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INTI INTERNATIONAL COLLEGE PENANG

DIPLOMA IN ELECTRICAL AND ELECTRONIC ENGINEERING PROGRAMME (DEEI)
EEE2114: INTRODUCTION TO EMBEDDED SYSTEMS
FINAL EXAMINATION: AUG2015 SESSION

Instructions: This paper consists of SIX (6) questions. Answer any FOUR (4) questions in the
answer booklet provided. All questions carry equal marks.

Question 1

(a) Provide FOUR (4) main differences between microprocessor and microcontroller.

(4 marks)

(b)  As a result of some interference the microcontroller stops executing the program, or
worse, it started working incorrectly. How does the microcontroller overcome this

problem?

(4 marks)

(c) Explain THREE (3) types of memories available in the Peripheral Interface Controller
(PIC) and the role played by each of them.

(6 marks)

(d)  Describe the operation of the following assembly code snippet, and explain what the

program accomplishes.
COUNT
PORTA

STATUS
Z

LOOP:

NEXT

egu
equ
edqu
equ
movliw
movwE
bsf
dect
btfss
goto
bef

(5 marks)

d'l1o’
COUNT
PORTA, O
COUNT, £
STATUS, Z
LOOP
PORTA, 0

(e) Discuss the operation of both the Von Neumann and Harvard computer structures using
appropriate diagram to illustrate your answer. Clearly distinguish between them.

(6 marks)
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Question 2
(a) Describe FOUR (4) main considerations when selecting microcontreller in embedded
systemn design.
(4 marks)
(b)  Give a definition of embedded system with the aid of a diagram.
(4 marks)
(c)  Figure 2(c) shows the PIC to PIC communication via UART. Briefly explain the UART

communication between these 2 PIC microcontrollers. Comment on the typical baud rate
used for this communication. Assume the communication protocol used is 8N1. The
figure below shows communication between two PIC16F877A microcontrollers.
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Figure 2(c)
(7 marks)
(d)  Asaresult of the process of translating a program written in assembly language generate

(e)

files like:
i  Executing file (Program_Name. HEX)
ii  Program errors file (Program_Name.ERR)
iii  List file (Program_Name.LST)

Give a brief description for each of them.
(6 marks)

Among these THREE (3) instructions, RETURN, RETLW and RETFIE, which one is the
best instruction to use for returning from Interrupt Service Routine? Why?
‘ (4 marks)
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Question 3

(a) Given the Special Function Registers and File Registers as follows:

Do4 FSR : OxhA
oo3 STATUS nxig
011 THR2 0x235
003 DPORTA Ox Ly
006 PORTS D0

dress |oojoi}02{03]|0aj05|06{07|08| 03| 0R]|0B|0OC|OD]OE | OF |
1214} ~— 0O 00 1% AL OO GBIQG oo 00 o0 00 OO0 00 OO0 00
910 OO 25 00 D0 OO 00 A0 oD o0 00 OD 04 00 90 00 00
020 00 43 1:i G0 00 34 00 00 080 L0 o0 08 o0 00 00 00
O30 a5 00 22 Q0 2 00 oD oD 08 00 OO0 09 00 00 00 OO0
DA ao 00 06 00 00 00 o0 00 30 00 40 00 00 00 00 09
G50 a0 o0 00 00 OO0 00 00 60 06 44 o0 0D 00 G0 o8 029

060 a3 oD DD 00 00 09 00 OO 00 C0Q OO0 00 00 OO ©O QO
079 go OO S0 00D 00 00 OO0 0D 00 OO 00 OO OO 0O 00 OO0

280 -— FF D0 %9 R& BF FF FF FF 07 00 00 00 00 00 -—-
gan -— 00 FF 00D 00 ~- — —-—— 02 00 -- —— 87 00 680 00
Ga0 oo 00 PO 0D 00 ©0 0D 00 OO0 OO0 4% 00 OO 00 00 €0
eBO 00 00 OO0 0D OO OO0 DO QP OO G0 00 0O DO 00 00 OO
aCgo g0 DG g0 OO DO 00 OO0 DO 90 0D 0D 00 g0 00 D0 OD
ond Do 00 00 06 00 DO 00 ¢0 S0 00 00 D0 00 0D OO0 G0

Figure 3(a)

Perform the following operaﬁons. Indicate the result of the affected register(s) and
Status (Z, DC and C). The operations are independent of each other. Show all workings
of before and after with appropriate diagram illustration.

(i) RLF FSR, O
(i)  XORWF INDF, 1
(i) COMF INDF, 1
(iv)  IORLW .53

(V)  SWAPF INDF, 0

(vi) SUBLW h' 16’
' (18 marks)

(b)  With the aid of a simple diagram, discuss the purpose and operation of the stack, when
a PIC16F628A miicrocontroller executes a subroutine.
{7 marks)
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Question 4

()

(b)

©

(d)

Refer the program below, write a comment beside each of the instruction line and explain
what will happen to output at Port B?

MAIN:
MOVLW .255
XORWF PORTRB, 1
CALL DELAY
GOTO MAIN

(6 marks)

Write a PIC assembly-level program to compare the numbers in File h'22' (to be named
NUM 1) and File h'23' (to be named NUM_2) and if these are equal, add ten onto the
contents of File h'30' (to be named DATUM), otherwise clear it.
[Refer to Appendix for Instruction Set]

' (12 marks})

Write a subprogram which enables external interrupt from pin RBO/INT.
[Refer to Appendix for Instruction Set]
(4 marks)

Pin RB4:RB7 of PIC16F877A are normally used in keypad interfacing, explain why?
(3 marks)

Question 5

(a)

(b)

Calculate the time delay taken for Program 5(a) running at 4-MHz oscillator by the
PIC16F628A microcontroller. Short all workings clearly for each instruction.
(8 marks)

CALL DELAY

DELAY:
MOVLW  Df &89/
D LOOP: ADDLW -1
BTFEFSS STATUS, Z
GOTC D LOOP
RETURN
Program 5(a) Coding

When the LCD display is not enabled, data lines are tri-state, what is meant by tri-state?
(4 marks)
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(¢)  Refer to Figure 5(c), the LCD requires THREE (3) "Control" lines from the
microcontroller, namely Enable (E), Read/Write (R/W) and Register select (RS).
Describe the function of each of the line.

(6 marks}

(d)  What is the function of MCLR pin used for PIC16F877A7 Draw a recommended

M CLR circuit where the MCLR pin no longer be tied directly to Vpp.
(7 marks)

Question 6

(a) Embedded software is directly linked to the electronic hardware. Draw a schematic
diagram showing the interface between PIC16F877A microcontroller and a common
cathode 7-segment display. Write an assembly program to count up from 0 to 9 and
display the output using the 7-segment display. Also, include comments for any
instruction used. ~ .

[Refer to Appendix for Instruction Set]
(20 marks)
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b
g

{ Gnd
1

Common Cathode-
Il

a
0

a
R

Table 6(a)

(5 marks)

— THE END —

Give FOUR (4) examples of analog sensors and suggest which ports of PIC16F877A can
EEE2114(F)/Augl 5/Steven Khoo/26/09/15

be directly used to input the signal from the analog sensor.

()



70 The Quintessential® PIC Microcontroller

14-bit core instruction set.

wdt : Watch Dog Timer/prescaler
pc++ ! Jump over next instruciion
GIE : Global Interrupt Enable mask

TOS : Top Of Stack
++ 1 Add one
# :Constant number

14-bit mid-range Dest| CCR
op-code instruction Mnemonic |W F|Z D C Operation summary
11 1110 LLEL LLLL | ADD Literal to W addiw LL ¥ o < w o+ #LL
dfff fFfF{ADDWand F addwf f,d VIiVIY  Jide-ws T
00 {Let tiiL | AnD siseral 1o w andtw LL J Voo o lwme-we sl
00 0101 dfff ffff JANDWw F ahdwf £,d VIS e e jde-w- f
01 0Ban nfFf FFFF{Bit Clear File bitn bef f.0 Jie ¢ o fh <0
01 0lon nfff £IFE ]8It Se1 File bitn bsf f.n VEe ¢ o |fn <1
01 10nn nfff FFFF | Bt Test File bit r & Skip i Clear | btfsc f,n +» s o {pcs IFfp =0
01 1inn nfff £FFf 1 Bit Test File bit n & Skip i Set | btfss f,n o o {pcr IFfp = 1
10 Oaaa aaaa aaaa | CALL (jump to) subreutine call aaa *» s+ » |TOS <- pc, pC <- @aa
00 000L 1fff ffff |Cleak Flle clrf £ JI v o |[Fe 0D
00 0003 000G 0011 | Cleak Working register cTrw W 4 o+ o |d e 00
00 0000 0000 0100 | CLeaR Watch Dog Timer clrwdt s s+ 0 (wdt <= 00
00 1001 dfff Ffff | COMplement File comf f,d JIdlS v e |d < F
00 0011 dfff ffff | DECrement File decf f,d JEIV| Y v o |d < f-
00 1011 dfff fTff | DECrement Flie & Skip on Zero | decfsz f,d V|| ¢ o |d< f-; pott IF =D
110 laaa aaaa azaa | GOTO Jump to) aza ‘| goto aaa # & 4 [pC <~ @3a
00 1010 dfff Ffff | INCrement File- dncf f,d FESY o o« |d < far
00 1111 dfff fFff | INCrement File & Skip on Zero {incfsz f.d ISPy o s fd < Pl opor TF =
11 1000 LELL ELLL | Inclusive OR Literal to W joriw LL v o s W wt AL
00 0100 dfff ffFf | Incusive ORWto F iorwf f,d LSS v v fd - w+ T
00 10860 dfFf FEEF | MOVe in File (load) movf f,d VS s e fd < F
11 0000 LtLL LLLL | MOVe Literal into W moviy LL Sl oo = fw e #LL
0D Q000 1FEF FFFf | MOVe W out to File (store) movwf e oo e - w
00 G000 GODO 0000 | No OPemtidn hop ' ¢+ + » {Do nothing
11 0100 LELL LLL | RETuzn frem subroutine; L in W | retiw N ¢ v s |w< #lL, pc < TOS
00 0000 00D 1000 | RETURN from subroutine return ¢« v o« |pc <= TOS
00 0000 0000 1001 | RETurn From IntErrupt retfie ¢+ ¢ » [GIE <~ 1, pc <= TO5
00 1101 dfff fFff | Rotate Left File Tif f.d W ¢ ¢ by [C] 7 File 0
00 1100 dfff fFff | Rotate Right File ref f,d Jlvie ¢ be 7 Fite [1
00 0000 0110 0011 | SLEEP mnde nn sleep s s |wdt <~ 0, Clock off
11 1100 LLLL LLLL | SUB W From Literal sublw LL Vv Vo W Bl - w
00 0010 GFFf FFFF | SUBtract W fram F subwf f,d IV F J|dee Few
00 1110 gFFf FF{F | SWAP Fite nybbles swapf f,d I le 0o 0 | d < TL7:4) <> F[3:0]
11 1030 LLLL Llil | eXclusive OR Literal to W xorlw LL W e s fwx-w @ B
00 0110 dfFf frFf | eXclusive ORWto F xorwf T4 IV v »jde-w®F
v :Flag operates in the normal manner » : Not affected a..: Address
d : Destination; 0 =w, 1 = f.. :File register fn :File bitn
L.. . Literat data pc : Program Counter w : Working register

