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Objective

7 Compare and contrast uP and uC

7 Describe the advantages of uC

3 Explain the concept of ES

O Describe criteria for considering a uC

3 Compare and contrast the various of the
PIC Family

3 Compare the PIC with uC offered by
others

The PIC uCs
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Microcontroller and Embedded
Processors

3 Microcontroller VS General purpose uP
I uC for embedded systems
1 X86 PC Embedded Application

The PIC uCs
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Figure 1-1. Microprocessor System

ntrasted With Microcontroller
contrastied AZRRANAALTI LS
System
Databus
CPU CPIT | RAM | ROM
General- Serial
Purpose FAM | | EOWM O | | Timer| | 0O
Micro- Port Port D | Timer | Serial
processor COM
Port
Addrezz bus
(a) CGeneral-Purpose Microprocessor Sy stemn (b) MMicrocontroller
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3 The major 8-bit

O Freescale Semiconductor’'s (formerly Motorola)
68HCO08/68HC11

O Intel's 8051

O Atmel's AVR

o Zilog's Z8

O PIC from Microchip Technology

The PIC uCs
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Criteria for Choosing
uController

1. Meeting the computing needs of the task
at hand efficiency and cost effectively

2. Availability of SW and HW development
tools
O Compilers
O Assemblers
O Debuggers
o Emulators

3. Wide availability and reliable source

The PIC uCs
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Criteria for Choosing
uController

3 Meeting the computing needs of the task
at hand efficiency and cost effectively
O Determine its type, 8-bit,16-bit or 32-bit
O Speed
O Packaging (40-Pin or QFP)
O Power consumption
O The amount of RAM and ROM
O The number of I/0 pins and the timer
O Cost per unit
O Ease of upgrade.

The PICThESPIC uCs 3-8
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7 8-bit Microcontrollers
o PIC10, PIC12, PIC14
o PIC16, PIC17, PIC18

3 16-bit Microcontrollers
o PIC24F, PIC24H

7 32-bit Microcontrollers
o PIC32

1 16-bit Digital Signal Controllers
o dsPIC30, dsPIC33F

The PIC uCs
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Overview of the PIC18 Family

3 An 8-bit uController called PIC is
infroduces in 1989 by Microchip
Technology Corporation

3 It includes
o Small Data Ram
O Few bytes of Rom
0 One timer
o I/0 ports

The PIC uCs 3-10



PTC 18 F
rLC 10 |

I RISC Architecture

3 On-chip program, Code, ROM
3 Data EEPROM

3 Timers

3 ADC

I USART

3 I/0 Ports

The PIC uCs 3-11



Figure 1-2. Simplified View of a PTC
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PIC18 F
P LC10 |

I RISC Architecture

3 On chip Code ROM and Data RAM, Data
EEPROM

3 Timers

3 ADC

I USART

3 I/0 ports
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The PIC uCs
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Figure 1-3. PIC18 Block Diagram

continued
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Figure 1-4. PIC16 Block Diagram

continued

The PIC uCs
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O PIC exists in terms of different speed and
the amount of on-chip RAM/ROM

O Compatibility is restricted as far as the
Instructions are concerns.
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0 PIC 18 can support up to 2MB
7 Generally, they come with 4KB - 128KB

3 Available in flash, OTP, UV-EPROM, and
masked.
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16C5x SERIES BLOCK DIAGRAM
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1 Used for product development

3-22
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JOTP
O One time programmable
O C indicates the OTP RPM
O Used for mass production
O Cheaper

7 Masked

O program will be burned into the PIC chip during
the fabrication process

The PIC uCs 3-23



PIC

Gl

A
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3 Max. 4096 Bytes (4 kB) of data RAM
space.

7 Data RAM space has two components
O Varied GPR, General Purpose RAM

* For read/write and data manipulation
+ Divided into banks of 256 B

O Fixed SFR, Special Function Registers

7 Some of PICs have a small amount of
EEPROM

O Used for critical data storing

The PIC uCs 3-24



PIC18 Microcontroller Family

Data Memory

Program Memory RAM EEPROM 1/0 ADC CCP/ Timers
Product Type Bytes Bytes Bytes Ports  10-bit MSSP  USART Other PWM 8/16-hit Packages Pins
PIC18F1220 FLASH 4K 256 256 16 7 — 1 6x PMM 1 1/3 DIP SOIC, SSOP QFN 18
PIC18F1320 FLASH 8K 256 256 16 7 — 1 6x PMM 1 1/3 DIP SOIC, SSOP QFN 18
PIC18F2220 FLASH 4K 512 256 23 10 I2C/SPI 1 6x PMM 2 1/3 DIF SOIC 28
PIC18F2320 FLASH 8K 512 256 23 10 [2C,/SPI 1 6x PMM 2 1/3 DIE SOIC 28
PIC18C242 OTP 16K 512 — 23 5 I2C/SPI 1 — 2 1/3 DIF SOIC 28
PIC18C252 OTP 32K 1536 — 23 5 12C/SPI 1 — 2 1/3 DIE SOIC 28
PIC18F242 FLASH 16K 512 256 23 5 I2C/SPI 1 — 2 1/3 DIF SOIC, SSOP 28
PIC18F252 FLASH 32K 1536 256 23 5 12C/SP| 1 — 2 1/3 DIP SOIC, SSOP 28
PIC18F258 FLASH 32K 1536 256 22 5 [<C/ 5Pl 1 CAN 2.0B 1 1/3 DIF SOIC 28
PIC18F4220 FLASH 4K 512 256 34 13 12C/SPI 1 6x PMM 2 1/3 DIE TQFR QFN 40/44
PIC18F4320 FLASH 8K 512 256 34 13 [2C/SPI 1 Gx PMM 2 1/3 DIE TOFR QFN 40/44
PIC18C442 OTP 16K 512 — 34 8 12C/SPI 1 — 2 1/3 DIEPLCC, TQFP 40/44
PIC18C452 OTP 32K 1536 — 34 8 [2C,/SP 1 — 2 1/3 DIE PLCC, TQFP 40/44
PIC18F442 FLASH 16K 512 256 34 8 12C/SPI 1 — 2 1/3 DIEPLCC, TQFP 40/44
PIC18F452 FLASH 32K 1536 256 34 8 12C,/SPI 1 — 2 1/3 DIEPLCC, TQFP 40/44
PIC18F458 FLASH 32K 1536 256 33 5 12C/SPI 1 CAN 2.0B 1 1/3 DIEPLCC, TQFP 40/44
PIc18Ca01 — ROMless 1536 — 1 8 [2C,/SPI 1 — 2 1/3 PLCC, TQFP 64/68
PlC18CEe58 OTP 32K 1536 — 52 12 12C/SPI 1 CAN 2.0B 2 1/3 PLCC, TQFP 64/68
PIC18FE520 FLASH 32K 2048 1024 52 12 I2C/SPI 2 — 5 2/3 TQFP 64
PIC18FE620 FLASH G64K 3840 1024 52 12 12C/SPI 2 — 5 2/3 TQFP 64
PICA8FET20 FLASH 128K 3840 1024 52 12 I2C/SPI 2 — 5 2/3 TQFP 64
Plc18Ca01 — ROMless 1536 — 42 12 12C,/SPI 1 — 2 1/3 PLCC, TQFP 80/84
PIC18C858 OTP 32K 1536 — 68 16 I2C/SPI 1 CAN 2.0B 2 1/3 PLCC, TQFP 80/84
PIC18F8520 FLASH 32K 2048 1024 B8 16 12C,/SPI 2 EMA o) 2/3 TQFP 80
PIC18F8620 FLASH 64K 3840 1024 68 16 I2C/SPI 2 EMA 5 2/3 TQFP 80
PIC18F8T720 FLASH 128K 3840 1024 68 16 12C,/SPI 2 EMA 5 2/3 TQFP 80

Abbreviation: ADC = Analog-to-Digital Converter CCP = Capture /Compare/ PWM 12C = Inter-Integrated Circuit Bus PMM = Power Managed Mode
PWM = Pulse Width Modulaticn 5Pl = Seral Peripheral Interface USART = Universal Synchronous/Asynchranous Receiver/Transmitter

1 V% &VUWPVI ] b“"vl J LY



3 CAN- (Controller Area Network),

3 LIN- (Local Interconnect Network),
3 USB- (Universal Serial Bus),

A I2C- (Inter-Integrated Circuit),

7 SPI- (Serial Peripheral Interface),
3 Seriel or Ethernet Interface

3 ADC - Analog Digital Converter

3 USART- Universal Synchronous
Asynchronous Receiver Transmitter

The PIC uCs 3-26



7 We have Compared
between uP and uC

[ We have described the
advantages of uC

7 We have given a simple

introduction for PIC18 Mext:

PIC Architecture and
assembly language
programming.
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Chapter 2:

PIC Architecture And
Assembly Language
Programming.

3 The WREG Register
3 The PIC File Register

3 Using instruction with the default
access bank

The PIC uCs

PIC MICROCONTROLLER
AND EMBEDDED SYSTEMS

USING ASSEMBLY AND C FOR PIC18

PIC Microcontroller
and Embedded Systems
Muhammad Ali Mazidi,
Rolin McKinlay and
Danny Causey, February
2007.
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Outline

O PIC Status Register

3 PIC data format and directive

3 Intro. To PIC assembly language

7 Assembling and linking a PIC program

3 The Program Counter and program ROM
space in the PIC

I RISC Architecture in the PIC

7 Viewing Register and memory with MPLAB
simulator

The PIC uCs

1-3



nl'\ \ O (7
A\ 4 ID Vo
3 Examine the data RAM fileReg of the PIC uC

3 Manipulate data using the WREG & MOVE

3 Perform simple operations such ADD and
fileReg using and access bank in the PIC uC

3 Explain the purpose of the status reg

0 Discuss data RAM memory space allocation in
the PIC uC

O List SFRs of the PIC uC
1 Describe PIC data types and directives

The PIC uCs 1-4



The WREG Register

3 Many registers for arithmetic and logic
operation.

1 The WREG (WORKking Register) Register is
one of the most widely used registers of
the PIC

O 8-bit register = any data larger than 8 bits
must be broken into 8-bits chunks before it is
processed.

o There is onli one .

The PIC uCs 3-5



W/

LVV

ADV
" V

Al

7 Moves 8-bit data into WREG
o MOVLW k; move literal value k into WREG

O Example
o MOVLW 25H
o MOVLW A5H

A Is the following code correct?
o MOVLW 9H
o MOVLW A23H

The PIC uCs
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ADD
949,

7 \

W/

[
e ¥V
3 ADDLW k; Add literal value k to WREG (k +WREG)

0 Example:
0 MOVLW 12H
0 ADDLW 16H
o ADDKW 11H
o ADDLW 43H

The PIC uCs



Figure 2-1. PIC WREG and ALU Using Literal

Value

The PIC uCs

8-BIT LITERAL (FROM
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b / STATUS
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CARRY BIT
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g-BIT ViDE

/

MO L DO CFLAGS
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3 It is the data memory.

o Read/Write - Static RAM

O Used for data storage, scratch pad and
registers for internal use and function

o 8-bit width

PIC File Register

General Purpose

Special Function
Registers

GP RAM

EEPROM

The PIC uCs
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Register File Concept

Data Memory

(Register File) 0 Register File

Concept: All of data

o7h memory is part of
- 08n the register file, so
o 0on any location in data
@ o memory may be
g “ . operated on
al =~ 4 oDh directly
o&n 7 All peripherals are
o mapped into data
“ memory as a series
NN of registers
o Orthogonal
Decoded Instruction : Instruction Set:

Opcode (dfa Address

from Program Memory: ALL instructions

J 1 L can operate on ANY
Arithmetic/Logic Function to Address of Second Source
be Performed Result Operand data memory

T'R chs Destination IOCG'HOH 1-10




ALL and Registers Special Function

Registers (SFRs)
| WREG ‘ |In$tructi0n Decoder F80 /O Ports
STATUS| | BSR | Interrupts

EE PROM

FSROH | FSREL Serial /O
FSRIH | FSRIL
FSRZH | FSR2L

Timer
e ccp
Program Counter { 21-Bit) “‘E
Table Pointer ASD Converter
Stack Pointer Synchronous
Stack Serial /O
J1-Level Misi
PRODH | PRODI | FFF Functions

The PIC uCs 1-11
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7 dedicated to specific functions such as

ALU status, timers, serial communication,
I/0 ports, ADC,...

3 The function of each SFR is fixed by the
CPU designer at the time of design

0 it is used for control of the microcontroller or
peripheral

3 8-bit registers

3 Their numbers varies from one chip to
another.

The PIC uCs
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3 Group of RAM locations
3 8-bit registers
3 Larger than SFR

o Difficult to manage them by using Assembly
language
O Easier to handle them by C Compiler.

3 The microchip website provides the data
RAM size, which is the same as GPR size.

The PIC uCs 1-13



File Register Size
File Register| SFR N GPR
(Bytes) (Bytes) (Bytes)
PIC12F508 32 7 25
PIC16F84 80 12 68
PIC18F1220 512 256 256
PIC18F452 1792 256 1536
PIC18F2220 768 256 512
PIC18F458 1792 256 1536
PIC18F8722 4096 158 3938
PIC18F4550 2048 160 1888

The PIC uCs 1-14



Figure 2-2. File Registers of

*

PIC12, PIC16, and PIC18

The PIC uCs

aoh

avh
diah

1Fh

FIC12Fa085

SRR

L
F AN

aoh

OEh
Och

AFh

FIC16F54

SFH

ot i=H -
F A

aooh

F7Fh
Faoh

FFFh
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The PIC

FIGURE 5-5:

DATA MEMORY MAP FOR PIC18F2455/2550/4455/4550 DEVICES

BSR<=3:0>

= 0000

= 0001

= 0010

= 0011

= 0100

= 0101

= 0110

= 0111

= 1000

= 1110

=1111

Note -1:

Bank O

Bank 1

Bank 2

Bank 32

Bank 4

Bank 5

Bank &

Bank 7

Bank 8

to

Bank 14

Bank 15

information.

00h

FFh
0Ch

FFh
00h

FFh
00h

FFh
00h

FFh
00h

FFh
00h

FFh
00h

FFh
0Ch

FFh
00h

FFh

Data Memory Map

Access RAM
GPR

GPR

GPR

GFPR

GPRIM

GPR)

GPRIM

GPRM

Unused
Read as 00h

Unused

S5FR

EFFh
FOOh
FS5Fh
E&0h
FFFh

/

When a = o:
The BSR is ignored and the
Access Bank is used.

The first 96 bytes are
general purpose RAM
(from Bank O0}.

The remaining 160 bytes are
Special Function Registers
(from Bank 15%).

When a = 1:

The BSR specifies the bank
used by the instruction.

M, Access Bank

00h
| T T sFR
Access RAM High| 50h
f (SFRs) FFh

,
kN
| Access RAM Low

These banks also serve as RAM buffer for USB operation. See Section 5.3.1 “USB RAM™ for more




GPRAM VS FEPR nA
U R . CCIrRUJ

T NIVN V J LA

7 An add-on memory
3 Can be zero size

The PIC uCs 1-17



File Register and access bank in
the PIC18

3 The PIC18 Family can have a max. of 4096
Bytes.

7 The File Register
O has addresses of 000- FFFH
O divided into 256-byte banks
O Max. 16 banks (How?)

3 At least there is one bank
O Known as default access bank.

3 Bank switching is a method used to access
all the banks

The PIC uCs 1-18



Figure 2-3. File Register for PIC18

Family

The PIC uCs

2-hit

Qa00hR
0a01h
002k

FFDh
FFEh
FFFh

a) Maximum space of
ile register (data
FAan in PIC1EF

(4095 byte)

2t
EEI'IR. |:| l?f.—H-ﬂulm

Bank 1

Bark 14

Bark 15 pemmsm——

) Data memory map

2-hbit

0aoh

5P RAM
436128 =
2862 bytes.
members
hawe this

amourt
F7Fh

Faih

LY

SFR
Region
(128 byt=s)

FFFh

b1 File register
dlocgt on betvesen
SF RAM and SFE

ooah

07Fh

Fa0h

FFFh
d)l Acc=ss Bank

“WarousFPIC13
members have
differert amount

AllPICASF
chips have
this saction

See Chaper 6 for more
on howto accessthe
ertire 485 of the file

register
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o
'\voeLodd CAIF TN 11D I

I It is 256-Byte bank.

7 Divided into equal two discontinuous
sections (each 128 B).
o GP RAM, from O to 7FH
o SFR, from F80H to FFFH

The PIC uCs 1-20



Figure 2-4. SFRs of the PIC18 Family.

The PIC

FS0h
F21h
FE2h
FS3h
FSdh
F25h
F2Eh
F27h
FSEh
FSoh
Fash
FEBh
FECh
FEDh
FSEh
FEFh
FOOh
FOh
FOzh
FOh
FOh
FOSh
FOBh
FO7h
FOSh
FOoh
Fash
FOBh
FOCh
FODh
FOEh
FOFh

FORTA

FORTH

FORTC

FORTL

FORTE

LaTA

LaTE

LAaTC

LaTD

LATE

TR IS4

TRISB

TRISC

TRISD

TRISE

FIE1

FIR

IFF A

Falh
F&1h
F&z2h
F&=h
F #1h
FaSh
FASh
F&rh
Fa2h
F&oh
F Ao
FAaBh
FACh
FalDh
FAER
FAFHh
FBEOh
FB1h
FBEzh
FE=h
F B3h
FESh
FBSh
FE h
FESh
FESh
FBAhR
FBEBhH
FBChHh
FBDHh
FBEh
FBFh

* - Theze are not physical registers.

FIEZ

FIR2

IFR2

RCSTA

TxSTA

Tx.R EG

FCRE

SPBR &

TZCOM

ThiR=L

ThiR=H

CCPZCON

CCFR2L

CCPR2H

CCPACON

CCPFR1L

CCFR1H

FCOh
FC1h
FCz2h
FC=h
F Cah
FC5h
FCGh
FCTh
FC2h
FC9h
FCAhR
FCBh
FCCh
FCDh
FCEh
FCFh
FDOh
FDi1h
FDzh
FL=h
F b
FL5Sh
FDESh
FD7h
FLEh
FLCS9h
F L&k
FCBh
FOCh
FODh
FCEh
FOF h

ADCOMNA

ADCOND

ADRESL

ADRESH

SSPCOMZ

SSFCOMNA

SSPSTAT

SSPADD

SSFBUF

T2C0OM

FRZ

TMREZ

T1COM

ThiR 1L

ThiR1H

RCOM

ML TCOM

LD OM

OSCCOMN

TOCOM

ThiFE OL

ThiROH

STATUS

FSRz2L

FSRZH

P LU S

FREINCZ

FOSTDECZ

FOSTIMNCZ

INCF2

FECh
FE1h
FEZh
FEZh
FE4h
FESh
FEGh
FE7h
FESh
FEgh
FE#h
FEBh
FECh
FEDh
FEEh
FEFh
F FOh
FFh
F FZh
F Fh
F Fh
F F5h
F F&h
FF7h
F F&h
F Fh
FF #h
FF Bh
FFCh
FFDh
FF Eh
FFFh

BSH

F=R1L

F=R1H

FLUSW |~

FREINCH |©

FOSTDECH )™

FOSTIMCT |7

IMD F 1 =
R E G
FSROL
FSROH
FPLUSWO |*

FREINCO |7

FOSTDECO]™

FOSTIMCO ™

IMNCFID *

IMTCOMZ

IMTCOMZ

INTCOM

FRODL

PROLCH

TABLAT

THLFTRL

TBHLFTRH

TEHLFTRU

FCL

PCLATH

FCLATLU

STHFPTR

TOSL

TOSH

TOSU
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Using instruction with the
default access bank

7 We need instruction to access other
locations in the file register for ALU and
other operations.

o MOVWF
o COMF
o DECF

o MOVF

o MOVFF

The PIC uCs 1-22



AND\V/\WWFE inctriirtinn
W i SITuliio

(AA \ A A / 1l Gl i
I F indicates for a file register

MOVWF Address

I It tells the CPU to copy the source
register, WREG, to a destination in the file

register.
O A location in the SPR 0o0on !
01h

O A location in GP RAM oz

FFDh

The PIC uCs Crer { 1-23
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The PIC uCs

MOVLW 99H
MOVWEF 12H
MOVLW 85H
MOVWEF 13H
MOVLW 3FH
MOVWEF 14H
MOVLW 63H
MOVWEF 15H
MOVLW 12H
MOVWEF 16H

11110

Address Data

012H

013H

014H

015H

016H

Address Data

012H 99
013H 85
014H 3F
015H 63
016H 12

1-24



3 We cannot move literal values directly into
the general purpose RAM location in the
PIC18. They must be moved there via
WREG.

