Hey you fellas, how 'bout some
beans? You want some beans?

Goin' through some mighty
rough country tomorrow, you'd
better have some beans.




PIC16F87/88

FIGURE 1-2: |

PIC16F88 DEVICE BLOCK DIAGRAM

13

' FLASH

; Program
 Memory

14K x 14

Program
Bus ]14

Data Bus 8

Program Counter [<—

8 Level Stack
(13-bit)

b

RAM

File
Registers

368x8

RAM Addr® 4p o

|

N\

PORTA

i PORTB
[ Instruction reg 2]
‘ “ Direct Addr 7 il
i
i i~ -]
: H1 i~
' i)
i 8
| 4
|
' Power-up
AV Timer
Instruction Oscillator
Decode & (> | Start-up Timer
.Control Poweron
: Reset
| n
, Timing Watchdo
% Generation <= Timer ¢
OSC1/CLKI ‘ Brown-out
0OSC2/CLKO | Reset
: RA5MCLR VDD, Vss
Timer1 TimerQ 10-bit AD =  SSP
CCP1 zggtgyffs Comparators
Note 1: Higher order bits are from the STATUS register.

2: The CCP1 pin is determined by CCPMX in Configuration Word 1 register.

RAO/ANO

RA1/AN1
RA2/AN2/CVREF/VREF-
RA3/AN3/VREF+/C10UT
RA4/AN4/TOCKI/C20UT
RAS5/MCLR/VPP
RA6/0SC2/CLKO
RA7/0OSC1/CLKI

RBO/INT/CCP1¢)
RB1/SDI/SDA
RB2/SDO/RX/DT
RB3/PGM/CCP1@
RB4/SCK/SCL
RB5/SS/TX/CK

RB6/ANS/PGC/T10SO/T1CKI

RB7/AN6/PGD/T108I

© 2003 Microchip ~i?'echnology inc.

Preliminary

DS30487B-page 7




Micro Pﬁouésmﬁ?/ MICRO CONTRELL EreS

HUGE TOPlL - WELL CCRATCH §oRPAce

sy PAeTLY  LEken oul oWl DEVILE

FOLes ON

o ARLHITECTVZE — WHWAT M ApPBRS N OE

v /5 — CoNNECTING T ExTERAL CIFCUTE

s PROGRAMMING — ASSEMBLY LANGUASE




Theton ¢
» !
MLL—(LO’-— AL oN ONE CHILP
/7
PlocEarot” — ALV & Lok Memoed + REGUTELS

"CONT‘MLL«EQ” s L)t Mictd PROCBS e’ DelenEn
Poe  (PReIFIL THIkS |
‘AL " _  AMTIAMERC LOGe UNIT,
DpE S ADP, CuBiese], MDD, 9, e,
ON f??ﬁ-mﬂ'ﬁ’ifl,s

M IR0 PRoCLBITOR - Mo conveollén
, D\ s ESik @ VEM@g@\@@QA* OBTEN (WAL &
Deserot / u&?m@/ ik cruned A PPLIRSRS,  CARS,  Ched REARES
— . MDUFM!A’L‘ wwmu
L ARLE DHM E M@WV | mires Memony ) »@m
CAPALATY 32\’“_’ 6"‘ \mar 8@"\1‘ - ?Z‘OH“"
&P‘QQ!A‘L EuplNond SPBeii %Mﬁh%&l &Mmﬁ@é B
por oMokl 86, sebit tomm mimper, A7D ot




OueeAlL FRCHITECTUE

1] '
VOR  NBUMAWN | U Aeured”
; \ Poonam F‘ <0
M Bt

AOVRRTEGE § SaPLBER DBSIGN
BsfechiLy PoL LARZGE  PLOGLAMS
Yy ADPRTRARLE COoDVNG

DATA % PRogRAM.  oPS
At SAME TIME

ADUANTRGE & Ty UARRENTVY




SIUMALIFLED

\3
PRovenam K_—-f—-\—o_aoc.cm« c.‘r@]( 1},

A LHITECTVLE O Ple

\3

[ STACk

MEMm oy
Plowam o
vYus

L~
4

DATA
MemMory

&
ﬁ}
(Q

A
L
{7
j
E
x s.rwéi i Vl‘boél
cgCcec ceceo

(“\

Dgcede C\fq“
.2

CowNLs- _I_I_Mli(:—i
/_______,.a
7S !

