ 1ClearW £1£1 OQ01 0= xxxx Z 

1Complement r £1£1 1£1£11 diU: ttn ZCOMF f. d 1.2 
OECF f, d Decrement f 1 £1£1 OQ11 dttt ttff Z 1,2 
DECFSZ I,d 1(2)Decrement f. Skip If 0 £1£1 1£111 dttt fttt 1,2.3 
INCF f. d Increment f £1£1 1£11£1 <1ttf tftf Z1 1.2 
INCFSZ f. d Increment f, Skip If 0 1 (2) OQ 1111 dirt' !fit 1.2,3 
IORWF f. d InduslYe OR W with f 1 00 a1QO dtt! ttU Z 1.2 
MOVF f, d ZMover £1£1 10£1£1 dttt tfft1 1.2 
MOVWF f MoveWtof 1 £1£1 00£1£1 1Ut' tttt 
NOP . No Operatlon 1 00 aOQO 0=0 £1£1£1£1 

Rotate Len f tnrough cany 1 £1£1 11£11 dtt! t'Ut C 1,2RLF f. d 
RRF l.d Rotate RIght I IIlrough cany 1 £10 110£1 dttt tUt C 1,2 
SUBWF f,d Subtract W from 1 1 OQ £1010 dff!: ffU C.DC.Z 1.2 
SWAPF f. d Swap nibbles 10 f 1 £1£1 111£1 dft! tftf 1,2 
XORWF f. d Exclusive OR W Witn f 1 Z00 £1110 d(tf ttf! 1.2 

BIT-oRIEt.lTED FILE REGISTER OPERATIONS 

Bit Clearf 1 01 QObb bUt ftftBCF f. b 1.2 
1BItSetf 1,2BSF f. b 01 Q1bb bert ft:tf 

BTFSC f. b BIt Test 1. Skip If Clear 1 (2) 01 lQbb bUt tfU 3 
BTFSS r. b Bit Test f. Skip If Set 1 (2) 3£II llbb bat t.Uf. 

LITERAL AND CONTROL OPERATIONS 

Add literal and WADDLW II: 1 11 111X kkkll: kkkk C.OC.Z 
AND literal with W 1 ZANDLW II: 11 10£11 kkkk kkkk 

CALL It Call subroutine 2 1£1 Qkkk kkkk kkkk 
CLRWOT . Clear watchdog Timer £10 aQQo 011£1 01£1£11 
GOTO It Go to address 2 1£1 !kkk li:kkk kkkk 
IORLW k InduslYe OR literal with W 1 11 10£1£1 kkkk k);kk Z 
MOVLW k Move literal to w 1 11 00= kkkk kl<".kk 
RETFIE ­ Return from Interrupt 2 00 00£1£1 0000 1001 
RETlLW It Return wltn literal In W 2 11 £11= kkkk kkkk 

Return from Subroutine RETURN ­ 2 00 0000 0000 1£100 
SLEEP ­ Go Into standby mode 1 00 00£10 0110 £lOll TO.PO 
SUBLW It Subtract W rrom literal 1 11 llQx kkkk kkkk C.OC,Z 
XORLW k, 1ExClusive OR literal with W 11 1£110 tkklc kkkl<: Z 
Note 1: 	 When an 110 register Is mOdified as a funCUon of ttself ( e.g .• MOVF PORTS, 1), the value used Will be that value present 

on the pins themselves. For example. If the data latch is '1' tor a pill configured as input and IS driven low by an external 
device, the data WUl be wrlIten back wtth a '0'. 

2: 	 It this Instruction Is executed on the TMRO register (and, wlJere applicable. d = 1). the prescaler wHl be cleared If 
assigned to the limeJO Module. 

:): 	 If Program COunter (PC) Is modified or a condilionaliest Is true, tne InslcucUon requires two cycles. The second cycle Is 
executed as a NaP. 
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PIC 16F877 


Pin Diagram 

PDIP 

MCLRIVPP -----.,.. 
RAOIANO_ 

RA1/AN1­
RA21AN'2NREF- _ 
RA3lAN3NREF+ _ 

RA4rrOCKI_ 

RASlAN4ISS ­
REOIRDIANS ............. 

