1 : RUNNING BEFORE you
LEARN TO WALK

Starting at the beginning is no fun. This book propels you directly
into programming and using PIC devices with an absolute minimum
of preliminary and background information.

You will want to understand about binary and about hexadecimal
numbering systems, about registers, memory, instruction sets and
lots of other things, but all of that can come later.

ulhat is a PIC?

'PIC' is short for 'Peripheral Interface Controller'. This is nice to know,
but does not tell you much. A PIC device is an integrated circuit
which contains an almost complete computer system, small but
perfectly formed.

By programming the PIC, you can change its function as part of
any electronic control circuit you want to design. PICs do not require
complex support circuitry and are so easy to use that you will find
real benefits in simplifying the design and construction of quite
modest control circuits. PICs are not expensive and there are likely to
be significant cost savings.

Microchip Technology Inc., based in Arizona, manufactures a large
and growing family of PIC devices. It would be confusing to describe
the range and variety of different devices when you are first learning
about PICs. It is much better to focus on a single device. Once you
have a working knowledge of one PIC, it is easier to understand the
features and capabilities of other devices.

The PIC16F627 is a good choice for initial investigation. Look at
the diagram below, which shows the pin connections for the

PIC16F627.
RA2/AN2/VREF 1 dfe ™ |b 18 RA1/AN1
RA3/AN3/CMP1 2 d - |P 17 RAO/ANO
RA4/TOCKI/CMP2 30 (E D 16 RA7/0SC1/CLKIN
RA5/MCLR/VPP 4 d 9|-|‘ D 15 RA6/0SC2/CLKOUT
VSS 50 § D 14 VDD
RBO/INT 6 O D 13 RB7/T10SI/PGD
RB1/RX/DT 7 C D 12 RB6/T10SO/T1CKI/PGC
RB2/TX/CK 8 O D 11 RB5
RB3/CCP1 9 d D 10 RB4/PGM

Fig. 1.1 Pin connections for PIC16F627.

As you can see, the PIC16F627 is an 18-pin integrated circuit, or
'beastie’, with the pins numbered in the usual sequence, down the
left-hand side and back up on the right.

PICs PAGE 1.1



PAGE 1.2

It is surprising to find that most of the pins of the PIC can have
two, three, or even four different functions! These functions are set
when the PIC is programmed. The PIC16F627 is an extremely
powerful and versatile device. Again, it is going to be easier to restrict
the functions of the pins to the most obvious ones until these have
been learnt and understood.

The next diagram shows the options which will be used for the
first few projects described in this book.

PORTA, 2 RA2 1 dfe ™ D 18 RA1 PORTA, 1
PORTA, 3 RA3 2d - P 17 RAO PORTA, 0
PORTA, 4 RA4 3 d (5 D 16 0SC1 oscillator
master clear MCLR 4 d 9|-|\ D 15 0SC2 oscillator
ov VSS 5d § D14 VvDD +2.0to5.5V
PORTB, 0 RBO 6 d D 13 RB7 PORTB, 7
PORTB, 1 RB1 7 d D 12 RB6 PORTB, 6
PORTB, 2 RB2 8 d D 11 RB5 PORTB, 5
PORTB, 3 RB3 9 d D 10 RB4 PORTB, 4

Fig. 1.2. Simplified pin connections for PIC16F627.

The power supply for the PIC is connected to pin 5, VSS 0 V, and
pin 14, VDD +2.0 to 5.5 V. It is important to notice two things. First,
these connections are different from the arrangement found in most
logic integrated circuits, which have the power supply pins at
opposite corners. Second, the maximum power supply voltage is just
5.5 V. If you connect it to a higher voltage, the PIC will fry.

Look at the PORTA and PORTB connections. PORTA accounts for
five pins in this simplified arrangement, and PORTB for eight pins.
Each of these pins can be individually programmed to act as an input,
or as an output, giving tremendous flexibility in controlling an
external circuit.

These are digital inputs and outputs which process HIGH and
LOW voltages only. PORTA of the PIC16F627 can respond to varying
voltage, or analogue signals as well. You will find out about this later.

To get the PIC to function, a clock signal is required. The
PIC16F627 can be configured to produce this internally. Two different
clock frequencies are available, 4 MHz and 37 kHz. In effect, you can
allow the PIC to work at its usual speed, or you can slow it down to
save power, or to see what is happening.

