PIC16F87X

FIGURE 1-2: PIC16F874 AND PIC16F877 BLOCK DIAGRAM
Device Program Data Memory | Data EEPROM
FLASH
PIC16F874 4K 192 Bytes 128 Bytec
PIC16F877 8K 368 Bytes 256 Bytes
13 - e Dt Bis 8 PORTA
<; rogram Counter <
FRASH ﬂ;:{——r—,/ J ji, 4 = RAO/ANO
Program qf 3 RAT/AN
Memory  RAM 4 < RA2/AN2
8 Level Stack ° File Y = RA3/AN3/VREF
(13-bit) Registers < RA4/TOCKI
< RA5/AN4/SS
Program 44
Bus
\7 RBO/INT
r———*‘———l. s RB1
Instruction reg B RB2
I | Direct Addr H RB3/PGM
2 RB4
H RB5
2 RB6/PGC
= RB7/PGD
o —=>4 STATUS reg PORTC
. RCO/T10SO/T1CKi
7 ] J& » RC1/T10SI/CCP2
= 3 < RC2/CCP1
oworLp 4 3 RC3/SCK/SCL
Vv Tuher b ]! ] < RCA4/SDV/SDA
Instruction | Oscillator Ay = RC5/SDO
Decode & [<,—~>{ | Start-up Timer ALU < RC6/TX/CK
Control Power-on | T RC7/RX/DT
Reset 8 llor=—aaeEss PORTD
i, el [P || :
XK= Generation [T Timer I 99
OSC1/CLKIN Brown-out e
OSC2/CLKOUT Rescet e =] RD7/PSP7:RDO/PSPO
in-Circuit
Debugger
Low-Voltage
Programming Paralle! Slave Port K PORTE
é} é 4[] REG/ANS/RD
— +—D<X RE1/AN6/WR
MCLK. Moo: Vs LX) REZANTICS
Timer0 Timer1 Timer2 10-bit A/D o
i it it t
[
& b 4 L
Data EEPROM Synchronous
cCcP1,2 Serial Port USART .
Note 1: Higher order bits are from the STATUS register.
R
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PIC16F87X

FIGURE 2-3:

PIC16F877/876 REGISTER FILE MAP
File
Address
Indirect addr.(? | 00h Indirect addr.)| goh Indirect addr.()| 100h Indirect addr.(}| 180n
TMRO 01h OPTION_REG| 81h TMRO 101h OPTION_REG| 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR . FSR__ | 84n | 104h FSR__ || 184h
PORTA | 05h TRISA 85h 105h 185h
PORTB 06h TRISB 86h 106h TRISB 186h
PORTC 07h TRISC 87h 107h 187h
PORTD ¢ | 08h TRISD " | 88h 108h 188h
PORTE ™ | 0%h TRISE®™ | goh 109h 189h
PCLATH OAh PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDATA 10Ch EECONH1 18Ch
PIR2 0Dh PIE2 8Dh EEADR 10Dh EECON2 18Dh
TMR1L OEh PCON 8Eh EEDATH 10Eh Reserved® | 18Eh
TMR1H OFh 8Fh EEADRH | 10Fh Reserved® | 18Fh
T1CON 10h 90h 110h 190h
TMR2 11h SSPCON2 | 91h 111h 191h
T2CON 12h PR2 92h 112h 192h
SSPBUF 13h SSPADD 93h 113h 193h
SSPCON 14h SSPSTAT 94h 114h 194h
CCPRI1L 15h 95h 115h 195h
CCPR1H 16h 96h 116h 196h
CCP1CON | 17h 97h General 117h General 197h
Purpose Purpose
RCSTA 18h TXSTA 98h Register 118h Register 198h
TXREG 19h SPBRG 9% 16 Bytes 119h 16 Bytes 199h
RCREG 1Ah 9Ah 11Ah 19Ah
CCPR2L 1Bh 9Bh 11Bh 19Bh
CCPR2H | 1Ch 9Ch 11Ch 19Ch
CCP2CON | 1Dh 9Dh 11Dh 19Dh
ADRESH 1Eh ADRESL 9Eh 11Eh 19Eh
ADCONO 1Fh ADCON1 9Fh 11Fh 19Fh
20h AOh 120h 1A0h
General General General General
Purpose Purpose Purpose Purpose
Register Register Register Register
96 Bytes 80 Bytes S 80 Bytes — 80 Bytes 1EFh
#oh accesses FOh accesses 170h accesses oh
70h-7Fh 70h-7Fh 70h - 7Fh
7Fh FFh 17Fh 1FFh
Bank 0 : Bank 1 Bank 2 Bank 3