RE11WR1ANS ­

RE2/CSIAN1 -___VIlO 

vss_ 
OSC1Ja.K1N _ 

OSC2ICLKOUT _ 

RC{)fT1OS0lT1CKI _ 
RC11T10SI/CCP2 _ 

RC2ICCP1_ 

RC3/SCKJSCL ­
RDIJIPSPO_ 

RD1iPSP1_ 

25 

24 'g 
23 

22, 

21 

-RBS 
-RB4 
_ R83/PGM 

_R132 

-RS1 

- R60IINT 
-voo 
_vss 
- R07IPSP7 

- RD5/PSP6 
- RDSIPSPS 

R04IPSP4 

_ RC71RX1DT 
_ R06/TXICK 

_ RC5ISOO 

- RC4lSDlISDA 

- RD3IPSP3 

- RD2IPSP2 
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PIC 16F877 


SSPSTAT: SYNC SERIAL PORT STATUS REGISTER (ADDRESS: 94h) 

Rf\N-O Rf\N-O R-O R-O R-O R-O R-O R-O 

bit 7 

SMP; Sample bit 

SPI Master mode: 

1 Input data sampled at end of data output time 

o Input data sampled at middle of data output time 

SPI Slave mode: 

SMP must be cleared when SPI is used in slave mode 

Inl2C Master or Slave mode­
l =Slew rate control disabled for standard speed mode (100 kHz and 1 MHz) 

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


eKE: SPI Clock Edge Select (Figure 9-2, Figure 9-3 and Figure 9-4) 
SPI mode: 
ForCKP= 0 
1 = Data transmitted on rising edge of SCK 
o= Data transmitted on falling edge of SCK 
ForCKP =1 
1 '" Data transmitted on falling edge of SCK 
(} :: Data transmitted on !ising edge of SCK 
In J2C Master or Slave mode: 
1 =Input levels conform to 5MBus spec 
o=Input levels conform to 12C specs 

CIA: Data/Address bit (l2C mode only) 

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

o :: Indicates ltJ.at the last byte received or transmitted was address 

P: STOP bit 

(12c 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) 

o :: STOP bit was not detected last 

s: STARTbrt 

(12C mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared.) 

1 :: Indicates that a START bit has been detected last (this bit is '0' on RESET) 

o:: START bit was not detected last 

RIW: ReadlWrite btl Information (J2C mode only) 

This bit ho«ds the RIW bit information following the last address matCh. This bit is only valid from the 

address maldl to the next START bit. STOP bit or not ACK bit 

In 12C Slave mode: 

1 =Read 
() = Write 
In 12C Master mode: 
1 = Transmit is in progress 
o 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-bfl12C mode only) 

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

o =Address does not need to be updated 

SF: Buffer Full status btl 
Receive (SPI and .2C modes): 
1 Receive complete. SSPBUF is full 
o= Receive not complete, SSPBUF is empty 
Transmit (12C mode only): 
1 :: Data transmit In progress (does not include the ACK and STOP bits>. SSPBUF is full 
o :: oata transmit complete (does not indude the ACK and STOP bits), SSPBUF is empty 
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PIC 16F877 

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

RIW-O RIW-C R/W-O RN/-O RIW-O RJW-O RIW-O RNV-O 

WCOl SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO 

bit 7 bit 0 

weOL: write Collision Detect bit 
Master mode: 
1 '" A write to SSPBUF was attempted while the 12C conditions were not valid 
o == No collision 
Slave mode: 
1 :: SSPBUF register is written while stiJliransmitting the previous worn (must be cleared in 

software) 
o ::; No collision 

SSPOV: Receive Overflow Indicator bit 
In SPI mode 
1 =A newbyle is received while SSPBUF holds previous data_ Data In SSPSR is loston overflow. In Slave 

mode, the user must read the SSPBU F, even if only transmitting data, to avoid overflows. In Master 
mO<fe, the overflow bit Is not set, since each operation is inillated by writing to the SSPBUF register. 
(MUst be cleared in software_) 

o No overflow 
In 12C mode: 
1 == A byte is received While the SSPBUF Is holding the previous byle. SSPOV is a "don't care" in Transmit 

mode. (Must be cleared in software.) 
a = No overflow 

SSPEN: SynChronous Serial Port Enable bit 
InSPI mode, 
When enabled, these pins ITl1Jst be property configured as Input or output 
1 Enables serial port and configures SCK. SDO, SOl, and SS as the source of the serial port pIns 
o;: Disables serial port and configures these pins as 110 port pins 
In 12Cmode, 
When enabled, these pins must be property 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 
a =Disables serial port and configures these pins as I/O port pins 

