The Jallib Tutorial Book

POWERED BY JAL

Have fun with PIC microcontrollers, JAL v2 and Jallib
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Chapter

1

Back to basics...

Thisisabrief introduction to exploring the basic tutorials. As a beginner, we recommend that you should experiment
with and fully understand these first steps before going any further. If you're a more advanced user, these tutorials
may help you with the testing of new chips, or... when things go wrong and you can't figure out why, by guiding you
"back to basics'.

Don't worry, everything's gonna be aright...

Installation
JALv2 & Jdllibinstallation guide

Getting Jallib

The Jallib repository is maintained at http://justanotherlanguage.org/downloads. It's safer to ignore the " Automated
weekly build..." filesin this download directory (these, as the prefix implies, are updates to the repository
automatically compiled by the server and are probably untested). Look instead for the latest version of the release file
which has the annotation "Don't know which to choose? Take this one!". These are the tested rel eases and, while we
can't guarantee that there won't be any bugs at al, will provide a reasonably trouble-free installation.

Thereleasefilesare all ZIP archives, which can be easily unpacked on most modern operating systems (Windows/
Linux/MacOSX). Jallib releases also all come complete with a pre-compiled binary version of the JALv2 compiler for
both Windows and Linux in the top-level compiler directory and afull set of documentation (including a copy of this
tutorial) in the top-level doc directory, so there's nothing to stop you getting started straight away .

Windows Install:

1. Download the latest stable Jallib release installer executable from http://justanotherlanguage.org/downloads, This
will install JALv2 + Jal Edit

2. Update your installation (very important) - Download jallib-pack or jallib-pack-bee from http://
justanotherlanguage.org/downloads, copy the .zip contents into your Jallib installation directory.

3. Runthe setup file

4. Run JalEdit.exe from the "jaledit" directory

5. (optional) Click Tools Menu -> Environment Options -> Programmer, Then Set the Programmer Executable Path

Y ou should see something like this under Windows:


http://justanotherlanguage.org/downloads
http://justanotherlanguage.org/downloads
http://justanotherlanguage.org/downloads
http://justanotherlanguage.org/downloads
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File Edt ‘Wiew Favorites Took  Hel g
»
ek - ) Y O search Folders
agdress | £ Cijjalvz v Eg o
Name Slze Type
bootinader File Falder
Cicomplar File Falder
doc File Falder
L jaledit File Folder
Cilb File Falder
Lprofect File Foldsr
[Jsample Filx Falder
taok File Falder
| = cHarGELOG TKE Fie
ﬁ LIZEMSE. bsd 2KB B5DFile
=t LrcemisE. 2l LKE ZLIBFile
= REACHME LKE Fis
|| README. bink ZKB  BLINK Fie
| = urinsooa.dat 32KE DATFle
15 unins 000, exe 667 KB Application
= vers o LKE File
¢ »
16 objects 09 KB f Iy Computar
Linux Install

Note: All instances of filenames or paths within square brackets below (eg:- [ fi | enane. t ar. gz] ) arefor
illustration only. Y ou will need to change these examples to suit your specific installation. Do not just copy and paste
the examples!

Note: Two commands (t ar / unzi p) are shown below for unpacking the Jallib file. Y ou only need to use one or the
other, not both. Which one you use depends upon the suffix of thefile. If the filename endsin ".tar.gz", usethet ar
command. If the filename endsin ".zip", usetheunzi p command.

1. Go to http://justanotherlanguage.org/downloads and select the link for the latest, stable version of Jallib (see:-
Getting Jallib, above)
2. Changedirectory ("cd [/target/directory]")tothelocation whereyou intend toinstall JALv2

3. Download the package with: $ wget [l ink |l ocation of the jallib-pack] orsimply useyour
favorite browser to download the package and then move it into your chosen installation directory.

4. Either untar the packagewith: $ tar xzf [fil enanme.tar. gz]
5. Or unzip the package with: $ unzi p [fil enane. zi p]

Y ou should see something like this under Linux:

LICENZE.z1likh EELDME.bhlink compiler 1lib samp le

EEALDHME VERIION doc project

Note: Jaledit aso runs under Wine on Linux

Getting Started
Guide to getting started with PIC microcontrollers JALv2 & Jallib

So, you've heard all the hype about PIC microcontrollers& JALv2 and want to hear more?


http://justanotherlanguage.org/downloads
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Why use PIC microcontrollers, JALv2, and this book?
Simple usage:

Y es, that’ s right, microcontrollers are simple to use with the help of this open source language JAL. Not only are
microcontrollers simple to use, but many other complex external hardware is made easy such as: USB, Analog to
digital conversion (ADC), serial communication, Hard Disks, SD Cards, LCD displays, sensors and many more.

All you will need isasmall amount of knowledge about general electronics. We will teach you the rest you need to
know!