Sometimes a clock signal is generated by a connecting a circuit to

the OSC1 and OSC2 pins.

The circuit diagram, Fig. 1.3 opposite, shows the essential
connections for PIC operation. The 4.5 V power supply consists of
three 1.5 V cells. (You can use AA cells in a suitable holder.) The
47 pF and 100 nF capacitors provide power supply decoupling. That
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MPLAB®

PICs

is, they help to prevent the transmission of spikes and glitches along
the power supply connections.

10
kQ 14
4 Mo

v 140d]
» w N = O
‘H‘H‘H‘\D‘m‘\l o ‘w‘m‘._.‘._.‘._.
o= o ® I3
e}

PIC16F627

0
4.5V 1 220

3 2

@] 3

1£ 0SC1 4

5
° LED

15 13
+ 47 __ 100 — 9°¢2 e N
T_TvTv .
Y

Fig. 1.3. Your first PIC circuit.

The master clear or reset pin, MCLR, of the PIC is wired to the
positive power supply via a 10 kQ resistor. This leaves the 220 Q
resistor and the LED connected to PORTB. Your mission in working
through the rest of this chapter is to program the PIC to make the
LED flash at a regular rate. This is a sensible initial target, and there is
no doubt that you will be pleased when you succeed!

MPLAB® is the Microchip name for the software application which
supports PIC development work.

You get a copy of MPLAB as part of the PICSTART® Plus
development package. In addition, the package contains the
PICSTART® Plus development programmer, a suitable power supply,
connecting leads and a data library on CD-ROM. Schools and colleges
are strongly recommended to purchase this package, which offers a
straightforward and reliable pathway into PIC programming.

MPLAB is also available for free download from the Microchip
website at:

http://www.microchip.com

It is probably better to use the version of MPLAB shipped with the
programmer initially, but you should aim to update to the most
recent version of the software from time to time.

The downloaded file is in *.zip format, that is, it is compressed to
save space, so that it downloads more quickly. Nevertheless, with a
standard internet connection, the download may take a long time.
Save the file to disk and double-click to start installation.

PAGE 1.3


http://www.microchip.com

The default installation directory for recent versions of MPLAB is
C:\Program Files\MPLAB IDEN\. It is important for the files to be in
their default locations if you want the program examples in the book
to work without modification.

Launch MPLAB by clicking on its desktop icon, or by selecting the
program from the Start menu.

MFLAEIDE

A

Fig. 1.4. MPLAB desktop icon.

The application window looks like this:

# MPLAB IDE v6.20

File Edit Miew Project Debugger Programmer Configure  Window  Help
D H| '@ (&7 | e ?

M Untitled Wor... [- |[0]X]

=

| | PPIC18F452 | | | |oxg2ds 4

Fig. 1.5. MPLAB application window.

What do you need to do? The first step is to tell MPLAB which PIC
you are going to use. From the menu bar, select Configure/Select
Device... as follows:

# MPLAB IDE v6.20
File Edit “iew Project Debugger Programmer BeGliE0iEN Window  Help

DS E| s ||y
onfiguration Bits, ..

M Untitled Wor... [~ [0[X] f;t;;”r:i:fm”’

Settings. ..

Fig. 1.6 Which PIC are you going to use?
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This brings up a dialogue box:

Device:

\FIC1EF452 =]

FICT16CRE3 -
FICTRCHZ4 0

FIC1GFEZTA ﬂ! -_ ICSTART Flus

PIC16F628 RO MATE Il

FICTEFEZ2EA

FIC1EFE30 bl
MFCAE T-E 2000 meLAR ICE 4000

PO EHC Mo Module
@ PCM1SKHD

[fthe device you need is not listed, or ifthe
device is not supported by the desired tool,
please check the Microchip weh site for any
updates.

Yellow indicates Beta support.
Fed indicates unsupported.

LIRL . httpcihasiniy moicrochip. corm

| (0] 4 | Cancel Help

Fig. 1.7. Selecting the PIC.

Select the PIC16F627 from the drop down list and click OK. The
selected device appears in the status bar at the bottom of the
application window:

I PIC16F&2T

Fig. 1.8. Status bar display.