The PIC uCs 1-25



ADNNWEF
UU VVi

7 \ vV

7 Adds together the content of WREG and a
file register location

ADDWEF File Reg. Address, D

3 The result will be placed in either the
WREG or in the file register location
O D indicates the destination bit

I If D=0 or (D=w)
O The result will be placed in the WREG

3 If D=1 or (D=f)
O The result will be placed in the file register

The PIC uCs 1-26



1 State the content of file register location
and WREG after the following program

9 O o Qo a

J

The PIC uCs

MOVLW O

MOVWF 12H
MOVLW 22H
A,

=
!

ADDWEF 12
ADDWEF 12
ADDWEF 12
ADDWEF 12

=
!

A,

UL L B b R
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7 State the content of file register location
and WREG after the following program

MOVLW O

I I

ADDWEF 12
ADDWEF 12
ADDWEF 12
ADDWEF 12

g O u

d

The PIC uCs

MOVWEF 12H
MOVLW 22H
A,

==
!

==
!

A,

=z

Address Data

012H @

013H

014H

015H

016H

1-28



Figure 2-5. WREG, fileReqg, and

ALU in PIC18

The PIC uCs

2-BITLITERALFROM
IMSTRUCTION WrOR D)

-6 MWIDE

&EITWIDE

REGISTER VALLUE

—jpe] IRE G REZISTER

CARRY

STATUS
REZISTER

FEITWIDE

ODEIT,OF FROM
INSTRUCTE! N

REZISTER
FILE

SPECLAL
FUMCTION
REZISTER

AMD
GEMERAL
FURPOSE

RAhd

FFF
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Cn AF inetriir+inn
IVWE INSTrudciio

COMF File Reg. Address, D

It tells the CPU to complement the content
of fileReg and places the results in WREG
or in fileReg.

n

The PIC uCs 1-30



O Write a simple program to toggle the SFR
of Port B continuously forever.

Solution

éggrless %‘%z
O  MOVLW 55H - B, 5ol
7 MOVWF PORTB o

7Bl COMF PORTB, F
m GOTO B1

The PIC uCs 1-31
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UL Ui DIl

DECF File Reg. Address, D

r~+in
Cii”v

I It tells the CPU to decrement the content
of fileReg and places the results in WREG
or in fileReg.

O Example:
o MOVLW

o MOVWF 20H

o DECF 20
o DECF 20
o DECF 20

The PIC uCs

3

H, F
H, F

H, F

Address Data

012H 2

013H

014H

015H

016H
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NECF inetriirtinn
JC U SITUlCliio

DECF File Reg. Address, D

Wl !

3 It tells the CPU to decrement the content
of fileReg and places the results in WREG

or in fileReg.

7 Example:
o MOVLW
o MOVWF
o DECF 20
o DECF 20
o DECF 20

The PIC uCs

3

20H
H, w
H, w

H w

Address Data

012H 3

013H

014H

015H

016H
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MOVF File Reg. Address, D
It is intended to perform MOVFW
O MOVFW isn't existed

O If D=0

O Copies the content of fileReg (from I/O pin) to
WREG

0 If D=1
O The content of the fileReg is copied to itself.
(why?)

The PIC uCs 1-34



AMNDO\/E inet+riirtinn
V\ Vi iSirdCciion

7 MOVF File Reg. Address, O

B-bit

0000hR
00k
000zh

N L 7

FFDh

FFEh
FFFh

1-35
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3 Write a simple program to get data from
the SFRs of Port B and send it the SFRs of

PORT C continuously. puvwe——

: eSS
Solution e
9 AGAIN MOVF PORTB, W FS2H XX
. MOVWF PORTC FESH
m GOTO AGAIN

The PIC uCs 1-36



3 Write a simple program to get data from
the SFRs of Port B Add the value 5 to it
and send it the SFRs of PORT C
A Solution A | e
FS1H S55H
39  MOVF PORTB,W ::;H ale

ANNI\AINE

] ADDLW ObH

m MOVWEF PORTC

The PIC uCs 1-37



A\
o V

Al

A It copies data from one location in FileReg

-
I

-
l

n

ctriirtinn
SITUCiio

L

to another location in FileReg.

MOVFF Source FileReg, destination FileReg

The PIC uCs

BEF ORE MOWFF
COMMAND

00ah

FFFh

YALUE

Pt

AFTER MOWFF

COMMAND

0o0h

SOURCE
ADDRESS

YALLE

DESTIMATION
ADDRESS

YALLE

FFFh

1-38



3 Write a simple program to get data from
the SFRs of Port B and send it the SFRs of
PORT C continuously.

Address Data

Solution XX | et

7 AGAIN MOVFF PORTB, PORTC ~ f2_x
0 60TO AGAIN

The PIC uCs 1-39



7 To indicate arithmetic conditions

O It is a 8-bit register
o Five bits are used

0 DO: C  Carry Flag

7 D1 DC Digital Carry Flag
0 D2: Z  Zero Flag

7 D3: OV Overflow Flag

0 D4: N  Negative Flag

The PIC uCs 1-40



Figure 2-7. Bits of Status Register

L7 B

— Carry flag

D — Digital Carry flag
£ —Leroflag

O — Owerflow flag

M — Megative flag

A —D%, DE, and D7 are not implemented,
and reserved for future use.

The PIC uCs 1-41



7 Show the status of the C, DC, Z flags after
the following addition instruction

m MOVLW 38H
m ADDLW 2FH
3 Solution

0 38H+ 2FH = 67H > WREG=67H
C=0
DC-=1
Z=0

The PIC uCs 1-42



37  Show the status of the C, DC, Z flags
after the following addition instruction

m MOVLW 9CH
m ADDLW 64H
3 Solution

3 9CH + 64H = 100H > WREG= OOH
C=1
DC=1
Z=1

The PIC uCs 1-43



Instruction That Affect Flag

Bits

Mnemonic Beschreibung Status
Transferoperationen

MOVF f.d,a |Movef(d=0: f=W;d=1:f=f) Z, N

MOVFF fs, o [Movef.tofp

MOVWF f, a Move Wto f (W = f)

MOVLW  k Move literal to W (k = W)

MOVLB k Move literal to BSR<3:0>

LFSR n, k Move literal to FSRn

SWAPF f,d,a |Swap nibbles in f

PUSH Increment STKPTR<4:0>, TOS = PC+2

POP Decrement STKPTR<4.0>

The PIC uCs 1-44



Instruction That Affect Flag

Bits

Logische Operationen

ANDWF  f d,a | AND W with f Z, N
ANDLW  k AND literal with W Z,N
|IORWF f,d,a |Incl. OR W with f Z,N
|IORLW kK Incl. OR literal with W Z,N
XORWF f d,a |Excl. OR W with f Z,N
XORLW  k Excl. OR literal with W Z,N
CLRF f, a Clear f Z
SETF f, a Setf (f=FFH)

COMF f,d,a | Compement f Z, N
The PIC uCs 1-45



Instruction That Affect Flag

Bits

Arithmetische Operationen

ADDWF f d,a |Add Wandf alle
ADDWFC f,d,a |[AddW, fand C alle
ADDLW K Add literal and W alle
SUBFWB f, d, a | Subtract f from W (W - f) with Burrow alle
SUBWF f d, a |Subtract W from f (f — W) alle
SUBWFB f,d,a |Subtract W from f (f — W) with Burrow alle
SUBLW Kk Subtract W from literal (k — W) alle
DECF f,d,a |Decrementf (f—1) alle
INCF f,d,a [Incrementf(f+1) alle
MULWF f, a Multiply WREG with f
MULLW  f, a Multiply literal with WREG
DAW Decimal Adjust W (BCD-Operation) C
Schiebeoperationen
RLCF f, d, a | Rotate Left f through Carry C,Z N
RLNCF f, d, a | Rotate Left f without Carry Z, N
RRCF f, d, a | Rotate Right f through Carry C,Z N
RRNCF f, d, a | Rotate Right f without Carry Z, N
The PIC uCs 1-46




BC K Branch relative if Carry

BNC K Branch relative if Not Carry

BN K Branch relative if Negative
C[BNN > k Branch relative if Not Negative

BOV K Branch relative if Overflow

BNOV K Branch relative if Not Overflow

BZ K Branch relative if Zero

BNZ K Branch relative if Not Zero

The PIC uCs
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FAarm
i Ol

3 There is one data type
O 8 bits

O It is the job of the programmer to break down
data larger 8 bits

3 Data type can be positive or negative

1 Data format are
o Hex (default in PIC) 12 or Ox12 or H'12" or 12H
O Binary B'00010010°
o Decimal .12 or D'12°
O ASCII A'c' ora'c

The PIC uCs 1-48



Acc
- )

mhiler Nircrtive e
a! Vi Ul

or 7
ll I Ll VOLD

1 What is the difference between
Instruction and Directives?

JEQU
o Defines a constant or fixed address

OSET

o Defines a constant or fixed address
O Maybe reassigned later

1 ORG (Origin)

O END

OLIST

The PIC uCs
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e far lakhele in [
| | o | Vi INAMVGODCIOD |

[
| &) IV 7V b
3 Unique hame

0 Alphabetic letters
o Upper, lower, digits (0-9),special char. (? . @_
$)
3 The first letter must be Alphabetic letters

7 Not a reserved word

The PIC uCs 1-50



Introduction to PIC Assembly
Language

A Difficult for us to deal with the machine
code ( Os and 1s)

7 Assembly Language provide

O Mnemonic: codes and abbreviations that are
easy to remember

O Faster programming and less prone error
O LLL (why?)
O Programmer must know all Reg. ...etc.

1 Assembler is used to translate the

assembly code into machine code (object

code)

The PIC uCs 1-51



Structure of Assembly
Language

7 Series of lines
O Instruction
O Directives

7 Consists of four field
[label] mnemonic [operands] [.commands]

LUpDCH, | 1 )

O lirie Dy COdce (Ceridin ieny

7 Mnemonic and operands are task that
should be executed.

O Directive don't generate any machine code and
used by assembler

The PIC uCs 1-52



Sample of Assembly Language
Program

SUM EQU 10H ;RAM loc 10H fro SUM

The PIC uCs

ORG

OH; start at address O

MOVLW 25H ; WREG = 25

ADD
ADD
ADD
ADD
ADD

_W 0x34 ;add 34H to WREG=59H
_W 11H ;add 11H to WREG=6AH
LW D'18" ; W = W+12H=7CH

LW 1CH ; W = W+1CH=98H

_W b'00000110° ; W = W+6H=9EH

MOVWF SUM ;save the result in SUM location
HERE 60TO HERE ;stay here forever

END

: end of asm source file

1-53



Assembling and Linking A PIC

Pr‘o r'am EQITOR

lmyﬂle.asm

" ASSEMELER
Flgure 2" PROGRAM
8 STQDS MyTilE. arr  -ss—— lmyﬂle_n
. ' ] - 0 additional
TO CPZGTZ '“hli*?;jadrl:?iTeae! ™ Linker nnh?ectlf“jega
PROGRAM |
a Pr‘ogr'am - s”.':::.;lzl?ﬁé

oYy 4y

myfile.out  myfile.cod  myfile.hex  myfilemap  myfile st

DOWNLOAD
TO PIC s RO

The PIC uCs




] [}
| iet+ Filpe
i1 | 11O
MPAZM 5.30.01 S.A5M 4-17-z2009 23:53:01 PAGE 1
LoZ OBJECT CODE LIMNE SOQURCE TEXT
VALUE
ooooooi1o Qo001 UM EQll 10H ;EAM loc 10H fro S3TM
Qooaoo oaooz ORG 0OH; start at address 0
QooQoo0 DEZS Qooos MOVLW Z5H ; WREG = 25
Q00002 OF34 aoo04 ADDLW 0x34 ;add 34H to WREG=59H
QooQo4 OF11 Qooos ADDLW 11H ;add 11H to WREG=o6lAH
QoOo000&a OF1z2 Q0006 ADDLW D'13' ; W = W+12H=7CH
QooQogs 0OF1c Qooo7 ADDLW 1CH ; W = W+1CH=95H
Q00004 OF06 Qoo00s ADDLW k'0O0000110' ; W = WH+EH=9EH
Qooooc eE10 oaoo9 HOVWF S3UM :save the result in 3TH location
QOOQOE EFQ7T FOOO Q0010 HERE GOTO HERE stavy here forewver
o001l END ! end of asm source file
MPASM L5.30.01 S.A458M 4-17-2009 23:53:01 PAGE Z

3YMEOQL TAELE

LABEL VALUE
HERE 0000000E
SUN 00000010
__ 18F4550 00000001
__DEBUG 1
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The Program Counter and
Program ROM Space in the PIC

3 Program Counter (PC) is used by the CPU to
point to the address of the next
instruction to be executed

7 The wider the program counter, more the
memory locations can be accessed
o PIC16 has 14 bits (8K)
0 PIC18 has 21 bits (2M)
0 8051 has 16 bits (64K)

The PIC uCs 1-56



Figure 2-9. Program Counter in
PIC18

‘ 21-bit PC {(Program Counter) \

The PIC uCs 1-57



PIC18 Microcontroller Family

Data Memory

Program Memory RAM EEPROM 1/0 ADC CCP/ Timers
Product Type Bytes Bytes Bytes Ports  10-bit MSSP  USART Other PWM 8/16-hit Packages Pins
PIC18F1220 FLASH 4K 256 256 16 7 — 1 6x PMM 1 1/3 DIP SOIC, SSOP QFN 18
PIC18F1320 FLASH 8K 256 256 16 7 — 1 6x PMM 1 1/3 DIP SOIC, SSOP QFN 18
PIC18F2220 FLASH 4K 512 256 23 10 I2C/SPI 1 6x PMM 2 1/3 DIF SOIC 28
PIC18F2320 FLASH 8K 512 256 23 10 [2C,/SPI 1 6x PMM 2 1/3 DIE SOIC 28
PIC18C242 OTP 16K 512 — 23 5 I2C/SPI 1 — 2 1/3 DIF SOIC 28
PIC18C252 OTP 32K 1536 — 23 5 12C/SPI 1 — 2 1/3 DIE SOIC 28
PIC18F242 FLASH 16K 512 256 23 5 I2C/SPI 1 — 2 1/3 DIF SOIC, SSOP 28
PIC18F252 FLASH 32K 1536 256 23 5 12C/SP| 1 — 2 1/3 DIP SOIC, SSOP 28
PIC18F258 FLASH 32K 1536 256 22 5 [<C/ 5Pl 1 CAN 2.0B 1 1/3 DIF SOIC 28
PIC18F4220 FLASH 4K 512 256 34 13 12C/SPI 1 6x PMM 2 1/3 DIE TQFR QFN 40/44
PIC18F4320 FLASH 8K 512 256 34 13 [2C/SPI 1 Gx PMM 2 1/3 DIE TOFR QFN 40/44
PIC18C442 OTP 16K 512 — 34 8 12C/SPI 1 — 2 1/3 DIEPLCC, TQFP 40/44
PIC18C452 OTP 32K 1536 — 34 8 [2C,/SP 1 — 2 1/3 DIE PLCC, TQFP 40/44
PIC18F442 FLASH 16K 512 256 34 8 12C/SPI 1 — 2 1/3 DIEPLCC, TQFP 40/44
PIC18F452 FLASH 32K 1536 256 34 8 12C,/SPI 1 — 2 1/3 DIEPLCC, TQFP 40/44
PIC18F458 FLASH 32K 1536 256 33 5 12C/SPI 1 CAN 2.0B 1 1/3 DIEPLCC, TQFP 40/44
PIc18Ca01 — ROMless 1536 — 1 8 [2C,/SPI 1 — 2 1/3 PLCC, TQFP 64/68
PlC18CEe58 OTP 32K 1536 — 52 12 12C/SPI 1 CAN 2.0B 2 1/3 PLCC, TQFP 64/68
PIC18FE520 FLASH 32K 2048 1024 52 12 I2C/SPI 2 — 5 2/3 TQFP 64
PIC18FE620 FLASH G64K 3840 1024 52 12 12C/SPI 2 — 5 2/3 TQFP 64
PICA8FET20 FLASH 128K 3840 1024 52 12 I2C/SPI 2 — 5 2/3 TQFP 64
Plc18Ca01 — ROMless 1536 — 42 12 12C,/SPI 1 — 2 1/3 PLCC, TQFP 80/84
PIC18C858 OTP 32K 1536 — 68 16 I2C/SPI 1 CAN 2.0B 2 1/3 PLCC, TQFP 80/84
PIC18F8520 FLASH 32K 2048 1024 B8 16 12C,/SPI 2 EMA o) 2/3 TQFP 80
PIC18F8620 FLASH 64K 3840 1024 68 16 I2C/SPI 2 EMA 5 2/3 TQFP 80
PIC18F8T720 FLASH 128K 3840 1024 68 16 12C,/SPI 2 EMA 5 2/3 TQFP 80

Abbreviation: ADC = Analog-to-Digital Converter CCP = Capture /Compare/ PWM 12C = Inter-Integrated Circuit Bus PMM = Power Managed Mode
PWM = Pulse Width Modulaticn 5Pl = Seral Peripheral Interface USART = Universal Synchronous/Asynchranous Receiver/Transmitter
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Fvamnle 2-11
/NAlIWI IV = 4d

3 Find the ROM Memory Address of each of
the following PIC chips:

a) PIC18F2220
b) PIC18F2410
c) PIC18F458

The PIC uCs

000000

O0OFFF

byte

=

PICTEF2220

byte

-

000000

O03FFF

PIC1EF2410

000000

QOO7EEE

byt

- =

PIC1B8E458
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Powering UP

At what address does the

CPU wake up when power

applied?

- The uC wakes up at
memory address 0000

« The PC has the value 0000

- ORG directive put the
address of the first op

code at the memory
location 0000

The PIC uCs

0aaa00k

ooooosh

00001 sh

-af— Ghitwide ——f-

RESETVECTOR

HIGH PRICRITY
INTERRUPTYECTOR

LOoW PRICRITY
INTERRUPTVYECTOR

OMN-CHIF PROGRAM
MEMORY

EXTERMNAL
LiMIMPLEMEMT ED
PROGRAM MEMORY

(FREAD AS D" 1M
MICROCONTROLLER
M 0 DE]
1FFFFFh
Fiqgure 2-11. PIC18

Program ROM Space
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Dlarina Cade in nranram RO AA

I lUbl"ﬂ WwVVGWGAS 1T El Uﬁl CGALIL INN\SIVY
LOC OBJECT CODE LINE SOURCE TEXT

00000a1o ooool STUM EQU 10H
ooooon Qoooz ORG OH
aooooon AE:S S aooos MWL 25H
oooooz oooo4 ADDLW Ox34
ooooo 00005 ADDLW 11H
ooooo 00006 ADDLYW D' 18"
ooooo alala]uly: ADDLW 1CH
ooooo 0000s ADDLW k'0O0110°
oooooc 0ooog MOVTHF ST
00000E 00010 HERE GOTO HERE

o011 END

The PIC uCs
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B Program Memory - 18]
Line Addre== Opoode Lakhel Dizassembly
* 1 oooo OEZ25 MOVLI Ox25
2 oooz OF34 ADDLT Ox34
3 ooo4g OF11 ADDLT Ox11
g oooa OF1z ADDLT Ox1z
5 ooog OF1cC ADDLT Oxic
& oooa OF0a ADDLT Ox6
7 oooc GE10 MOWVWF ZUM, ACCERS
g OO0E EFQ7Y HEERE GOTO _HEERE
a o010 Fooo NOF
10 o011z FFFF MNP
11 0014 FFFF NOFP
1z oo1a FFFF NoOF
13 oois FFFF NOF
14 o014 FFFF NOF
15 oo1c FFFF NoOF
1la OO1E FFFF NOF
17 o020 FFFF NOF
1a o022 FFFF MioF

The PIC uCs 1-62



Program ROM Width for the
PIC18

O Byte addressable: each location holds only one
byte
O CPU with 8-Bit will fetch one byte a time
O Increasing the data bus will bring more information

3 Solution: Data bus between CPU and ROM can
be similar to traffic lanes on the highway
3 The wide of Data path is 16 bit

O Increase the processing power
O Match the PIC18 instruction = single
cycle

The PIC uCs



Figure 2-12. Program ROM
Width for the PIC18

1-Byte

qaaanahk
000001 k
qaa00zhk

-~ ~ . Organized as
_'.

