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AueauaNn2 e CPU PIC 16F877

- 35 Instruction ANE4

- ﬂﬁﬁaﬁwﬁ"qﬁ"ﬂﬂiu Cycle 1R 18 2 Cycle ludidansnss Ina
: v‘imuﬁmmﬁqqqa 20 MHz (16F877-20/P)

- WA 1Y sins N 8 K(14 Bit Words)

- iU doya (RAM) 368 Byte

- EEPROM 256 Byte

- ANTOADUAUBIDUADT TN 14 11118

- STACK 8 5291

- POR, BOR, PWRT , Oscillator Start-Up Timer (& Watchdog Timer

- Code Protection

< >




- Sleep Mode

A (Y] =) 9
- N5 0a0n IHUAYIT YR UIRN 19
- In-Circuit Serial Programming (ICSP)

- a5 Usunsuld daeuseau +5v

-Arauldnldi@es 2.0 v-5.5 v
ng Aa J Jd g A
- NITUANIVIN LA FDTAUDINDIN A1D 25 mA
- Timer/Counter 3 917 Timer0, Timer] @Y Timer2
- Tu@a Capture/Compare/PWM 31191 2 %A
- USART

- Analog to Digital Converter 10Bit 8 Channel

Yy 9

- WO3A /O 911U 5 Wo5e A,B,C.D tiay E 3IUNIaU 33 Bit




FIGURE 3-22 CLOCK/INSTRUCTION CYCLE
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EXAMPLE 3-1:  INSTRUCTION PIPELINE FLOW

1. MOVLW 55h Fetch1 | Execute 1

2. MOVWF PORTB Fetch2 | Execute 2

3. CALL SUB 1 Fetch3 | Execute 3

L. BSPBONIM, BITS Fech4 | Flsh

Fetch SUB_1| Execute SUB 1

All instructions are single cycle, except for any program branches. These take two cycles since the fetch
instruction is “flushed” from the pipeline while the new instruction is being fetched and then executed.




HiRIRIRInininininininininininininininin

MCLR/VPP ~— RB7/PGD
RAO/ANO RB6/PGC
RA1/ANI1 RB5
RA2/AN2/VREF- RB4
RA3/AN3/VREF+ RB3/PGM
RA4/TOCKI RB2
RA5/SS/AN4 RB1
RE0/RD/ANS RBO/INT
RE1/WR/AN6 VDD
RE2/CS/AN7T Vss
VDD RD7/PSP7
VsS RD6/PSP6
OSC1/CLKIN RD5/PSP5
0SC2/CLKOUT RD4/PSP4
RC0/T10SO/T1CKI RC7/RX/DT
RC1/T10SI/CCP2 RC6/TX/CK
RC2/CCP1 RC5/SDO
RC3/SCK/SCL RC4/SDI/SDA
RD0/PSP0 RD3/PSP3
RD1/PSP1 RD2/PSP2

HiNEIE NN NN NN NN NN

PIC16F877
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STATUS reg
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Decode &
Control
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QOSC2/CLKOUT

Power-up
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Power-on
Reset
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Reset
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Debugger
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VDD, VSS
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RB1
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RC3/SCK/SCL

RC4/SDI/SDA

RC5/SDO
RC6/TX/CK

RC7/RX/DT

RDO/PSPO
RD1/PSP1

RD2/PSP2

Parallel Slave Port

RD3/PSP3
RD4/PSP4

RD5/PSP5

RD6&/PSP6

% RCO/T10SO/T1CKI

RD7/PSP7

g REO/AN5/RD

TimerQ Timer1
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Synchronous
Serial Port

X] rRE2/AN7/CS
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1. vueau311UsUnIu 8 Kwords
2. Wi2wANNIIT0Ya RAM 368 Byte

3. wueANUToNa EEPROM 256 Byte




PC<12:0>

CALL, RETURN 13
RETFIE, RETLW

Stack Level 1
Stack Level 2

Stack Level 8
RESET Vector

YU2eAN 15 LnT U

Interrupt Vector

Program
Memory




WU NUD VDA

File
Address

Indirect addr.”)

00h

TMRO

01h

PCL

02h

STATUS

03h

FSR

04h

PORTA

05h

PORTB

06h

PORTC

07h

PORTD"

08h

PORTE!")

09h

PCLATH

0Ah

INTCON

0Bh

PIR1

0Ch

PIR2

0Dh

TMR1L

OEh

TMR1H

OFh

T1CON

10h

TMR2

11h

T2CON

12h

SSPBUF

13h

SSPCON

14h

CCPRI1L

15h

CCPR1H

16h

CCP1CON

17h

RCSTA

18h

TXREG

19h

RCREG

1Ah

CCPR2L

1Bh

CCPR2H

1Ch

CCP2CON

1Dh

ADRESH

1Eh

ADCONO

1Fh

General
Purpose
Register

96 Bytes

20h

File
Address

Indirect addr.()

80h

OPTION_REG

81h

PCL

82h

STATUS

83h

FSR

84h

TRISA

85h

TRISB

86h

TRISC

87h

TRISD!