==: Equlvalent to
: Subtract one
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FIGURE 3-1: BLOCK DIAGRAM
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Note 1t

Higher order bits are from the Status register,

P I T T T )
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=] RB2ITXICK,
RB3/GCP1
RBA/PGHM
RES _
RE6/T10SOMICKIPEC
RB7/TAOSIPGD
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4.0 MEMORY ORGANIZATION

4.1 Program Memory Organization

The PIC16F627A/628A/648A has a 13-bit program
counier capable of addressing an 8K x 14 program
memory space. Only the first 1Kx 14 (0000h-03FFh)
for the PIC16F627A, 2Kx 14 (0000h-07FFh) for the
PIC16F628A and 4Kx14 (0000h-OFFFh) for the
PIC16F648A are physically implemented. Accessing a
location above these boundaries will cause a wrap-
around within the first 1K x 14 space (PIC16F827A),
2K x 14 space (PIG16F628A) or 4Kx 14 space
(PIC16FE48A), The Reset vector is at 0000h and the
interrupt vectar is at 0004h (Figure 4-1).

PROGRAM MEMORY MAP
AND STACK

[ PC<12:0> |

CALL, RETURN 13,
RETFIE, RETLW

FIGURE 4-1:

Stack Level 1
Stack Level 2
[

Stack Lovel B

Reset Vactor 000h
—
Interrupt Vector 0004
On-chip Program 005
Memory
PIC16FB27A,
PIC16F828A and
PIC16F848A
03FFh
On-chip Program
Memory
PIC16F62BA and
PIC16FB4BA
Q7FFh
On-chip Program
Memory
PIC18FB48A only
I OFFFh
<17 |4FFFh

4.2  Data Memory Organization

The data memory (Figure 4-2 and Figure 4-3) Is
partiioned Into four banks, which contain the General
Purpose Reglsters (GPRs) and the Spectal Funciion
Registers (SFRs). The SFRs are located In the first 32
locations of each bank. There are General Purpose
Registers implemented as static RAM in each bank.
Table 4-1 lists the General Purpose Reglster svailable
in each of the four banks.

TABLE 4-1: GENERAI PURPOSE STATIC
RAM REGISTERS
FIC16F627A/628A PIC16F648A - |-
BankD 20-7Fh 20-7Fh
Bank1 AQh-FF AQh-FF
Bank2 | 120h-14Fh, 170h-17Fh| 120h-17Fh
Bank3 1FOh-1FFh 1FOh-1FFh

Addresses FOh-FFh, 170h-17Fh and 1FOh-1FFh are
fmplemented as common RAM and mapped back to
addresses 70h-7Fh.

Table 4-2 lists how to access the four banks of registers
via the Status register bits RP1 and RPQ.

TABLE 4-2: ACCESS TO BANKS OF
REGISTERS
Bank RP1 RPO
0 [ 0
1 0 1
2 1 0
3 1 1

421 GENERAL PURPOSE REGISTER
FILE

The register file is organized as 224x8 in the
PIC16FE27A/628A and 256 x B in the PIC16FG48A,
Each is accessed either direclly or indirectly through
the File Select Register {FSR), See Section 4.4
“Indirect Addressing, INDF and FSR Registers™.

® 2009 Microchip Technolagy inc.
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FIGURE 4-2: DATA MEMORY MAP OF THE PIC16F627A AND PIC16F628A
Fila
Address
indirect addr,t | oon Indirect addr.t | gon indirect addr.” | t00h | Indirect addr!® | 1gon
TMRO o1h OPTION Bih TMRO 101h OPTION 181h
PCL 02h PCL 8zh PCL 102h PCL 182h
STATUS G3h STATUS 83h STATUS 103h STATUS 183h
ESR 04h FSR Bdh FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h & - %t 18sh
PORTB 08h TRISE 86h FORTB 106h TRISS 186h
1 om T o 1 a7 . 1 10Th | 1mm
08h - 88h - | 108n - - "1 4geh
A T {aeen | | 1o8n Lo | Ben
PCLATH UAh PCLATH BAh PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON | 18Bh
PIR1 och PIE1 ach 3 © 7| 10Ch ) - -} 1BCh
- |ooh ~ " leon ~ - - 1opn R L
TMRIL 0En PCON 8Eh R 10Eh S 18Eh
TMR1H OFh ] S &Fh - - PADFh o - | 18Fh
T1CON 10h T & ] gon ' S
TMR2 1ih o 01h
T2C0N 12h PR2 82h
S 13h - ] an
14h o0 o] pan
CCPRIL 18h ) B5h
COPR1H 16h "% @eh
CCP1CON 17h : . ] 97h
RCSTA 18h TXSTA 98h
TXREG 18h SPBRG 8gh
RCREG 1Ah EEDATA 5Ah
1Bh EEADR 9Bh
1Ch EECON aCh
1Dh Eeconz? | gph
1ER ' 9Eh o
CMGCON 1Fh VRCON 9Fh ___ 11Fh
General General Register
Purpose Purpose 48 Bytes 14Fh
Register Register - 1500
80 Bytes - .
80 Bytes .
______ §Fh EFh 418Fh : _| tEFh
70h Foh 170h Foh
16 By-tes accesses AcCesses aceesses
70h-7Fh 70h-7Fh 70h-7Fh
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
Unimplemented data memory locatlons, read as ‘0’
Note 1: Nota physical register.

DS40044G-page 18 © 2009 Microchip Technology Inc.
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e
422 SPECIAL FUNCTION REGISTERS
The SFRs are registers used by the CPU and Periph-
eral functions for controliing the desired operation of
the device (Table 4-3). These registers are static RAM.
The special registers can be classified into two sets
(core and peripheral). The SFRs associated with-the
*core” functions are described in this section, Those
retated to the operation of the peripheral features are
described in the section of that peripheral feature.
TABLE 4-3; SPECIAL REGISTERS SUMMARY BANKO

L E Value on Datalis

Address Name Bit7 Bits Bit 6 Bit 4 Bit3 Bit2 Bit1 Bito POR
Resetl) on Page

Bank 0
0oh INDF Addressing this location uses contents of FSR to address data memory (not a physlcal regisler) | 2oom so0oc a0
0%h TMRO Timerd Module's Register ke X 47
02h PCL Program Countet's {PC) Least Significant Byte oo00 000D a0
03h STATUS | RP | RPi | RPO | T B | z | bc | ¢ Jooo: mo| 24
04h FSR Irdirect Data Mamery Address Poinler 00K KIEK. 30
05h PORTA RA7 RAG RAS RA4 RA3 . RA2 RA1 RAQ xxxx 0000 a3
G6h PORTB RB7? RB& RBS Rb4 RB3 RB2 RB1 RBO 3OOC 20000 38
orh - | - —  {uUnimplementsd - B s R - -
ogh . - | - — |Unimplemented - 0 ¢ - R o N - ] -
ash e Unimplemented R TR R —
aah PCLATH — — — - | Wiite BusTer for upper 5 bits of Program Counter ~--0 0000 AR
08h INTCON -GIE PEIE ToIE INTE RBIE TalF INTF RBIF- | o060 000X 26
OCH PIR% - EEIF | CMIF RCIF TXIF — CCP1IF | TMR2IF | TMRIIF |cooo -opo 28
00 .| == |Unimplementad s e T e T S — e
OEh TMRIL Hoiding Register for the Leas! Significant Byte of the $8-bit TMR1 Rapgistar oox wex | 80
OFh TMR1H Holding Register for the Most Signlficant Byte of the 16-bit TMR1 Register IO JORK 50
10h TIGON | .— | . = | Tickpsi]|Tickeso | T1080EN | TISYNG | TMRICS | TMRION |--00 oovo| 50
11h TMR2 TMR2 Motule’s Reglstar - o000 DOOD 54
12h T2CON —" { Toutrss |‘FOUTPSZ { TOUTPSt | TOUTPST ]mazou [ T2cKPS1 thcKPsn -o00 popo | 54
13h i = Unimplemented ‘ Do - — -
14h — Unimplemented I o ) : B ) e _ —
18h CCPRIL Capture/Compare/PUyM Registar (LSB) HRKK 200K 57
16h CCPR1H CapturelCompare!PWM Rapister (MSB) 0K FOTKK 57
17h CCPICON | — —_ CCP1X CCP1Y | CCPIM3 | COP1M2 | CCPiM1 | CCPIMO | --00 0000 57
18h RCSTA SPEN RX9 SREN CREN ADEN FERR OERR RX8D DODD 000X 74
18h TAREG USART Transmilt Data Register opep poco 78
140 RCREG USART Racalve Data Reglster 00c0 D000 B2
1Bh 1 = {uUnimplemented -~ = - Coooe e ey =
ich - — Unimplemented - I Cer : B [ =
i0h .. | = : -|Unimplemented - . . S . - e —
iEn - - = . {Unimplemented .~ - S0 . R B I
1Fh CMCON c20UT | C10UT CRINV j C1INY Cls CM2 CM1 } CMo 0000 0000 £3
Legend: - = Unimplemanted locations read as '0', v = unchanged, x = unknown, g = value-depends on condition, shaded = unimplemented

