Central Processor Unit (CPU)

I'm not going to bore you with the operation of the CPU at this stage, however it is important to state that the CPU is manufactured
with in RISC technology an important factor when deciding which microprocessor to use.

RISC Reduced Instruction Seft Computer, gives the PIC16F887 two great advantages:

s The CPU can recognizes only 35 simple instructions (In order to program some other microcontrollers it is necessary to know more
than 200 instructions by heart).

m The execution time is the same for all instructions except two and lasts 4 clock cycles (oscillator frequency is stabilized by a
quartz crystal). The Jump and Branch instructions execution time is 2 clock cycles. It means that if the microcontroller’s operating

speed is Z0MHz, execution time of each instruc tion will be 200n5, i.e. the program will be executed at the speed of 5 million
instructions per second!
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Memory

This microcontroller has three types of memory- ROM, RAM and EEPROM. All of them will be separately discussed since each has
specific functions, features and organization.

ROM Memory

ROM memory is used to permanently save the program being executed. This is why it is often called “program memory”. The
PIC16F887 has BKb of ROM (in total of 8192 locations). Since this ROM is made with FLASH technology, its contents can be changed by
providing a special programming voltage (13V).

Anyway, there is no need to explain it in detail because it is automatically performed by means of a special program on the PC and a
simple electronic device called the Programmer.

Writing program
in assembly language,
(simulator tool), Copy program
compiling to to ROM Memory
machine code

T

Fig. 1-5 ROM Memory Consept



EEPROM Memory

Similar to program memory, the contents of EEPROM is permanently saved, even the power goes off. However, unlike ROM, the
contents of the EEPROM can be changed during operation of the microcontroller. That is why this memory (256 locations) is a perfect
one for permanently saving results created and used during the operation.

RAM Memory

This is the third and the most complex part of microcontroller memory. In this case, it consists of two parts: general-purpose registers
and special-function registers (SFR).

Even though both groups of registers are cleared when power goes off and even though they are manufactured in the same way and act
in the similar way, their functions do not have many things in common.



General-Purpose Registers

General-Purpose registers are used for storing temporary data and results created during operation. For example, if the program
performs a counting (for example, counting products on the assembly line), it is necessary to have a register which stands for what we
in everyday life call “sum™. Since the microcontroller is not creative at all, it is necessary to specify the address of some general
purpose register and assign it a new function. A simple program to increment the value of this register by 1, after each product passes

through a sensor, should be created.

Therefore, the microcontroller can execute that program because it now knows what and where the sum which must be incremented is.

Similarly to this simple example, each program variable must be preassigned some of general-purpose register.

SFR Registers

Special-Function registers are also RAM memory locations, but unlike general-purpose registers, their purpose is predetermined during
manufacturing process and cannot be changed. Since their bits are physically connected to particular circuits on the chip (A/D
converter, serial communication module, etc.), any change of their contents directly affects the operation of the microcontroller or
some of its circuits. For example, by changing the TRISA register, the function of each port A pin can be changed in a way it acts as
input or output. Another feature of these memory locations is that they have their names (registers and their bits), which considerably
facilitates program writing. Since high-level programming language can use the list of all registers with their exact addresses, it is
enough to specify the register's name in order to read or change its contents.



RAM Memory Banks

The data memory is partitioned into four banks. Prior to accessing some register during program writing (in order to read or change its
contents), it is necessary to select the bank which contains that register. Two bits of the STATUS register are used for bank selecting,
which will be discussed later. In order to facilitate operation, the most commonly used 5FRs have the same address in all banks which
enables them to be easily accessed.