Next, you need to create a project which will contain the program
files. Select Project/New... from the menu bar:

# MPLAB IDE v6.20
File Edit

Wiew BEuEEe Debugger  Programmer  Configure Window  Help

u Project Wizard. .. ?

S Open... [g
Close r
Set Active Project g

Fig. 1.9. Creating a project.

In the dialogue box, type a name for your project. Since you are
going to make the LED flash, 'flash’ seems appropriate:
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Mew Project

Help k. | Cancel |

x]

Froject Mame

|flash

Project Directary

| Browse. .. [

Fig. 1.10. New Project dialogue box.

The question of where to save your project files depends on
whether you are using a stand alone computer, or one which is
connected to a network.

With a stand alone machine, enter a directory name such as
C:\PIC Projects\ or browse to another directory of your choice. If
C:\PIC Projects\ does not exist, MPLAB will create it for you.

With a network computer, you will not be allowed to create a new
directory on the C: drive. To get the files to save properly, you will
need to map the network drive where your documents are stored so
that a drive letter can be assigned to it.

To do this, open My Computer from the Start menu, or from the
desktop and select Tools/Map Network Drive...

File Edit ‘iew Favorites Help

m_ Map Metwork Drive. .,
)
L

_,,f x__,;l Disconnect Metwork, Drive, ..

= Synchronize, ..
Address :J My Computer
Folder Cptions. ..

Fig. 1.11. Mapping a network drive.

In the dialogue box, Fig. 1.13 opposite, you can select a drive letter
and browse to the location on the network where your files are stored.
Return to the dialogue box and complete the process by clicking
Finish.

A network drive icon appears in the My Computer window:

L;:';_@ kil phillips o
‘serverblusersistaff' (Z:)
===

Fig. 1.12. Network drive icon.

Network drives are assigned letters from Z to A, and local drives,
like floppy and hard drives, are assigned letters from A to Z.
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Map Network Drive f@

Windows can help you connect ko a shared netwark Folder
and assign a drive letter to the connection so that you can

.\_\‘ﬂ access the folder using My Computer,
——

e | Specify the drive letter For the connection and the Folder
khat wou want to connect ko

Drive: Z: b

Folder: | Viserverbiusersistaffibil.p

Example: \\serverishare
Reconnect at logan

Connect using a different user name,

Sign up for online storage or conneck to a
nebwork server,

I Finish %J [ Cancel ]

Fig. 1.13. Mapping a network drive.

For network users, the MPLAB New Project dialogue box will
look something like this:

Mew Project E

Froject Mame

|flash

Project Directary

|Z:"~Disu:u:uvering PICz\Ch_1 Browsze... |
Help k. QJ Cancel |

Fig. 1.14. Using a network drive.

You can tell that you have succeeded in setting up the new project
because the MPLAB ‘workspace” now shows a little directory tree
ready to receive the project files:

-I- lash.mcp
Source Files
Header Files
Ohiject Files
Library Files
Linker Scripks

Fig. 1.15. Project directory tree.

Next, you are going to create a source file and add it to the project.
The source file is the program which will control the PIC.
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Editing source files

Create a new file by selecting File/New:

# MPLAB IDE v6.20

Z[-8 Edit “iew Projectk Debugger Programmer  Configure  Window  Help

7 o@ ?

Cpen. .. k|40

Fig. 1.16. Creating a new source file.

An untitled editor window appears. Save the file immediately,
naming it flash.asm. The *.asm file extension indicates that this is
going to be a PIC assembly language program.

The editor window will now look like this:

B 7:\Discovering PICs\Ch_01\flash.asm

Fig. 1.17 MPLAB editor window.

Carefully type the program below into the editor window. It is
important to press <TAB> on the keyboard to move from one column

to the next.
. Program title:  FLASHING AN 1ED ;
. Written bys  Bill emitiies f
:bate: 20 gune 2003 f
:Version: 1.0 T f
:bevice:  ercierezr f
\ oscillator:  Internal 37 xwz ;
© © DOCTRONICS EDUCATIONAL PUBLISHING, 2003 i

;These lines are needed at the start of every program:

LIST P=PIClo6F0627 ;select device
; TAB between columns

INCLUDE C:\Program Files\MPLAB IDE\MCHIP Tools\P16F627.inc

;include header file
;from default location
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loop EQU