{FFFFDh
{FFFFEN
{ FFFFFh

g-hit

—-Ayte —-

Hagh Low

Byte Bute
a00001h 000000k
a00003h 00000 2k
a0000sh 00000 4k

- ~ Ly T

1FFFFBh 1FFFF2h
1FFFFDh 1FFFFCh
1FFFFFh 1FFFFEN

16-hit Wide R Qb

PIC
CPU

16- hit

A& CODE
R Oh

A D

Dy

The PICT UCS
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3 The low byte goes to the low memory
location

3 The high byte goes to the high memory
location

3 Intel uP and many uCs use little endian

The PIC uCs 1-65



Figure 2-13. PIC18 Program ROM
Contents for Program 2-1 List File

WORD HGH LOWY
ADDRESS BYTE BYTE

000000h OEh 75h
000002h
| 000004h
| 000006h
[ 0oooosh
000004

| oooooch
00000EN

[ 000010h

The PIC uCs 1-66



Harvard Architecture in the
PIC

7 Von Neumann Architecture: uses the same
bus for accessing both the code and data

memory.
O Slow down the processing speed
O Get in each other’s way
3 Harvard Architecture: uses separate buses
for accessing the code and data memory.
O Inexpensive for a chip

The PIC uCs 1-67



Figure 2-14. von Neumann vs.
Harvard Architecture

The PIC uCs

van Meumann Architecure

Harward Anchitecture

LLp
Ay | | |
CRU CODE DAT A
ME MOR'Y MEMORY
Dy
| | I
D,
&-hit 16-hit
DATA RAM g e o b CODE
(file req) RO
CPU .
Upto dkbyte | <— — > | Upto2Mbyte
ke 1Mx1E
[ ] i, A [ ]
DT Dl:l 'ﬂ'lg 'E'l'El D = Dl:l
| Da s |
L
Do 1-68




Ir\ +ru + NN C17p0 -F+|na DT 1
QIT Ul 1107 SiZ€ O 1Ne mricC.io

O PIC Instructions are 2-Byte or 4-Byte

3 The first seven or eight bits represents
the op-code

3 Most of PIC18 instructions are 2-Byte
o MOVLW 0000 1110 kkkk kkkk (OE XX)

o ADDLW 0000 1111 Kkkkk kkkk (OF XX)
OMOVWF 0110 11la ffff ffff (6E XX
or 6F XX)

* A specifies the default access bank if it is O and if a
= 1 we have to use bank switching

The PIC uCs 1-69
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i o1 O 1| L0410

I lJ W I 1VIY I I

1 4-Byte instructions include

o MOVFF (move data within RAM, which is 4k)
- 1100 ssss ssss ssss (0< fs < FFF)
- 1111 dddd dddd dddd (0< fd < FFF)

0 60TO (the code address bus width is 21, which
is 2M)
- 1110 1111 k-kkk kkkk,
- 1111 kygkkk kkkk kkkkg

The PIC uCs 1-70



'QI Qr nrhi-l'ar-hln
e LUl

/W TNl I Wl

e in the PIC
3 To increase the processing power of the
CPU
1. Increase the clock frequency of the chip
2. Use Harvard architecture

3. change the internal architecture of the CPU
and use what is called RISC architecture

The PIC uCs
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NL JJ

0 RISC

7 Simple and Small
iInstruction set

O Regular and fixed
instruction format

3 Simple address
modes

O Pipelined instruction
execution --> 95%
executed in one cycle

The PIC uCs

3 CISC

0 Complex and large
Instruction set

3 Irregular instruction
format

3 Complex address
modes

3 May also pipeline
iInstruction execution
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'QI CAnth-ar
reniiec

7\ U |

7 RISC

3 Provide large number
of CPU registers

7 Separated data and
program memory

3 Most operations are
register to register

3 Take shorter time to
design and debug

The PIC uCs

3 CISC

3 Provide smaller number
of CPU registers

7 Combined data and
program memory

3 Most operations can be
register to memory

7 Take longer time to
design and debug

1-73



Viewing Register and memory
with MPLAB Simulater

The PIC uCs 1-74



Figure 2-15. SFR Window in
MPLAB Simulator

B Special Function Registers
Lddres=s SFR Name Hex Decimral Binary Caar
PORTA
oFg1 FPORTE oo 0 aoogoood
AFS:2 PORTC oo 0 aooooood
OFa3 PORTD a0 0 oo0QoooD
OFS4 PORTE oo 0 aooooood
AFs9 LATA a0 0 oo0QoooD
OFSA LATE oo 0 aoogoood
OFSE LATC oo 0 aoogoood
QFaC LATD a0 0 oo0QoooD
QFsD LATE oo 0 aoogoood
QF9:2 TRIZA a0 0 oo0QoooD
QF33 TRISE oo 0 aooQoooo
QF94g TRISC oo 0 aoogoood
) =E TRIZD a0 0 oo0QoooD
OF9& TRISE oo 0 aoogoood
QF=sD PIE]L a0 0 oo0QoooD
QF2E PIER1 oo 0 aooQoooo
QF9F IPR1 oo 0 aoogoood
OF a0 PIE:Z oo 0 aooooood
OFal PIR: oo 0 aoogoood
.The PIC uCs OF 4z IPE: oo 0 aooooood 1-75




Figure 2-16. File Register (Data

RAM) Window in MPLAB Simulator

The PIC uCs

M Iile Registers

Bdiress |00
[LIEuIN} o
o010 OE
nnan n-
o030 oz
[NIEN _
oo E0 nZz
oo oo nZz

- Svrnboliz

_1
L
oo
nn
ulu}
uu
oo
oo

—1
i
oo
nn
ulu}
U
oo
oo

0c
uu
oo
nn
ano
uu
oo
oo

Ll

o0&

uu
oo
nn
oo
uu
an
oo

_E
i
oo
nn
ulu}
U
oo
oo
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Figure 2-17. Program (Code
DNAA \A/indOu: in ADl AR

INNJIVY VV 1T AIAALN YNy

Simulator

M Program Memory: 1

- isacse
OEOL IR =]

2 I-II"‘I'i.T[;]F 025, WCCESS
a coo<s QOEQo ML 0

E coog aOFo3 ADDLW O3

c cooe O&ZE DECF 0Ox2E5, F, RMICESS

o] COoi Eirp OME O=xo

B I Rk MORSIR Tl TiHT . 000 KSS w

Opcode Her “ Weacaine  Swmbolic

The PIC uCs 1-77



3 Sample PIC18
Instructions
O Move, add, subtract

Next:

Branch, Call and Time
Delay Loo

The PIC uCs 3-78
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Chapter 3:
Branch, Call and Time
Delay Loop

3 Branch instruction and
looping
3 Call instruction and stack

0 PIC18 Time Delay and
instruction pipeline

The PIC uCs

PIC MICROCONTROLLER
AND EMBEDDED SYSTEMS

USING ASSEMBLY AND C FOR PIC18

PIC Microcontroller
and Embedded Systems
Muhammad Ali Mazidl,
Rolin McKinlay and

Danny Causey, February
2007.
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Objective

7 Code PIC Assembly language instructions to
create loops and conditional branch
iInstructions

7 Code Goto instructions for unconditional
Jump

The PIC uCs

3-3



Branch instructions and looping

3 Looping in PIC

3 Loop inside loop

3 Other conditional jumps

3 All conditional branches are short jumps
3 Calculating the short branch address

3 Unconditional branch instruction

The PIC uCs

3-4



Looping in PIC

7 Repeat a sequence of instructions or a
certain number of times

3 Two ways to do looping
o Using DECFSZ instruction
O Using BNZ\BZ instructions

The PIC uCs

3-5



DECFSZ instruction

O Decrement file
register, skip the
next instruction if
the result is equal
0

0 DECFSZ fileRef, d

3 GOTO instruction
follows DECFSZ

=]  ADD 3 TOWREG

DEC COLNT,
|5 IT ZEROY

— REPEAT

b OWE DATA

TES

SKIF THE
MEXT
INSTRLICTION

Al

The PIC uCs
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Example 3-1

3 Write a program to 0 Solution

a) Clear WREG COUNT EQU 0x25
b) Add 3 to WREG MOVLW d'10°
ten times and MOVWF COUNT
place the result in MOVLW O
SFRPORTE AGAIN  ADDLW 3
DECFSZ COUNT,F
6OTO AGAIN

MOVWF PORTB

The PIC uCs 3-7



NS TRUCTIONS

=]  ADD 3 TOWREG AGAIN ADDLYY 3

DEC COLIMT, = DECFSZ COLNT

|5 1T ZERDY

SEIF THE
HEXT
INSTRUCTION

REFEAT GOTO AGAIN

MO PORTE

M OWE DATA e

Figure 3-1. Flowchart for the
DECFSZ Instruction

The PIC uCs



Using BNZ\BZ instructions

7 Supported by PIC18 families

O Early families such as PIC16 and PIC12 doesn't
support these instruction

1 These instructions check the status flag

Back

DECF fileReg, f
BNZ Back

The PIC uCs
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Example 3-2

3 Write a program to 0 Solution

a) Clear WREG COUNT EQU 0x25

b) Add 3 to WREG MOVLW d'10°
ten times and MOVWF COUNT
place the result in MOVLW O
SFR PORTB AGAIN

COUNT,
AGAIN

The PIC uCs 3-10



[MNSTRUCTIONS

LOAD COUNTER Moy D10
!
INTO LOCATION 0x2%5 MOWVANE COLUNT
!
CLEARWREG MY LY 0
—
ADD WALIE AGAIM  ADDLW 3
¢
DECREMENT COUNTER DECF COUMT, F

IS COUNTER BIME & CA N
ZERO?

FLACE RESULT 0N PING MOWVWF PORTE

Figure 3-2. Flowchart for Example 3-2

The PIC uCs 3-11




Example 3-3

3 What is the maximum number of times that
the loop can be repeated?

3 All locations in the FileReg are 8-bit
0 The max. loop size is 255 time

The PIC uCs 3-12



Loop inside a loop

0 Write a program to

a) Load the PORTB SFR register with the
value 55H

b) Complement PORTB 700 times
Solution

R1 EQU 0x25

R2 EQU 0x26

COUNT_1 EQU d'10°

COUNT_2 EQU d'70°

The PIC uCs 3-13



Solution

LOP_1

LOP_2

The PIC uCs

MOVLW 0x55
MOVWF PORTB
MOVLW COUNT_1
MOVWEF R1
MOVLW COUNT_Z2
MOVWF R2
COMPF PORTB, F
DECF R2, F

BNZ LOP_2
DECFR1, F

BNZ LOP 1

Address Data

25H (R1) 10

26H (R2) 70

F81H
(PORTB) 55

3-14



LoAaD WWREG

!

LoAD PORTHE

!

LoAD Wi EG

Y

Loan COUMTER 1

4

LoAD wWWREG

'

LoaD COUMTER 2

»‘

TOSELE PORTH

!

DECREMEMT COURMTER 2

The PIC uCs

'

LOP_1

LOF_2

Mol RV TN

WO Ow5 5

MONANE PORTHB

P DALY SO LT _ T

WO R

WA ONLWY COLINT_2

W OMANE R

COMPF FPORTH, F

DECF RZ, F

Figure 3-3. Flowchart

3-15




Mo IS COUNTER 2 BRZ LOP 2
FEROT -

DECREMEMT COUMTER 1 DECF R1,F

M IS COLNTER 1 BNZ LOP 1

FERODY

I ErD I

Figure 3-3. (continued)

The PIC uCs 3-16




Other conditional jumps

3 All of the 10 conditional jumps are 2-byte
iInstructions

O They requires the target address
O 1 byte address (short branch address)
O Relative address

O Recall: MOVF will affect the status Reg.

3 In the BZ instruction, the Z flag is
checked. If it is high, that is equal 1, it
jumps to the target address.

The PIC uCs 3-17



Flag Bits and Decision Making

BC K Branch relative if Carry

BNC K Branch relative if Not Carry

BN K Branch relative if Negative
BNN K Branch relative if Not Negative
BOV K Branch relative if Overflow
BNOV K Branch relative if Not Overflow
BZ K Branch relative if Zero

BNZ K Branch relative if Not Zero

The PIC uCs
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Example 3-5

J Write a program to determine if the loc.
0x30 contains the value O. if so, put 55H in it.

7 Solution:

9  MYLOC EQU 0Ox30
7  MOVF MYLOC, F
O BNZ NEXT

7  MOVLW 0xb5

7  MOVWF MYLOC
ONEXT

The PIC uCs 3-19



Example 3-6

3 Find the sum of the values 79H, F5H, and
E2H. Put the sum in fileReg loc. 5H and 6H.

Address Data Address Data Address Data
5H (Low- 5H (Low- 5H (Low-
Byte) 0 Byte) 0 Byte) 50
6H (High- 6H (High- 6H (High-

Byte) 0 Byte) 1 Byte) 2

The PIC uCs



Solution

L_Byte EQU 0x5

H_Byte EQU 0x6
ORG Oh
MOVLW 0x0
MOVWF H_Byte
ADDLW 0x79
BNC N_1
INCF  H_ByteF

The ALCUGE s

N_1 ADDLW 0xF5
BNC N_2
INCF H_Byte F

N 2 ADDLW O0xE?
BNC OVER
INCF H_Byte F

OVER MOVWF L_Byte
END

3-21



Example 3-7

000000 OEQO 00004  MOVLW OxO0
000002 6EQ6 00005  MOVWF H_Byte
000004 OF79 00006  ADDLW O0x79
000006 E301 00007 BNC  N_1
000008 2A06 00008  INCF H_ByteF
00000A OFF5 00009 N_1 ADDLW OxF5
00000C E301 00010 BNC  N_2
00000E 2A06 00011  INCF H_BytefF
000010 OFE2 00012 N_2 ADDLW OxE2
000012 E301 00013 BNC  OVER
000014 2A06 00014  INCF H_ByteF
000Q16 6E05 00015 OVER MOVWF L_Byte



The

Example 3-7

B Program Memory

Line

o o =1 m N L MR

| i e B B e B T B B B S
a1 N = S 1 W S SR iy ot

Lddress

(IEIEiN]
aooz
o004
adoe
aoos
aooa
aooc
O00E
ao1o
ao01z
o014
adla
ao1ls
Oo01a
ao1c
O01E
aozo
a0z &
00z 4

Cpoode
QEQQ
cEQG
OF79
E301
2406
OFF5S
E301
Z2A06
OFE:Z
E301
2406
cEOS
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF

Lakhel

OVER

MOVLW 0O

Dizsassembly

MOVWWF H Byte, ACCESS

ADDLW Ox79
BNC N 1

INCF H Byte, F,
ADDLW Oxf5

BNC N_2

ACCESS

INCF H Byte, F, ACCESS

ADDLT Oxe:z
ENC OVER
INCF H Byte, F,

ACCESS

MOVUF L Byte, ACCESS

MOP
MOP
MOP
MNOP
MOP
MOP
MOP

| -~ L or. |



Example 3-8

FProgram Memonry

OEQL

The PIC uCs

o -1 m N b L MR

o e
L o= O

1
a

ao0z
oo
aoo &
aoos
aooL
Qoo
aooE
aolio
o1&
o014
016
aols

[ e B RS- 9

BEZ 5
aEoo
OF03
ez 5
E1FD
GEES1
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF

T T™

AZATHN

Dizaszemb.
MOVLTW Oxs
MOVTIF COUNT, ALACCERS
MOVLI O
ADDLTW 0Ox3
DECF COUNT, F, ACCESS
ENZ AGATIN
MOVTIF PORTE, ALACCERS
MOF
MOF
MOP
MOF
MOF
MOF

T T

3-24



Question?

Which is better, to use BNZ along with DECF
or DCFSNZ??

The PIC uCs 3-25



Unconditional branch
iInstruction

3 Control is transferred unconditionally to
the target location (at ROM)

7 Tow unconditional branches

o 60TO
O BRA

The PIC uCs 3-26



FCL FCH FiL
- a-Dif —lbp————  G-Dif —lp—al—— G- ——f~
ofofojks  kslke 0 Kk o]0
e} 21-hit Program Counter -

Figure 3-4. GOTO Instruction

The PIC uCs 3-27



BRA Instruction

— -1024
1110} Onnn | nnnn | nnnn Program
Counter
-1024 = n = 1023 Range
— +1023

Figure 3-5. BRA (Branch Unconditionally
Instruction Address Range

The PIC uCs 3-28




BRA Instruction

orward
B FProgram Memory Jump
Line Address | Opcode | Label K)\ LEasse;
MOVLW Oxa () '
4 a0 BEZ 5 MOVTF COI Y, ACCESS
3 o004 Doo1 ERL AGLTIO
4 O00 & aEQO MOVLIW O
S aoos aFo3 AGATN ADDLIT O3
G aodoa OGz5 DECF COUNT, F, ACCES3S
K aooc E1FD BMZI AGLATN
(3 = 00k 6ES1 MOVWEF PORTE, ACCESS
= goid DVFE B AirDT
10 adl= FFFF Mo
11 0014 FFFF NCE B(]Ckwar‘d
1= Od1a FFFF MNOF .
The PIC uCs ‘Jump /\)



GOTO to itself

7 Label and $ can be used to keep uC busy
(jump to the same location)

17 HERE GOTO HERE
760TO $

7 OVER BRA OVER
I BRA $

The PIC uCs 3-30



PIC18 Call instruction

Section 3-2

The PIC uCs 3-31



Call instruction

Call a
subrutine

Call Rcall

4-byte instruction 2-byte instruction
Long Call Relative Call

The PIC uCs 3-32



CALL Instruction

1105 | Fokdk | Kddeg

“l“l’l“l kaghkk] kil | kg

0 = k = FFFFF

FCU FCH PCL

i} g-bit —t— GC-Dif ————— -0l ——

ofofojks  Kslke  kifke ko]0
=i} 21-bit Frogram Counter -

Figure 3-6. CALL Instruction

The PIC uCs 3-33




CALL Instruction

3 Control is transferred to subroutine

3 Current PC value, the instruction address
just below the CALL instruction, is stored
in the stack

O push onto the stack

A Return instruction is used to transfer the
control back to the caller,

O the previous PC is popped from the stack

The PIC uCs 3-34



Stack and Stack Pointer (SP)

7 Read/Write Memory
1 Store the PC Address
o 21-bit (000000 to 1FFFFF)
3 5-bit stack, total of 32 locations

3 SP points to the last used location of the
stack
O Location O doesn't used
O Incremented pointer

The PIC uCs 3-35



STACK
FOINTER

(MF Hex)

Stack pointer
increments,
as information
is pushed into
stack

(01 Hex)

111

ooom

A2

STACK

Al

21-hit

Y

ol—

Stack pointer
decrements
a5 information
is popped out
af stack

Top of stack (first
available stack location)

Figure 3-7. PIC Stack 31 x 21

The PIC uCs
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Return from Subroutine

7 The stack is popped and the top of the stack
(TOS)is loaded into the program counter.

AIf's' =1, the contents of the shadow
registers WS, STATUSS and BSRS are

loaded into their corresponding registers, W,
STATUS and BSR.

O If's' =0, noupdate of these registers occurs
(default).

G gooo oool ale

The PIC uCs 3-37



Example 3-9

3 Toggle all bits of to SFR register of PORTB
by sending to it values 55H and AAH

continuously. Put a delay in between issuing of
data to PORTB .