Addr. Nama Addr, Name Addr. MName Addr. Hame

0ok INDF B0Oh INDF 100k INDF 180h INDF
01h TMRO 81h | OPTION REG 101h THMRD 181h |OPTION REG
0Zh PCL &2h PCL 102h PCL 182h PCL
03h STATLIS B3k STATUS 103k STATLIS 183h ETATUS
04h FSR B4h FSR 104h FSR 184h FSR
05h PORTA B5h TRISA 105h | WDTCOM 185h | SRCON |
0&h PORTE &8h TRISB 106h PORTE 1858h TRISB
O7h PORTC &7h TRISC 107h | CM1CONO 187h | BALDCTL
0Zh PORTD EBh TRISD 108h | CMZCOND 185N AMSEL
059h PORTE £59h TRISE 10%h | CM2CON1 183h ANSELH
OAh PCLATH Bih PCLATH 10ah | PCLATH 1BAh PCLATH
OBh INTCON BBh INTCOM 10Bh | INTCOM 18Bh INTCON
Ch PIE1 BCh FIE1 10Ch EEDAT 18Ch EECOMN1
0D FIRZ Bk FIEZ 100k EEADR 180 EECOMZ
OEh TMRIL BEh PCON 10Eh | EEDATH 1BEh Mot Used
OFh TMR1H aFh OSCCON 10Fh | EEADRH 18Fh Mot Used
10h T1CON alh OSCTUNE 110h 180N
11h TMRZ 21h SSPCONZ
12h T2CON azh PR2
13h SSPBUF a3h SSPADD
14h | SSPCON adh SEPSTAT
15h CCPRIL a5h WPUB
16h CCPR1H 2Eh IOCB
17h | CCP1CON aTh VRCON
18h RCSTA aBh TESTA
16h TXREG agh SPBRC
1Ah RCREG Sh SPERGH General General
1Bh CCPR2L 98h PWMICON Purpose FPurpose
1Ch CCPR2H ach ECCPAS Registers Registers
1Dh | CCP2CON aDh PETRCON
1Eh | ADRESH QEh ADRESL 96 bytes 896 byles
1Fh | ADCONOD 8Fh ADCON1
20h Alh

Gamaral Geaneral

Purpose Purposs

Riésgistars Regisiers
7en | 96 bytes FFh & bytes 17Fh 1EFh

Bank 0 Bank 1 Bank 2 Bank 3




SFRs bank 0

Address  Name Bit7 | Bit6 | BitS | Bid | B3 Bit2 Bit1 Bitd
{h IMID¥F Indiract register
oth TMRO | Timer T0 Register
02h PCL  [Leas! Signiicant Byt of Program Countar
03h | STATUS RP | "R™ | RPO | TGO | PO z DG c
Dsh FSR | Indirect Data Memory Address Pointer
05h PORTA RAT Rad RaS Rad RA3 Raz R RaD
Ush | PORTB RB7 RB& RES REA RB3 RE2 RE1 REBO
O7h | PORTC | RCT RCE RCS RC4 AC3 RC2 RCA REO
08h PORTD RI7 RO ROS R4 RO3 ROZ RO R
Ugh | PORTE - - - - RE3 REZ RE1 RED
OAh | PCLATH - - - Upper 5 bits of Program Counter
(Bh INTCOM GIE PEIE TOIE INTE REIE TOIF INTF RBIF
och PIR1 - ADIF RCIF THIF SSPIF | COPIF | TMRZIF | TMRIIF
ook PIR2 OSFIF | c2F CAIF EEIF BCLIF | LLPWUIF CCP2IF
QEh THMRIL  [Least Significent Byla of tha 16-bit Timer TMRD
OFh | TMRIH |Most Significant Byle of the 16-bit Timer TMRO
10h | TICON | T1GINY | TMRIGE | TICKPS1 | TICKPSO | TIOSCEN  TISYNC | TMRICS | TMRION
11h THWR2  |Temar T2 Registar
12h | T2CON - |TOUTPS3 | TOUTPSZ | TOUTPS! | TOUTPSD TMR20ON |T2CKPSt | T2CKPSO
13h SSPBUF | Synchronous Sarial Port Recerse BuffenTransmit Regisier
14h | SSPCON | WCOL | SSPOV | SSPEN | CKP | SSPM3 | SSPMz | SSPM1 | SSPMD
15h | CCPRIL |Caplure/CompareF WM Register 1 Low Byle (LSR)
16h | CCPRIH |Capture/ComparaPWM Ragistar 1 High Byte [LSB)
17h | CCPICON | PIM1 PIMD | DC181 | DC1BO | CCPIM3 | CCPIMZ | ccrimi | copimo
18h | RCSTA | SPEM RX3 SREN CREM | ADDEM  FERR | OERR | RXaD
18h TEREG |EUSART Transmit Dala Registar
1Ah | RCREG |EUSART Receive Data Register
1Bh | CCPRZL |Caplure/Compare PWM Register 1 Low Byte (LSB)
1Ch | CCPRZH |Capture/Compara PWM Register 1 High Byte (LSB)
10h | CCPZCON - | - | pc1 | DczEo | CCP2M3 | CCP2M2 | CCP2M1 | CCP2ZMD
1Eh | ADRESH |A/D Result Register High Byle
1Fh | ADCONO | ADCS1 | ADCS0 | CHS3 | CHS2 | CHS) CHS0 |GOIDONE | ADON