7 Unimplemented data memory locations, read as '0’.

* Not a physical register.
Note 1: These registers are not implemented on 28-pin devices.

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

© 1999 Microchip Technology Inc.
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PIC16F8/7X

13.0 INSTRUCTION SET SUMMARY

Each PIC16CXX instruction is a 14-bit word divided
into an OPCODE which specifies the instruction type
and one or more operands which further specify the
operation of the instruction. The PIC16CXX instruction
set summary in Table 13-2 lists byte-oriented, bit-ori-
ented, and literal and control operations. Table 13-1
shows the opcode field descriptions.

For byte-oriented instructions, 'f' represents a file reg-
ister designator and 'd’ represents a destination desig-
nator. The file register designator specifies which file
register is to be used by the instruction.

The destination designator specifies where the result of
the operation is to be placed. If 'd" is zero, the result is
placed in the W register. If 'd’ is one, the result is placed
in the file register specified in the instruction.

For bit-oriented instructions, b’ represents a bit field
designator which selects the number of the bit affected
by the operation, while 'f' represents the number of the
file in which the bit is located.

For literal and control operations, k' represents an
eight or eleven bit constant or literal value.

TABLE 13-1: OPCODE FIELD
DESCRIPTIONS

Field Description

Register file address (0x00 to Ox7F)

Working register (accumulator)

Bit address within an 8-bit file register

Alo|=]|m

Literal field, constant data or label

~

Don't care location (= 0 or 1)

The assembler will generate code with x = 0. It
is the recommended form of use for compati-
bility with all Microchip software tools.

d Destination select; d = 0: store result in W,
d = 1: store result in file register f.
Defaultisd=1

PC Program Counter

TO Time-out bit

PD Power-down bit

The instruction set is highly orthogonal and is grouped
into three basic categories:

* Byte-oriented operations
» Bit-oriented operations
« Literal and control operations

All instructions are executed within one single instruc-
tion cycle, unless a conditional test is true or the pro-
gram counter is changed as a result of an instruction.
In this case, the execution takes two instruction cycles
with-the second cycle executed as a NOP. One instruc-
tion cyclp consists of four oscillator periods. Thus, for
an osgilator frequency of 4 MHz, the normal instruction

execution time is 1;-s. If a conditional test is true or the
program counter is changed as a result of an instruc-
tion, the instruction execution time is 2 s.

Table 13-2 lists the instructions recognized by the
MPASM assembler.

Figure 13-1 shows the general formats that the instruc-
tions can have.

Note: To maintain upward compatibility with ‘
future PIC16CXX products, do not use the
OPTION and TRIS instructions.

All examples use the following format to represent a
hexadecimal number:
Oxhh

where h signifies a hexadecimal digit.

FIGURE 13-1: GENERAL FORMAT FOR
INSTRUCTIONS
Byte-oriented file register operations
13 8§ 7 B
[ OPCODE [ d ] f (FILE #)

L_Jo

d = 0 for destination W
d = 1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13 10 9 7 6 0

OPCODE lb(BIT#)I f (FILE #)

b = 3-bit bit address
f = 7-bit file register address

Literal and control operations

General
13 8 7 0
[ OPCODE | k (literal)

k = 8-bit immediate value

CALL and GOTO instructions only
13 11 10 0
OPCODE Kk (literal) |

k = 11-bit immediate value

A description of each instruction is available in the
PICmicro™ Mid-Range Reference  Manual,
(DS33023).