0 Analyze the stack for the CALL instructions

The PIC uCs 3-38



Solution

MYREG
PORTB

EQU 0x08
EQU OxOF8

ORG 0

MOVLW 0x55
MOVWF PORTB

CALL DELAY
MOVLW 0xAA
MOVWF PORTB
CALL  DELAY
6OTO BACK

The ALCUGE s

BACK

ORG 20H
DELAY MOVLW OxFF
MOVWF MYREG
AGAIN NOP
NOP
DECF MYREG, F
BNZ AGAIN
RETURN
END

3-39



B Program Memory

Examl !Ie Line Address Dpcode Lakhel Dizasse
OESS
3 10 2 aoo:z 6ES1 HOVWEF PORTE, ACCESS
- 3 a0og EZ10 CALL DELAY, O
4 adde Fooao HOF
5 aoos OELR HOVLW Oxaz
| & a00a 6ES1 MOVWF PORTE, ACCESS
Address Data 7 aooc EZ10 CALL DELAY, O
& O00E Fooo HOF
4 = aola EFOQ FOTO BACKE
' 10 aolz Fooo HOFP
3 11 adl4 FFFF HOF
' 12 adle FFFF MO
z 13 aols FFFF HOF
' 14 ao01la FFFF MO
1 000008 15 noic FFFF NOP
16 a01E FFFF MO
17 ao2a OEFF DELAY MOVLIW Oxff
15 agsz 6EQS HOVWEF MYEREG, RACCESS
15 o024 aooa AGATH HOFP
20 a02 e oo HOF
21 agZs Oe0s DECF MYREG, F, ALCCESS
22 02 a E1FC EMZ AGALTN
23 aoac o012 FETUERN O
24 O02E FFFF HOF
25 agosa FFFF MO

The PIC uCs 3-40



MATINM

HERE

sMATHN program calling subroutines

QRG a

CALL SUEER 1
CALL S2UEBR Z
CALL SUEERE 3

ERAL HERE ;3tay here
end of MAIN

SUBR_1

RETUEN
end of subroutine 1

SUBR_2

EETUEN

SUBR_3

end of subroutine 2

RETUEL
end of subroutine 3

EMND rend of the asm file

Figure 3-8. PIC Assembly Main
Program That Calls Subroutines

The PIC uCs
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RCALL (Relative Call)

0 2-Byte instruction

7 The target address must be within 2K

o 11 bits of the 2 Byte is used
0 Save a humber of bytes.

1101

lnonn

NINNT

The PIC uCs
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Example 3-12

B FProgram Memory

Tl] Opcode Hex

Line Address Dpocode Labhel Dizassembly
o 1 aooo OESS MOVLIW Ox55
& o002 BES1 BLCE MOVWF PORTE, LACCEZS
3 o004 a0z FCALL DELATY
4 o006 1ES1 COMF PORTE, F, LACCE3S
L ooo0s DYFC BERL BACK
& o00R OEFF DELATY MOVLW Ox£f
7 aooc 6EQS MOVTF MYREG, ACCESS
o OO0E oo AGATH MO
= o010 oo MO
10 ] I D0e0g DECF MYRE&, F, LCCES3S
11 o014 E1FC EMNZ AGATHN
12 o016 o012 EETUEN 0O
13 oo1s FFFF MNOP
0011
15 o01c FFFF MNOF
16 O01E FFFF MNOF
17 ooz0 FFFF MNOF
13 o0z 2 FFFF MNOF
b | o o B | il "l Nl T LIsaT
Machine | Symbolic




PIC18 Time Delay and
instruction pipeline

Section 3-3

The PIC uCs 3-44



Delay Calculating for PIC18

0 Two factors can affect the accuracy of
the delay

1. The duration of the clock period, which is
function of the Crystal freq
O Connected to OSC! And OSC2

2. The instruction cycle duration

O Most of the PIC18 instructions consumes 1
cycle
* Use Harvard Architecture
* Use RISC Architecture
- Use the pipeline concept between fetch and execute.

The PIC uCs 3-45



Bon-pipeline

fetch 1

exec 1

fetch 2

EYEC 2

fetch 3

EXeC 3

Figure 3-9. Pipeline vs. Non-pipeline

The PIC uCs
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PIC multistage pipeline

0 Superpipeline is used to speed up
execution.

3 The process of executing instructions is
split into small steps

O Limited to the slowest step

The PIC uCs 3-47



Q1 Q2 Q3 4

Figure 3-10. Pipeline Activity After
the Instruction Has Been Fetched

The PIC uCs 3-48




Instruction

Exec 1
Fetch1 JDO|R|FP W] Exec?z B LY 5
Fetch2 |DJR|FP|W] Execs ADDLYY 9
Fetcha JDIR|P|W| Execd ADDLYWY 7
Fetchd |DIR]P W ADDLYY 2
[ = Decode the instructon
F = Fead the operand
F = Process (ed. ADDLW
W=Write the resulf to destination register
Figure 3-11. Pipeline Activity
for Both Fetch and Execute
The PICuCs 3-49



Instruction Cycle time for the
PIC

3 What is the Instruction Cycle ?
0 Most instructions take one or tow cycles
O BTFSS can take up to 3 cycles

A Instruction Cycle depends on the freq. of
oscillator

3 Clock source: Crystal oscillator and on-chip
circuitry

7 One instruction cycle consists of four
oscillator period.

The PIC uCs 3-50



Example 3-14

3 Find the period of the instruction cycle you
chose 4 MHz crystal? And what is required
time for fetching an instruction?

3 Solution

094 MHz/4 =1 MHz

3 Instruction Cycle = 1/1MHz = 1 usec
O Fetch cycle = 4 * 1 usec = 4 usec

The PIC uCs 3-51



Branch penalty

I Queue is needed for prefetched

instruction

O If the prefetched instruction is incorrect,

the CPU must flush the memory. When??

If Jump:
Q1 22 23 24
Decode Fead literal Proceszs Wite to PC
n Data
Mo Mo Mo Mo
operation operaftion operation operation
If Mo Jump:
Q1 22 &3 24
Decode Fead literal Proceszs Mo
The PIC uCs n’ Data operation

3-52



Branch penalty

Tev Tevl Teyl ‘ Tev3 ‘ Tevd ‘ Tevs
1. MOVLH 55h Fetch1 | Execute |
1. MOVWF PORTE Fefch2 | Execute 2
3. ERA SUB 1 retch 3 | Execute 3
4. BSF  DORTR, BIT3 (Forced NOD) Fetch4 | Flush (NoP)
C, Instruction @ addrees SUB 1 Fetch SUB 1) Execute SUB 1

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

The PIC uCs 3-53



BTFSC and BTFSS

The PIC uCs

& Cycle Activity:
Q21 22 23 24
Cecode Read Frocess Mo
register T Data operation
I skip:
Q21 22 23 24
Mo Mo Mo Mo
operation operation aperation operation
T skip and followed by 2-word instruction:
Q21 22 23 24
Mo Mo Mo Mo
operation operation aperation operation
Mo Mo Mo Mo
operation operation aperation operation

3-54



Example 3-15

3 Find how long it take to execute each of
the following instructions for a PIC18 with

4 MHz
g MOVLW
O ADDLW CALL
0 DECF GOTO
3 NOP BNZ
9 MOVWF

The PIC uCs 3-55



Delay calculation for PIC18
Example 3-16

3 Find the size of the delay in the following
program if the crystal freq. is 4MHz.

DELAY  MOVLW OxFF
MOVWF MYREG
AGAIN NOP
NOP
DECF MYREG, F
BNZ AGAIN
RETERN

The PIC uCs 3-56




Example 3-17

MYREG EQU 0x08 ORG 300H

ORG O DELAY  MOVLW OxFA
BACK MOVLW 0x55 MOVWF MYREG
MOVWF PORTB AGAIN NOP

CALL DELAY NOP

MOVLW OxAA NOP

MOVWF PORTB DECF MYREG, F
CALL DELAY BNZ AGAIN

6GOTO BACK RETURN

The PIC uCs 3-57



DELAY_500MS

Example 3-20 MOVLW D'20'
MOVWF R4
BACK
R2 EQU 0x2 MOVLW D'100*
R3 EQU Ox3 AGAINMOVWF R3
R4 EQU Ox4 MOVLW D'250'
movLw 0x99 HERE nggVWF *
MOVWF PORTB NOP
BACK DECF R2,F
BNZ HERE
CALL DELAY_500MS SECF R3.F
COMF PORTB BNZ AGAIN
6O0TO BACK DECF R4, F
BNZ BACK

The PIC uCs RETURN 3.58



Chapter 3. Summary

3 Looping in PIC Assembly language is
performed using an instruction to decrement a
counter and to jump to the top of the loop if
the counter is not zero.

7 Assembly language includes conditional and
unconditional, and call instructions.

1 PIC18 uses Superpipeline is used to speed up
execution.

Next: Chapter 4

PTIC I/0 Port

Programming
The PIC uCs - - 3-59
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Chapter 4:
PIC I/0 Port
Programming

3 I/0 Port Programming in
PIC18

3 I/0 Bit Manipulation
Programming

The PIC uCs

PIC MICROCONTROLLER
AND EMBEDDED SYSTEMS

USING ASSEMBLY AND C FOR PIC18

PIC Microcontroller
and Embedded Systems
Muhammad Ali Mazidi,
Rolin McKinlay and
Danny Causey, February
2007.
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nl'\ \ O (7
A\ 4 l(o Vo
d List all the ports of the PIC18

7 Describe the dual role of PIC18 pins

7 Code Assembly to use ports for input or
output

3 Code PIC instructions for I/0 handling

7 Code I/0 bit-manipulation Programs for
PIC

O Explain the bit addressability of PIC ports

The PIC uCs 4-3



0 PIC18 has many ports
O Depending on the family member
O Depending on the number of pins on the chip

O Each port can be configured as input or output.
» Bidirectional port

O Each port has some other functions

* Such as timer , ADC, interrupts and serial
communication

O Some ports have 8 bits, while others have not

The PIC uCs
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Figure 4-1. PICF458 Pin

Diagram

The PIC uCs

FA AN
HALAN LY RER
FASANINRER.

D50 CLK]
O LKOIRAR
RCOT1050N 1CLK]
RC1ANTOS
ey
R3S CKEECL
FDOOPSPOYE M+

A0 FIM DIF

oo - o o th B L R —

FE/FPGD
RB&/FGC
FBES/P GM
Hbd
RBE3/CAN X
RBZ/CANTHAMT2
J4 |\ FEVINTI

PIC18F438

] — PR/FI1C
FS/F1E
FA4/ECCP 1R 1A

RD4/F

—

26 RCV/RADT
20H RCEMTRICK
24 RCSSQ0

2l M5 DA,
223 FD3/PEP3C2N-
21 SP2/C2IN+




Pins Add 18-pin 28-pin 40-pin 64-pin 80-pin

Chlp PIC18F1220 PIC18F2220 PIC18F458 PIC18F6525 PIC18F8525

PORT A F80H X X

PORT B F81H X X

PORT C F82H X

PORT D F83H

XXX |X X

PORT E F84H

PORT F F85H

PORT G F86H

PORT H

XXX XXX XXX

PORT J

PORT K

XX XXX XX XX XX

PORT L

The PIC uCs 4-6



I/0 SFR
I N

/

3 Each port has three registers for its
operation:
O TRIS register (Data Direction register)

» If the corresponding bit is 0 > Output
» If the corresponding bit is 1 > Input

O PORT register (reads the levels on the pins of
+hrs Aoviicre )
Ine deviCge )
O LAT register (output latch)
1 The Data Latch (LAT) register is useful
for read-modify-write operations on the
value that the I/0 pins are driving.

The PIC uCs 4-7



Pins Address

I/0 SFR PORTA  F80H

PORT B F81H

PORT C F82H

7 PIC18F458 has 5 SORTD  Fa3H
ports PORTE  F84H
3 Upon reset, all LATA F89H
i
configured as input CATD T
7 TRISx regis’rer' LATE FSDH
has OFFH TRISA F92H

TRISB FI93H

TRISC F94H

TRISD FI95H

TRISE F96H

The PIC uCs



Figure 4-2. CMOS States for P
and N Transistors

W W W W
— — — —

1 e, OFF 0 e, ON 1 iy ON 0 la  OFF
— — — —
W W W ¥

(EHD (EMD (FMD) (FHD)
F-T%FE 'OFF' F-TYFE 'ON' N-T¥FE '0ON' M-T*%FE 'OFF'
W %
— —
"OFF "OH
ey P MOS P o [a =
(o i
IMPUT ——4¢ QUTPUT IMPUT —4 OUTPUT
& o
— —
M OIS M0
an ™ OFF | ™
— —

The PIC uCs
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Figure 4-3. Outputting (Writing) O
to a Pin in the PIC18

;HD LAT
S o~
DATABUS 0 0
r ] L] e
- —_— —
WRPORT CLK 5;._1:)_“” OFF
DATALATCH I FERD
+
0
] 1 1 (_
-~
HIR TRIS sOLK o —
TRIS LATCH W
TRIS=0 TTL ar
N/ SCHMITT
RD TRIS TRIGGER
The PIC uCs ROPORT [}c




Figure 4-4. Outputting

Writin

1 to a Pin in the PIC18

J:HD LAT

_h. H
| DATABUS 1
b « Vi
_ —_— —
WR PORT e — 0 0
CLE @
—r >4 o
DATALATCH o OME
] 0 0
o @ 1 :)—| M OFF
-~
Wik TRIS »CLK o)
K=
TRIS=0 TRIS LATEH TTL or
E? SCHMITT
RD TRIS TRIGGER
__En 4—
RD PORT T D’“

The PIC uCs




Figure 4-5. Inputting (Readin
O from a Pin in the PIC18

FHD LAT
-— <
patTaBus | o %
0 — G Yay
W PORT Lok alX X P .
DATALATCH 1 E , ZERO
T — 5 o * 0
WR TRIS v ol
TEIS =1 TRIS LATCH Ve
EHD TRIS 0
0 - 0 =m0
-~ ‘l"a— |
M
RO PORT Dﬂ

The PIC uCs



Figure 4-6. Inputtin

Readin

1 from a Pin in the PIC18

The PIC uCs

SCHMITT
TRIGGER

;HD LAT
-~ |
1 DATABUS 1= = X .
WR PORT :Eﬂ? 1 B X ’ JDFF
[ DATALATCH 1 , OMNE
0
1
D aF }; :)—DH-JCIFF l
WR TRIS :-Eﬁk_ o | i
TRIS=1 | TRISLATCH Ve TTL or
/
ﬁ[ﬁ TRIS F

1 - 1 Y 1
En]:
RDPORT [




Pnn'l' A
Oiri

7 \

I PORTA is a 7-bit wide, bidirectional port.
O Sometimes A6 is not available.

3 The corresponding Data Direction register
is TRISA.

7 Setting a TRISA bit (= 1) will make the
corresponding PORTA pin an input

3 Clearing a TRISA bit (= O) will make the
corresponding PORTA pin an output

7 On a Power-on Reset, these pins are
configured as inputs and read as 'O’

The PIC uCs 4-14



Evamnles 1
L-/\UIHEID i
BACK MOVLW Ox55 MOVLW B'00000000'

MOVWF PORTA MOVWF TRISA
CALL DELAY BACK  MOVLW O0x55
MOVLW OxAA MOVWF PORTA
MOVWF PORTA CALL  DELAY
CALL  DELAY MOVLW 0OxAA
GOTO BACK MOVWF PORTA

CALL DELAY
60TO BACK

The PIC uCs 415



MYREG EQU 0x20
MOVLW B'11111111
MOVWF TRISA
MOVF PORTA, w
MOVWF MYREG

The PIC uCs 4-16



PORT B, PORT C, PORT D and
PORT E

O PORTB is 8 pins
O PORTC is 8 pins
3 PORTD is 8 pins
JPORTE is 3 pins

The PIC uCs 4-17



7 Be careful CLRF TRISB
o Don't have a two I/0 SETF TRISC
operations one right L4 MOVF PORTC W

after the other.
A Data Dependency MOVWF PORTB
O A NOP is needed to BRA L4

make that data is
written into WREG
before it read for
outputting to PortB.

The PIC uCs 418



Figure 4-7. Pipeline for Read
Followed by Write I/0

Fetch 1 O R |P W

—

Time iz
too short

| +

Fetch 2

DR |P Y

IMSTRUCTIORN

MOWFE PORTC W Read PORTC into WREG

MOWANE PORTE  Write WREG to PORTE

The R 2% (Read — Ater —'Write) for two consecutive ingdrudtions.

Fetch 1 DR |P

a—

Fetch 2

IMSTRUCTIORN

MOWE PORTC W

MOP ‘Bubble in Pipeline
MOWAYE PORTE

The PIC uCs M = Mo Operation

O = Decode the ingtruction




TIAIA C
VWU IV

Solutionl Solution2

||+n V&
ViUl U |D

CLRF TRISB CLRF TRISB

SETF TRISC SETF TRISC

L4 MOVF PORTCW L4 MOVFF PORTC, PORTB

NOP BRA L4

MOVWF PORTB

BRA L4 MOVFF is 4-byte
instruction.

The FRLOUGC s 4-20



Write a test program
for the PIC18 chip
to toggle all the
bits of PORTB,
PORTC and PORTD
every 025 of a
second.  (suppose
that there is a 4
MHz)

The PIC uCs

list P=PIC18F458

#include P18F458.INC

R1 equ OxO7

R2 equ Ox08

ORG O
CLRF  TRISB
CLRF  TRISC
CLRF  TRISD
MOVLW 0x55
MOVWF PORTB
MOVWF PORTC
MOVWF PORTD

4-21



W

L3

O
c
-+
o

COMF
COMF
COMF
CALL
BRA L3

The PIC uCs

S

PORTB,F
PORTCF
PORTD F
QDELAY

QDELAY
MOVLW D200
MOVWF R1
D1 MOVLW D250
MOVWF R2
D2 NOP
NOP
DECF R2, F
BNZ D2
DECF R1, F
BNZ D1
RETURN
END 4-22



I/0 Bit Manipulation Programming

dI/0O ports and bit-addressability
OMonitoring a single bit
dReading a single bit

Section 4-2

The PIC uCs 3-23




I/0 ports and bit-
addressability

PORTA PORTB PORTC PORTD PORTE PORT Bit

RAQ RBO RCO RDO REO DO
RAl RB1 RC1 RD1 RE1 D1
RA2 RB2 RC2 RD?2 RE?2 D2
RA3 RB3 RC3 RD3 D3
RA4 RB4 RC4 RD4 D4
RAS RB5 RC5 RD5 D5

RB6 RC6 RD6 D6

RB7/ RCY RDY/ D/

The PIC uCs
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Bit Oriented Instruction for

PIC18

Instruction

Function

BSF fileReq, bit

Bit Set File Register

BCF  fileReq, bit

Bit Clear File Register

BTG  fileReg, bit

Bit Toggl File Register

BTFSC fileReg, bit

Bit Test File Register, skip if
clear

BTFSS fileReg, bit

Bit Test File Register, skip if
set

The PIC uCs

4-25



m CLRF TRISD
: m ID A.,_?
cxample %-¢ 5 gsF PORTD,0
7  CALLDELAY
7 A LED is connected - BSF PORTD 1
to each pin of port ’
D. Write a program CALLDELAY
to turn on each 0 BSF PORTD,2
LED frompinDOto O  CALLDELAY
D4. 7 BSF PORTD,3
7  CALLDELAY
m BSF PORTD 4
7  CALLDELAY

The PIC uCs 4-26



Examble 4-3

/\\A|||EIC¢ LR
3 Write the following BCF
programs HERE
BSF

A. Create a square
wave of 50% duty CALL

cycle on bit O of C BCF
CALL
BRA

Solution 1

TRISC,0O

PORTC,0
DELAY
PORTC,0
DELAY
HERE

How many byte are

used?

The PIC uCs

4-27



Example 4-3 Solution 2

7 Write the following
programs BCF TRISC,0

A. Create a square BACK
wave of 50% duty =~ BTF ~ PORTCO

cycleonbitOof C  CALL DELAY
BRA BACK

How many byte are
used?