SFRs bank 1

Acdress | Mame Bir | Bis | Bits B4 | Baz | Bz | B | BiW
BOh INDF Indliresct Register
8ih |oPpmion Rec| RePu | INTEDG | Tocs | Ttose | esa | esz | ps1 | pso
Bh PCL Laast Significant Byle of Program Counler
B3k STATUS mp | me1 | RPD 0o | o | z [ oec [ c
Bdh FSR Indirect Diata Moemorg Sdddress Painter
RSh TRISA TRISAT | TRISAR | TRISAS | TRISA4 | TRISAS | TRISA? | TRISA1 | TRISAD
Bih TRISE TRISET | TRISBE | TRISBS | TRISB4 | TRISBE3 | TRISEZ | TRISE1 | TRISBO
ATh TRISC TRISCT | TRISCGE | TRISCS | TRISCA | TREISC3 | TRISCZ | TRISCT1 | TRISCOD
A48h TRISD TRISDT | TRISDE | TRISDS | TRISDE | TRISDE | TRISDZ | TRISD1 | TRISDO
Bgh TRISE - - - TRISE3 | TRISE? | TRISE1 | TRISED
Béh PCLATH - - Upper 5 bits of the Plagram Counter
aBh INTCON GIE PEIE ToIE INTE REIE TOIF INTF | REIF
BCh FIE1 ADIE RCIE TXIE | SSPIE | CCPUE | TMR2IE | TMR1IE
RDh PIE2 OSFIE CHE CAIE EEIE | BCLIE |ULPWUIE CCP2IE
BEh PCON - ULPWUE | SBOREN - POR | BOR
AFh DSCCON IRCFZ | IRCF1 IRCF0 | OSTS HTS LTS SCS
fh OECTUME - - - TLIMA TUHZ TLINZ TUMA TUMD
#1h S5PCON2 GCEN [ACKSTAT | ACKDT | ACKEN RCEM PEN RSEN SEN
#2h PR2 Timer T2 Peanicd Regestar
93h SSPADD  |Synchronous Sedal Port (|7 C mode) Address Register
a3h SEPMSK MSK? | MSKE | MSKS | MSK4 | mMSK3 | M3SK2 | MSK1 | MSKD
a4h SSPSTAT SMP CHE DiA P 5 RW m BF
a5h WPUE WPUE?7 | WPUBS | WPUBS | WPUB4 | WPUB3 | WPUB2 | WPLB1 | WPUBG
96h IOCR IocBET | wcee | wces | woces | woce3 | ocez | oce1 | oceo
87h VRCOM VREN | VROE VRR VRSS VR3 VR2 VR1 VR
2ah THSTA CSRC THG TXEN | SYNC | SENDB | BRGH | TRMT | Txap
B4h SPBRG BRGT BRGE BRGS BRG4 BRG3 BRGZ BRG1 BRGO
HAh SPERGH BRG1S BRG14 BRG13 BRG12 | BRG11 BRG10 BRGY ERGE
HEh PWRTCON PRSEM POCE POCS PO PDC3 POC2 PDCA PO
BCh ECCPAS | ECCPASE| ECCPASZ | ECCPASY | ECCPASO | PSSACY | PSSACO |PSSBDY |PSSBDO
o0h | PSTRCON - - STRSYNC| STRD | STRC | STRE | sSTRA
9Eh ADRESL  |A/D Resull Register Low Byte
aFn | apcowi | apfm | - | woFgi | voFco | -