0x20

;Program code starts here:

; LABEL OPCODE OPERAND ; COMMENT ;
init BSF STATUS, RPO ;select bank 1
BCF PCON, OSCF ;select 37 kHz
MOVLW 0x00
MOVWE TRISB ; PORTB all outputs
BCF STATUS, RPO ;revert to bank 0
LED on BSF PORTB, O
delay 1 DECFSZ loop, 1 ;delay time depends on
GOTO delay 1 ;oscillator frequency
LED off BCF PORTB, O
delay 2 DECFSZ loop, 1
GOTO delay 2
GOTO LED on
END

Fig. 1.18. Your first PIC program.

As you enter the program, note that anything which comes after a
semicolon ; on the same line is interpreted as a comment, You can
alter the details in the table at the beginning of the program in
whatever way is appropriate. It is not a problem at this stage if most
of what you type does not make obvious sense.

Be careful to distinguish between the number 0 and the letter O.
Depending on the font used, these may be difficult to tell apart in the
editor window.

Save the file frequently.

Try right-clicking over the editor window and select Properties...
from the bottom of the resulting menu. This brings up a dialogue box
from which you can change the text font and the TAB positions
within the program text. With TABs at 10 character intervals, the
program is easy to read and its separation into columns is obvious.

Save the file once more.

Adding the source file to the project

PICs

The source file, flash.asm, exists but is not yet part of the flash.mcp
project. Right-click Source Files in the directory tree, as shown in Fig.
1.19, on the next page.
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M flash.mow  [= |[B)X]

-I-lash.mcp
Header F
Object Fil
Library Firca
Linker Scripts

Filker

Fig. 1.19. Adding source files (right-click).

Select flash.asm from the dialogue box, click Open and check
that the file is added to the directory tree:

=JES

B flash.mcw :

-I- lash.mcp®
—I- Source Files
Flash. asm
Header Files
Chject Files
Library Files
Linker Scripks

Fig. 1.20. Directory tree showing the new file.

Assembling the program

You have written the program, but is it free from errors and will it
work? To find out, you need to 'assemble’ the program, converting
the text file into code which can be transferred to the PIC. The code is
a whole series of 0's and 1's which would be extremely difficult to
work with directly.

To pass the program to the assembler, select Project/Build All, as
follows:

 MPLAB IDE v6.20

File Edit “iew BE{gEsS Debugger  Programmer  Configure Window  Help
Project \Wizard. ..
MNews, .,
open...
—|- lash.mcp* Close b
31 Source Fi Set Active Project »
Flash,
Header F

Object Fil  Clean
Linker Scrf - Make F1o

Build Opkions. .. »

Fig. 1.21. Starting the assembler.

The assembler is a separate program within MPLAB, called
MPASM. As well as generating the code, the assembler checks your
program for errors and reports any which it finds.

PAGE 1.10 Discovering



The MPASM window appears briefly showing that the assembler
is doing its stuff:

MPASM v03.30

X
Azzembhing. ..
P16FG27_INC

Errors:

Warnings:
Reported:
Suppreszsed:

Meszages:
Repaorted:
Suppreszed:

Lines Aszembled:

Fig. 1.22. MPASM window.

It is likely that the progress bar will turn red and that there will be
errors. Double-clicking on the error message in the Output window
directs you to the part of the program in which an error has been
detected.

M Output

Build | Find in Files |
Deleting intermediarvy files. .. done. A
Executing: "CZ:“~Program Files~MPFLAE IDE~MCHIFP Tools“mpaszmwin.e=
Mes=zage[302] C ~DOCUMENTS AND SETTIHGS-BILL PHILLIPS-DISCOVERI
Message[302] C: ~DOCUMENTS AND SETTIHGS-BILL PHILLIPS-DISCOVERI
Error[113 Z:~DOCITHENTS AND SETTINGS-EBEILL . PHILLIPS-DISCOVER
Halting buxid on first failure as= regquested.

EUILD FAILED

B C:\...\flash.asm

BEE

EZF PCON, OSCF ;select 37 kHz
HMOVLIT Ox00

MOVTF TRISE ;PORTE all outputs
ECF STATUS, RFPO ;srevert to bank 0 -
LED on ESF FPRTE, O __! bt
®
delay 1 LECFRE loop, 1 sdelay time depends on B

GOTO delay 1 ;soscillator fregquency
-
;I.I

Fig. 1.23. Locating errors.