1999 Microchip Technology Inc.
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TABLE 13-2: PIC16CXXX INSTRUCTION SET

B Mnemonic, Description Cycles | 14-Bit Opcode Status Notes
Operands MSb Lsp | Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS

ADDWF f,d Add W and f 1 00 0111 dfff ffff| CDCZ 1,2
ANDWF f, d AND W with f 1 00 0101 dfff f£fff 7 1.2
CLRF f Clear f 1 00 0001 I1fff ffff Z 2
CLRW - Clear W 1 00 0001 Oxxx XXXX Z

COMF f, d Complement f 1 00 1001 dfff f£fff 74 1,2
DECF f, d Decrement { 1 00 0011 dfff ffff Z 1.2
DECFSZ f,d Decrement f, Skip if 0 1(2) (00 1011 dfff ffff 1,2,3
INCF f, d Increment f 1 00 1010 dfff ffff Z 1,2
INCFSZ f, d Increment f, Skip if O 1(2) |00 1111 dfff ffff 1,2,3
IORWF f,d Inclusive OR W with f 1 00 0100 dfff ffff Z 1,2
MOVF f, d Move f 1 00 1000 dfff ffff b4 1,2
MOVWF f Move W to f 1 00 0000 1fff ffff

NOP - No Operation 1 00 0000 Oxx0 0000

RLF f, d Rotate Left f through Carry 1 00 1101 d4fff ffff C 1,2
RRF f,d Rotate Right f through Carry 1 00 1100 4fff ffff C 1.2
SUBWF f, d Subtract W from f 1 00 0010 dfff ffff C,DC,Z 1.2
SWAPF f, d Swap nibbles in f 1 00 1110 AdAfff ffff 1.2
XORWF f,d Exclusive OR W with f i 00 0110 Qfff ffff V4 1,2

BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f.b Bit Clear f 1 01 00bb bfff ffff 1,2
BSF f,b Bit Set f 1 01 O01lbb bfff ffff 1,2
BTFSC f,b Bit Test f, Skip if Clear 1(2) 01 10bb bfff ffff g 3
BTFSS f,b Bit Test f, Skip if Set 1(2) 01 11bb bfff ffff 3
LITERAL AND CONTROL OPERATIONS

ADDLW k Add literal and W 1 11 111x Xkkkk kkkk| CDCZ
ANDLW Kk AND literal with W 1 11 1001 kkkk kkkk Z

CALL k Call subroutine 2 10 Okkk kkkk kkkk

CLRWDT - Clear Watchdog Timer 1 00 0000 0110 0100| TO,PD

GOTO k Ge to address 2 10~ —2kkk—Jeklck—kkkk

IORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk Z

MOVLW k Move literal to W 1 11 00xx kkkk kkkk

RETFIE - Return from interrupt 2 00 0000 0000 1001

RETLW k Return with literal in W 2 11 01xx kkkk kkkk

RETURN - Return from Subroutine 2 00 0000 0000 1000

SLEEP - Go into standby mode 1 00 0000 0110 0011| TO,PD
SUBLW k Subtract W from literal 1 11 110x kkkk kkkk| C,DCZ
XORLW k Exclusive OR literal with W 1 11 1010 kkkk kkkk Z

Note 1: When an I/O register is modified as a function of itself ( e.g., MOVF 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 configured as input and is driven low by an external

device, the data will be written back with a '0".
2: If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be cleared if assigned

to the Timer0 Module.
3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second cycle is

executed as a NOP.