=FRs bank 2

Address  Mame Bt7 | Bes | Bit5 |  mea | B3 | Bt Betd)
1006 INDF Indirect regester
101k TMRO | Timer TO Register
102H PCL  |Least Sagnificart Byle af the Program Courrler
103h | STATUS IRP RP RFO | TO PC | oc c
104k FSR Indiract Data Mamory Addeeces Pointar
1058h | WDTCON - - - WOTFS3 WDTPS2 | WOTPS1 WOTFS0 | SWDTEM
1th | BORTE RE? RES RES REss REZ | RE1 mRBO
107 | CMICOND | GION | C1OUT | C10E CiPOL - CACHT CHGHD
10Bh | CMICOND | C20N | C20UT | G20E C2POL . c2cH1 C2CH
108k | CMZCON1 | MC1OUT | MC20UT | CIRSEL | CIRSEL - TIGSE | CISYNC
10&h | PCLATH . . - Upper 5 bits of the Program Ciourier
10Bh | INTCON GIE FEIE TOIE INTE REIE INTF REIF
iBCh | EEDAT | EEDATT | EEDATE | EEDATS | EED AT4 EEDATS EEDAT1 | EEDATD
1W00h | EEADR | EEADRT | EEADRS | EEADRS | FEADR4 | FEADR2 | EEADRZ | EEADRY | EEADRD
10ER | EEOATH i - EEOATHS | EEOATH4 | EEDATH3I | EEDATHZ  EEDATH1 | EEDATHO
10Fh | EEADRH . - - EEADRH4 | EEADRHY | EEADRHZ EEADRH1 | EEADRHO




SFRs bank 3

Address Name a7 | Bt Bit5 Bild Bit3 Bitz Bit1 Bitd
160 INDF Indirect Reqiaser
1B1h | OPTION _REG REFU I INTEDG | TODCS TOSE PSA P52 P51 FS0
18Zh PCL Least Significan Byte of the Program Counter
1R3h STATUS RP | RP1 | RPD TO PD z DC C
184h F3R Indirect Data Mamory Address Pointer _
185h SRCON SR SRO C1SEN | C2ZREN | PULSS | PULSR - FYREN
1BEN TRISE |TRISBT | TRISBE | TRISBS | TRISE4 | TRISBZ | TRISEZ | TRISB1 | TRISEOD
1ETh BAUDCTL | ABDOVF | RCIDL SCKP | BRGIE - WUE | ABDEN
188h AMNSEL AMNST AMSH AMNSH ANS4 ANS3 AMNSZ AMNS1 AMSD
186h ANSELH - - | ANGTI | ANSI2 | ANSTI AMS10 AMSS AMNSE
194h PCLATH - - - Uppar 5 bits of the Program Couter
196h INTCON GIE PEIE THE INTE REIE | ToOF INTF REIF
19Ch EECON1 EEPGD | WRERR | WREN | WR RO
190h EECON?  |EEPROM Conbrol Regisber 2 '




STACK

A part of the RAM used for the stack consists of eight 13-bit registers. Before the microcontroller starts to execute a subroutine (CALL
instruction) or when an interrupt occurs, the address of first next instruction being currently executed is pushed onto the stack, i.e.
onto one of its registers. In that way, upon subroutine or interrupt execution, the microcontroller knows from where to continue regular
program execution. This address is cleared upon return to the main program because there is no need to save it any longer, and one
location of the stack is automatically available for further use.

It is important to understand that data is always circularly pushed onto the stack. It means that after the stack has been pushed eight
times, the ninth push overwrites the value that was stored with the first push. The tenth push overwrites the second push and so on.
Data overwritten in this way is not recoverable. In addition, the programmer cannot access these registers for write or read and there
is no Status bit to indicate stack overflow or stack underflow conditions. For that reason, one should take special care of it during
program writing.



Interrupt System

The first thing that the microcontroller does when an interrupt request arrives is to execute the current instruction and then stop
regular program execution. Immediately after that, the current program memory address is automatically pushed onto the stack and
the default address (predefined by the manufacturer) is written to the program counter. That location from where the program
continues execution is called the interrupt vector. For the PIC16F887 microcontroller, this address is 0004h. As seen in Fig. 1-7 below,
the location containing interrupt vector is passed over during regular program execution.

Part of the program being activated when an interrupt request arrives is called the interrupt routine. Its first instruction is located at
the interrupt vector. How long this subroutine will be and what it will be like depends on the skills of the programmer as well as the

interrupt source itself. Some microcontrollers have more interrupt vectors (every interrupt request has its vector), but in this case
there is only one. Consequently, the first part of the interrupt routine consists in interrupt source recognition.

Finally, when the interrupt source is recognized and interrupt routine is executed, the microcontroller reaches the RETFIE instruction,
pops the address from the stack and continues program execution from where it left off.
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