T/o, ete

Z Devicg

NS




PRoceam Memol Y

o ACESIRD  SEBQUENTIALY X
”PLR&\«C — NOR-JOLAN LE.
Uk x Y
=1 N
K\LA Lir  Width =D SWolret Q%L%;&\'
e REBESET - LockT:. Osooia

o TNTRLVIT —d EBxEUTER AT coat\a

o CAL-S/ weancwes T
PL UM URS ow ’fsmaa‘*

& MoTe ! Plocasrm AODRESS
\s \3 Bty -» l%?%\,\
0 @0 AeaVb" plotwe 1 pogll

¥ ALMST D RRANLKUES, T wtetRuert
T CAOVE. CHmaG @S

PROGRAM MEMORY MAP
AND STACK: PIC16F87/88

PC<12:0>

CALL, RETURN 13,
RETFIE, RETLW 7

On-chip
Program
Memory

Stack Level 1

Stack Level 2

Stack Level 8
RESET Vector 0000h
L
. S
Interrupt Vector 0004h
v ' 0005h
Page 0
O7FFh
0800h
Page 1

OFFFh
000h




D &m M%ﬁ@“@j{ | ” RP1:RPO Bank

00" 0
01 ' 1
10 .2
o PCCBSTRD QbavOymiy ‘ - :
_ . /K :
o - . s,
» VOLKTiLE (.Yiu‘\“ CA %M@ e\m,\, Be crom ) M &Lé«x—mjs

« DIVIDEO 1nTO RANES  OF \2R butes eaeh CEEW)

L Qe AGE SELBUrRe QY STATUD REpOISTER

o MUCH OF OATA Memeny ( VP T 20L)
TS TReE® of WITH  SPECILAL PURLTON  REGUTRAS

| Y9 ser #+ ore Y T

22

| (+ 26 yte EEPRoM)




PIC16F87/88

221 GENERAL PURPOSE REGISTER FILE

The register file can; be accessed either directly, or
indirectly through the sFiIe Select Register (FSR).

FIGURE 2-2: ' PIC16F87 REGISTER FILE MAP :
' . File File File - File
Address : Address - - Address _Address
Indirect addr.)| 00h Indirect addr.)| gon | Indirect addr.(?| 100h | Indirect addr.”?)| 180h
TMRO 0th OPTION 81h - .TMRO_ 101h OPTION 181h
PCL 02h PCL 82h - PCL_ 102h PCL 182h
STATUS 03h ‘STATUS 83h - STATUS 103h STATUS 183h
FSR - 04h FSR 84h FSR 104h 184h
PORTA | 05h 85h WDTCON | 105h 185h
06h 86h PORTB | 106h 186h
07h 87h | 107h 187h
08h 88h 108h 188h
0%h | 89n 109h 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON | OBh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 w oCh PIE1 8Ch EEDATA 10Ch EECON1 .| 18Ch
PIR2 ‘ 0Dh PIE2 8Dh EEADR 10Dh EECON2 18Dh
TMRIL | OEh PCON 8Eh EEDATH | 10Eh FIRESeR 18Eh
TMR1H ' OFh OSCCON 8Fh EEADRH 10Fh 18Fh
T1CON 10h OSCTUNE | 90h 110h 190h
TMR2 = | 11h 1 | o1h
T2CON . 12h PR2 92h
SSPBUF ' 13h SSPADD 93h
SSPCON1 ' 14h SSPSTAT 94h
CCPR1L ‘ 15h 95h
CCPRIH ; 16h | 9h General General
CCP1CON | 17h | 97h Purpose Purpose
RCSTA ' 18h 98h Register Register
TXREG | 19h 9%h 16 Bytes 16 Bytes
" 1Ah | 9An
. 1Bh | 9Bh
' 1Ch 9Ch
1Dh | 9ph
1Eh | 9Eh } _
' 1Fh 9Fh 11Fh 19Fh
i 20h AOh 120h -1 1ACh
3 General . General General
] Purpose Purpose Purpose
General ! Register Register Register
Purpose 80 Bytes . 80 Bytes 80 Bytes
Register | EFh - 16Fh 1EFh
96 Bytes : accesses FOh accesses 170h accesses 1Fon
| 70h-7Fh 70h-7Fh 70h - 7Fh
 7Fh FFh 17Fh 1FFh