If there are lots of errors, it may be that MPASM has failed to find
the P16F627.inc header file.

If necessary, check the location of the P16F627.inc file using My
Computer. Modify the path so that it points to the file correctly or
copy the file into the project directory.
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Check carefully against the printed version of the program. Once
everything is correct, the Output window will show the message
BUILD SUCCEEDED on the last line.

This means that the program has assembled correctly and that the
code is ready for transfer to the PIC.
PICSTART® Plus programmer
The diagram below shows the appearance of the PICSTART® Plus

programmer:
I I
9-pin serial interface power supply
connecting lead 9V DC/0.75 A
‘ T [0—n
r N
PICSTART® PLus
DEVELOPMENT PROGRAMMER
POWER ©
ZIF insell‘tion ACTIVE @
ever

ZIF socket

EEEEeEeeeesssessssssss  MICROCHIP =

S )
Fig. 1.24 PICSTART® programmer.

The power supply to the programmer, 9 V DC at 0.75 A, is
provided by the self-contained transformer/regulator which is part of
the PICSTART® Plus package. This is usually supplied with a
separate mains lead. The low voltage output from the transformer/
regulator is connected to the appropriate socket at the top of the
programmer.
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A 9-pin serial interface lead is part of the PICSTART® Plus
package. The male end of this lead attaches to the programmer. The
female end needs to the connected to a suitable serial interface at the
back of your computer.

The details of how to do this depend on your computer. Most
recent computers have a special small round PS/2 socket where the
lead from the mouse is connected. In this case, you are likely to find a
suitable 9-pin male connector where you can insert the serial lead. If
the sockets are labelled, make the connection to COM 1.

In older machines, the mouse is usually connected to COM 1.
There will be another serial connector, but this is likely to be a 25-pin
connector. To solve the problem, you need to acquire a 9-pin male to
25-pin female adaptor (available from your electronics component
supplier). The 25-pin connector is usually designated as COM 2.

Connect up your PICSTART® Plus programmer following these
guidelines.

Next, you need to set up MPLAB so that it will communicate
successfully with the programmer:

# MPLAB IDE v6.20

[ Programmer R lalyt]

PRO MATE IT

Fig. 1.25. Selecting the PICSTART® Plus.

Select options as shown and confirm that the programmer appears
in the status bar:

I PICSTART Plus  PIC16FG27

Fig. 1.26. Status bar display.

Select Programmer/Enable Programmer, as indicated:

» MPLAB IDE v6.20
File Edit “iew Project Debugger

= Configure wWindow Help

Select Programmer

Buld | FindinFiles PICSTART |

Fig. 1.27 Enabling the PICSTART® Plus.

If there is no error message in the Output window, the serial port
and the programmer will have been correctly set up. This is good
news!
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If you do get an error message, check that the serial cable is
correctly connected and that the green POWER indicator LED on the
programmer is illuminated.

In some cases, you may need to change the port settings to
establish communication between your computer and the
programmer. Select Programmer/Settings and try changing the
COM port, as follows:

Programmer

Memaory Fanges  Communications

Com Port
" COM 1 " COM 3
f5[%:[”-.-1 2 " COM 4

2k, | Cancel Apply Help

Fig. 1.28. Changing COM port settings.

If you are using an old PICSTART® Plus programmer with a new
version of MPLAB, you may need to upgrade the operating system of
the PICSTART® Plus to the current version.

You can do this following the instructions accessible from the
PICSTART Plus Help menu, Fig. 1.29. Select Troubleshooting/
Common Problems/Operating system upgrade needed. Print
the help page to make things easier.

To carry out the upgrade, you need to buy a separate PIC17C44
device. This is a large PIC with EPROM memory which controls the
operation of the PICSTART® Plus. The new version of the operating
system is programmed into the PIC17C44, which is then used to
replace the operating system inside the programmer.

The existing programmer is used to program the PIC17C44.