Note 1t Forthe inltialization condition for registers tables, refer io Table 14-6 and Table 14-7.

D540044G-page 20 @© 2009 Microchip Technology Inc,




PIC16F627A/628A/648A

TABLE 44: SPECIAL FUNCTION REGISTERS SUMMARY BANK1

i Value an | oy

Addrass Name Bit7 Bité BitE Bit4 BH 3 Bit2 Bit1 Bitd R:so::{ﬂ on Page
Bank 1

BOh INDF Adcilrttaﬁjlng Ihis location uses contents of FSR to address data memory {not a physical MK KKK 30

registes]

81h OPTION | RBPU | INTEDG | TocS | TosE | PsA | Ps2 | Psi | Pso |1ua aan} 25
8zh PCL Program Counter's (PC) Least Signlficant Byle 0000 0000 a0
83 STATUS mP | RP1 | Reo | T | P | z | be | C  loooa wmex| 24
84h F5R indirect Data Memory Address Palnter KOO 30000 30
85h TRISA TRIGA7 TRISAGE TRISAS | TRISA4 | TRISA2 | TRISAZ | TRISAt TRISAO |11 1111 33
a6h TRISE TRISB7 TRISBS TRISBS | TRISB4 | TRISB3 | TRISB2 | TRISBt TRISBO |:i111 1111 38
87h © = {unimplemented ;oo TP s e TERE 0 e e ot
88h .= | Unimplemented R e R Lo = =
8oh | ~—  {unimplemented = T e T e N u—
BAR PCLATH R e Wiite Buffer for upper 5 blis of Program Countar ~--0 D000 30
8Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 26
BCh PIEt EEIE CMIE RCIE TXIE — CCPYE | TMR2IE | TMR1IE | otoo -o000 27
Bbh B Unimplemented B S . _— —
8Eh PCON T [ = T = Tosee ] — | POR | BOR |---- 1.0x] 28
8Fh @ . — Unimplemented L s S — —
80h ’ — | Unimpiemented - S ’ B : —_ R
91h ‘— | unimptemented o . Lo R — _—
92h PR2 Tisner2 Period Repister 1111 1111 54
93k - Unlmplementad . IR S S e -
8dh . - T— Unimplamented -~ . A : : o —_ —-
8Eh - Unimplemenied - o o ' I —_
wsh - " —  |unimplemented .. . : | R —
97h - .. ] tinimplementad L ‘ ‘ e ' : . - —
9gh TXSTA CSRC T>9 TXEN SYNC —_ BRGH TRMT TX8D 0080 -~010 73
9sh SPBRG Baud Rate Generator Register 0000 0O 75
2Ah EEDATA EEPROM Dala Register FoRK KRRX ¢
9Bh EEADR | EEPROM Address Repisler oo xom | 92
sCh BECONt || — | — | =~ | — |WRERR| WREN | WR | RD |---- xo00| 82
8Dh EECON2 EEPROM Control Register 2 (ot a physicatregistery — Jwr=r 2-n- 82
9Eh | - Unimplemented - ' o — -—
8Fh VRCON VREN | WROE | VRR | — | VRs | VR2 | VRl | VR0 [ooo- cooo| &9
Legend; - = Unimplemented lozatlons read as ‘o', u = unchanged, x = unknown, g = value depends an condition, shaded = unimplemented

Note 1:  Forthe Inifialization condition for registers tables, refer io Table 14-6 and Table 14-7.

® 2009 Microchip Technology Inc. DS40044G-page 21




PIC16F627A/628A/648A

TABLE 4-5: SPECIAL FUNCTION REGISTERS SUMMARY BANK2
Value on Datalls
Address Name Bit7 Bit6 BIt& Bit4 Bit3 Bit2 Bit1 Bit0 POR
Resetl | on Page
| Bank 2
100h INDF Addressing this location uses contents of FSR to address data memory {not a physical register) | oo 200 30
1010 TMRO fimard Module's Reglster KK IO 47 -
102n PCL Program_Counter’s (PC) Least Significant Byte 0000 0000 30
103h STATUS Rp | Rt | RPo | 0 | FB | z | bc | © |ooot imx| 24
104h FSR Indiract Data Memory Address Pointar 0000 KXKX 30
105h . —: |unimplemented B o N = -
108h PORTH RB7 | Res | RBS | R4 | RBS | RB2 | RB1 | RBO |wmocooooc| 38
107h —  {Unimplemented ‘ T R ‘ . —
108h — ] Unimplemented — =
108h — Unimplemented . ] R —_ _
1DAR PCLATH — — . Witle Buffer for upper 5 bits of Program Counter -—-0 0000 a0
10Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 26
10Ch --— - | Unimpternented R R S
10Dh w7 P Unimpiemented — —
J0Eh — Unimptemented - — —
10Fh L — - Unimpiemented —_ -
1100 - Uinlimplemented —_ —
111h = Unimplemented —_ .
112h - Unimplernsnted — -
113h — Unimplemented —_— —
114h —_ Unlmplemenlad _ —
115k — | Unimplemented _ —_
1160 -_— Unimplemented —_ —
+17h — Unimplemented - - S =
118h — Unimplemented — —
18h —_ Unimplemented .. - —
1Ah - Unimplementad - - —
41Bh . — Unimplemented —_ —
11Ch — Unimplemented — —_
110h — Unimplemented — —
11Eh -_ Unimplemented — —
11Fh — Unlmplemented —_ —
Legand: - = Unimplamented localions read as '0', u = unchanged, x = unknown, g = value depends on condition, shaded = unimplemeanted.
Note 1:  Forthe inltialization condition for registers tables, refer to Table 14-6 and Table 14-7.
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TABLE 4-6:  SPECIAL FUNCTION REGISTERS SUMMARY BANK3

Valee on Detalls
Address Name BItT BitE BitS Bit 4 BIt3 Bit2 Bit1 Bito POR
. Resatih | OP Page
Bank 3
180h INDF . | Addressing this location uses contents of FSR to address data memery (not a physical regisler) | soooc sooot 30
181h OPTION | RBPU | INTEDG | Tocs | TOSE | PSA | Psz | Pst | Pso |diiani| 25
162h PCL Program Counter’s {FC) Laast Slantficent Byte 0000 4000 30
183 STATUS P | Ret | RPo | 76 | PB | z | BC | © |oooa wmox| 24
184h FSR Indirect Data Memory Address Polntar HAKK XHRX 30
185h — . lunimplemented S T S — -
188h TRISB TRIGB? | TRISBE | TRISES | TRISB4 | TRISE3 | TRISB2 | TRISBY | TRISBO' J1111 1111} 38
187h - " = | Unimplemented . . I —-— .
J8eh | — ] uUnimplemented - - . . . ool a - i -
188h . — - lunimplemented - . Co LT T < — e
18Ah PGLATH Camm L= — | \ite BuRer for upper 5 bits of Program Counter ---0 000U 30
188h INTCON GIE PEIE TOE | INTE | RBIE | TOF | INTF_| RBIF_|oooc ooox| 26
48Ch ! — - | Unimplamented I N S I —
i0h | - — Unimplemented } N R T
S I Unimplemented . .0 - - . n T e s = =
t8Fh - .= | Unimplemented v : R R : —_ =
190h . .| — Unimplemented - = ' N — —
191h "— .. ]Unimplemented - oLk B S S = =
182h # — - | Unimplemented : o ; T B — —
193h — | Unimpiemented Co R — | =
184h .. | = ! . |Unimplemented-. - . N T R — —_
195h | — | Unimplemanted ) : ] — —
186h . — .| Unimplementad L o : i : . — L =
187h — |uUnimplemented - - —
128h — - [Unimplemented C : . : : - — L —_
188h — Unimplemented ' s . —_ -
18Ah — " {Unimplemented . - o — —
19Bh - Unimplemented "~ . . - R : — —_
18Ch « - | Unimplemented . . ] — —
t9Dh — Unimplemented o ’ : . L : — -
19Eh — . |Unimplemented .~ .~ ‘ S — —
19Fh . " —  |Unimplomented: . : o : - . -
Legend: - = Unimpfemented locations read as '0', u = tnchanged, x = unkrown, g = value depends on condition, shaded = unimplemenied

Note 1: For the inltiatization condillon for registers tables, refar to Table 14-6 and Table 14-7.