88h

TRISE(M

89h

PCLATH

8Ah

INTCON

8Bh

PIE1

8Ch

PIE2

8Dh

PCON

8Eh

8Fh

90h

SSPCON2

91h

PR2

92h

SSPADD

93h

SSPSTAT

94h

95h

96h

97h

98h

9%h

9Ah

9Bh

9Ch

9Dh

ADRESL

9Eh

ADCON1

9Fh

General
Purpose
Register
80 Bytes

AOh

accesses
70h-7Fh

Bank 1

File
Address

Indirect addr.()

100h

TMRO

101h

PCL

102h

STATUS

103h

FSR

104h

105h

106h

107h

108h

109h

PCLATH

10Ah

INTCON

10Bh

EEDATA

10Ch

EEADR

10Dh

EEDATH

10Eh

EEADRH

10Fh

General
Purpose
Register
16 Bytes

110h
111h

112h
113h
114h
115h
116h
117h
118h
119h
11Ah
11Bh
11Ch
11Dh
11Eh
11Fh

General
Purpose
Register
80 Bytes

120h

accesses
70h-7Fh

Bank 2

Indirect addr.®)

OPTION_REG

PCL

STATUS

FSR

PCLATH

INTCON

EECON1

EECON2

General
Purpose
Register
16 Bytes

General
Purpose
Register
80 Bytes

accesses
70h - 7Fh

Bank 3

File

Address

180h
181h
182h
183h
184h
185h
186h
187h
188h
18%9h
18Ah
18Bh
18Ch
18Dh
18Eh
18Fh
190h
191h
192h
193h
194h
195h
196h
197h
198h
199h
19Ah
19Bh
19Ch
19Dh
19Eh
19Fh

1A0h




STATUS REGISTER (ADDRESS 03h, 83h, 103h, 183h)
R-1

R-1

RP1 RPO Bank Select
0 0 Bank 0 : 00h - 7Fh
0 | Bank 1 : 80h - FFh
| 0 Bank 2 : 100h - 17Fh
| | Bank 3 : 180h — 1FFh




DIRECT/INDIRECT ADDRESSING

FIGURE 2-6: DIRECT/INDIRECT ADDRESSING

Direct Addressing Indirect Addressing

RF1:RFO & From Opcode l 7 FSR register

. b A /

¥ b ¥ . :
Eank Select  Location Select EBank selact Location Select

. ) 10 -

l 100N

Data
Memanyt !

TFh FFh 17Fh 1FFh
Bank O Bank 1 Bank 2 Bank 3

Mote 1: For register file map detail, see Figure 2-3,




NEXT

CONTINUE

MOVLW 0X20 ; Initialize pointer
MOVWF FSR :to RAM

CLRF INDF ; clear INDF
INCF FSR,F ; inc pointer
BTFSS FSR.4 ; all done?
GOTO NEXT ;no clear next

; Yes continue

<




3. ¥11U28A U319y EEPROM

A o Jd 1 = Y 1
331U 256 g dnsooutazwey ld Tagniu
aAa d o o’o‘; A v A

51905 NINFUNIAY 4 A2A0

EECONI : AUANM 4091 1ea11u

EECON2 : Iad 1@ umsiioudoya
I &y 70 Yy I 9 A o Y 1 =
EEDATA : iflutilios Isinudoya 8 Ua dmsumssuuazidiou

EEADR : 3310195 M3 ufuLeaasa 00h — FFh (256 Byte)




FLASH Program
and Data EEPROM Memory

S.F.R

I __________________
|
\| EEADRH | EEADR |

i . 256 X 8

! / : Data

Z 8 EEPROM
J A 13 I

FLASH Program M R/ Memory A
Memory L/ 8,
7 7T
8K X 14 14 v vy |
A " ' | EEDATH | EEDATA :
|
I |
|
| EECON1 |
|

————————— I
« | EECON2 1




FLASH Program & Data EEPROM: EECONI1

Register

EEPGD

- - - | WRERR| WREN | WR

RD

bit7

EEPGD: Program / Data EEPROM Select Bit
1 = Accesses Program Memory
0 = Accesses Data Memory
WRERR: EEPROM Error Flag Bit
1 = A write operation is prematurely terminated
0 = The write operation completed
WREN: EEPROM Write Enable Bit
1 = Allows write cycles
0 = Inhibits write to the EEPROM
WR: Write Control Bit
1 = Initiates a write cycle (cleared by hardware only)
0 = Write cycle to the EEPROM is complete
RD: Read Control Bit
1 = Initiates a read cycle (cleared by hardware only)

bit0

0 = Read cycle from the EEPROM is complete >




53a1905 STATUS

H [ |IIII'| i

-0

RAN-0 RAW-0 RAN-x RANV-x

IRP

RP1 RPO TO PO Z DC

bit 7

IRP: Ragister Bank Select bit (used for indirect addrassing)
1="Bank 2, 2 (100h - 1FFh)

0 =Bank 0, 1 (00h - FFh)

RP1:RP0. Register Bank Select bits {used for direct addressing)
11 = Bank 3 {180h - 1FFh)

10 =Bank 2 (100h - 17Fh)

01 = Bank 1 (80h - FFh)

00 =Bank 0| ._DC'h ?‘Fh;

Each bank is 128 bytes

TO: Time-out bit

1 = After power-up, CLEWDT instruction, or 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 arithmetic or logic operation is zero

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

DC: Digit carry/borrow bit (ADDWF, ADDLW, SUBELW, 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/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)

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

Note: For borrow, the polarity is reversed. A subtraction is executed by adding the two’s
complement of the second operand. For rotate (RRF, RLF) ins:trumtim’m‘is
loaded with either the high, or low order bit of the source register.