Bank 0 i . Bank 1 Bank 2 Bank 3

Unimplemented data memory locations, read as ‘0’
Not a physical register.
Note 1: This register is reserved, maintain this register clear.

*

[ o,
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bit 7

bit 6:5

bit 4.

bit 3

bit2

bit 1

RW-0  RMW-0 R/W-0 R-1 R-1 RW-x  RMW-x__ RM-x
FlRPIRmIRPo»ITGIﬁEIleCI c

bit 7 bit 0

IRP: Register Bank Select bit (used for indirect addressmg)
1 = Bank 2, 3 (100h - 1FFh)
0 = Bank 0, 1 (00h - FFh)

For devices with only Bank0 and Bank1 the [RP bit is reserved always maintain this bit clear.
RP1:RPO: 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 (00h - 7Fh)

Each bank Is 128 bytes. For devices with only Bank0 and Bank1 the IRP bit is reserved,
always maintain this bit clear.

TO: Time-out bit

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

0 = AWDT time-out occurred

PD: Power-down bit

1 = After power-up ot 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 (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 resuft

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 addlng 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.

Legend
R = Readable bit - W = Writable bit

U = Unimplemented bit, read as ‘0’ -n = Value at POR reset
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Figure 29-1: General Format for Instructions

Byte-oriented file register operations -
13 8 7 6 0

r OPCODE | d | f (FILE #) J i
d = 0 for destination W

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

Bit-orie_nted file register operations N
13 10 9 7 6 0

[ opcobE Ib(BIT#)l f(FILE#). |

3-bit bit address

' I b
] . f = 7-bit file register address

Literal and control operations

General
13 8 7 0
[ opcobE | k(iteral) |

k = 8-bit literal (immediate) value

CALL and GOTO instructions only
13 11 10 0

[ opcopE_| K (iteral) ]

k = 11-bit literal (immediate) value
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TABLE 16-2: PIC16F87/88 INSTRUCTION SET _