® 2008 Microchip Technclogy Inc. D540044G-page 23




PIC16F627A/628A/648A

4.2.2.1 Status Register

The Status register, shown in Register 4-1, contains the
arithmetic status of the ALLL; the Reset status and the
bank select bits for data memory (SRAM}.

The Status register can be the destination for any
instruction, like 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 bils Is
disabled. These bits are set or cleared according to the
device logic. Furthermore, the TG and PD bits are non-
writable. Thersfore, the result of an instruction with the
Status register as destination may be differsnt than
intended.

For example, CLRF STATUS will clear the upper-three
bits and set the Z bit.  This leaves the Status register
as *000uuluu” {where u = unchanged).

it Is recommended, therefore, that only BCF, BSF,
sWAPF and MOVWF insiructions are used fo alter the
Status register because these instructions do not affect
any Status bit. For other instructions, nof affecting any
Status bits, see the "Instruction Set Summary”.

Note: The C and DC bits operate as a Borrow
and Digit Borrow out bit, respectively, in
subtraction, See the SUBLW and SUBWF
instructions for exampiles.

REGISTER 4-1: STATUS - STATUS REGISTER (ADDRESS: 03h, 83h, 103h, 183h)
R0 R/W-0 RAL0 R-1 R-1 RAW-x  RW-x  RMWX
®p | mret | RPO | T0 | P0 | z | oo | ¢ |
bit 7 bit 0
bit7 {RP: Register Bank Select bit (Used for indirect addressing)

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

bit 6-5 RP<1:0>: Register Bank Select bits (used for direct addressing)

o0 = Bank 0 (Q0h-7Fh)
91 = Bank 1 (80h<FFh}
10 = Bank 2 (100h-17Fh)
11 = Bank 3 (180h-1FFh)

bit 4 TO: Time Out bit

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

o = AWDT time out ocourred
bit 3 PD: Power-down bit

1 = Aftar power-up of by the CLRWDT instruction
0 = By execution of the SLEEP instruetion

bit2 Z Zero bit

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

bit 1 ' DC: Digit Carry/Borrow bit (RDDWE, ADDLW, SUBLW, SUBWF Instructions) tfor Borrow the polarity

is reversed)

1 = A carry-out from the 4th low order bit of the result occurred
¢ = No carry-out from the 4th low order bit of the resuit
bit O C: Carry/Borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)
1 = A carry-out from the Most Significant bit of the result occurred
o = No carry-out from the Most Significant bit of the result occurred
Note: For Bomow, 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 Jow order bit of the source register.

Legend:
R = Readable bit W = Witable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1’ = Bitis set ‘0" = Bit is cleared x = Bit is unknown
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REGISTER 14-1: CONF!G - CONFIGURATION WORD REGISTER

BFD | v | 8OREN | moLrE | Foscz | PWRTE | woTe | Fosct | Fosco |

loe [ = [ = 1 = [ = |
bit i3 bit &
bit 13; CP: Flash Program Memozy Cade Protaction bitf2)

{PIC16FB484)

1 = Code protection off
0 = 0000h to OFFFh code-protasied

. 1= Code protection of
0 = 0000h to 07FFh code-protected
{PIC16FB27A)
1 = Code protection off
0 = 0D00h o 03FFh code-protecied

bit 12-9: Unimplemented:; Read as ‘o
bit 8: CPD: Data Code Protoction bitl®)

1 = Data memory cede protection off
o = Data memary code-prolected

BRT: LVP: Low-Voitage Programming Enatle bit,
1 = RE4/PGM pin has PGM funclion, low-voltage programming enabied
0 = RB4/PGM Is digita! /0, HV on MCLR must be used for programming

bit B; BOREN; Brown-out Reset Enabla bit {1)
1 = BCOR Reset enabled
¢ = BOR Resst disabled

bit 5: MCLRE; RASIMGLR/APP Pl Function Select bit
1 = RAS/MCLR/VPP pin function is MCLR
0 = RAS/MCLR/VPP pin function Is digltal Input, MCLR Inlemally tied to Voo

bit 3: PWRTE: Power-up Timar Enable bit i

1 = PWRT disabled
& = PWRT enabled

bit 2; WDTE: Walchdog Timer Enable bit
1 = WDT enabled
o =WDT disabled

bit4,4-0:  FOSC<2:i0>; Oscllator Seleclion biist
111 = RC oselliator; CLKOUT function en RAG/OSC2/CLKOUT pin, Resfstor and Capaciter on RAT/OSC1/CLKIN
110 = RC oscillator; ¥O funclion on RAB/OSC2ICLIKOUT pin, Resistor and Capacitor on RAT/OSC1/CLKIN
10z = INTOSC oscllator: CLKOUT function on RASIOSC2/CLIKOUT pin, VO funstion o RAT/OSCAHICLKIN
100 = INTOSC escillator; 19 functlon on RASIOSC2/CLKOUT pin, O function on RAT/OSCA/CLKIN
e11 = EC: /O funclion on RAG/OSC2/CLKOUT pin, CLKIN on RAZ/OSG1/GLKIN
010 = HS osclilator: High-speed crystaliresonator on RAS/OSC2/CLKOUT and RAT/OSC1/CLKIN
vox = XT osclllator Crystaliresonator on RAS/OSCZ/GLKOUT and RAT/OSCLICLKIN
oo0 = LP oscllator: Low-power crystal on RASIOSC2/CLKOUT and RA7/CSCA/CLKIN

Note 1: Enablinp Brown-out Reset does not automatically enabla the Power-up Timer {PWRT) the way it does on the
PIC16F&27/628 devices,

2 The code protection scheme has changed from the code protection scheme used on the PIC16F627/628 devices. The
antire Flash pragram memary neads to be bulk erased to set the CP bit, tuming the code protection off, See
*PIC16F627A/628A/548A EEPROM Memory Programming Specification” (2541186} for details,

3: The entire data EEPROM needs to be bulk erased fo set the CPD bi, taming the code proteciion off, See "PICT6FE27AS
G2BA/54BA EEFROM Memory Programming Specification” (DS41198} for delalis,

4 VWhen MCLR Is asserted in INTOSG mode, the internal clock oscillalor is disabled,

Legand;
R = Readable bt W = Whitable bit U = Unimplemenied bit, read as '0"
-n = Value at POR "4’ =blt is set 0’ = bil is cleared x = bit is unknown
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15.0 INSTRUCTION SET SUMMARY

Each PIC16FB27A/B28A/64BA 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 Instructlon. The
PIC16FB27A/828A/848A instruction sst summary in
Table i16-2 lists byte-oriented, bit-oriented, and
literal and control operations. Table 15-1 shows the
opcoda fisld descriptions.

For byte-oriented Instructions, ‘f' represents a file
register designator and 'd’ represents a destination
designator. The file register deslgnator specifies which
file register is fo be used by the instruction.

The destinafion designator specifies where the result of
the operation is to be placed., If 'd’ Is zero, the resultis
placed in the Wregister. If 'd’ Is one, the result is placsd
in the file register specified In the instruction.

For bit-oriented instructions, ‘b’ represents a bit fiald
designator which selects the number of the bit affected
by the operation, while T 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 fiteral value.

15.1 Read-Modify-Write Operations

Any instruction that-specifies a file register as part of
the instruction performs a Read-Modify-Write {R-M-W)
operation, The register is read, the data is modified,
and the result is stored according to effher the Instruc-
tion, or the destination designator ‘d’. A read operation
is performed on a register even if the instruction writes
to that register.

For exampls, a "clrf PORTE" insfruction will read
PORTR, clear all the data bits, then write the result
back to PORTB. This example would have the unin-
tended result that the condifion that sets the RBIF fiag
would be cleared for pins configured as Inputs and
using the PORTB interrupt-on-change feaiure.

OPCODE FIELD
DESCRIPTIONS

TABLE 15-1:

Field - Description

Reyister file address (0xD0 to 0x7F)

Working register (accumulator}

Bit address within an 8-blt file ragister

Literal field, constant data or labsl

XWU'E"'

Don't care location (= 0 or 1)

The assembler will generate code with x = 0, It is the
recemmended form of use for compatibility with alf
Ficrochip software fools.

d Destination select; d = ¢: store result in W,
¢ = 1 slore result in file reglsler f.
Defaultisd=1

TO Time-out bit

FD Power-down bit

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

+ Byte-oriented operations
+ Bit-oriented operations
+ Llferal and control operations

All instructions are executed within one single
instruction cycle, unless a conditional test is true or the
program 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
NOPR. One Instruction cycle consists of four oscillator
pericds. Thus, for an oscillator frequency of 4 MHz, the
normal instruction execution time is fps. IF a
conditional test is frue or the program counter is
changed as a result of an instruction, the instruction
execution time is 2 ps.

Table 15-2 lists the insiructions recognized by the
MPASM™ zssembler.

Figure 15-1 shows the three general formats that the
Instructions can have,

Note 1: “Any unused opcode is reserved, Use of
. any reserved opcode may cause unex-
: pected operation. ":

: 2 To maintain upward cornpatlblhty with
] future PIC MCU products, do not use the|
" OPTION and TRIS instructions.

All examples_use the following format o represent a
hexadecimal nrumber:

0xbh
where T’ sighifies a hexadecimal digit.