Note:  Additional information on the mid-range instruction set is available in the PICmicro™ Mid-Range MCU Family
Reference Manual (DS33023).
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AOMH KAI AEITOYPIA MIKPOYMOAOTIZTON =

H npwm opdda, mou Bpioketatl oTiq XapunAdTePeG SleuBUVOELS, TIEPIEXEL KaTaxwpntég
eldkWY Asroupyiv (special function registers), onwg autwv Tou EAEYXOU Twy
TEPIPEPEIAKWDV TIOU BPIOKOVTAL EVOWHATWHEVA OTOV HIKpoeAeYKT. H Seltepn ouddg
TIEPIEXEL KATAXWPITTEG YEVIKIG XPNONG KAl QVaPEPETAl WG APXEID KATAXWPENTGYV
YevikoU okoroU (general purpose register file). Mépav autwy, o IKPOEASYKTIC Slabéte;
Toug KataxwpnTég W kat PC;oTov onoio avapepBrKape 0TV apyr) ToU KEPaAaiou.

O karaxwprmg W Aéyetat kat karaxwpnmg epyaoids. Eivat aveEaptnrog and toug
uriéAotroug kat Bpioketat Gueoa ouvOEDEUEVOQ LE TNV APIBUITTIKT Kat AOYIKT} HovadSa
Tou PIC.4AUTS Tou divel kdmola povadikd MAEOVEKTNUATA, LE AMOTEAEOUA va eival
anapafmrog .yla MV eKTEAEoT KAmowwv evtoAwv. Ma mapddetypa, prnopoUps va
dwooupe eVIOAN ipdoBeong dUo kataxwprnrwy, pévov av o évag and autolg sivat o
w.

O petpnm|q npoypdppartog, PC, eival Kovo OTOXED TG QPXITEKTOVIKIIG OAWV Twv
HIKPOETIEEEPYAOTWY KAl LUKPOEAEYKTWY. STV 0uaia, eivat o évog TPOMog e TOV oroio
n KM.E. propei va Bpet oy pvijun v endpevn eVIOAr Tou MPETEL va ekteAéoet. Ot
EVIOAEG €VOG TIPOYPAHUATOG, OuvhiBwg, ekteAolvtal pe Vv osipd mou Bpiokovral
anobnkeupgveg oty pviun. O PC, oe kGBe evioNr] Tou TPOKeTal va eKTEAE0DE,
au&dvetat katd 1, £Tot WoTe va €xet m dle’Buvon G endpevng eVioNig aum|g. ‘Onwg
Ba doUe kat ot oUVEXeLa, auto dev oupBaivel mavta.

MoMEG popéq eivat avaykaio va ekteAeoBel pia svro)\ﬁ TIoU BplokeTal anmoBnKeUEVN
QPKETEG BE0EIG VNG HAKPLA and TV TeAeutaia eVIOAr} TIOU EKTEASOBNKE. AUTO
enruyxavetat pge v extéeon plag evioNig AAUaTog, 1 orola aMAlet m por)
EKTENEONG TOU Tpoypdapparog. Tote, otov PC kataxwpettat n SleUduvon g eVIOANG
TIOU MPEMEL va EKTEAEOBEL. '

O petrpnmg npoypdppartog tou PIC €xet prikog 13 bit. Apa, propouv va napactabolv
‘2_’3 apBpol, dn\ady and 0 €wq 8191. Autol ot aplBpol avIIPOCWIEUOUV TIG
avtioTtotxeg JeUBUVOELG OTNV UVIIN TIPOYPAUUATOS. ZUVENWG, 0 PIC propel éxet péxpt
8KB pVIiHING mpoypappaTog, Onwg AAwOoTe efftapie Kaw oy evétra 5.1.3.

MoAU onuavtikég, yia Ta NPoypAppaTd pag, eival kat o kartaxwpnmg STATUS, o
oroiog avijkel OV Kamyopia Twy KATaxwpenrwy eSIKwY Asroupytdv.! Autdv Tov
KATaxwpmn propoUpie va Tov SoUpe ato oxrjua 5.4.

RPO

Zxnjua 5.4 O Kkaraxwonmig STATUS.