Mnemonic, 14-Bit Opcode Status

ipti N
Operands | Description Cycles MSb Lsb | Affected otes
BYTE-ORIENTED FILE REGISTER OPERATIONS )
ADDWF f,d | AddWandf 1 00 0111 dfff ffff|CDCZ 1,2
-| ANDWF f,d | AND W with f 1 00 0101 dfff ffff|Z 1,2
CLRF f Clear f 1 00 0001 1fff f££ff|Z 2
CLR‘W - Clear W 1 ‘00 0001 Oxxx =xxxx|Z
COMF f,id Complement f 1 |00 1001 dfff £fff|Z 1,2
DECF f,d | Decrement f 1 00 0011 dfff ffff|Z 1,2
DEdFSZ f,;d Decrement f, Skip if 0 1(2) 00 1011 dfff ffff 1,2,3
INCIT' f,;d Increment f 1 00 1010 dfff ££fff(Z 1,2
INCESZ f,id [ Increment f, Skip if 0 1(2) 00 1111 dfff ££ff 1,23
-| IORWF f,ld | Inclusive OR W with f 1 00 0100 dfff ffff|Z 1.2
MOVF f.id | Movef 1 00 1000- dfff £fff|Z 1.2
MOVWF f |MoveWtof 1 00  0000- 1fff ffff
‘NOP - No Operation 1 00 0000 0xx0 0000 .
RLF f,d | Rotate Left f through Carry 1 00 1101 dfff ffff|C 1,2
RRF f,d | Rotate Right f through Carry 1 00 1100 dfff f£fff|C 1,2
SUBWF f,.d | Subtract W from f 1 00 0010 dfff ££ff| C,DC,Z 1,2
SWAPF f, ;d Swap nibbles in f 1 00 1110 dfff f£fff 1,2
XORWF f,d | Exclusive OR W with f 1 00 0110 dfff f£ff|Z 1,2
i BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f,b |BitClearf 1 01  00bb bfff Efff 1,2
BSF f,b | BitSetf 1 01 01bb bfff £fff 1,2
BTFSC f, b | Bit Test f, Skip if Clear 1(2) 01 10bb bfff £ffff 3
-| BTFSS f, b | Bit Test f, Skip if Set 1(2) 01 11bb bfff £fff ’ 3
LITERAL AND CONTROL OPERATIONS
ADDLW k' | Add iiteral and W 1 11 111x kkkk kkkk| C,DC,Z
ANDLW -~ k| | AND literal with W 1 11 1001 kkkk kkkk| Z
CALL k| | Call subroutine 2 10  oOkkk kkkk kkkk|
CLRYVDT - ‘ Clear Watchdog Timer 1 00 0000 0110 0100] TO,PD
GOTp k! Go to address 2 10 1kkk kkkk kkkk
IORL;W k: Inclusive OR literal with W 1 11 1000 kkkk kkkk| Z
MovLw k' | Move literal to W 1 11 00xx kkkk kkkk
) RETITIE - | Return from interrupt 2 00 0000 0000 1001
RETLW k; | Return with literal in W 2 11  0lxx kkkk kkkk
RET¢RN - i Return from Subroutine 2 00 0000 0000 1000| _
SLEEP - Go into Standby mode 1 00" 0000 0110 o0011| 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
‘ i
Field - Description
£ Register file address (0x00 to Ox7F)
‘W Working register (accumulator)
b Bit address within an 8-bit file register (0 to 7)
Tk Literal field, constant data or label (may be either an 8-bit or an 11-bit value)
P Don't care (0 or 1)
; The assembler will generate code with x = 0. It is the recommended form of use for
compatibility with all Microchip software tools. .
d Destination select;

d = 0: store result in W,
d = 1: store result in file register f.

dest Destination either the W register or the specified register file location
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y MID-RANGE MCU FAMILY

29.5 nstrugti?n Descriptions

3AD D LW Add Literal and W

§yntax: [ label]ADDLW  k

Operands: 0<k<255

Operation: W)+k—-WwW

-Status Affected: C,DC,Z N
Encoding: I 11 ‘ 111x ’ ikkk I Kklkk l
bescription: The contents of the W register are added to the eight bit literal 'k’ and the result is
} placed in the W register.

Words: 1

Cycles: 1

Q Cycle Activity:

o Qt Q2 Q3 Q4

i Decode Read Process Write to W

: literal 'k' data register
jExampvle1 ADDLW  0x15

[N ..