1 = Interrupt on ris

0 = Interrupt on falli of REBO/ANT pin
TOCS: TMRO .t bit

1 = Transition on RA4

0 = Intarnal instructi (CLKOUT)

1on RA4TOCKI pin
gh transition on RA4/TOCKI pin
nment bit

= Timerd module
bit 2-0

BitValue TMRO Rate WD

Qoo
0ol
o010
011
100
101

110
111

1:
1:
1:
1:
1.
1
1:¢
1:

=k =k = =k =k =k =k




(»

aAa J . :
39401903 W (Working Register)

[mni
—1
=
|
—

an J
39819993 PC (Program Counter)

13
2 =8192 (8KByte)

Desti I'|-'E|ti|:|l'|

ALL

11
2  =2048 (2KByte)

Dpcode <10:0=




CALL and GOTO instructions only

k = 11-kitimmediate valus

SUE1_P1

ORG Ox&5O0
BECF PCLATH, 4
BSF PCLATH, 3

CALL SUB1_P1

ORG 0x900

RETUEN

subroutine 1in
{B00h-FFFh}

{800h-FFFh}

subroutine
{B00h-FFFh}

:return to
:Call subroutine
;in page 0O

. {(000h-T7FFh)




Program Memory

PCLATH<4> | PCLATH<3> Page
0 0 Page 0
0 1 Page 1
1 0 Page 2
1 1 Page 3

PC<12:0>

CALL, RETURN 13
RETFIE, RETLW

On-Chip

Program =

\

Memory

Stack Level 1
Stack Level 2

Stack Level 8
RESET Vector

Interrupt Vector

FPage 1
j.‘
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RS-232

F5232B

RS-422/RS-485

ES411M435 F.S421M435

T~
Ill Il_l Il_l

1 -
g |

RX+

T -
T+
MDD




Addressable USART:
Multi-Drop Serial Interface

MASTER
PIC16F877

12 Wire RS-485

T

SLAVE 1 SLAVE 2 SLAVE N-1 SLAVE N

PIC16F87X PIC16F87X PIC16F87X PIC16F87X




A58 RS-422 11UU Full Duplex

Rx+/Tx+
Rx-/Tx-

Rx+/Tx+
Rx-/Tx-

A15918 RS-485 111U Half Duplex




10-Bit A/D Module:

Features

PIC16F87X devices have a 10-bit A/D (+/- 1 LSB)

A/D Result High Register (ADRESH)

A/D Result Low Register (ADRESL)

A/D Control Register0O (ADCONO)

A/D Control Register1 (ADCON1)




ANT
ANg(™)
AN5!T

AN4

(Input Yoltage) ANZ

WREF+




10-Bit A/D Module:
Left/Right Justification of A/D Result

10-Bit Result

ADEM = 0 ADFM = 1

\ 4
0 7
0000 00
J 4
Y Y
\ADRESH eDRESL ADRESH ADRESL
~ L\ J
- Y
10-Bit Result 10-Bit Result
Left Justified Right Justified

<




RTC (Real Time Clock) #DS1307

I'!,'I cC

[s130?

ciyskal

SECONDS
MINUTES
HOURS
DAY

DATE

MONTH
YEAR
CONTROL




PIN ASSIGNMENT

2-WIFE
SERIAL DATA
Bus

C 51307 OTHER
.*f';l-;eﬁg—?s-o,:, REAL TIME PERIPHERAL
PROCESSOR CLOCK DEVICE

<Ward Addnegs jnje < [ata| ) = <A (1) <Lata |n=Xj=

<Slave Addrasss ' 1848 [ _
A | sooooono “n XIOOOOOKK | A | 30000000

5 — START

B = CH RO &G !
, Aok ,G HEOGE DATA TRANSFERRED

P __ STOF M+ BYTES « ACKNOSWLEDGE)
*R/W - READ/WRITE OR DIRECTION BIT.




EEPROM 24XX

MIABILABHINIZUUL AVD9 [2CBUS 1HoUNY RTC L

<y} 1T 9 1 A d' Jd QSJJ =
mﬁummaymﬂnmﬂﬂmm 11939910 9UnTalnIaoI9Lll
LOALATANINU

LCD 14 PIN

LCD - MODULE

D0 M D2 D3 D4 DE D8 D7

muun“uuuu ek

‘&F- . L\" Ty ql o - i

2
(e E-— 00000000 aSSSg0ns W
! ;

q_LJ g @
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