All this sounds complicated but is straightforward in practice. It is
an advantage of buying a PICSTART® Plus instead of a different
programmer that you will be able to update your system to program
new PIC devices as and when they become available.
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# MPLAB IDE v6.20
File Edit

Wigw Project  Debugger Configure  window BgEld

DS B &%

— MPLAE IDE Help
B Qutput MPLAE Editar Help

Buld | FindinFiles FICSTART |

Programrer

TSR

Projects and Waorkspaces
MPLAE IDE w&,xx Tukorial
Migrating Fram MPLAE IDE w5,

Microchip Language Tools Help #
dsPIC Language Tools Help

MPLAE SIM Help

This device reguires firmvare version 2.10.1]
MPLAE SIM30 Help

MPLAE ICD 2 Help
MPLAE ICE 2000 Help
MPLAE ICE 4000 Help

PRO MATE II Help

WA_

W
About MPLAB IDE. ..

Fig. 1.29. Finding out about a PICSTART® Plus operating system upgrade.

Once it appears that the programmer has been set up correctly,
select Programmer/Enable Programmer once again. If everything
is in order, lots of new options appear in the Programmer menu:

HlAD i
File Edit “iew Project Debugger Configure  Window  Help

J O & L | P | =] Select Programmer 3

Enahle Programmer

M flash.mcw EI@|E| Disable Prograrmmer

El- ﬂ:ash.mcp Program
- Sn::nurn:e Files Yerify
‘- flash,asm Read
;- Header Files Blark Check Al
LSS Blank Check OTP
i Library Files
- Linker Scripks Reset |-

Reset Program Skatistics FLASHIM

Erase Flash Device

FY T S ——

Settings

Fig. 1.30. Programmer menu options.
Most of these options were previously 'greyed out'. When they
appear like this, you know that the PICSTART® Plus is working.
Programming the PIC

Insert a PIC16F627 in the ZIF (Zero Insertion Force) socket on the
programmer. You need to move the ZIF insertion lever into one
position, insert the integrated circuit, checking that pin 1 is correctly
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located, and then push the lever back to its original position to grip
the pins.

Not all ZIF sockets are the same. Sometimes the lever needs to be
in a vertical position to grip the pins. Other ZIF sockets grip the pins
with the lever in the horizontal position.

1

1

—_

L
[ay

Fig. 1.31. Using the ZIF socket.

Once the PIC has been inserted, select Configure/Configuration
Bits..., like this:

» MPLAB IDE v6.20
File Edit

Wiew Project  Debugger  Programmer [elglifaiE=8 Aindow  Help

DS e 892

Select Device. .

Configuration Eits. ..
Exkernal Mermary, ..
M flash.mcw
ID Memary...
= lash.mcp
: Settings. ..

[=I- Source Files

Fig. 1.32. Configuration bits.

In the dialogue box which appears, you can set various options
which affect how the PIC will behave, as indicated in Fig. 1.33.

Click in the Setting column at the right-hand end of the first line.
From the drop down list, select INTRC CLKOUT. This tells the PIC to
use its internal oscillator to control program operation. This is a
resistor/capacitor or RC oscillator which is part of the internal circuit
of the PIC.

In the same way, set Watchdog Timer to Off, set Brown Out
Detect to Disabled and Low Voltage Program to Disabled.

When you are finished, confirm that options selected in the
dialogue box are the identical with those shown in Fig. 1.34. These
options will be used for most of the programs described in this book.
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B Configuration Bits

Address category SJetting

2007 3FFF Oscillator |ER CLEQUT j
Matchdog Timer FR CLEOUT
Power Up Timer ER I/0

Erown out Detect

Master Clear Enable M
Low Voltage Progratm |Ec I/0
Data EE Read Protect (Hg

Code Protect T
LF

Fig. 1.33. Setting configuration bits.

B Configuration Bits

Address Value Category Setting

2007 3IF39 Dzoillator INTRC CLEQUT
Watchdog Timer
Power Up Timer

Brown Cut Detect
Master Clear Enable
Low Voltage Program sab
Data EE Read Protect Disabled
Code Protect Off

A

Fig. 1.34. Completed configuration changes.

Close the Configuration Bits dialogue box and click
Project/Build All to confirm that flash.asm is present and correct.
Next select Programmer/ Program, as follows:

» MPLAB IDE v6.20
File Edit

Debugoer NaERENNE Configure  Window  Help

=

View  Projeck

-I-flash.mcp
—|- Source Files
Flash,asm . : Read

Blank. Check. all
Blank Check OTP

I C:\.. . \flash.asm

—
Fig. 1.35. Programming the PIC.