The PIC uCs

4-28



3 Write a program to
perform the following:

a) Keep monitoring the
RB2 bit until it
becomes HIGH (1)

b) When RB2 becomes
HIGH, write value
45H to portC and
send a HIGH to LOW
plus to RD3

The PIC uCs

BSF TRISB,2

CLRF  TRISC
BCF PORTD,3
MOVLW 0x45
AGAIN
BTFSS PORTB,2
BRA AGAIN
MOVWF PORTC
BSF PORTD,3
CALL DELAY

BCF PORTD,3

4-29



0 Bit RB3 is an input and
represents the
condition of a door
alarm.

3 Whenever it goes
LOW, send a HIGH-

to-LOW pulse to RCH
to turn on a buzzer

The PIC uCs

LED
"4

R1
510

10 +V

> R2
3+ 10k

RB3
10 DATA

fo GND

RC5

_©1

4-30



SaAliitinn
Q0OIUTiOr

BSF TRISB,3
BCF TRISC,5

HERE
BTFSC PORTB,3
BRA HERE

BSF PORTC,5
BCF PORTC,5
CALL DELAY
BRA HERE

The PIC uCs 4-31



Reading a single bit

Examole4-8

3 A switch is
connected to pin
RBO and a LED to
pin RB7. Write a
program to read
the status of SW
and send it to the
LED

The PIC uCs

BSF TRISB,0
BCF TRISB,7
AGAIN

BTFSS PORTB,0
6OTO OVER
BSF PORTB,7
6O0TO AGAIN
OVER

BCF PORTB,7
6O0TO AGAIN

4-32



Reading input pins VS. LATX
port

3 There are two possibilites to read port's
value
O Through reading the status of the input pin

O Through reading the internal latch of the LAT
register.
- Some instructions do that
* The action is
The instruction read the latch instead of the pin
Execute the instruction
Write back the result to the Latch

The data on the pins are changed only if the TRISx
bits are cleared.

Hown =

The PIC uCs vyt



Instruction Function

ADDWF  fileReg,d Add WREG from f

BSF fileReg,bit Bit Set fileReg

BCF fileReg,bit Bit Clear fileReg

COMF fleReg,d Complement f

INCF fleReg,d Increment F

SUBWF fileReg,d Subtruct WREG from f
XORWF fileReg,d Exclusive-OR WREG with f

The PIC uCs Vet



Figure 4-8. LATx Register Role
in Reading a Port or Latch

The PIC uCs



7 We focused on the
I/0 Ports of the PIC.

3 These ports used for
input or output.
Programming

7 We discussed Bit . . .
T Arithmetic, logic
manipulation Instruction and

Next:

iInstructions programs

The PIC uCs
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Val 2 ) ... g PIC MICROCONTROLLER

bn pTer' :) /'\r'lTnmeTlc Anp EMBEDDED SYSTEMS

USING ASSEMBLY AND C FOR PIC18

logic Instruction and
programs

PIC Microcontroller
and Embedded Systems
Muhammad Ali Mazidi,
Rolin McKinlay and
Danny Causey, February
2007.
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nI'\ID [~
VUID \ A<

7 Define the range of numbers possible in
PIC unsigned data

7 Code addition and subtraction instructions
for unsigned data

7 Perform addition of BCD

3 Code PIC unsigned data multiplication
instructions and programs for division

1 Code PIC Assembly language logic
instructions

7 Code PIC rotate instructions
The PIC uCs

5-3



Niit+linoe
uliines

3 Arithmetic Instructions

0 Signed Number Concepts and Arithmetic
Operations

3 Logic and Compare Instructions
7 Rotate instruction and data serialization
7 BCD and ASCII Conversion

The PIC uCs

5-4



Armithmo+ticr Tnetriiryinne
ATITNMMe T IC LNSiTrucCiions

3 Unsigned numbers are defined as data in
which all the bits are used to represent
data

O no bits are set aside for neg. or pos. sign

7 Addition of unsighed numbers
o ADDLW k
O ADDWEF fileReg, d, a
o ADDWFC (adding two 16-bit numbers)

3 What happens to flag register?

The PIC uCs 5-5



)

vammnls R_
A ”\ElC v J
Add

d

3CE7H and
3B8DH

Store the sum in fileReg
locations 6 and 7, where
location 6 should have
the lower bye.

The PIC uCs

MOVLW 08DH
MOVWEF 0x6
MOVLW 3BH
MOVWF 0x7
MOVLW OxE7
ADDWF Ox6,F
MOVLW 0x3C
ADDWEFC Ox7 F

Address Data
O5H 00

00

O6H

00

O08H

00

O09H

00

5-6



Digit BCD
RCD Niimher Svetem - S
LU INUNNIVST JyolSill 1 oool
2 0010
3 0011
.. : 4 0100
3 We use the digits O to 9 in everyd| - 0101
: : : 0110
3 Binary Coded Decimal 7 0111
: 1000
O Unpacked BCD . {001

* The lower 4 bits is just used

* Requires 1 byte

O Packed BCD
* A single byte has two BCD numbers

- Efficient in sTorini data

The PIC uCs 5-7




RCD
I.JVU
3 What is the result if you add

3 To correct the problem, we
should add 6.

The PIC uCs 5-8



3 Works only with WREG

7 Add 6 to the lower or higher nibble if
needed

7 After execution,

O If the lower nibble is greater than 9, or if DC =
1, add 0110 to the lower nibble.

O If the upper nibble is greater than 9, or if C =
1, add 0110 to the upper nibble.

7 Doesn't require the use of arithmetic
instructions prior the DAW execution

The PIC uCs
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Subtraction of unsigned
numbers

7 Subtracter circuit is cumbersome. (Why?)

3 PIC performs the 2's complement then uses
adder circuit to the result.

7 Take one Clock Cycle
3 There are four sub instructions

CLIRI W Lk (e - \WDRELN
O oOUBLVW KI(K- WKRCU)

o SUBWF f d ( destination = fileReg - WREG)

7 Result may be negative (N=1 and C=1)
O The result is left in 2's complement

The PIC uCs 5-10



MOVLW 0x23
SUBLW 0Ox3F

The PIC uCs

5-11



O Subtract 4C - 6E? MYREG EQU 0x20
MOVLW 0x4C
MOVWF MYREG
MOVLW 0Ox6E
SUBWF MYREG W
BNN  NEXT
NEGF WREG

et

MOVWF MYREG

5-12




Multiplication of unsigned
humber

B Special Function Registers

O PIC supports byte-by-byte M s

Hex
multiplication 57 tmori ZZ
FE& WREG Ox25
3 One of the operand must be| = rseeo o000
in WREG FER PLUSWO o
. . . FEC FRETINCO -—
3 After multiplication, the FED  POSTDECO -
result is stored in PRODH FEFNDFO oo
and PRODL (16 bit) 2 Twteon ot
FF3 FPROD O=x0ESS
_rrsron.
3 Example e
o MOVLW 0x25 Fré TRLPTR xa00000
o MULLW 0x65 Fr7 TELPTRE oo
FF3 TELFPTRU Q=00

The PIC uCs 5-13



Nivieinn af 1inecinned niimh
1 VISION O Si ‘AS 9

WIVIDQIVIY LA ﬁl| TIALD e

3 There is no single instruction for the
division of byte/byte numbers.

T You need to write a program
O Repeated subtraction
O The numerator is place in a fileReg
O Denominator is subtracted from it repeatedly

O The quotient is the number of times we
subtracted

O The reminder is in fileReg upon completion

The PIC uCs 5-14



Convert the hexadecimal
number FDH, stored in
location Ox15, into
decimal.

Save the digits in
locations 0x22, 0x23
and Ox24

The PIC uCs

#Hinclude <P18F458.INC>
NUME EQU  Ox15
QU EQU 0x20
RMND_L EQU 0x22
RMND_M EQU 0x23
RMND_H EQU 0x24
MYNUM EQU OxFD
MYDEN EQU D'10’
ORG OH
MOVLW MYNUM
MOVWF NUME
MOVLW MYDEN
CLRF QU E




INCF QU F
SUBWF NUME
BC D_1
ADDWF NUME
DECF QU F

MOVFF NUME RMND_L

MOVFF QU ,NUME
CLRF QU

The PIC uCs

D 2
INCF QUF
SUBWF NUME
BC D_2
ADDWF NUME
DECF QU F

MOVFF
NUME RMND_M

MOVFF
QU,RMND_H

HERE

GOTO HERE
END 5-16



Sighed Number Concepts and
Arithmetic Operations

7 The MSB is set aside for 5756 [ 55 [ o4 [ 53 [ 2 [ o1 [ o

the Sign (O or ") sign magnitude

9
3 The rest, 7 bits, are used |

for the magnitude.

3 To convert any 7-bit positive number to
negative use the 2's complement

7 You have 128 negative humbers and 127
positive numbers

The PIC uCs 5-17



Overflow problem in Signhed
Number Operations

7 An overflow occurs when the result of an
operation is too large for the register

3 OV flag indicate whether the result is valid
or not.

o If OV =1, the result is erroneous
3 When is the OV flag set?

O The is a carry from Dé to D7 but no carry out
of D7

O There is a carry from D7 out (C = 1) but no
carry from D6 to D7

The PIC uCs 5-18



+96 0110 0000
+ +70 0100 0110
+ 166 1010 0110 (N=1, OV=1 and sum=-90)

-128 1000 0000
+ -2 1111 1110
+ 166 1 0111 1110 (N=0, OV=1 and sum=126)

The PIC uCs 5-19



O Widely used instructions
o ANDLW k
o ANDFW FileReg, d
o IORLW k
o IORFW FileReg, d
o XORLW k
o XORFW FileReg, d

J Effect only Z and N Flags

The PIC uCs 5-20



3 COMF FileReg,d

O Takes the 1's complement of a file register
O Effect only Z and N Flags

INEGF FileReg

O Takes the 2's complement of a file register
o Effect all Flags

O Example
O MYREG EQU 0x10
o MOVLW Ox85
o MOVWF MYREG
The pic o NEGF MYREG

5-21



3 These instructions take 1/2 cycle(s)

CPESGT Compare FileReg with WREG, skip |FileREg >
FileReg |if greater than WREG
C_PFSEQ Compare FileReg with WREG, skip |FileREg =
FileReg |if equal WREG
C_PFSLT Compare FileReg with WREG, skip |FileREg <
FileReg |if less than WREG

The PIC uCs 5-22




Figure 5-3. Flowchart for
CPFSGT

NS TREUCTIONS

COMPARE COLINT,
SkIP IF
COUNT = WREG

TES AGAIN CPESGT COUNT

SKIP THE
MERT
INSTRLICTION

—l REPEAT | GOTO AGAIN

| OWE DATA |4—

WCNAYE PORTE

The PIC uCs 5-23



Figure 5-4. Flowchart for
CPFSEQ

NS TEUCTIONS

COMPARE COLUINT, YES ASAIN CHPFSECH COUMT

SKIF THE
MEXT
IMETRILCTICON

_| REPEAT | GOTO AGAIN

| MOWVE DATA |<-

MONWWYWE PORTE

The PIC uCs 5-24



Figure 5-5. Flowchart for
CPFSLT

INSTRUCTIONS
COMPARE COUNTN YES AGAIN CPFSLT COUNT
COUNT = WREG
SKIP THE
MNEST
IMSTRUCTIOMN

4| REMEAT | G010 ALSAIN

MCHAWE PORTE
| MOWVE DATA |<-

The PIC uCs 5-25



7 Write code to
determine if data
on PORTRB contains
the value 99H. If
so, write letter 'y’
to PORTC;
otherwise, make
PORTC='N'

The PIC uCs

CLRF TRISC
MOVLW A'N’
MOVWF PORTC
SETF  TRISB
MOVLW 0x99
CPFSEQ PORTB
BRA OVER
MOVLW A'Y'
MOVWF PORTC

OVER ...

5-26



Rotate instruction and data
serialization

J Rotate fileReg Right or Left (no Carry)
O RRNCF fileRed, d
O RLNCF fileRed, d
o affect the N and Z flag

7 Rotate Right or Left through Carry flag
O RRCF fileRed, d
o RLCF fileRed, d
o affect the C, N and Z flag

The PIC uCs 5-27



3 One of the most widely used applications
of the rotate instructions.

O Take less space on the PCB

7 Sending a byte of data, one bit at a time
through a single pin of uC.
O Using the serial port.

O Using a programming technique to transfer data
one bit at a time and control the sequence of
data and spaces between them.

The PIC uCs 5-28



BCF TRISB,1

Example 5-28 MOVLW  0x41
——— MOVWF MYREG
BCF STATUSC

3 Write a program to MOVLW Ox8
transfer value 41H MOVWE RCNT

serially via RB1. BSF PORTR 1
O Put one High at the  AGAIN ~ RRCF MYREGF
start and end BNC OVER
7 Send LSB BSF PORTB,1
BRA NEXT
5 Solution OVERBCF  PORTB,!

NEXTDECF RCNTF
BNZ AGAIN
BSF PORTB,1

RCNT EQU 0x20
MYREG EQU 0x21

The PIC uCs 5-29



RCNT EQU 0x20
nmnle 290
CXAMpic [ MYREG EQU Ox21

BSF TRISC,7
3 Write a program to MOVLW 0Ox8

bring in a byte of
data serially via pin MOVWF RCNT
RC7 and save it in AGAIN  BTFSC

file register PORTC,7
location Ox21 BSF STATUS,C

0 The byte comes in BTFSS PORTC,7
with the LSB first BCF STATUS C
RRCF  MYREG,F
DECF RCNT,F
The PIC uCs BNZ AGAIN 5-30



SW APF
O i

Yv 7 \

7 Swap the lower nibble and the higher
nibble

Before After

T In the absence of a SWAPF instruction,
how would you exchange the nibbles? How
many rotate instruction do you need?

The PIC uCs 5-31
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oNci nn
de WPUITIVOI IV

r\ il

3 What is ASCII?

O What does Keyboard produce when you press
any button?

7 Real time clock, RTC, provide the time and
date in BCD.

The PIC uCs 5-32



BCD and ASCIT Codes for
digits 0-9

Key ASCII (hex) Binary BCD (unpacked)
0 30 0011 {0000 0000 |0000
1 31 0011 {0001 0000 0001
2 32 0011|0010 0000 0010
3 33 0011 (0011 0000 0011
4 34 0011 {0100 0000 0100
5 35 0011 (0101 0000 0101
6 36 0011 0110 0000 (0110
7 37 0011 0111 0000 0111
8 38 0011 (1000 0000 |1000
9 39 0011 (1001 0000 1001

The PIC uCs
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Packed BCD to ASCII
Conversion

O RTC provides the date and the time in
packed BCD

7 Data must be in ASCIT to be displayed on a
LCD

packed Unpacked
BCD BCD ASCI

29H 02H & 09H | 32H and 39H
0010 1001 |0011 0010 |0011 0010
0011 1001 |0011 1001

The PIC uCs



ASCIT to Packed BCD
Conversion

0 Get rid of the high nibble (3)

The PIC uCs

Unpacked
key ASC/] |BCD packed BCD
4 34 0000 0100 | 0100 0111
7 37 0000 0111 | which is 47H

Yo.o



BCD_VAL EQU 0x29
L _ASC EQU 0x06
H_ASC  EQU  0x07

7 Assume that
register WREG has MOVLW BCD VAL

packed BCD. Write ANDLW 0OxOF
a program to IORLW 0x30

convert packed MOVWF L_ASC
BCD to two ASCII MOVLW BCD VAL
numbers and place 4 \i5) W OxFO
them inin file
register locations 6 SWAPF WREG W

MOVWF H_ASC

The PIC uCs 536
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7 We discussed arithmetic
instructions for both
signed and unsigned data.

J We defined the logic and
compare instructions.

O The rotate and swap

Next:
Bank Switching, Table

instructions are widely
used.
7 We described BCD and

ASCII formats and

conversions.
The PIC uCs

processing, Macros

and Modules
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Chapter 6: Bank
Switching, Table

processing, Macros and
Modules

The PIC uCs

PIC MICROCONTROLLER

AND EMBEDDED SYSTEMS

USING ASSEMBLY AND C FOR PIC18

PIC Microcontroller
and Embedded Systems
Muhammad Ali Mazidl,
Rolin McKinlay and
Danny Causey, February
2007.
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Objective

3 List all addressing modes of PIC18 uCs
3 Contrast and compare the addressing modes

0 Code PIC18 instructions to manipulate a
lookup table.

7 Access fixed data residing in ROM space.

1 Discuss how to create macros and models, and
its advantages.

A Discuss how to access the entire 4kB of RAM
A List address for all 16 banks of the PIC18
3 Discuss bank switching for the PIC18

The PIC uCs 6-3




Outlines

O Immediate and Direct Addressing mode
7 Register indirect Addressing mode

3 Lookup table and table processing

7 Bit addressability of data RAM

3 Bank switching

7 Checksum and ASCIT subroutines

7 Macros and models

The PIC uCs

6-4



Introduction

7 Data could be in
O A register
O In memory
O Provided as an immediate values
1 PIC18 provides 4 addressing modes
o Immediate
o Direct

O Register indirect
O Indexed-ROM

The PIC uCs
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Section 6.1: Tmmediate and
Direct Addressing mode

3 In immediate addressing mode, the operands
comes after the opcode
o MOVLW 0x25
o SUBLW D'34
O ADDLW 0x86

3 In direct addressing mode, the operand data
IS in a RAM location whose address is known
and given as a part of the instruction.

The PIC uCs 6-6



Figure 6-1. MOVFF and MOVWF Direct
Addressing Opcode

MOVLW 0X56
MOVWF OX4O Address E oi1|oz|o3|oa|os|o6|07| 08|09 |oa]oB

oono oo oo oo oo oo oo oo oo oo oo oo

MOVFF OX4O 5OH 010 oo oo oo 0o 0o oo oo oo oo oo ao o oo
/ az0 ad oo ao 04 0o oo oo oo oo oo oo o ao

as0o ad oo ao 04 0o oo oo oo oo oo oo o ao
a4 56 00 OO 00 0o oo oo oo oo oo oo ao
os0 56 00 00 00 0o oo oo oo OO0 oo aoo oo
(=1 oo oo oo 00 0o oo oo oo 00 oo ao o oo

B FProgram Memory

Address= a0 [z 043 Oa 03 WP oz OE

oo co040 FO50 05423 BpAS84 9533 O0E45
aoio BES. ©683 9633 9094 ociAZ: SO52
ao=0 ECZ3 FOoo 92032 ECZ3 FOOO DYF2 6493 6A94
aosEn EA95 OES5 6E31l £E3EZ 6ES3 1ES1 1ES:Z 1EZ3
ao40 ECZ3 FoOoo DVFA 0OECS 6&EOQT OEFA &EOS 0000
aos0 oooo o0e0s E1FC 0607 E1FS 0012 FFFF FFFF

The PIC uCs 6-7



Figure 6-1. MOVFF and MOVWEF
Direct Addressing Opcode
MOVLW 0X56

MOVWF 0X40
MOVFF 0X40,50H

o110l 111A mm A —bank accessed for operation

A =0, use default access hank
0 < fifffff < FF A =1, use bank pointed to by
BSR (Bank Selector Register)

The PIC uCs 6-8



Immediate and Direct
Addressing mode

3 What is the difference between
o INCF fileReg, W
O INCF fileReg, F

7 What is the default destination?

3 What is the difference between DECFSZ and
DECF?
O Operation
o Branch

The PIC uCs 6-9



SFR Registers and their addresses

| Lddress | Aol Name | Value |

FES WREG Ox5E

FS0 PORTA Ox00

3 Can be access by Feo PORT 00
0O Their. name Fa3 PORTD Ox00

. F52 PORTC Ox00

O Their address F53 LATA 0x00

. . . F&A LLTE Ox00

3 Which is easier to FEE LATC 0x00
FSC LALTE Ox00

remember? Foz TRISL Ox7F
Fo3 TRISE OxFF

Fo4d TRISC Ox00

FO5 TRISD OxFF

39 MOVWF PORTB T = Hemory
INDF1 ed Memory

] MOVWF OXF81 FES FSEO 0x0000
FES FSROL Ox00

FEL FSROH Ox00

FE1 FSR1L Ox00

FEZ FSR1H Ox00

The PIC uCs 6-10



SFR Registers and their

addresses

Remember

7 SFR addresses is
started at F80h and the

last location has the
address FFFh

The PIC uCs

Notes

3 In .Ist file, you will see
that the SFR names are
replaced with their
addresses.

0 The WREG register is
one of the SFR

registers and has
address FE8h

6-11



Section 6.2: Register
indirect Addressing mode

0 A register is used as a pointer to the data
RAM location.

0 Three 12-bit Registers are used (from O to
FFFh)

o FSRO
o FSR1
o FSR2

0 Each register is associated with INDFx

3 Syntax
O LFSR n,data > LFSR 1,95Eh - needs 2 cycles

The PIC uCs 6-12




Advantages of Register
indirect Addressing mode

3 It makes accessing data dynamic

3 Looping is possible to increment the
address
o Not possible in direct addressing mode

O Example
- INCF FSR2L

The PIC uCs
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Example 6-2

0 Write a program to
copy the value 55H
info RAM locations
40h to 45h using

A. Direct addressing
mode

B. Register indirect
addressing mode

C. A loop

The PIC uCs

Solution A
MOVLW
MOVWF
MOVWF
MOVWF
MOVWF
MOVWF

Ox55
Ox40
Ox41
Ox42
Ox43
Ox44

6-14



Example 6-2 (cont.)