CKP: Clock Polarity Select bit 
In SPlmode: 
1 == Idle state for doCk is a l1iglilevel 
o =Idle state for dock is a low level 
In 12C Slave mode: 
5CK release control 
1 '" Enable dock 
0= Holds clock low (dock stretCh). (Used to ensure data setup time.) 
10 12C Master mode: 
Unused in this mode 

SSPM3:SSPMO: Synchronous Senal Port Mode Select bits 
0000'" SPI Master mode, dock =Fosc/4 
0001'" SPI Master mode, dock =Foscl16 
0010'" SPI Master mode. dock = FoscJ64 
0011 =SPI Master mO<fe, clock = TMR2 o~ulJ2 
0100 SPI Slave mode, dOck:: SCK pin. SS pin control enabfed. 
0101 =5P1 Slave mode, Clock SCK pin_ 5S pin control disabled. SS can be used as 110 pin. 
all0 =12c Slave mode, 7-bit address 
0111 = 12C Slave mode, 10-bit address 
1000= 12C Master mode, clock = Foscl (4· (SSPADD+1» 
lOll =12C Firmware ControUed Master mode (slave idle) 
1110 = 12C Firmware Controlled Master mode, 7-bit address With START and STOP bit interrupts enabled 
1111 = 12C Firmware Controlled Master mode, 1 O-bit address witll START and STOP bit interrupts enabled 
1001,1010, 1100,llOl::Reserved 
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18011 

STATUS 

FSR 
PORTA 

PORTS 

PORTC 
PORTDI1) 

PCLATH 

INTCON 

PIR1 

PIR2 

TMR1L 

TMR1H 

nCON 

TMR2 

T2CON 

SSPBUF 

SSPCON 

CCPR1l 

CCPR1H 

CCP1CON 

RGSTA 

TXREG 
RCREG 

CCPR2l 

CCPR2H 

CCP2CON 

AORESH 

ADCONO 

General 
PuIpOSe 
Register 

96 Bytes 

General 
Purpose 
Register 
16 Bytes 

General 
purpose 
Register 
80 Bytes 

accesses 
70t1-7Fh 

File 

Address 


10011 
101h .' 

10211 

103h 

104h 
10511 

10Gh 

107h 

fOSh 
109h 

10Ah 

10Bh 

10Ch 

100h 

WEh 

10Fh 

11011 

11'lh 

112h 

113h 

11411 

11511 

116h 

117h 

11811 

11911 

11AIl 

11BtI 

11Ch 

110h 

11Eh 
11Fh 

12011 

1SRI 
17011 

17Fh 

File 

Address 


181h 


18BI\ 

18Ch 

1AOh 

General 

Purpose 

Register 

80 Bytes 1EFh 

1 FOil accesses 
701l- 7Fh 

1FFh 

PIC 16F877 

PIC16F877/876 REGISTER FILE MAP 

Ale 

Address 


01h 

02h 

03h 

04h 

Q5h 

06h 

07h 

08h 

09h 
DAh 
OBh 

OCh 

OOh 
OEh 

OFh 

10h 

11t1 

12h 

13h 

14h 

15h 

16h 

17h 

18h 

1911 

1Ah 

lBh 
1Ch 

lOh 
1Eh 

1Fh 

20h 

IFh 
Banl( 3 BankO 

II Unimplemented data memory locatiOns. read as '0' 
• Not a physical register. 

Note 	1: These registers are not implemented on the PIC 16F876. 
2= These registers are reserved, maintain 1hese registers dear. 