‘ Before Instruction

} W = 0x10

‘ After Instruction

3 W = 0x25

Example 2 ADDLW  MYREG

|
1 Before Instruction
W = 0x10
: Address of MYREG T = 0x37
T MYREG is a symbol for a data memory location
i After Instruction
| W = 0x47

Example 3 ADDLW HIGH (LU_TABLE)
|
i

Before Instruction

W = 0x10

Address of Lu_TaBLE T =0x9375
! T LU_TABLE is a label for an address in program memory
! Atfter Instruction
i W = OxA3
|

Example 4 ADDLW MYREG

Before Instruction
) W = 0x10
Address of pcL, T=0x02 .
| T PCL is the symbol for the Program Counter low byte location
After Instruction
W = 0x12

DS31029A-page 29-8
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PICmicro MID-RANGE MCU FAMILY

1BTFS C Bit Test, Skip if Clear

Syntax: [ label] BTFSC fb

bperands: 0<f<127

i 0<b<7

bperation: skip if (f<b>)=0

‘Status Affected: None

‘Encodmg | o1 | 1owb | pees | eser |

Description: If bit 'b' in register 'f' is '0' then the next instruction is skipped.
|

|

If bit 'b" is *0" then the next instruction (fetched during the current instruction execu-
tion) is discarded, and a NOP is executed instead, making this a 2 cycle instruction.

}Nords: 1
chles: 1(2)
Q Cycle Activity:
ot Q2 Q3 Q4
[ Decode Read Process No
3 register 'f data operation
If skip (2nd cycle):

Q1 Q2 Q3 Q4

No No No No

operation operation operation operation

Example1 HERE BTFSC FLAG, 4

! FALSE GOTO PROCESS_CODE
: TRUE .

\ .

i

‘ L]

! Case 1: Before Instruction

i PC = addressHERE
| FLAG= xxx0 xxxx
| After Instruction

| Since FLAG<4>= 0,

| PC = addressTRUE
|
|
|
I
|

Case 2: Before Instruction
PC =  addressHERE

FLAG= xxx1 xxxx
After [nstruction

Since FLAG<4>=1,

PC = addressFALSE

Example 4-1: Instruction Pipeline Flow

Teyo Teyl Tey2 Tcy3 - Tcv4 Tcys
1. MOVLW 55h | L Fetch 1 Execute 1 ‘
2. MOVWF PORTB! Fetch 2 Execute 2
3. CALL SUB 1 & Fetch3 | Execute 3
4. BSF PORTA‘ BIT3 (Forced NOP) : Fetch 4 . :
5. In ;tructlon} @ address SUB_1 ' Fetch SUB_1| Execute SUB_1

| ' Fetch SUB_1+ 1
‘ ‘ .

All mstructlons are single cycle, except for any program branches. These take two cycles. since the fetch
mstructlon is “ﬂushed" from the pipeline while the new instruction is being fetched and then executed.
: \
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Figure 9-1: Typical /O Port

Data bus
, . D Q
Pin Diagram VDD
WR PORT o
18-Pin DIP, SOIC _D___4 5
) Data Latch )
RAZANZICVREF] ol 4 N 451 o RAT/ANT ' AN
RAB/AN3/VREF+/ . D Q pin
c10UT -[]2 17[] <= RAO/ANO ) N .
RA4/AN4/TOCKY/ WR TRIS
sy =03 16[] <— RA7/OSCA/CLKI cka A
RASIMCLRIVPP —»[14 8 15[1—= RAG/OSC2/CLKO TRIS Latch
[T
Vss —=[15 g 14[] «— VDD .
) . : ]
1 &) RB7/AN6/PGD/ ﬁ’{lL TTLor
RBOINT/CCPI™M <=6 § 130 <>Tiog : Schmitt
RB6/AN5/PGC/ RD TRIS Trigger
RB1/SDI/SDA =[] 7 12[1 <= B oKl o .
RB2/SDO/RX/DT =[] 8 14{] == RB5/SSITX/CK : Q D
RB3/PGM/CCP1™M <[] 9 10[] <+ RB4/SCK/SCL EN
o
Note1: The CCP1 pin is determined by CCPMX in RD PORT - {>C
Configuration Word 1 register.

S — , - o ) Note: /O pin has protection diodes to VDD and Vss.