Ta bits Tou kataxwpenT rou Ba pag anacxoArjoouv oo udbnud pag eivatta 6, 5, 2,
1 kat 0, evw) de Ba aoxoAnBouUpe pe Ta untddouta. Ag doupe, Aourdy, He TV oepd Ta
névte autd bits:

—124

e e+ et e g T T I YT e~ e e

= APXITE}

e RP1-RI
00 =T
01=Tm
10 =T
11=»Ae

e Z: Bitéw
1=Toc

= piagapt

eivat 0.
e DC:Bit¢
Kat agpai
=Y
QrtoTeAE
XQHIAGT
e C: Bit
agaipec
1="Yru
onuavt
anoToT
Snueiwc
onwg B¢
Ta tpia
ovopdZoup
MOAAEG evT
Kal Tig on
evoTITEeg, 6

O ppoe
MeprTTwon
dlagpepet a
KWAIKG T
EKTENEO T
OUCTHATO
dlapalovrc
vQ EKTEAED
OTO UTIOAOL
HIKPOEAEYK

OLevTONE




PIC16F87X

2221 STATUS REGISTER

The STATUS register, shown in Figure 2-5, contains
the arithmetic status of the ALU, the RESET status and
the bank select bits for data memory.

The STATUS register can be the destination for any
instruction, as with any other register. If the STATUS
register is the destination for an instruction that affects
the Z, DC or C bits, then the write to these three bits is
disabled. These bits are set or cleared according to the
device logic. Furthermore, the TO and PD bits are not
writable. Therefore, the result of an instruction with the
STATUS register as destination may be different than
intended.

For example, CLRF STATUS will clear the upper-three
bits and set the Z bit. This leaves the STATUS register
as 000u uluu (where u = unchanged).

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOVWF instructions are used to alter the
STATUS register because these instructions do not
affect the Z, C or DC bits from the STATUS register. For
other instructions, not affecting any status bits, see the
"Instruction Set Summary.”

Note 1: The C and DC bits operate. as a borrow
and digit borrow bit, respectively, in sub-
traction. See the SUBLW and SUBWF instruc-
tions for examples.

FIGURE 2-5: STATUS REGISTER (ADDRESS 03h, 83h, 103h, 183h)

1=Bank 2, 3 (100h - 1FFh)
0 =Bank 0, 1 (00h - FFh)

11 = Bank 3 (180h - 1FFh)
10 = Bank 2 (100h - 17Fh)
01 =Bank 1 (80h - FFh)
00 = Bank 0 (00h - 7Fh)
Each bank is 128 bytes

bit 4: TO: Time-out bit

0 = AWDT time-out occurred
bit 3: PD: Power-down bit

0 = By execution of the SLEEP instruction
bit 2:  Z: Zero bit

the source register.

1 = After power-up or by the CLRWDT instruction

RW-0 RW-O RW-0 R R-1 RW-x  RMW-x
[ me [ rRet [ rRPo | T0 | PO | | oc | c ] R = Readable bit
bit7 bit0 W = Writable bit
U = Unimplemented bit,
read as ‘0’

- n = Value at POR reset

bit 7: IRP: Register Bank Select bit (used for indirect addressing)

bit 6-5: RP1:RP0: Register Bank Select bits (used for direct addressing)

1 = After power-up, CLRWDT instruction, or SLEEP instruction

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

bit 1:  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

bit 0: C: Carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions) *
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: For borrow the polarity is reversed. 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

© 1998 Microchip Technology Inc.
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Slide Number 26
PICmicro x14 Architecture
PC Relative Addressing: Reading and wrmng the program counter
Writing to the program counter (PC)

| == Step 1! Write the high byte to PCLATH
- Step 2: Wnte low byte to PCL«this loads all 13 bits into PC

Internal Data Bus <8>

‘R‘ea‘dingt:he‘PC \ s

= Read low byte from PCL e
=~ PCLATH is NOT loaded PCLATH <5> 8
. with value from PCH S

| : | ¢ poLea>] N
13-Bit Program Counter
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