FIGURE 15-1; GENERAL FORMAT FOR
INSTRUCTIONS
Byle-oriented file register operations
13 8 7 6 ]
| orcopE EREEEE -

d = o for destnation W
d = 1 for desfination f
f = 7-blt fife reglister address

Bit-oriented flie register operations
13 109 76 o
OPCODE [ b(BIT#) | f(FILE &)

b = 3-blt bit address
f = 7-blt fle ragister address
Literal and cantrol operailans
General
13 B7 0
| * OPGODE | k (iteral) |
k = 8-bit immediate value

CALL and GOTO instructions only
13 11 10 0

[ orcooe | X {fiteral) |
k = 11-bif immediate-value

@ 2009 Microchip Technology inc.
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TABLE 15-2: PIC16F627A/628A/648A INSTRUCTION SET

14-Bit Opcode
hgnemonic, Descriptlon Cytles P Status Notes
porands MSb Lsp | Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWER f.d |AddWandf 1 oo 0111 dfff f££Ff [C,DCZ 1,2
ANDWF f,d |ANDWwith 1 00 010X AfFF EEfFE {7 1,2
CLRF f Clear f i 00 000 LEEf Efff [Z 2
CLRW — |{ClearwW k] o0 0001 O o |2
COMF {.d | Complement f i ot 10 dEFf E£EFE|Z 1,2
DECF f,d |Decrementi 1 00 0011 dEff fFEFF | Z 1.2
DECFSZ f,.d |Dacrementf, Skipif 0 102 00 1011 QfEf EEEE 2,3
INCF f,d |increment{ 1 00 1010 4&fff f£Eff |Z 1,2
INCFSZ i,d |Incrementf, Skipifo 12 00 1111 d&fff fEfff %23
I0RWE f,d |Inciusive OR Wwith { 1 o0 0100 AEff £FEFE | Z 1,2
HMOVF f.d [Movef 1 D0 1000 dfff fEfF|Z 1,2
MOVWF 1 Move Wio f 1 po  ©0ooD 1fff fEFF
NOP — | Mo Operation 1 00 G000 OxxD 0000
RLF f,d |Rotate Left f through Cany 1 o0 1101 dfff f££ff |C 1,2
RRF¥ f,d |Rotate Right f through Carry 1 Do 1ipp dfff ffff | C 1,2
SUBHE f,d {Subtract Wirom { 1 op obiv dfff f££ff |CDC,Z 1,2
SWAPF f,d |Swap nibblesin{ 1 00 13110 dfff f£Eff 1,2
XORWE f,d {Exclusive OR Wwith f 1T oo 0x1ip dEEE EffE | Z 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f,b }BltClearf 1 0l O0bb bLEEE EEEF 1,2
ESF fb [BitSetf 1 0l 0ibb bEEf FEEF 1,2
BIFSC f.b | BitTestf, Skip If Clear 1@ 01 10bb bEEE IfEf 3
BTFSS f,b 1Bt Test f, Skip if Sef_ 1% | p1  1abb bEEE EFEF 3
LITERAL AND CONTROL OPERATIONS

ADDLYW X Add fiteral and W 1 11 11ix— kkkk kkkk |C,DCZ
ANDLW k | AND liferal with W 1 11 1001 kkkk kkkk [Z
CALL k Call subrouting 2 10 okkk kkkk kkkk o
CLRWDT — | Clear Waichdog Timer 1 o0 0000 0110 0100 | TO,PD
GOTO k Go Yo address 2 10  1kkk kkkk kkkk
IDRLW k Inclusive OR literat with W 1 11 1000 Kkkkk kkkk [Z
MOVLW k Move literal to W 1 31 00xx kkkk kkkk
RETFIE — | Retum from interrupt 2 40 0000 O0COD 1001
RETLH K Return with literal in W 2 13 0lxx kkkk kkkk
RETZRN — | Return from Subroutine 2 60 0000 DOOO 1000 |_
SLEEP — | Golinto Standby mode 1 ot obot oiio colil | TO,PD
SUBLW k Subiract W from litera) 1 13 1lox kkkk kkkk {C,DCZ
KORLW k Exclusive OR literal with W 1 11 1010 kkkk kkkk|Z

Mote 1: When &n /O register is modified as a function of ilself {e.g., MOVF PORTE, 1), the valte used will be that value present on the
pins themselves, For example, If the data Jateh is *1' for & pin configured as Input and is driven low by an external device, the data

will be writter back with a ‘0"

2:  [f this instruction is exaecuted on the TMRO register (and, where applicable, d = 1), the prescaler will be cleared If asslgned to the

TimerD Module,

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

as a NOR,

DS40044G-page 118

© 2009 Microchip Technology Inc.




1Appendix C

W

MICROCHIP

PIC16F87XA
Data Sheet

28/40/44-Pin Enhanced Flash
Microcontrollers

©® 2003 Microchip Technology inc. DS33582B



PIC16F87XA

FIGURE 1-2: PIC16F874A/877A BLOCK DIAGRAM
13 Data Bus 8 PORTA
Program Counter = ¥ RADIAND
Flash Jr -1 RAT/ANT
Program | » RAZIANZNREF-JCVREF
Momory & Loval Stok RAM o 1B RAIANIVREF+
{13-bity File 1 RASTOCKICTOUT
Registers » RASIANG/SSIC20UT
Program
Bus RAM Adertt) PORTE S
Instruction reg ¥ S:;
|! Diract Addr 7 1= RBI/PGM
7 ¥ RB4
|- RBs
H RBBIPGC
2 RBT/IPGD
B
= PORTGC
B RCO/T10S0O/M1CKE
o 1 o
o 2
I RC3/SCK/SCL
insiraclion Oselllator
Decode & [<=0% | Starl-up Tiner » RC4/SDYSDA
Coniral Power-on ] RC&/SDO
it = RCBMXICK
- WR:’ ::‘ H RC7ZIRXIDT .
ming  fa_r atchdo,
(=] censraton (=71 | " Timer ~ PORTD
OSC1/CLKI Brown-out 8 RDOPSFO
OSCRICLKC Reset ] RDA/PSP1
In-Circutt - RD2/PSP2
Dabugger — 3 RD3fPSP3
Low-Voliage ¥ - RD4/PSP4
Pragramming E= RUS/PSPS
» RDE/PSPE
» RD7/PSPT
PORIE
MCIR VoD, Vss L4 +[57] REQ/RDIANS
=[] RE1ANRIANG
{3 RE2/CS/ANT
Timer) Timerd Timer2 10-bit AD Sr;\l'l:lllﬂn

it it it it
& R & 4 b

Synchronous Voltage
Data EEPROM CCP1,2 Serlal Port USART Comparator Reference
Device Program Flash Data Memary Data EEPROM
PIC16F874A . 4K words 192 Byles 128 Byles
PIC1B6FBY7A - BK words 368 Byles 256 Byles

Note 1: Higher order blis are from the Status register.
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2.0 MEMORY ORGANIZATION

There are three memory blocks in each of the
PIC16F87XA devices. The program memory and data
memory have separate buses so that concurrent
access can occur and is detalled In this section. The
EEPROM data mermory block Is detailed in Section 3.0
“Data EEPROM and Flash Program Memory".

-Additional information on device memory may be found
in the PICmicro® Mid-Range MCU Family Reference
Manual (DS33023).

FIGURE 2-1: PIC16FB76A/BTTA
PROGRAM MEMORY MAP
AND STACK )
I PC<12:0> I
CALL, RETURN 3,
RETFIE, RETLW {'& 7
Stack Level 1
Stack Level 2
&
&
L]
Slack Level 8
Resel Vecior 0000h
: <;:"_
L]
Interrupt Vector 0904h
0805h
Page 0
O7FFh
080Ch
OnChi Page 1
n-unip < OFFFh
Program
Memory 1000h
Page 2
17FFh
1800h
Page 3
L 1FFFh

2.1 Program Memory Organization

The PIC16FB7XA devices have a 13-bit program
counter capable of addressing an 8K word x 14 -bit
program memory space. The PICT6F8TEA/BTTA
devices have 8K words x 14 bits of Flash program
memory, while PICIBF873A/BT4A devices have
4K words x- 14 bits. Accessing a location above the
physicaly Implemented address will cause a
wraparound. -

The Resetvector is at 0000h and the interrupt vector is
at 0004h.

PIC16F873A/874A

FIGURE 2-2:
PROGRAM MEMORY MAP
AND STACK
I PC<12:0m J
CALL, RETOGRW 13
RETFIE, RETLW 7"
Stack Levs} _
Stack Level 2
.
L ]
-
Stack Leval 8
Reset Vector . 0000h
. K
-
Interrupt Vector 0004h
0005h
On-Chip Page 0
Pragram 07FFh
Momory 0800h
Page 1
O0FFFh
* | 1000h
1FFFh

® 2003 Micrachip Technology Inc.
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2.2 Data Memory Organization

The data memory is pariitioned Into multiple banks
which contain the General Purpose Registers and the
Special Function Reglsters. Blts. RP1 (Status<6>) and
RPO (Status<6>} are the bank select bits,

Each bank extends up to 7Fh (128 bytes). The lower
loeations of each bank are reserved for the Speclal
Function Registers. Above the Special Function Regis-
ters are General Purpose Registers, implemented as
static RAM. All implemented banks contain Special
Funclion Registers, Some frequently used Special
Function Registers from one bank may be mirrored in
another bank for code reduction and quicker access.