Solution B

MOVLW
LFSR
MOVWF
INCF
MOVWF
INCF
MOVWF
INCF
MOVWF
INCF

The PICM,QVWF

55H
0,0x40
INDFO
FSROL,F
INDFO
FSROL,F
INDFO
FSROL,F
INDFO
FSROL,F
INDFO

Solution C

COUNT
MOVLW
MOVWF
LFSR
MOVLW

MOVWF
INCF
DECF
BNZ

EQU 0x10
Oxb5
COUNT
0,0x40
Oxb5

INDFO
FSROL,F
COUNT,F
B1

6-15



Auto increment option for FSR

7 Normal increment can cause problem since
1T tncrements 8"b|1- FSROH FSROL

7 Auto increment and auto decrement solve
the problem

O They doesn't affect the status flag

The PIC uCs 6-16



PIC18 auto

increment/decrement of FSRn

Instruction

Function

CLRF INDFn

After clearing fileReg pointed by FSRn,
the FSRn stays the same

CLRF POSTINCnh

After clearing fileReg pointed by FSRn,
the FSRn is incremented (like x++)

CLRF PREINCnh

The FSRn is incremented, then fileReg
pointed to by FSRn is cleared (like ++X)

CLRF POSTDECnh

After clearing fileReg pointed by FSRn,
the FSRn is decremented (like x++)

CLRF PLUSWNnN

Clears fileReg pointed by FSRn +

WREG, and FSRn W are unchanged

The PIC uCs
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Example 6-4

O Write a program to
clear 16 RAM location

starting at location 60H

using Auto increment.

3 Note: there are two
identical mistakes in
your book, pp 202. The
right correction is
FSR1=60H (nhot 40H)

The PIC uCs

Solution

COUNTREG EQU 0x10

CNTVAL EQU D'16'
MOVLW CNTVAL
MOVWF COUNTREG

LFSR
B3
CLRF
DECF
BNZ

1,0x60
POSTINCI

COUNTREG,F
B3

6-18



Example 6-5

3 Write a program to copy
a block of 5 bytes of
data from location
starting at 30H to RAM
locations starting at
60H.

The PIC uCs

Solution

COUNTREG EQU 0x10
CNTVAL EQU D'5

MOVLW CNTVAL
MOVWF COUNTREG
LFSR 0, Ox30
LFSR 1, 0x60

B3
MOVF POSTINCO,W
MOVWF POSTINCI
DECF COUNTREGF
BNZ B3

6-19



The PIC uCs

Example 6-6

0 Assume that RAM
locations 40-43H have
the following hex data.
Write a program to add
them together and place

the result in locations
06 and 07.

Address Data

040H /D
041H EB
042H C5
043H 5B

Solution

COUNTREG EQU 0x20
L_BYTE EQU 0x06
H_BYTE EQU 0x07
CNTVAL EQU 4

MOVLW
MOVWF
LFSR 0,0x40
CLRF WREG
CLRF H_BYTE

B5 ADDWF POSTINCO, W
BNC OVER

INCF H_BYTEF

CNTVAL
COUNTREG

OVER DECF COUNTREG F
BNZ Bb5
MOVWF L _BYTE 6-20



Solution
Exam |e 6’7 COUNTREG EQU 0x20
CNTVAL EQU D'4'

3 Write a program to add MOVLW  CNTVAL
the following multi-byte MOVWF  COUNTREG

BCD numbers and save LFSR 0,0x30
the result at location LFSR 1,0x50
60H. Address Data LFSR 2,0x60
030H 77 BCF STATUS.C
12896577  031H 65 B3MOVF POSTINCO W
+ 23647839 (232H 89 ADDWFC POSTINCI W
033H 12 DAW
050H 39
052H 64 DECF COUNTREG F
053H 23 BNZ B3

The PIC uCs 6-21



Section 6.3: Lookup table and
table processing

O Beside instructions, ROM has enough space to
store fixed data

T DB directive, which means Define Byte, is widely
used to allocate ROM program memory in byte-
sized chunks

7 Use single quotes (") for a single character or
double quotes (") for a string

o Org 0x500

o DATAIL DB Ox39

o DATAZ2 DB "z

o DATAS3 DB "Hello All*

7 ROM address must be even
The PIC uCs 6-22



Reading table elements in PIC18

A Program conter is 21-bit, which is used to
point to any location in ROM space.

3 How to fetch data from the code space?

O Known as a table processing: register indirect
ROM addressing mode.

O There are table read and table write
iInstructions

The PIC uCs



Reading table elements in PIC18

0 To read the fixed data byte

O We need an address pointer: TBLPTR
* Points to data to be fetched

- 21 bits as the program counter!!

- Divided into 3 registers: TBLPTRL, TBLPTRH,
TBLPTRU (all parts of SFR)

- Is there any instruction to load 21 bits (as LFSR)?

O A register to store the read byte

* TBLLAT: keeps the data byte once it is fetched into
the CPU

The PIC uCs



Auto increment option for TBLPTR

3 Can you use the following instruction
o INCF TBLPTRL, f

0 Cause Problem
0 Example: Assume that ROM space starting at
250H contains "Embedded System”, write a

program to send all characters to PORTB one byte
at a time

TBLRD* |Table Read After Read, TBLPRTR stays the sam
TBLRD*+ |Table Read with Post-inc |Reads and inc. TBLPTR
TBLRD*- |Table Read with Post-dec [Reads and dec TBLPTR
TBLRD+* | Table Read with pret-inc  [Increments TBLPTR and then reads

The PIC uCs



Example 6.10a

B6 TBLRD*

RCOUNT EQU 0x20 M?‘XEEAT,PORTB

CNTVAL EQU OxOF  tNCF TBLPTRLF
ORG O000H DECF RCOUNT F
MOVLW 0x30 BNZ B6

MOVWF TBLPTRL  HERE 60TO HERE
MOVLW 0x02

MOVWF TBLPTRH ORG 0x250

MOVLW CNTVAL MYDATA DB

MOVWF RCOUNT "Embedded System"
CLRF TRISB END

The PIC uCs



- Bii=]tS
bddre=s oo 0= 04 i (WIS R oc OE ACIIT A
0140 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ........ oouovann
O1E0 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ........ oo u...
o1co FFFr FFFF FFFF FFFF FFFF FFFF FFFF FFFF ........ oo oou..
Q100 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ........ oo u...
O1E0 FFFr FFFF FFFF FFFF FFFF FFFF FFFF FFFF ........ oo oou..
O1F0 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ........ oouovann
Q=00 FFFr FFFF FFFF FFFF FFFF FFFF FFFF FFFF ........ oo oou..
0z10 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ........ oouovann
Q220 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ........ oo u...
0z30 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ........ oouovann
0=40 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ........ oo u...
0= 50 D45 6562 6464 6465 5320 V3IVE 6574 006D Embedded Systemn.

Oz a0 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ........ oo u...
0=70 FFFr FFFF FFFF FFFF FFFF FFFF FFFF FFFF ........ oo oou..
0za0 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ........ oouovann
Q=20 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ........ oo o...

The PIC uCs
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Why don't you see the
"Embedded System”

B Program Memory

Line boddress=s Dpcode Lahel Dizassembly

291 0Z44 FFFF MOP
292 0246 FFFF MNOP
293 0z 45 FFFF MOP
294 0Z4h FFFF MOP
295 0Z4cC FFFF MNOP
296 DZ4E FFFF MOP

(3 297 0z50 645 MY¥DATAL NEGF 0Ox45, EBANEED
293 0252 BS62 CPF3GT O0xed, EBANEED
2949 0z54 6464 CPF3GT Oxe64d4, ACCERS
300 0z256 6465 CPF3GT Oxe5h, ACCERS
301 0z53 S3zZ0 MOVE RCOUNT, F, BANEED
302 DZ5h T3ve ETE Ox79, 0Ox1, EBANEED
303 0z5C 6574 CPF3GT 0x74, BANEED
304 0Z5E aoeD
305 0z 60 FFFF MOP

The PIC uCs 6-28



Example 6.10b

ORG O000H
MOVLW 0x50
MOVWF TBLPTRL
MOVLW 0x02
MOVWF TBLPTRH
CLRF TRISB

B7 TBLRD*

MOVF TABLAT W
BZ EXIT

MOVWF PORTB

The PIC uCs

INCF TBLPTRL F
BRA B7
EXIT 6OTO EXIT

ORG 0x250

MYDATA DB "
Embedded System",0

END



Example 6.11: Auto increment

ORG 0000H

MOVLW 0x50

MOVWF TBLPTRL

MOVLW Ox02 ORG 0x250
MOVWEF TBLPTRH MYDATA DR "
CLRF TRISB Embedded System" 0
B7 TBLRD*+ 4 '
MOVF TABLAT W END

BZ EXIT

MOVWF PORTR

BRA B7

EXIT GOTO EXIT

The PIC uCs
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Look-Up table and RETLW

7 Used to access elements of a frequently
used with minimum operations

J Example: x2

3 We can use a look-up table instead of
calculating the values WHY?

7 We need to a fixed value to the PCL to
index into the look-up table

O RETLW (Return Literal to W ) will provide
the desired look-up table element in WREG

The PIC uCs



- XSQR_TABLE
Example 6-14 XSQR_TAB!

7 Write g program to get the . MOVFF PRODL, WREG
send x foportC. '~ ADDWF PCL

7 Use look-up table instead RETLW DO
of a mutliply instruction. RETLW D'1'
7 Use PB3-PBO RETLW B'4"
ORG 0 T Do
SETF TRISB Wb
RETLW D 25
CLRF TrISC RETLW D'36'
B1 MOVF rorTB W RETLW D'49°
ANDLW oxoF RETLW D'64
CALL XSQR_TABLE ';ETLW b8l
MOVWF PoRrTC ND

The P%é Bl



Example 6-14

B Program Memorny

Address oo Oz K. O oS 04 o OE LICIT &
aooao 6A24 5051 O0OEBOF EZOS3 FOOO BRESZ DVFA h.j.P.. ...
ao10 apoe CFF3 FFES Z6F2 0CO0 OcCO1l 0204 OcCO0f  ...... E o
aozo oci0 0C19 0CZz4 0C31 0C40 0OC51 FFFF OFFFF o....5.1. B.Q,
o030 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ........

o040 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ........
aoso FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ........
aoan FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ........
aoto FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ........
aosa FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ........
aoso FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ........
M an FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ... ...
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Accessing a look-up table in
RAM

7 Store data in a continue location

7 Using FSR as a pointer and the working
register as an index

3 For example:
o MOVFF PLUSZ , PortD

o Will copy data from location pointed by
FSR2+WREG into PortD

The PIC uCs 6-35



Example 6-15: X?

ORG O SETF TRISC

movLw 0 CLRF TRISD

MOVWF 40H LFSR2,0x40

MOVLW 1

MOVWF 41H Bl MOVF  PORTCW
MOVLW 4 ANDLW B'00000111'
MOVWF 42H MOVFF PLUSW2 PORTD
MOVLW .9 BRA Bl

MOVWF 43H END

MOVLW .16

The PIC uCs 6-36



Example 6-15

M File Registers

Qoo oo 00 00 o0 OO a0 o 00 o0 OO o0 00 00 a0 00 000 C . e e e e s s snsnna
o10 oo 00 00 OO0 OO OO0 OO0 OO0 OO0 00 OO0 OO0 00 00 00 00 & .. e e e ee e means
020 o0 00 a0 a0 o od 00 00O 00 a0 a0 00 00 00 00 00 @ e e e e e wmmmwnana
o030 oo 00 00 o0 OO a0 o 00 o0 OO o0 00 00 a0 00 000 C . e e e e s s snsnna
o040 m o1 o4 o2 10 12 24 31 40 51 00 QOO0 OO OO0 Qoo OO ..., S1 Mo, .. ...
o050 o0 00 a0 a0 o od 00 00O 00 a0 a0 00 00 00 00 00 @ e e e e e wmmmwnana
oe0 oo 00 00 OO0 OO OO0 00 OO0 o0 00 OO0 OO0 00 00 00 000 @ e e e e wes snsnsnna
Hex |S_l,lm|:u:||i|::

The PIC uCs
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Example 6-15

B Program Memory r—_”'E|E|
| Line | Addre=zs= | Opcode | Dizassenbly ﬁ
13 oo1s OE24 MOVLI Ox24
14 oo1a 6E4d6 MOVTWF Ox46, ACCESS
15 ooic OE31 MOVLT Ox31
16 O01E cE437 MOVIWIF Ox47, ACZESS
17 o020 OE40 MOVLI Ox40
13 o022 6E48 MOVIWIF Ox48, ACCZESS
19 o024 OES1 MOVLI Ox51
(3 20 o026 6E49 MOVTWIF Ox49, ALCCESS
21 aoza 6E94d SETF Oxf94, ACCERS
o 22 ooz a GASS CLRF Oxf95, ACCESRS
23 oo2c EEZ0 LF3R 0OxZ, 0x40
243 O02E FoO40 NOP
25 o030 sos2 MOVF Oxf32, W, ACCESS
26 o032 QOEQ?Y ARDLT Ox7
27 o034 CFDE MOVFF Oxfdh, 0xf53
2a o036 FF&3 NOF
29 o038 D7FE ERA Ox30
30 o034 FFFF NOP
31 oo3c FFFF NOP
32 OO3E FFFF NOP
33 o040 FFFF NOP 3
£ >

Opcode Hex | Machine | Sumbolic 6-38




EXC(H’\P'Z 6-16 XSQR_TABLE
MULLW 0x2

7 Write a pr'ogr'am to 961’ the MOVFF PRODL, WREG
x valuefrom PORT B and ADDWEF PcL

send x2 +2x +3 to port C. I o
0 Use look-up table iE\s’read RET__'W b3

of a mutliply instruction. RETLW D'6'
0 Use PB3-PBO RETLW D'11'

RETLW D'18'

ORG O I ot
SETF TRISB Egpw g.gg.
CLRF TRISC RET"'W 5Bl
B1 MOVF PORTB W RETI.W 56 é,
ANDLW 0xOF RETLW b'83"
CALL XSQR_TABLE RET"'W 5'102"
MOVWF PORTC END
BRA B1

The PIC uCs



Section 6.4: bit addressability
of data RAM

3 One of the basic feathers of the PIC18 is
the bit addressability of RAM.

O Bit-addressable instructions
- Use only direct addressing mode

O Byte-addressable instructions

The PIC uCs 6-40



Status Register Bit-
addressability

0 You can access any

bit of the status

' : i DO
register by their T T T T T 10T
name. C - Carry flag 0% — Crverflow flag

A Examples D — Digital Carry flag M — Megative flag
£ —Zeroflag

BCF STATUS,C
A =05, Db, and D7 are not implemented, and reserved for
BTFSS STATUS, Z iuture use.

The PIC uCs 6-41



Section 6.5: Bank switching in
the PIC18

A PIC18 has maximum of 4K of RAM

O Not all the space used.
O The fileReg is divided into 16 banks of 256B each

O Every PIC18 has the access bank (the first 1288
of RAM + SFR)

O Most PIC18 that access the data space in RAM
has the ability to access any bank through setting
an optional operand, called A

O Example: MOVWF myReg, A
« If O it access the default bank (default)

+ If 1, it uses the bank selection register (BSR) to select
the bank
The PIC uCs 6-42




Figure 6-3. Data RAM
Registers

128
bytes

AcCess
Eank

128

Eanlk 14 byte s

Eank 15 peaecesasans
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The BSR register and bank

switching

O It is 8-bit register
O 4 bits are used = 16 banks

O Ban
O Ban
O Ban

ks O (from OO0 to FF)
ks 1 (from 100 to 1FF)

ks 2 (from 200 to 2FF)

o Banks F (from FOO to FFF) (includes SFR)

3 Upon power-on reset, BSR is equal to O
(default value)

The PIC uCs
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asr() Data Memory From Opcode(?

olololo|lo|lo|1]o Bank 0 FEn 1| 1|11 1|1]11
100h 00h
- Y ~ Bank 1 = ~ ~
Bank Select 200h EEF
Bank 2
\_
™ 300h FFh < J
00h
Bank 3
9 through =
N Bank 13
FFh
EOOh 00h
Bank 14 =Eh
FOOh 00h
Bank 15
FFFh FFh

Note 1: The Access RAM bit of the instruction can be used to force an override of the selected bank (BSR<3:0>) t
the registers of the Access Bank.

2. The MOVFF instruction embeds the entire 12-bit address in the instruction.




A Bit in the Instruction Field
for INCFF,D, A yyres EQU 0x40
7 Two things must be MOVLB 0x2

done MOVLW O
1. Load BSR with MOVWF MYREG,1
desired bank INCF MYREG, F, 1
2. Make A = 1in the INCF MYREG F, 1

instruction itself. INCF MYREG. F. 1

jootof1opal o | fir | = F, destination is fileReg

=W destination is WEEG

O
O

[ — destination for operation A =0, use default access hank
A

A — hank accessed for operation =1, use hank pointed to by
BSR (Bank Selector Register)

The PIC uCs 0 = f = FF




Example 6-25

Solution (A)

3 Write a program to MOVLB 0x3
copy the value 55H MOVLW 0x55
into RAM locations
340h to 345h using MOVWF 0x40, 1

A. Direct addressin MOVWF Ox41, 1

' ode J  MOVWEF 0x42, 1
3. A loop MOVWF 0x43, 1
MOVWF 0x44, 1

MOVWF 0x44, 1

The PIC uCs 6-47



Solution (B)

Example 6-25 COUNT EQU OXI'
3 Write a program to

copy the value 55H
info RAM locations MOVWF COUNT

340h to 345h using  LFSR  0,0x340
A. Direct addressing MOVLW 0x55

MOVLW Ox6

mode B1
B. A loop MOVWF INDFO,0
INCF FSROL

DECF COUNTF,0
BNZ Bl

The PIC uCs 6-48



Section 6.6: Checksum and
ASCITI subroutines

7 To ensure the integrity of ROM contents, every
system must perform a checksum calculation.
O Corruption (caused by current surge)

3 To calculate the checksum byte

1. Add the bytes and drop the carries

2. Take the 2's complement of the total sum
3 To perform the checksum operation

1. Add all bytes, including the checksum byte
2. The result must be zero, else error

The PIC uCs 6-49



Example 6-29

A Find the checksum O Perform the

byte checksum
25F 25H
+ 62F + 62F
+ 3FH + 3FH
+ B2 + b2
118H (Drop the + E8H
carry bit) 200 (Drop the
The 2's comp. is E8 carry)

The PIC uCs 6-50



Example 6-29

O If the second byte 62H has been changed
into 22H. Show how the checksum method

detects the error.