The status bar shows that programming is taking place.

IF‘ru:ugramming 40 innn

Fig. 1.36. Programming in progress.
The orange ACTIVE LED on the PICSTART® Plus is illuminated.
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If the PIC is correctly located in the ZIF socket, there should be no
problems in transferring the program to its memory:

S(=1E

Buld | FindinFiles PICSTART

FICSTART Error Log File ~
03—-Jul-2003, 14:41:29 ]

Device Type: PICleFe27

Programming-Verification completed successfully!

Fig. 1.37. Output message.

Select View/Program Memory:

I Program Memory [’._|[’E|fz|
Line Addrezzs Opcode Dizaszembly ~
p 1 oo 1553 B3F O0x3, 0Ox5 1
2 ooo1l 115E BECF Oxe, 0Ox3
3 oooz 3000 MOVLW O
4 o003 o026 MOVWF OxaG
& o004 1233 BCF 0x3, 0Ox5
& ooos 1406 B3F 0O=x&6, 0O
7 o006 OBAD DECF3Z 0=x20, 0Ox1
a8 oo 2806 GOTD Oxé
= ooos 1006 BCF Ox&, 0O
10 ooog OBAD DECF3Z 0=x20, 0Ox1
11 oooL 2809 GOTO Ox9
1z Oo00E 2805 GOTD Oxb
13 oooc 3IFFF ADDLW 0Oxff
14 ooon 3IFFF ADDLW 0Oxff Z

Opcode Hex || b achine Symbolic

Fig. 1.38 Program memory.

You can tell that something has been programmed into the PIC
because the first memory locations contain something other than
3FFF. In fact, the whole of the program to flash the LED is
represented by the first 12 hexadecimal numbers in the Opcode
column. 3FFF in the remaining locations indicates that this memory
is blank. Scroll down to see how much empty memory there is.

Prototype testing

The PIC16F627 has been programmed, but does it work? To find out
you need to build the prototype circuit shown on the next page.

Follow the prototype layout carefully, making sure that the PIC is
inserted correctly, with pin 1 top left, and check the polarity of the
polarised capacitor and the LED.

Once all the components and wire links have been inserted,
connect the power supply. Three AA cells connected in series in a
battery holder make an ideal power supply. The red lead from the
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battery clip is the +4.5 V connection and must go to the right-hand
side of the prototype board, while the black lead is the 0 V and must
be inserted on the left.
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Fig. 1.39. Prototype circuit.

A regulated 5 V laboratory power supply designed for use with
logic circuits can be used in place of the cells, if this is more
convenient. It is probably better not to use a variable power supply to
avoid the possibility of exceeding the 5.5 V maximum the PIC is able
to tolerate.

If you have worked through this Chapter successfully, your LED
will be flashing away happily. This is a small but pleasing
achievement which sets the background for a whole range of more
impressive results.

Although sketchy, you have gained an outline understanding of
the stages involved in PIC programming and, assuming the LED is
flashing, you know that your computer, the MPLAB software, the
PICSTART® Plus programmer, the PIC16F627 and your prototype
circuit are all working correctly.
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Problems
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It is difficult to anticipate exactly where problems might arise in
working through this Chapter.

With older versions of MPLAB, the procedure for creating a
Project and opening the editor window is somewhat different. In this
case, check with the MPLAB User's Guide. This is included with the
PICSTART® Plus, or can be downloaded from the Microchip website.

Establishing communication between your computer and the
programmer should be straightforward. Sometimes COM 1 and
COM 2 are incorrectly labelled on the back of the computer and it is
certainly worth selecting a different port from Programmer/
Settings/Communications to see whether this solves the problem.

Experiment and persevere until things do work as intended.

Check that the serial port leads are properly connected and that
the power supply to the programmer is connected and switched on.

It may be that you will need to upgrade the operating system of
the PICSTART® Plus, as described earlier.

Be careful to insert the PIC in the right place and the right way
round in the ZIF socket.

Once programming has been completed in MPLAB, any residual
errors are likely to be in your prototype board layout. Check carefully
for any wiring errors. A single misplaced link is enough to prevent
the circuit from working.

Discovering
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