Note: . The EEPROM data memory description can
: be found In Section 3.0 “Data EEPROM
and Flash Program Memory” of this c:iai_a_r

RP1:RPO Bank
00 0
01 1
10 2
11 3

shest : o _
2.21 GENERAL PURPOSE REGISTER

FILE

The register file can be accessed either directly, or
indirectly, through the File Select Register {(FSR),

DS39582B-page 16
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FIGURE 2-3: PIC16F876A/877A REGISTER FILE MAP
Flle File File File
Address Addrass Address Address
indirect addr.t? | ooh Indirect addr.?| son Indirect addr.l7 i 100k | Indirect addr.t| 180n
TMRO 01h OPTION_REG{ 81h TMRO 401h OPTION_REG| 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 3h STATUS B3h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h TP 701 105k A 185h
PORTB 08h TRISB 86h PORTB 108h TRISB 186h
PORTGC O7h TRISC 87h - 4| 107h . % | 187h
PORTD! | 08h TRISDM | B8h o T H1osh ] 188h
pORTE(M | 09h TRISE®D | 8oh .. UiM0sh | v 1q8gh
PCLATH 0Ah PCLATH BAR PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh {INTCON 18Bh
PIR1 0Ch PiE1 8Ch EEDATA 10Ch EECON1 18Ch
PIR2 abh PIE2 8Dh EEADR 10Dh EECON2 18Dh
TMRIL | OEh PCON 8Eh EEDATH | 10Eh Reserved®? | 18Eh
TMR1H OFh | BFh EEADRH | 10Fh Resarvedt® | 18Fh
T1CON 10h o 90h 110h 180h
THIR2 11h SSPCONZ | 81h - i1th 191h
T2CON 12h PR2 &2h 112h - 192h
SSPBUF 13h SSPADD 83h 113h 163h
SSPCON | 14h SSPSTAT | 94h 114h 194h
CCPRiL 15h . © |- 858 115h 4G5h
CCPR1H 16h o o6h 116h 196h
CCPICON | 17h | e general 117h general 187h
RCSTA | 18h TXSTA__| 98h Register | 118 Rogistor | 198h
TXREG 15h SPBRG 98h 16 Bytes 118h 16 Bytes | 16%h
RCREG 1AR e GAh 11Ah 18Ah
CCPR2L 1Bh o GBh 11Bh 18Bh
CCPR2H 1Ch CMCON 8Ch 11Ch 19Ch
CCP2CON | 1Dh CVRCON SDh 110h 18Dh
ADRESH 1Eh ADRESL 9Eh © 1 1Eh 18Eh
ADCONO | 1Fh ADCON1 5Fh 11Fh 19Fh
20h AOh 120h 1AOh
General General General
Purpese Purpose Purpose
PGL?I_TABOZEEE ] Register Register Register
Register 80 Bytes B0 Bytes 80 Bytes
96 Bytes EFh 16Fh 1EFh
accesses FOh accesses 170h accesses 1FCh
| 70h-7Fh 70h-7Fh 70h-7Fh
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
Unimplemented data memory locations, read as '0'.
* Not a physical register.
" Note 1: These regisiers are not implemented on the PIC16F876A.
2: These regisiers are reserved; maintain these registers clear,

® 2003 Microchip Technology Ine. DS39582B-page 17



PIC16F87XA

222

SPECIAL FUNCTION REGISTERS

The Special Function Reglsters are registers used by
the CPU and peripheral modules for controliing the
desired operation of the device. These registers are
Implemented as static RAM. A list of these reglsters is
glven in Table 2-1.

peripheral features section.

The Special Funciion Registers can be classified into
two satls: core (CPU) and peripheral. Thase registers
associated with the core functions are described in
detall in this section. Those related to the operation of
the peripheral features are described in detall in the

TABLE 2.1: SPECIAL FUNCTION REGISTER SUMMARY
Address|{  Name Bitr | Bite | Bus | Bra | BE3 | Bz | BR1 | Bieo :;'F‘;f;g; o'r""p':gz :
Bank 0
oon®  {INDF Addressing tils location uses contents of FSR o address data memory {not a physical reglster}j cuoo oooo| 31, 150
oih TMRO Timerd Module Register oorx xexx| 55,160
ozhtd  {PcL Program Countes (PC) Least Significant Byte 6000 BoOO| 30,150
03 jSTATUS Re | Ret | R0 | T6 | PO | z | DG | © o001 amcx) 22,150
04h8!  tFSR indirect Data Memory Address Pointer oo wooc] 31, 160
o5h PORTA — | L= A'[F'DRTA Data Lalch when written: PORTA pins when read --0x 0000} 43,150
0sh PORTB PORTR Data Laich when wiillen: PORTB pins whan read oo woooc) 45, 150
07h PORTC PORTC Data Latch when written: PORTC pins when read s xxxx| 47, 160
08 |PORTD PORTD Dals Latch when written: PORTD pins when read socax xaoce| 48, 150
oah®  [PORTE = [o="F+—= ] = -1 —_| Rez RE1 REG |---- -ocx| 49,180
0ARYY (PCLATH —_ - — | write Buffer for the upper 5 bits of the Program Counter  |---0 oooo| 30, 150
0B [INTCON GiE PEIE TMROIE INTE REIE TMROIF INTF RBIF {coo0 ooox| 24,150
oCh PIR1 PSPIFR | ADIF | ROF TXIF SSPIF_| CGPHIF | TMR2IF | TMRIIF |00 0000| 26, 150
okh PiR2- — | CMF [. =~ EEIF BCLEF —_— — CCP2IF |-0-0 0--Df 28,150
OEh TMRIL Holding Register for the Leasl.Significant Byte of the 16-blt TMR1 Raglster e xexx| 680, 158
OFh TMR1H Holding Regilster for the-Most Slgnificant Byte-of the 16-bt TMR Regisfer soox oo | B0, 150
10h  |TiCON — | — Jrickest] mickeso [Tioscen] TISYRG | TMRicS | TMR1ON |--00 oooo| 57,150
11h TMR2 Time:2 Module Register co00 odeo| 62,150
12h  [T2cON — - -[ToutPsa[TouTPsz] TOUTPS1 [TOUTPSO] TMR2ON | T2CKPS1 | T2CKPS0|-000 pooo| 61,150
13h SSPBUF Synchrorous Serial Port Recelve BufferfTransmit Regisier ook yoooe| T8, 150
14h 8SPCON WCOL | SSPOV | SSPEN CKP SSPM3 SEPM2 SSPM1 | SSPMD |oooo oocol 82, 62,
150
15h CCPRIL Caplure/Compare/PWM Ragister 1 {LSB) sooox xoooc| B3, 150
16h CCPR1H Caplure/Compare/PWM Registar 1 {MSB) soox xooe] B3, 150
17h CCP1CON —_ —_ CCP1X | CCP1Y | CCPIM3 | CCPiM2 | CCP1M1 | CCPIMO | --o0 oooo] B4, 150
1Bh RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX8D |oooo ooox] 112,150
18h TXREG LISART Tranamil Data Register 0008 oooo| 118, 150
1Ah RCREG USART Recalva Data Register oo00 oooo| 118, 150
1Bh CCPR2L Caplure/Compare/PWiM Register 2 (LSB) oo xooox] 63, 160
1Ch CCPR2H Caplure/Comipare/PWh Register 2 {MSB) oo xeooc| 63, 150
1oh |eoP2GON | — | — | coeax | copay | copams | ccPamz | copamt | coPaMo |--0o oooof 64, 150
1Eh ADRESH AD Result Register High Byte oo oo | 133, 150
1Fh  |ADCOND ADCS1 | ADCSO | cHs2 | cHs1 | cHse |GOMBONE| —. | ADON |ooso oo-o] 127,150
Legend:  x = unknown, u = unchanged, g = value depends on condition, - = unimglemanted, read as ‘o', = = reserved,
Shaded locaticns are unimplemented, read as ‘0",
Note 1: The upper byle of the program counter is not directly accesslble, PCLATH Is a holding register for the PC<12:8>, whose
conlents are transferred to the upper byte of the program counter,

2:  Bits PSPIE and PSPIF are reserved on PIC16F873A/B75A devices; always maintain these bits clear.

3: These reglsters can be addressed from any bank,

4: PORTD, PORTE, TRISD and TRISE are not implemanted on PIC16F873A/876A devices, read as ‘o',

5;  Bit4 of EEADRH implemented only on the PIC16F876A/BTTA devices.