2b
+ 22
+ 3F
+ 52
+ E8

_

1€0

The PIC uCs

|
u
|
u
u

(Drop the carry bit)
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Section 6.6:

Checksum

AM_ADDR EQU 40H
COUNTREG EQU 0x20

CNTVAL
CNTVALI1
ORG

CALL
CALL
CALL

BRA

The PIC uCs

EQU 4

EQU 5

0

COPY_DATA
CAL_CHKSUM
TEST_CHKSUM

$

Calculating and Testing
Checksum byte

ORG 0x500

MYBYTE DB 0x25,
Ox62, Ox3F, Oxb?2,
0x00

END
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COPY_DATA
MOVLW  low(MYBYTE)
MOVWF TBLPTRL
MOVLW high(MYBYTE)

MOVWF TBLPTRH
MOVLW upper(MYBYTE)
MOVWF TBLPRTRU

LFSR 0, RAM_ADDR
Cl  TBLRD*+
MOVF  TABLATW
BZ EXIT
MOVWF POSTINCO
BRA C1
EXIT RETURN

The PIC uCs 6-53




CAL_CHKSUM
MOVLW  CNTVAL
MOVWF  COUNTREG

LFSR O,RAM_ADDR
CLRF WREG

C2 ADDWF POSTINCO W
DECF COUNTREG F
BNZ c2
XORLW OxFF
ADDLW 1
MOVWF  POSTINCO
RETURN

The PIC uCs

TEST_CHKSUM

MOVLW  CNTVALI1
MOVWF  COUNTREG
CLRF TRISB
LFSR O,RAM_ADDR
CLRF WREG

C3 ADDWF POSTINCO W
DECF COUNTREG F
BNZ C3
XORLW 0x0
BZ G_1
MOVLW B’
MOVWF  PORTB
RETURN

G_1 MOVLW G
MOVWF  PORTB

RETURN
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Section 6.7: Macros and
models

0 Dividing a program into several models allows
us to use models in other application.
O Reduce time
O Reduce of errors

O Increase the code size every time it invoked
3 MACRO Syntax

Ngme MACRO  dummyl, dummy?2 ..
o

The PIC uCs 6-55




#Hinclude P18F458.INC
= xample: NOEXPAND
DELAY 1 MACRO V1,

J Write a delay TREG
macro and a LOCAL BACK

MOVLF macro. MOVLW V1
MOVWF TREG
BACK—__ NOP

NOP

NOP

NOP

DECF TREG,F
BNZ BACK

The PIC uCs 6-56
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MOVLF MACRO K, MYREG

Example, cont.  MOVLWK
MOVWF MYREG

ENDM

ORG O
CLRF TRISB

OVER MOVLF
Ox55,PORTB

DELAY_1 0x200,0x10
MOVLF OxAAPORTB
DELAY_1 0x200,0x10
BRA OVER

The PIC uCs 57.6
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Figure 6-11. List File with

NOEXPAND Option for Program 6-4

The PIC uCs

aoaooo
aooood ak93

ooaozi DTEER

aooo1l
aoooz
00003
aooo4
aoaos
aoooa
aooaaot
aooaosg
aooaos
aoola
ooo11
o001z
00013
00014
aoo1s
a0o01l1a
aoo1w
ooo13
aool1s
aooZ0
o001
o0o:zz
000Z 3
000Z 4
a0oz5
000Za
aooz
a0o0zg
aooZ9
ooo30
ooo31

;Program 6-4:toggling FPort B using macros
Hinclude P13F4535. INC

L4

HOEXPAHD
e ——————————— sending data to fileReg macro

MOWLF MACRD E, MYREG

L4

MOVLW
MOVWEF
ENDM

K
MYREG

P ——— time delay mwacrao

DELALY 1 MACRO V1, TREG

BACE

CWVER

LOCAL
MOVLW
MOSTTIEF
NOP
NOP
NOP
NOP
DECF
BN Z
ENDM

CLEF
MOVLF
DELLY 1
MOVLF
DELALY 1
BRL

END

BACE
vl
TRE=

TREG, F
EACK

———————————————————————————— program Starts

TRISE ;Port B as an output
0x55, PORTE

O=200,0=x10

O=xili, PORTE

Ox200,0x10

CVEER
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Figure 6-12. List File with EXPAND

Option for Program 6-4

The PIC uCs

ooool
ooooz
o0003
oooo4
oooos
ooooa
oooo
oooos
oooos
oooio
oooil
oooiz
ooo1s
oooi4g
ooois
oooie
oooiw
aools
aoo1ls
aoozo
oooz1
aoozz

EXPANHD

MOVLT K
MOVWEF MYREG
ENDH

DELAY 1 MACRD V1, TREG

BACE NOP

LOCAT, BACKE
MOVLT Vi
MOVTF TREG
NOP

NOP

NOP

DECF TREG,F
EMZ BACKE
ENDH

;Program 6-4:toggling Port B using macros
H#include P1SF458. INC

sending data to fileReg macro
MOVLF MACRO E, MYREG

time delay macro
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Figure 6-12. List File with EXPAND

Option for Program 6-4 (cont.)

The PIC uCs

aooooo
aoaooo

oooooz
aoooo04

oooo
ao0o0a
aaaoos
ooo00a
aooooc
QaaookE
oooolo
oooolz
oooo14

oo0o01a
oooo13

aooo
ooo01a
oooo1c
O0001E
aaaozZo
oooozz
o000z 4
0000z &
o000z s
0000z 4

ogoogs r-——————————— ==
000z 4 ORG ]
6bh93 00025 CLEF
oood2e OVER MOVLF Ox55, PORTE
OES5S ul MOVLW O0x55
BES1 ul MOVTTF PORTE
oooz7 DELAY 1 Ox=00,0x10
ul LOCAL BACE
QOECO ul MOVLW O0x200
6E10 Jul MOWTF 0x10
aooo M EBACE NOP
aooo ul WOF
Qoo Jul WoF
aooo ul MOP
asl0 ul DECF 0x10,F
ElFa Jul BITZ BACKE
000z s MOVLF Oxhild, PORTE
OELA ul MOVLW OxAl
6ES1 Jul MOWTTF PORTE
C0o0zs DELAY 1 Ox200,0x10
ul LOCAL BACE
QOEQO Jul MOWLW O0x200
6E10 ul MOVTF O0x10
aooo M BACE MNOP
Qoo Jul WoF
aooo ul MNOP
aooo ul WOF
0a&10 Jul LECF 0x10,F
El1Fa ul EINZ BACKE
D?EE 00030 BRL COWVEER
ooo3l END

progrsam sStarts

TREIZE :Fort B as an output
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Chapter 6. Summary

Next: Chapter 9

Arithmetic, logic
Instruction and
programs

The PIC uCs 6-61
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Chapter 9: PIC18 Timer
Programming in
Assembly and C

The PIC uCs

PIC MICROCONTROLLER
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y AS

PIC Microcontroller
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Objective

A List the Timers of PIC18 and their associated
registers

7 Describe the various modes of the PIC18
timers

3 Program the PIC18 timers in Assembly to
generate time delays

3 Program the PIC18 timers in Assembly as
event counters

The PIC uCs 9-3



Outlines

3 Programming timers O and 1
3 Counter Programming

The PIC uCs
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Introduction

3 PIC18 has two to five timers
O Depending on the family number

7 These timers can be used as
O Timers to generate a time delay

O Counters to count events happening outside the
uC

The PIC uCs
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Section 9.1: Programming
timers O and 1

7 Every timer needs a clock pulse to tick

7 Clock source can be

O Internal > 1/4th of the frequency of the crystal
oscillator on OSC1 and OSC2 pins (Fosc/4) is fed
into timer

O External: pulses are fed through one of the
PIC18's pins > Counter

7 Timers are 16-bit wide

O Can be accessed as two separate reg. (TMRxL &
TMRxH)

O Each timer has TCON (timer Control) reg.
The PIC uCs 9-6




TimerQ registers and
programming
3 TMROL & TMROH are 8-bit Reg.

o MOVWF TMROL
O MOVFF TMROL, PORTB

TMROH TMREOL

015 (D14 (D13 (D12 (D11 (D10 D9 (D& | D7 | Db | D4 [ D4 | D3

D)

[

I

The PIC uCs
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TOCO N TMREOODMN| TOBBIT TOCS TOSE PSA TOPSZ TOPST TOP S
TMEOON L7 Timer) ON and OFF control bit
1 = Enable (start) Tirmner(
Res 1 0= Stop Tirner(
TOSEIT Difi Tirner0 8-hit'16-bit selector bit
. 1 = Timer] 1z configured as an &-bit imer/counter
D DeTer'ml ne 0 =Timet] 15 configured as a 16-bit tmer/counter.
. TOCS D4 Timer0 clock source select it
The Tlmer' 1 = External clock from BAATOCKET pin
. 0 = Internal clock (Foscid from XTAL oscill ator)
OPZI"GTIOHS TOSE [ Timer0 source edge select bat
1 = Increment on H-to-L tranation on TOCKT pin
mOdeS 0 = Increment on L-to-H transition on TOCKI pin
PSA D3 Timer0 prescaler assignment hit
] Example 1 = Timerl clock input bypasses prescaler.
0 = Timet) clock input comes from prescaler output.
- TOPS2: TOPSO D21 D) TimerQ prescaler selector
m If TOCON non=1:2 Frescale walue (Fosc /47 2)
OOOO IOOO 001=14 Prescale walue (Fosc /47 4)
010=13% Frescale walue (Fosc /44 8)
_hi 011=1:16  Prescale wvalue (Fosc /4 / 16)
Q 16 blT 100=1:32  Prescale value (Fosc / 4/ 32)
101=1+6A4  Prescale wvalue (Fosc /4 / 64)
Q NO prescaler‘ 110=1:128 Prescale value (Fosc /4 /[ 128)
® R|S|n9 edge 111=1:256 Prescale value (Fosc /4 f 256)
The PIC uCs Figure 9-2. TOCON (TimerO Control) o




TMROTIF flag bit

3 Part of INTCON

TMREOIF

TMROIF X TimerD interrupt overflow flag hit
0 = Timet] did not overflow
1 = Timetll has overflowed (FFFF to 0000, or FF to 00 10 8-hit mode).

The imp ortance of TMREOIF: In 16-hit mode, when TMEOH: TMEOL overflows from
FFFF to 0000 this flagis rased. In 8-hit, it 15 raised when the timer goes from FF to 00.
We momtor this ag bit before we reload the TMEOH. TMREOL reqisters.

The other hits of this register are discussed 1n Chapter 11

The PIC ucs | FiQUre 9-3. INTCON (I!Zrn'ter'rup't Control




Figure 9-4. TimerQ Overflow

Flag

1AL
osdllstor

+4

JLr

TOCT =0

D—q ThF OH

TMEIL

TMEOIF

Thi ROz

TMROIF 3oes hich
when FFTF — |

eI
A 7wy

The PIC uCs
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Characteristics and operations
of 16-bit mode

1. 16-bit timer, 0000 to FFFFH.

2. After loading TMROH and TMROL, the
timer must be started.

3. Count up, till it reaches FFFFH, then it
rolls over to 0000 and activate TMROIF
bit.

4. Then TMROH and TMROL must be

reloaded with the original value and
deactivate TMROIF bit.

The PIC uCs 0-11



Steps to program TimerQO in 16-

bit mode to generate time delay

1. Load the value into the TOCON register

D.
6.

~

Load reg. TMROH followed by reg. TMROL
with initial value

Start the timer with instruction
BSF TOCON, TMROON

Keep monitoring the timer flag (TMROIF)
to see if it is raised.

Stop the timer
Clear the TMROIF flag 3
Go Back to step 2

The PIC uCs 9-12



Figure 9-5. TimerQ 16-bit Block

Diagram

Footie — 0
* _ PO UT
=y wlh T e lnkmup
| nkral T ROL High By ke —= g bl TOIF
T Elpin clocks . e o oI
Frogrammables =]
Prescaler 2 TEY debays
TEE |
= N F—— Read TMROL
I’ 3 Wil e T ROL
TOPS2TOP D
8
o &8
o
TH ROH
Hote 1: o, TUSE, PO, TOPSZTOPIO (TOCO N=Si). j{ﬂ
2: Uporrese ], Timer 015 erabled InSblimode , wl b check gl om TS KL ma . prescak . AoV Dala Bus<T O
The PIC uCs 9-13



BCF TRISB,5
. MOVLW 0x08
_LEXGH’\ Ie 2-3 MOVWF TOCON
HERE
0 A square wave of  pMovLW OxFF

50% duty cycleon  pmovwWF TMROH

the PORTRB.D is MOVLW OxF2
created MOVWF TMROL

0 Analyze the BCF INTCON, TMROIF
program BTG PORTB 5

BSF TOCON, TMROON
AGAIN

BTFSS INTCON, TMROIF
BRA AGAIN

BCF TOCON, TMROON,
RD A LIEDE

The PIC _



HERE

MOVLW  OxFF 1
Example 9-5 MOVWF  TMROH 1
MOVLW  -D'48' 1
et . MOWE TwoL
wave gean’red on CALL DELAY °
PTN PORTB 5. BTG PORTB5 1
BRA HERE 2
DELAY
BCF TRISB,S BSF  TOCON, TMROON 1
MOVLW 0x08 AGAIN
MOVWF TOCON BTFSS INTCON, TMROIF 48
BCF INTCON, BRA AGAIN
TMROIF BCF  TOCON, TMROON 1

BCF INTCON, TMROIF 1
RETURN p

The PIC uCs



Figure 9-6. Timer Delay Calculation
for XTAL = 10 MHz with No Prescaler

0 General formula for delay calculation
o T=4/(10MHz) = 0.4 usecond

(a) in hex (b) in decimal

(FFFF - ¥¥€¥ + 1) = 0.4 p= Convert YYHX wvaluss of the
where YYHX are the TMREOH, TMROH, TMROL register to dec-
MEOL initial wvalues respec- imal teo get a NNNNN decimal
~1vely. MNotilice that ¥¥HX val- [number, then (A5536 - NNMNNN]
182 are 1n hex. w 0.4 p=

The PIC uCs 9-16



Example 9-8

3 Write a program to
generate a square
wave with a period
of ms on pin
PORTB.3 (XALT=10
Mhz)

The PIC uCs

3T =10 ms

0 Time delay =
10ms/2 = 5 ms.

7 We need
Bbms/0.4us = 12500
clocks

0 FFFF - 30D4 +1
=CF2C

7 TMROH = CFH
7 TMROL= 2CH

9-17



Example 9-8, Cont.

BCF TRISB,3

MOVLW 0x08 DELAY

MOVWF TOCON BSF TOCON,TMROON
HERE AGAIN

MOVLW OxCF BTFSS INTCON,TMROTIf

MOVWF TMROH BRA AGAIN

MOVLW 0Ox2C BCF TOCON, TMROON

MOVWF TMROL RETURN

BCF INTCON,TMROIF
CALL DELAY

BTG PORTB,3

BRA HERE

The PIC uCs 0-18



Example 9-8, Cont.

B | ogic Analyzer IZHEIFE
Trigger Pozition Trigger PC = Time Baze  Maode
Start ) Center () End () [ I i ” Clear ] Cyc  w Simple Channels

EIEEE S = EE

T | N I SR 12505 [{------

EZ70000.0 B280000.0 E230000.0 E300000.0 E310000.0 B320000,0

The PIC uCs 0-19



Prescaler and generating larger
delay

0 The size of delay depend on
O The Crystal frequency
O The timer's 16-bit register.

0 The largest timer happens when
TMROL=TMROH=0

3 Prescaler option is used to duplicate the
delay by dividing the clock by a factor of
24,816, 32,64 ,128,256

o If TOCON=0000 0101, then T = 4*64/f

+ 64




BCF  TRISB,?

Example 9-13 MOVLW 0x05
e arming +h MOVWF TOCON
J exXamine e HERE

following program
and find the time ~ MOVLW Ox01

delay in second. MOVWF TMROH
3 Assume that XALT MOVLW 0x08
= 10 MHz. MOVWF TMROL
BCF INTCON, TMROIF
CALL DELAY

BTG PORTB,2
BRA HERE

The PIC uCs 9.01



Figure 9-7. TimerQ 8-bit Block

Diagram

Data B
Fir o b —ﬁ 8
Srcw
| Internal — TMED
TS KIp i chks pautT
F'ruzugram mak b
To=E Prezcak o 2 T2V ok Iy
} 3 et e rrlpt
L ) LT IF
T|:|F'-\_-\...T|:|F'-\_-|:| |:|||:||||3.|-|":|l|||l
™
Mots 17 TOOS, TOGE, PSA, TOPSZTOP SO (TOO0 N30,
20 Upon reet Tihnerd kE evdykd  Shkmock , wkh clock hpattom TECEL max. pricak.
The PIC uCs 9-22




Figure 9-8. Timerl High and
Low Registers

3 Can be programmed in 16-bit mode only
3 It has 2 bytes named as TMRIL and RMR1H
3 It has also TICON and TMRI1IF

O The module incorporates its own low-power
oscillator to provide an additional clocking option.

3 Used as a low-power clock source for the
microcontroller in power-managed operation.

TMRTH TMRTL
A A

D15 D14 (D13 (D12 D11 (D10 | D3 | D8 | DF |[DB | D5 (D4 (D3 [ D2 | D1 | DO

The PIC uCs




Figure 9-9. Timerl Block

Diagram

SetTMR1IFfBgbi

on Cue rflow

TNR1

L

TMR1H TRIL

ELH“

—(

CCP SpecalEuent Trioge r

]

TMRION
TIDEC onfoff
[
TI0SOTIC K] 3 t'?s;s |
; - TIOSCEN
Eiabk
)
TI0S! l Oscilatar
,f']
Foscd
lenal
Chd  mRICS

-\T\--_

TISYRC

Prescakr

1.2,4,2

¥

TICEPS1 TICKEPD

The PIC uCs
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RO16 TICKFST | TICKPSD | TIOSCEN | T1SYME | TMRICS | TMRTON

RD16 L7 16-bit readiwrite enable hit

F'gu r.e 9— 1 =Timerl 16-bit1s accessible in one 16-hit operat on.

10 0 =Timerl 16-bit 15 accessible in two 8-hit operations,

T1CON

Dy Mot used

TICKPS2: TICKPSOD D5 Dd Timerl prescaler selector

' 0o=1:1 Frescale value
(Tlmer‘ 1 01=12 Frescale value
1 0=14 FPrescale walue

CO nTr'Ol ) 11 =18 Prescale walue

RCQISTCP T1IOSCEN 3 Timerl oscillator enable bit

1 = Timer]l oscillator 12 enabled.
0 =Timerl osallator 12 shutoff

T1SYNC X Timerl synchronzaton (used only when THE1CS =1 for
counter mode to synchrom ze external clock input)

[fTMEICS = 0 thiz bit 15 not used.

TMRICS Dl Timerl clock source select bit
1 = External clock from pin RCOTICK]
0 = Internal clock (Fosc/d from X TAL)

The PIC uCs TMRI1ON Lo Titnerl ON and OFF control bit 9-25
| = Enahle (start) Timer]




rFigure 9-11. P1R1 (Interrupt
Control Register 1) Contains the

TMRIIF Flag

TMRTIF ‘

TMREIIF D1 Timer] Interrupt overflow flag hat

0 =Timer] did not overflow
1 = Timner]l has overflowed (FFFF to 0000},

The importance of TMREI1IF: "When TMEIH TMEIL overflows from FFFF to 0000,
this flag 12 ratsed. We motnitor this flag hit before we reload the TMEIH TMEIL regis-

tets.

The other hits of this reqster are discussed in Chapter 11

The PIC uCs 9-26




SECTION 9.2: Counter
Programming

1 Used to counts event outside the PIC
O Increments the TMROH and TMROL registers

3 TOCS in TOCON reg. determines the clock
source,
o If TOCS =1, the timer is used as a counter

O Counts up as pulses are fed from pin RA4
(TOCKT)

o What does TOCON=0110 1000 mean?