File 

Address 


80t1 

• 81h 

8211 

83h 

84h 
8511 
8Gh 

i 87h 
88h 

8911 

BAh 

8Bh 

8CIl 

80h 

8EIl 

8Fh 

90tI 
91h 

9211 

93h 

94h 

95h 

9Gh 

97n 

98h 

99h 

9Ah 

9Bh 

9Ch 

90h 

9EIl 

9Fh 

AOh 

EFh 
FOh 

FFh 

General 
Purpose 
Register 
80 Bytes 

accesses 
7011-1Fh 

Bank 1 Bank 2 

General 
Purpose 
Register 
16 Bytes 

182h 

183h 
184h 
185h 

186h 

18Th 

188h 
189h 

IBM 

18Dh 

18Eh 

18Fh 

190h 

191h 

19211 
193h 

19411 

195h 

1:9611 

197h 

19811 

19911 

19Ah 

19BIl 

19Gh 

190h 

19Eh 

19Fh 
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PIC 16F877 

ADCONO REGISTER (AOO'RESS: 1Fh) 

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

bit 7 b"ito 

ADCS1 =ADCSO: AiD Conversion Clock Select bits 

00 = FosC12 

01 = FasCl8 

10 = FosCl32 

11 = FRC (clock derived from the internal AID module RC oscillator) 


CHS2:CHSO: Analog Channel Select bits 

000 channel 0, (RAO/AND) 

001 =channel 1, (RA1/AN1) 


010 =channel 2, (RA2IAN2) 

011 =channel 3, (RA3lAN3) 

100 = channel 4, (RA5JAN4) 

101 = channel 5, (REO/AN5)(1) 

110 = channel 6, (RE1/AN6)11t 

111 =channel 7, (RE2IAN7)(1) 


GOIDONE: AID Conversion Status bit 

IfADON =1: 

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

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

conversion is complete) 

Unimplemented: Read as '0' 

ADON: AID On bit 
1 =AID converter module is operating 
o =AID converter module is shut-aff and consumes no operating current 
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PIC 16F877 

AOCON1 REGISTER (ADDRESS 9Fh) 

RIW-O RfW-O RJW-D 

bit 7 

ADFM: AID Result Format Select bit 

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

0= left justified. 6 Least Significant bits of ADRESL are reacJ as'O'. 


Unimplemented: Read as '0' 


PCFG3:PCFGO: AID Port Configuration Control bits: 


PCFG3: Arn!1} ANS{'11 ANS(1) ~; AN2 AN' I AN:PCFGO RE2 RE1 REO RA2 

0000 A A A A A A 

0001 A A A A VREF+ A A A 

0010 0 0 0 A A A A A 

0011 0 0 D A VREF+ A A A 

0100 0 D D 0 0 A A 

0101 0 ! D 0 0 VREf+ 0 A A 

Ollx 0 0 0 D 0 D D 

1000 A A A VREF+ VREf- A A 

1001 0 0 A A A A A A 

1010 0 0 A A VREf+ A A A 

1011 0 0 A A VREF-t VREF­ A A 

1100 D D D A VREF+ VREf- A A 

1101 0 0 D 0 VREf+ VREf- A A 

1110 0 0 D 0 D 0 0 A 

1111 0 0 0 0 VREf+ ¥REF­ 0 A 

VREf+ ¥REf- CHAN' 
Refs(2) 

VDD Vss 810 

RA3 Vss 7/1 

VOD Vss 5/0 

RA3 VSS 4/1 

voo Vss 3/0 

RA3 Vss 2/1 

voo Vss 010 

RA3 RA2 6/2 

VDO Vss I 610 

RA3 Vss 5/1 

RA3 RA2 4/2 

RA3 RA2 312 

RA3 RA2 212 

Von vss 110 

RA3 RA2 1/2 

A =Analog input 0 Digitall/O 

Note 1: These channels are notava~able on PIC16F8731876 devices. 
2: 	This column indica1es the number of analog channels available as AID inputs and 

the number ofanalog channels used as voltage reference inputs. 

Legend: 

R = Readable bit W = Writable .bit U = Unimplemented bit, read as '0' 

- n = Value at POR '1' = Bit is set '0' = Bit is cleared x =Bit is unknown 
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PIC 16F877 

FIGURE 10-1: USART TRANSMIT BLOCK DIAGRAM 

FIGURE 10-4: USART RECEIVE BLOCK DTAGRAM 
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)(64 Baud Rate CLK 
I 

FOSC.; I 
, '------..... 

SPBRG 

r--t------;FIFO 

8 

Interrupt Data Bus 