© 2003 Microchip Technalogy Inc.
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TABLE 2-1:  SPEGIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Address|  Name Bit7 | Bi6 | Bits | Bit4 Bit3 | Btz | Bit1 | Bito :g:;‘?;g;l J.’f:';i:
Bank 3

gon®  INDF Addressing this focalion uses conients of FSR 1o address data msmory (not a physical register)| cooo oooof 31,150
i |OPTION REG| RBPU | INTEDG | Tocs | TosE | Psa | Psz | Pst | Psb |aaa1 1z1a] 28,150
azn®  pcL Program Counter (PC) Least Significant Byle poo0 0000| 30,150
gan® |status | RP | RPt | RO | 76 | Pb | 2z | ©c | © 0001 sooxj 22,150
san®  |FSR Indirect Data Memory Address Polnter sxxx xeexx| 31, 160
85h TRISA S l s— 'lPORTAData Direction Register --11 1:11} 43,150
86h TRISB PORTB Data Directlon Reglster 1111 1111 45,150
B7h TRISC PORTC Dala Direction Register 1111 11i1{ 47,150
ash®  [TRISD PORTD Dala Direction Register 1121 1121] 48, 151
saht | TRISE 1BF OBF BOV |PsPMODE| — | PORTE Dala Direction blis o000 -121] 50,151
sAnN3) |PCLATH — |- "— . |wvrite Buffer for the uppar 5 biis of the Program Counter | --~0 0ooc| 30, 150
8Bh®  {INTCON GIE PEIE | TMROE | INTE RBIE | TMROF | INTF RBIF |oooc ooox| 24,150
8Ch PIEY PsPER | ADE RCIE TXE SSPIE | CCPIE | TMR2IE | TMRIIE [oo0c oooo| 25, 151
sDh |PIE2 — CME | - .| EEE | BCLE — -1 = | ccP2IE [-0-0 0--0| 27,151
8Eh  {PCON . R R T — = POR | BOR [---- -- aq| 29, 161
8Fh — .7 Unimplemented oL e - oo = T

aoh V— Unimplemented ~  : - R t o - o NS
oth  |SSPGONZ | GCEN [ACKSTAT| ACKDT | AckeN | RCEN | PEN | RSEN | SEN [oooe 0000| 83,151
92h PR2 Timer2 Petiod Register 1131 1331 62,151
§3h SSPADD Synchronous Serial Port (I°C mode) Address Register 0ono 0000 | 78, 161
94h | SSPSTAT sMP | ke | BA | P | s | RW | ua | BF [oooo oooo| 78,151
a5h e Unimplemented S . . - —— —_—
96h — Unimplemented - o ) ’ o . B T —_

9%h - .[ ==~ |Unimplemented - ; o i L = —

98h  [TXSTA CSRC | TX9 | TXEN | syne | — BRGH | TRMT | TX9D |oooe -o1o{ 111,151
9gh SPBRG Baud Rate Generator Register 6000 oooo] 113, 151
BAh — Unimplemented - - . B HSE

oBh ~ = Unimplemented - . o Ve — o

gch  [CMCON C20UT | c1ouT | camv | ctinv cis cMz cM1 CM0 |oooo ox11] 135,151
abh  |CVRCON CVREN | CVROE | CVRR — | ovrs | cvrz | cvr1 | cvRO [ooo- oono| 141, 151
9Eh ADRESL AJD Result Register Low Byle ) xxxx ¥xxx| 133, 1681
9Fn__ |ADCON1 ADFM | ADcsz | — | -— [ PoFGs | PCFG2 | PCFG1 | PCFGO |o00-- 0000 | 126, 151

Legend:  x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as '0’, r = reserved.
Shaded |ocations are unimplemented, read as 'o".
Note 1: The upper byte of the program counter 15 not direstly accessible. PCLATH 1s & holding register for the PC<12:8>, whose
conients are transferred 1o the upper byie of the program counter.
2:  Blts PSPIE and PSPIF are reserved on PIC16F873A/876A devices; always malntaln these bits clear.
3:  These reglsters can he addressed from any bank,
4: PORTD, PORTE, TRISD and TRISE are not implementsd an PIC16FB73A/876A devices, read as ‘0",
5 Bit4 of EEADRH implemented only on the FIC16FBTEA/BTTA devices,
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TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Address|  Name Bit7 | Eiteé | BH5S | Bit4 | BRa | BR2 | Bit1 | Bitd :g}:'f;g; o?p':‘;::
Bank 2
100h8  |INDE Addressing this location uses contents of FSR to address data memory (not a physlcat reglster)| oboo_cooo| 31, 150
101h TMRO Timerd Module Reglsier oo oo 55, 150
1020 tPCL Pragram Counter's {PC) Least Significant Byle 0000 0000] 30,150
103 |sTATUS P | Rt | RPD | T | FD z | pc | © leoor 1moxx| 22,150
104h®  [FSR Indirect Data Memory Address Pointer soox sooex| 31, 150
105h" "= 7 7|Unimplemented - . - N J =
108h PORTE PORTB Data Lalch wheh wntien F'ORTB plns whan read oo wxxx| 45,160
167h R Unimplemented ~ © - . Do e T R —
108h — - {Unimplemented . .0 7~ T e - e
1a8h — " |Unimplemanted R T T s I
10Ah™ % | PCLATH it '— | Wiite Buffer for the upper 5 bits of the Program Counter ~ {~--0 ooo0| 30, 150
10BHP) JINTCON GIE PEIE | TMROIE | INTE | RBIE | TMROF | INTF | RBIF o000 ooox) 24,150
10Ch EEDATA. EEPROM Data Registar Low Byle ooz xooot] 39,151
10Dh EEADR EEPROM Address Register Low Byte oo oock] 39,151
10Eh EEDATH —_ —_ EEPRONM Data Registar High Byle -3 xxxx| 39, 161
10Fh EEADRH — — e I . -—T§J—| EEPROM Address Reglster High Byie -+ oook| 39, 151
Bank 3
1800® | INDF Addressing this Iocation uses contents of FSR to address data memory (not a physical register)| 0000 o000/ 31,150
6T |OPTION_REG| RBFU | INTEDG | T0cs | Tost | Psa | sz | Pst | P8O |a1a1 2331 23,150
18208 |PCL Program Countar {PC) Least Significant Byle oace oooo} 30, 150 |
1e3n® [s7ATUS Re | RPi | R0 | To | P | z | Dc | ¢ oo wi 22,150
1840 |FSR Indirect Data.Memory Address Pointar o o] 31, 150
185h - — - {Unimplemented - o , — -
186h TRISB PORTB Data Direction Register 1311 111} 45,150
187h ~— . {Unimplemented : o : - _ -
18Bh — Tunimplerented -~ R S — | =
18%h C - ‘Unimplemented .~ - . . B e ‘ R - - -
180t | PCLATH C— P i |Wiite Buffer for the upper 5 bits of the Program Counter  |---0 oooa| 30, 160
18807 {INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF |cooo ooox| 24,150
18Ch EECON1 EEPGD | - =—. — —_ WRERR | WREN WR RD x--- x000} 34,151
18Dh EECON2 EEFROM Contrel Ragister 2 (nol a physical reglster) ———————— 39, 151
18Eh -~ |Reserved; maintalnclear =~ - ; © ... |oooo oooof —
18Fh — Reserved; maintaln clear o B 0009 oobtf —
Legend:  x=unknown, u = unchanged, q = vakie depends on ccndlltcn,--ummplemented read as ‘0', r = reserved,
Shaded locations are unimplemented, read as '0’,
Note 1: The upper byte of the program counter Is nol directly accessible, PCLATH is a halding register for the PC<12:8>, whosa
contents are transferred to the upper byte of the program counter.

21 Bits PSPIE and PSPIF are reserved on PIC16FBTIA/BY6A devices; always maintaln these bits clear.

3;  These reglsters an be addressed from any bank,

4; PORTD, PORTE, TRISD and TRISE are not implemented on PIC16FB73A/876A devices, read as ‘0"

5: Bl 4 of EEADRH implemented only on the PIC1BFB76A/BTTA devices,
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2224 Status Register

The Status register contains the arithmetic status of the
AL, the Reset status and the bank select bits for data
memary.

The Status register can be the destination for any
instruction, as with any other register. If the Status reg-
isteris the destination for an instruction that affects the
Z, DC or C bits, then the write to these thres bits Is dis-
abled. These blts are set or cleared according to the
devica 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,

REGISTER 2-1:

Foraxample, cLRF sTATUS, will clear the upperthres
blts and set the Z bit. This leaves the Status register as
o00u uluu (where u = unchanged).

It is recommended, -therefore, that only BCE, BSF,
SWAPF and MOvWE Instructions are used to alter the
Status register because these Instructions do not affect
the Z, C or DC bits from the Status reglster. For other
instructions not affecting any status bits, see
Section 15.0 “Instruction Set Summary".

‘Note:  The C and DC bits operate as a borrow
t.: " and digit borrow bit, respectively, in sub-
“traction. -See the "SUBLW and SUBWF

" Instructions for examples. ]

STATUS REGISTER (ADDRESS 03h, 83h, 103h, 183h)

R/W-0 R/W-0 R/W-0 R-1 R-1 RMWx  RMW-x RAW-x
IRP rRe1 | rro | o | PO | z | bC c
bit 7 bit 0
bit 7 IRP: Register Bank Select bit (used for Indirect addressing)

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

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

11 = Bank 3 (180h-1FFh)
10 = Bank 2 (100h-17Fh)
o1 = Bank 1 {80h-FFh)
00 = Bank 0 (00h-7Fh)
Each bank ts 128 bytes.

bit 4 TQ: Time-out blt

1 = After powar-up, CLRWDT instruction or SLEEP Instruction

o = AWDT time-out ocourred
bit 3 PD: Powar-down bit

1 = After power-up or by the CLRWDT instruction
o = By exacution of the SLEEP instruction

bit 2 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

bit 1 DC: Digit camy/borrow bit (ADDWY, ADDLW, SUBLMW, SUBWF instructions)

hit 0

{for borrow, the polarity Is reversed) -

1 = A carry-out from the 4th low order bit of the result occuired

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 occurred
0 = No carry-out from the Most Significant bit of the result occurred

Note:  For borrow, the polarity is reversed. A subfraction 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.