3 If TMR1CS=1, the timer 1 counts up as
clock pulses are fed into pin RCO

The PIC uCs
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Using external Crystal for

Timerl clock

3 Timerl comes with two
options,
o clock fed into T1CKI
- TIOSCEN=0

o Clock from a crystal
connected to T1OSI-
T10S0 (additional)

- TIOSCEN-=1
- 32 kHz Crystal is connected

- Used for saving power during
SLEEP mode > doesn't
disable Timerl while the main

crystal is shut down
The PIC uCs

/ External Source

Internal Source

sciioLkl b
_oscvcikieasleia

RCHCCRT gq17
RCISCKISCL 18
FOOFSPOACTING 18
ROUPSPUCTIN- =420




BSF TRISA RA
Example 9-23  CLRF TRISB

MOVLW Ox68

7 Assuming that MOVWF  TOCON

clock pulses are HERE MOVLW 0x0O
fed into pin TOCK1, MOVWF TMROL
?gti*fozr?’rreof Bam 8- BCF INTCON,TMROIF
bit mode to count BSF  TOCON,TMROON
the pulsgs and AGAIN MOVFF TMROL PORTI
display the state of = BTFSS INTCON,TMROIF
the TMROL count BRA AGAIN
on PORTE. BCF  TOCON,TMROON

6GOTO HERE

The PIC uCs 9-29



NUME EQU 0x00

Example 9-24 QU EQU 0x20
RMND_L EQU 0x30

7 Assume that a1 Hz RMND_M EQU 0x31
frequency pulseis  RMND_H EQU 0x32

connected to input  MYDEN EQU D'10'
for TimerO(TOCKI) BSF TRISA RA4

0 Write aprogram oy 5y w Ox68

display counter O
on PORTB, C and D MOVWF TOCON

in decimal. HERE MOVLW 0Ox0
A Ser the initial value =~ MOVWF TMROL
of TMROL to -60. BCF INTCON,TMRO]

BSF  TOCON,TMRQO!

The PIC uCs



BIN_ASC_CON
MOVFF PORTB,WREG

Example 9-24 MOVWF  NUME

MOVLW MYDEN

CLRFQU
AGAIN MOVF D1 INCF QU
TMROL W SUBWF NUME
CALL BC D_1
ADDWF NUME
BIN_ASC CON DECF QU
BTFSS MOVFF NUME RMND_L
INTCON, TMROIF MOVFF QU NUME
BRA AGAIN | ZCLRF]?:CF o
BCFTOCON, TMROON T SUBWF NUM
GOTO HERE BC D2
ADDWF NUM
DECF QU

MOVFF NUME RMND_M
MOVFF QU,RMND_H
RETURN

The PIC uCs 9-31



BCF TRISB 1
Example 9-26 BSF  TRISA4
MOVLW 0x68
7 Assuming that MOVWF TOCON
clock pulses are MOVLW  -b'100
fed into pin TOCKT =~ MOVWF TMROL
and a buzzer is BCF INTCON,TMROIF
conhhected to Pln BSF TOCON, TMROON

PORTB.1 write a AGAIN BTFSS
program for INTCON,TMROIF

counterQO in 8-bit BRA AGAIN
buzzer every 100 OVER BTG PORTB,1
pulses CALL DELAY

The PIC uCs GOTO OVER .




Example 9-27

7 Assume that a1 Hz
frequency pulse is

connected to input for
Timerl(RCO)

0 Write a program to
display the counter

values on PORTB and D in

decimal.
3 Initial value=0
3 16-bit and no Prescaler

The PIC uCs

HERE

BSF TRISC,RCO
CLRF  TRISB

CLRF  TRISD
MOVLW 0x02

MOVWF T1CON
MOVLW 0x0
MOVWF TMR1H
MOVLW 0x0

MOVWF TMRI1L

BCF PIR1, TMRIIF
BSF T1CON, TMRI1ON

9-33



Example 9-27

AGAIN MOVFF
TMR1H,PORTD

MOVFF TMRIL,PORTB
BTFSS PIR1, TMRIIF
BRA AGAIN

BCF PIR1, TMRION
6OTO HERE

The PIC uCs 9-34



Next: Chapter 10
Chap‘rer' 9; Summar.x PIC18 Serial Port

Programming in
Assembly and C

3 The PIC18 can have up to four or more
timers/counters. Depending on the family
member

0 Timers: Generate Time Delays (using Crystal)
0 Counters: Event counter (using Pulse outside)

7 Timers are accessed as two 8-bit registers,
TMRLx and TMRHx

3 Can be used either 8-bit or 16-bit
O Each timer has its own Timer Control register

The PIC uCs 9-35
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Chapter 10: PIC18
Serial Port
Programming in
Assembly.

The PIC uCs

PIC MICROCONTROLLER
AND EMB[DDED SYSTLMS
y AS

PIC Microcontroller
and Embedded Systems
Muhammad Ali Mazidi,
Rolin McKinlay and
Danny Causey, February
2007.
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Objective

0 Explain serial communication protocol
7 Describe data transfer rate and bps rate

7 Interface the PIC18 with an RS232
cohhector

0 Describe the main registers used by serial
communication of the PIC18

3 Program the PIC18 serial port in Assembly

The PIC uCs 10-3



Outlines

3 Programming timers O and 1
3 Counter Programming

The PIC uCs 10-4



Introduction

3 Computers transfer data in two ways:
Parallel and Serial.

3 Parallel: Eight or more data lines, few feet
only, short time

3 Serial: Single data line, long distance

7 The PIC18 has serial communication
capability built into it.

The PIC uCs 10-5



Basics of Serial Communication

7 The byte of data must be converted to
serial bits using a parallel-in-serial-out
shift register

Serial Transfer : Farallel Transfer
_ . DO _
Sender »| Fecelver : Sender »| Fecelver
ol
-
-
Jm—
07

The PIC uCs Serial versus Parallel Data Transfer 10-6



Basics of Serial Communication
(cont'd)

7 The receiving end must be a serial-in-
parallel-out shift register and pack them

info a byte.
7 Two methods of serial data communication:
and
\ / Transfers a
Transfers a single block of data at
byte at a time a time

The PIC uCs 10-7



Half-and Full-Duplex

Transmission

Simplex Transmitter w| Receiver
Half Duplex Transmitter ™, | Receiver
Recelver / -~ \ Transmitter
Full Duplesx Transmitter w| Recelwer
FECalvEl | — | TEN ST ET
The ATQUGCs 10-8




Start and Stop Bits

3 In the asynchronous method, each
character is placed between start and stop

bits ( )

MSB —= - LSB

sopfb 0 F1 J0 f0 f0 fo o {1 Pstat]a

SHACE Y bt T : = : bit

qoes out last o7 dd  goes out first

Framing ASCII ‘A’ (41H)

The PIC uCs 10-9



Data Transfer Rate

7 Rate of data transfer: (bits per
second)

3 Another widely used terminology for bps is

3 For Asynchronous serial data
communication, the baud rate is generally
limited o 100,000bps

The PIC uCs 10-10



RS232 Standard

3 Standard for serial comm (COM port)
1. -3V 10 -25V,;
0: +3V 1o +25V
O Reason: for long distance wired line
O Input-output voltage are not TTL

compatible

7 So, we need MAX232/233 for voltage
converter. Commonly known as line drivers

The PIC uCs 10-11



RS232 Pins

Connectors:
Minimally, 3 wires: RxD, TxD, GND

Could have 9-pin or 25-pin

N v e Dy °
o Crzanarizzas) © o (weaf) o
- " B\ e
DB-25 DB-9
25-Pin Connector 9-Pin Connector

The ELQLGCS 10-12



RS5232 Pins (cont'd)

Datain  Data out

TS

Thee LG s

DB-9

9-Pin Connector

IBM PC DB-9 Signals

Pin 1 - Data Carrier Detect (DCD)
Pin 2 - Received Data (RxD)

Pin 3 - Transmitted Data (TxD)
Pin 4 - Data Terminal Ready (DTR)
Pin 5 - Signal Ground (6ND)

Pin 6 - Data Set Ready (/DSR)

Pin 7 - Request to Send (/RTS)
Pin 8 - Clear to Send (/CTS)

Pin 9 - Ring Indicator (RI)

10-13



PIC18 Connection to RS232

Vi \L o3
0 2 | T
C1 11 MAXZ23Z - FlC1s
.y L o M AX232
e Tlour| + PORTC.B| 25 a
TN ouT : 14 21711
1 [0 14 (RCE)TxD =
=X F1in
12 o] 13 96 13 133
T TIguT FORTC.Y —
10 [>5 7 (RCTIR =D W
RZ2aur R2In DE-9
£ =d A
- 15 FS2372 sid 40-Fin DIP Package FIC1E . .
TTL side JT— sIee - Line driver
(a) Inside MAX232 (b) its Connection to the PIC18
The: FRTO1GCs 10-14



Figure 10-6. Null Modem
Connection

3 Null modem is a communication method to
connect two DTEs (computer, terminal, printer
etc.) directly using a RS-232 serial cable.

3 With a null modem connection the transmit and
receive lines are crosslinked.

1 Depending on the purpose, sometimes also one
or more handshake lines are crosslinked.

DTE DTE

T=D T=D




PIC18 Connection to RS232

Vi \L o3
0 2 | T
C1 11 MAXZ23Z - FlC1s
. T G4 A3
e Tlour| + PORTC.B| 25 5]
TN ouT : 14 21711
1 [0 14 (RCE)TxD =
=k F1in
12 o] 13 96 13 133
T TIguT FORTC.Y —
10 [>n 7 (RCTIR =D W
RZ2aur RZ2In DE-9
£ =d f
- 15 FS2372 sid 40-Fin DIP Package FIC1E . .
TTL side JT— sIee - Line driver
(a) Inside MAX232 (b) its Connection to the PIC18
The ATQUGCs 10-16



PTIC18 Connection to RS232

(Cont'd)

Ve |
13
Ty ! 11
13 MARZ3Z 15
17 | 16
10
T1 T1our
5 N [>” .
Flaur HT1in
3 °<l1 4
T2 TZout
1 >>-u 18
F2our Y
20 °<I1 10
. b 4 .
TTL =ide L_|J H=5233 side

FliZ12
AR 233
PORTC.E| 25 2 5 2?'__I_
(RCE)TxD =
4 3
PORTC7|26 3 B
(RCTIR*D ~
DE-4

40-Pin DIP Package FIC1E Line driver

(a) Inside MAX233
PIC18

Thee BTG s

(b) Its Connection to the

10-17



Sectionl0.3: PIC18 Serial Port

Programming in Assembly

1
2
3

h
i

.
g
2
10
11
12
13
14
15
16
17
18

| El w1

40 FIN DIF

40
gle
39

4 PIC18F438 37

36
35
34
a3
3z
al
a0
24
28
27
26
25
24
23

T

FET/F G0
FEGFGC
FE S G

FE4

FHEICANEK
FEXCANTHANTZ
FE1ANTI
FEOAMNTO

Voo Rx Port
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Tx Port

7 USART has both

O Synchronous
O Asynchronous

3 6 registers
O SPBRG
o TXREG
o RCREG
O TXSTA
O RCSTA
o PIR1
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SPBRG Register and Baud Rate
in the PIC18

7 The baud rate in

: Baud SPBRG
;S pdmjrjammahble Rate (Hex Value)
Jloade m’ro.’r e 33400 3
SPBRG decides 19200 =
the baud rate
I Depend on crystal 2089 -
epend on crystal 1™ 4800 20
frequency 5400 20
o BR = Fosc
4*16*(X+1)) 1200 81

*For XTAL = 10MHz only!
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Baud rate Formula

If Fosc = 10MHz
X = (156250/Desired Baud Rate) - 1

Example:

Desired baud rate = 1200, Clock Frequency =
10MHz

X = (156250/1200) - 1
X = 129.21 = 129 = 81H
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TXREG Register

0 8-bit register used for serial
communication in the PIC18

3 For a byte of data to be transferred via
the Tx pin, it must be placed in the TXREG
register first.

1 The moment a byte is written into TXREG,

it is fetched into a non-accessible register
TSR

MOVFF PORTB, TXREG
3 The frame contains 10 bits
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RCREG Register

0 8-bit register used for serial
communication in the PIC18

O When the bits are received serially via the
Rx pin, the PIC18 deframes them by
eliminating the START and STOP bit,

making a byte out of data received and
then placing it in the RCREG register

MOVFF RCREG, PORTB
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TXSTA (Transmit Status and
Control Register)

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 H-1 RW-0
CSRC TS TXENT SYNC SENDB BRGH TRMT TXaD
bit 7 bit O
Legend:
H = Headable bit W = Writable bit U = Unimplemented bit, read as 0’
-n = Value at POR ‘1" = Bit is set 0" = Bit is cleared ¥ = Bit is unknown
bit 7 CSRC: Clock Source Select bit
Asynchronous mode:
Don't care.

Synchronous mode:
1 = Master mode (clock generated internally from BRG)
0 = Slave mode (clock from external source)

bit 6 TX9: 9-Bit Transmit Enable bit

1 = Selects 9-hit transmission
0 = Selects 8-hit transmission

bit 5 TXEN: Transmit Enable hit(1)

1 = Transmit enabled
o = Transmit disabled
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TXSTA (Transmit Status and

Control Register) (Cont'd)

bit 4

bit 3

bit 2

bit 1

hit 0

Thee | Note 1:

SYNC: EUSART Mode Select bit

1 = Synchronous mode
o = Asynchronous mode

SENDB: Send Break Character bit
Asynchronous mode:

1 = Send Sync Break on next transmission (cleared by hardware upon completion)

o = Sync Break transmission completed
synchronous modea:

Don't care.

BRGH: High Baud Rate Select bit
Asynchronous mode:

1 = High speed
o = Low speed

Synchronous mode:

Unused in this mode.

TRMT: Transmit Shift Register Status bit

1 = TSH empty
o =TSR full

TX9D: 9th bit of Transmit Data
Can be address/data bit or a parity bit.

SHEN/CHEN overrides TXEN in Sync mode.
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Thee F

RCSTA (Receive Status and

Control Register)

RANV-O RW-0 RAW-0 RAV-0 RAN-O R-0 R-0 R-x
SPEN RX9 SREN CREN ADDEN FERR COERR RXaD
bit 7 bit O
Legend:
R = Readable bit W =Writable bit L) = Unimplemented bit, read as ‘0
-n=Valua at POR ‘1" = Bit is sat ‘I = Bitis clearad x = Bit iz unknown
bit 7 SPEN: Serial Port Enable bit
1 = Serial port enabled (configures RXDT and TH/CK pins as serial port pins)
o = Serial port disabled (held in Reset)
bit & RX%: 5-Bit Racaive Enable bit
1 = Salects 9-bit recaption
0 = belects B-bit recaption
bit 5 SHEEMN: Single Recaive Enable bit

Asvnchronous made:
Don't care.

synchronous mode — Mastear:
1 = Enables single recaive
o= Dizables single recaive

This bit is clearad after reception is complate.

Synchronous mode — Slave:

Don't cara.
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RCSTA (Receive Status and
Control Register) (Cont'd)

bit 4 CREMN: Continuous Racaive Enable bit

Asynchronous mode:
1 = Enables racaivear
o = Disables racaivar
Synchronous mode:

1 = Enables continuous receive until enable bit CREN is clearaed (CREN overrides SREN)
o = Disables continuous receive

bit 3 ADDEN: Addrass Detact Enable bit
Asynchronous mode S-bit (RXS = 1):
1 = Enables addrass detaction, enables intarmipt and loads the receive buffer when RE5R<8x is sat
0 = Dizables address detection, all bytes are receivead and ninth bit can be usad as parity bit

Don't cara.

it 2 FERR: Framing Ermor bit
1 = Framing arror (can be updated by reading RCREG ragistar and receiving naxt valid byta)
0 = Mo framing ermror

bit 1 CERR: Cvearrun Emor bit

1 = Cwerrun emor (can be deared by clearing bit CREN)
o = Mo ovarmun arrar

it RXSL0x Oth bit of Received Data
Thi= can ba an addrassddata bit or a parity bit and must be calculatad by usar firmwara.
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PIR1 (Peripheral Interrupt

Request Register 1)

The H

RCIF | TXIF | - -- |

RCIF

TXIF

Fecetve interrupt flag bt

1 = The UART has received a byte of data and it 15 sitting 10 the
ECEEG register (recetwe buffer), wating to he picked up.

Upon reading the RCREG register, the RCIF 15 cleared to allow the
next byte to be received.

0 = The ECEEG 15 empty.

Transtmit internupt fag hit
0 =The TEXREG register 15 full.
1 = The TEREG (transmit buffer) register 15 empty.

The imp ortance of TXIF: To transmit a byte of data, we wrte it into TEXREG Upon
writing a byte into TEEEG the TZIF flag 15 cleared. When the entire byte 15 transmmit-
ted wia the T2 pin, the THIF flag bit 15 raised to indicate that 1t 15 ready for the next

hyte. So, we must monitor this flag before we wnite anew byte into TERES, otherwas

we wipe out the last byte before it 15 transmtted.

£
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Programming the PIC18 to

Transfer Data Serially

1.

ok whr

o

TXSTA register = 20H: Indicating
asynchronous mode with 8-bit data frame, low
baud rate and transmit enabled

Set Tx pin an output (RC6)
Loaded SPBRG for baud rate
Enabled the serial port (SPEN =1in RCSTA)

The character byte to transmit must be
written into TXREG

Keep Monitor TXIF bit
To transmit next character, go to step 5
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Example 10.2

;Write a program for the PIC18 to transfer the letter 'G' serially

;at 9600 baud continuously. Assume XTAL = 10 MHz

OVER
S1

Thee BTG s

MOVLW
MOVWEF
MOVLW
MOVWEF
BCF

BSF
MOVLW
BTFSS PIR1,
BRA
MOVWEF
BRA

B'00100000"
TXSTA

D'15'; 9600 bps
SPBRG
TRISC, TX
RCSTA, SPEN
A'G'

TXIF

S1

TXREG
OVER
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TXSTA: Transmit Status and
Control Register

The importance of the TSR register. To transfer a byte of data senally, we wnte it
into TEREG The TSE (transrmt shuft register) 13 an internal register whose job 13 to
get the data from the THEREG frame it with the start and stop hits, and send 1t out one
hit at atime wiathe T pin When the last bit, which 15 the stop hat, 15 transmmitted, the
TEMT flag 1z raised to indicate that it 15 empty and ready for the next byte, When
TaE fetches the data from THEEG it clears the TEMT flag to indicate 1t 15 full.
Motice that TSR 15 a parallel-in-serial-out shi ft register and 15 not accessible to the pro-
aramimer. We can only wnte to TAXREG Whenever the TEER 12 empty, 1t gets its data

fromm THRES and clears the TXREG register immediately, so 1t does not send out the
sarme data twice.
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Programming the PIC18 to

Receive Data Serially

1.

o0 AW

/.

RCSTA register = 90H: To enable the
continuous receive in addition to the 8-bit
data size option

. The TXSTA register = O00H: To choose

the low baud rate option

Loaded SPBRG for baud rate

Set Rx pin an input

Keep Monitor RCIF bit

Move RCREG into a safe place

To receive next character, go to step 5
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Example 10.4

;Write a program for the PIC18 to receive data serially and
;put them on PORTB. Set the baud rate at 9600, 8-bit data

;and 1 stop bit

R1

Thee BTG s

MOVLW
MOVWEF
MOVLW
MOVWEF

BSF

CLRF

BTFSS PIR1,
BRA

MOVFF

BRA

B'20010000'
RCSTA

D'15’

SPBRG

TRISC, RX
TRISB

RCIF

R1

RCREG, PORTB
R1
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Increasing the Baud Rate

O Faster Crystal
O May not be able to change crystal

7 TXSTA.BRGH bit

O Normally used low
O Can be set high
O Quadruples rate when set high
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Baud Rate Error
Calculation

03 ??? Errors in the baud rate? Yep!
O Caused by using integer division in rate generator

_ Calculated baud rate — Desired Baud Rate)

Error = _
Desired Baud Rate
where
Calculated Baud Rate = Fosc

64 x (SPBRG +1)
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Transmit and Receive

7 Please see program 10-1: Page 412
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Figure 10-12. Simplified USART

Transmit Block Diagram

SFERG

Baud Rate Generator

Baud Rate Clock

Diata Bus
o
THIF TAREEG register
TAIE
-
hdSb L5b Fin Buffer
5 L) (U~ and Control [
TS R Register RICETHSCE pin
Interrupt =FPEM

The PIC uCs
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Chapter 10: Summary

Next: the final exam
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