Legend:
R = Readabie bit W = Writhble bit U = Unimplemented bit, read as 0
- n = Value at POR 1" = Bit is set ‘0" = Bt 1s clearaed X = Bit is unknown

DS39582B-page 22
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REGISTER 14-1: CONFIGURATION WORD (ADDRESS 2007h){"

R/P-1 U-D

RP-1 RP-1 RP1 RP-1 RP1 RP1 UL UD RPA R/P-1 R/IP-1 RIP-1

["op | = [pesuc|wrr1|wrro] cpo | Lvp [Boren] — | — [FWRTEN|WDTEN [Fosct | Fosco |

bit 13

bit13

bit 12
bit 11

bit 10-8

bit 8
bit 7
bit6

bit 5-4
bit 3

bit2

bit 1-0

bitd

CP; Flash Program Memory Code Protection bit

1 = Code protection off

0 = All program memeory code-protected

Unimplemented: Read as '1’

DEBUG: In-Circuit Debugger Mode bit ]
1 = In-Circult Debugger disabled, RB6 and RB7 are general purpose /O pins
o = In-Circuit Debugger enabled, RB6 and RB7 are dedicated to the debugger
WRT1:WRT0 Flash Program Memory Write Enable bits

For PIC16FB76A/BTTA:

11 = Write protection off; all program memory may be wiitten to by EECON control

10 = 0000h to 00FFh write-protected; 0100h to 1FFFh may be written to by EECON controt
01 = 000Ch fo 07FFh write-protected; 0800h to 1FFFh may be written to by EECON control
oo = 0000h to OFFFh write-protected; 1000h to 1FFFh may be written fo by EECON control
For PIC16FB73ABT4A:

11 = Write proteciion off; all pregram memory may be writtan io by EECON control

10 = DOOOh to 00FFh write-protected; 0100h to OFFFh may be written to by EECCN control
01 = 0000h to 03FFh write-protected; 0400h to OFFFh may be written to by EECON control
00 = 0000 to D7FFh write-protected; 0800h to OFFFh-may be written to by EECON control

CPL: Data EEPROM Memory Code Protection bit

1 = Data EEPROM code protection off
0 = Data EEPROM code-protected

LVP: Low-Voitage (Single-Supply} In-Circuit Serial Programming Enable bit

1 = RB3/PGM pin has PGM function; low-voltage programming enabled
0 = RB3 Is digital VO, HV on MCLR must be used for programming

BOREN: Brown-out Reset Enable bit

1 = BOR enabled
o = BOR disabled

Unimplemented: Read as '1'

_PWRTEN: Power-up Timer Enable bit

1 = PWRT disabled

0 = PWRT enabled

WDTEN: Watchdeg Timer Enable bit
1 = WDT enabled

0 = WDT disabled

Fosc1:Fosct; Oscillator Seleclion bits
11 = RC oscillator

10 = HS oscillator

01 = XT oscllator

00 = LP osclllator

Legend:
R = Readable bit P = Programmabile bit U = Unimplemented bit, read as 0’
- n = Value when device Is unprogrammed u = Unchanged from programmed state

Note 1: The arased {unprogrammed) value of the Configuration Word is 3FFFh. R _I
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15.0 INSTRUCTION SET SUMMARY

The PIC16 instruction sat Is highly orthogonal and Is
comprised of three basic categories:

+ Byte-oriented operations
» Blt-oriented operations
+ Literal and control operations

Each PIC16 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 formats for each of the categories
is presented in Figure 15-1, whlle the various opcode
fields are summarized in Table 15-1.

Table 15-2 lists the instructions recognlzed by the
MPASM™ Assembler, A complete description of each
instruction is also avallable in the PICmicro® Mid-Range
MCU Family Refarence Manual {DS33023).

For byte-oriented instructions, ‘F represents z fiie
register designalor and ‘d' represents ' a destination
designator. The file register designator specifies which
file register is io be used by the instruction.

The destination designator specifies where the result of
the operation s to be placed. f ‘d’ Is zero, the result is
placad in the W register. i ‘d’ is one, the result s placad
in the file register specified in the instruction.

For bit-oriented instructions, ‘b’ represents a bit field
designator which selects the bit affected by the opera-
tion, while_'f represents the address of the flle-ln which
the bit is located.

For literal and control operations, 'K’ represents an
eight or eleven-bit constant or literal value

Cne instruction cycle consists of four oscillator periods;
for an oscillator frequency of 4 MHz, this gives a narmal
instruction execution time of 1 ps, Al instructions are
executed within a single instruction cycle, unless a
conditional test is true, or the program counter is
changed as a result of an instruction. When this occurs,
the execution takes two instruction cycles with the
second cycle executed as a NOE.

Note:~ To maintaln upward compatibility with
future PIC16F87XA products, do not use
the CPTION and TRIS instructions. )

Al instruction examples use the format 'oxhh’ to
represent a hexadecimal number, where i’ signifies a
hexadecimal digit.

15.1 READ-MODIFY-WRITE
OPERATIONS

Any instruction that specifies a file regisier as part of
the instruction performs a Read-Modify-Wite (R-M-W)
operation. The register is fead, the data is modified,
and the resulf is stored according o either the instruc-
tion or the destination desfgnator ‘d’. A read operation
is performed on a register even if the instruction writes
to that register.

For example, a "CLRF PORTE" instruction will read
PORTB, clear all the data bits, then write the result
back to PORTB. This example would have the unin-
tanded result that the condition that sets the RBIF flag
would be cleared.

TABLE 15-1: OPCODE FIELD
DESCRIPTIONS

Field Description

£ Register fils address (Ox00 to 0x7F)
Working register (accumulator)

Bit address within an 8-bit file register
Literal field, constant data or label

Kiw|oi=

Don't care location (= o 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: siore resuit in W,
d = 1: store result in file register {.
Defaultisd= 1.

pC |Program Counter

| eD Powar-down bit

TC | Time-out bit

FIGURE 15-1: GENERAL FORMAT FOR
INSTRUCTIONS
Byte-oriented file register operations
13 8 7 6 0
orcobE | ¢  trFuEn ]

d = o for desilnation W
d = 1 for destination f
f = 7-blt file register address

Bit-oriented file register operations
13 108 76 0

| orcobE  [b@m#] i(FLEm |

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

Literal and control operations
General
13 8 7 0
OPCODE | k(iteral) |

k = 8-bit immediate value

CALL and GOTO instructions only
13 M1 10 0
OPCODE k {literal}

k = 11-bit immediate value

& 2003 Microchip Technology Inc,
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TABLE 15-2: PIC18F87XA INSTRUCTION SET
14-Bif Opcode
Mnemonie, Description Cycles il Status Notes
Operands MSh Lsh Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f,d |AddWandf 1 00 0111 Aafff ffef| CDCZ 1,2
ANDWF f.d AND W with § 1 D0 0101 dAfff f£EEf z 1,2
CLRF f Clear f 1 00 0001 1fff Efff z 2
CLRW - Clear W 1 D0 00D1 DXXX XXX z
COMF f.d Complement { 1 80 2001 Afff EFEE Z 1.2
PECF fd Decrement T 1 0D 0011 Afff EffF Z 1.2
DECFSZ f.d Decrement f, Skip if 0 1(2) 00 1011 dfff E£Eff 12,3
INCF f.d increment f 1 00 1010 Afff f£EEf z 1.2
INCFSZ f.d increment f, Skip if 6 12} 00 1111 G&fff f£ff 1,2,3
IORWF fd inclusive OR W with f 1 00 0100 &fff £Eff Z 1,2
MOVF fd Move f 1 00 000 Gafff FEEf Z 1,2
MOVWF f Move Wio f 1 00 0000 1L£EE EFEE
NOP - No Operatlon 1 Do 0OOO fxx0 DOODD
RLF £d Rotate Leit f through Carry 1 06 1101 dfff E£fff c 1.2
RRF fd Rotate Righi f through Cary 1 00 1100 dfff f£Eff [ 1,2
SUBWF f,d Subtract W from 1 00 0010 dfff f£fff| C,DCZ 1,2
SWAFF £d Swap nibbles in f 1 o0 1110 dfff EEff 1,2
XORWF £d Exclusive OR W with { 1 00 D110 dfff f£FEf Z 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f,b  |Bit Clear f 1 01 0¢bb bEff E£ELf 1.2
BSF fb Bif Set f 1 01 ©01bb bEff ffff 1 12
BTFSC fb Bit Test f, Skip if Clear 1(2) 01 10bb bEFf fFfEf 3
BTFSS i.b Bit Test f, Skip if Set - 1-(2) 01 1ibb bEff fFFfff 3
LITERAL AND CONTROL OPERATIONS
ADDIW k Add Literal and W 1 11 111x kkkk kkkk| CDCZ
ANDLW k AND Literal with W 1 11 1003 kkkk kkkk z
CALL k Call Subroutine 2 10  okkk kkkk kkkk{|
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 o0100| TOPD
GOTO k Go to Address 2 10 1kkk kkkk 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 100%
RETLW k Return with Literal in W 2 11  01xx kkkk kkkk
RETURN - Return from Subroukine 2 00 0000 0000 1D00
SLEEP - Go into Standby mode 1 oo o000¢ 0110 oo1:| TO,PD
sSuUBLW k Sublracl W from Literal 1 1@ 110x kkkk kkkk| CDGC.Z
XORLW k Exclusive OR Llieral with W 1 1l 1010 kkkk kkkk Zz
Note 1: When an /O register Is modified as a function of ltsslf { e.g., MOVF PORTR, 1), the value used will be that vaiue present
on the pins themselves, For example, If the data latch Is "1’ for a pin configured as jnput and Is driven low by an extemal
device, the data will be wriften back with a ‘0",
2 If this instruclion is executed on the TMRO register (and where applicable, d = 1), the prescaler will be cleared if
assigned to the TimerQ module.
4 If Program Counter (PC) Is modified, cr a condifional test is true, the instruction requires two cycles. The second cycle is
exectted as a NOB

Note:

Additional information on the mid-range Instruction set Is -avallable in the PiCmicro® Mid-Range MCU

Famlly Reference Manual (DS33023).
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