If you already know about how to setup and use microcontrollers, | suggest you start with the "Blink aled" tutorial,
then read the "Jallib Starters Guide". The starters guide will give you more detailed information about the language
JalVV2 and Jdllib. It also has some more advanced technical information and examples. It can be download from:
http://justanotherlanguage.org/downl oads

Circuit Simplicity:
Would you like to reduce the size of your circuits? What are you currently using to build your digital circuits?

When | got started, | liked to use things like the 74L S series, simple CMOS gate chips, 555 timers etc. Y ou can
build just about anything with these simple chips, but how many will you need to complete your project? One of
the projects | built some time ago used five 74ls chips. With a microcontroller, | can now reduce my circuit to 1
microcontroller.

Bigger Projects:

When | say bigger, | mean cooler projects! There isno limit to what you can build! Choose from our small projects to
build alarge project of your own. What functionality do you need for your project? Check out our tutorial section for
acomplete list of compatible features you can use for your circuit.

What do | need to get started?
Y ou will need the following:

PIC microcontroller chip

PIC programmer

Programming language (JALV2) + Libraries (JALLIB) + Editor, see our installation guide.
Computer (preferably one with a serial port)

PIC programming / burning software

Regular electronic stuff such as breadboard, resistors, wire, multimeter etc.

Oscilloscope is not required but suggested for some advanced projects.

No oA~ Wb R

Follow our Installation Guide for free programming language, libraries & text editor

How much will it cost?

Y es, getting started with microcontrollers hasit’ s price. A microcontroller can cost you anywhere between $1 to $10
USD, and a programmer will cost $20 to $50. But you can't put a price on FUN!

The programming language JALV2 is FREE, other languages will cost you somewhere between $200 and $2000.

When you compare this price to the price you are currently spending on those many 1C’s you currently require to
build your circuits, this may be cheaper. Y ou will not need many of your smaller IC's, and some specialty chips can
be replaced. Of course you're going to save time and breadboard space as well!

|7


http://justanotherlanguage.org/downloads
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Asan example... Instead of buying a UART chip for serial communication, you can now use the microcontroller’s
internal UART for communication to your PC or other projects.

What PIC microcontroller should | buy?

40-Pin PDIP

MCLR/Vep —=[] 1 /40 [ =—= RB7/PGD
RADAND =[] 2 38 [] «—» RBERGC
RATANT =—e[]3 38 ] == RBS
RAZANZVREFICVREF - [ 4 37 [] =—= RB4
RAANYVRsF+ +—a [ § 3§ [] «—» RBIPGM
35 [] =—= RB2

34 []=— RB1
REMRDIANS =—= [
RE1FTRIANG =—e[] 5

[ — RO7/PSP7
Vss . 29 [] =—» RDS/PSPS
OSCHCLKl —=[] 13 28 [] =—= RDSPSPS
OSCCLKO -—[] 14 27 [] =—= RD4/PSP4
RCOMIOSOMICK] «—s [ 15 26 [] «=—= RCT/RNDT
25 [] =—== RCBMTXICK
24 1 «— RCS/SDO
23 [] =— RC4/SDIVSDA
ROWPSPO - [ 19 22 [] <= RO3PSP3
RO1PSF1 -—= [ 20 21 [] == RO2PSP2

PIC16FET4AIBTTA
8

PIC16F877 or PIC16F877A seem to be the most popular mid-range PIC at the moment (in the image above). You
should be able to find them at your local electronics store for around $10. This microcontroller has many features and
agood amount of memory. It will be sufficient for most of your projects. We will build our first project on this chip.

| warn you however, you may eventually want to move to an 18F PIC for more memory, for example, you can run a
SD Card, but you cannot use FAT32. | only suggest 16f877A because it will be easy to find at a store.

There are many low-end PIC’ s to choose from, PIC16F84, PIC16F88 are smaller chips for around $5. There are also
very low end 8 pin PIC’s such as 12F675 for $1.

If you're looking for speed, functionality, and awhole lot of memory space, you can go with a PIC18Fxxx chip. |
suggest one of the following: 18f452, 18F4620, 18F4550. These PIC swill also work in our getting started “blink a
led” tutorial with the same circuit diagram. If you can, get a 18F PIC. My current favorite is the 40 pin 18f4620.

Y ou will notice that the better 18F series chips are actually cheaper then the outdated 16F chips.

Hereis a price chart from the manufacturers sales website (prices from July 2023):

PIC Price USD
12F675 $1.74
16F84 $746
16F877 $3.33
16F877A $7.62
16F1455 $2.44
18F452 $7.60
18F2550 $788
18F4550 $3.19
18F4620 $9.56

What programmer should | buy?

Any pic programmer will do. The only suggestions | have is to make sure it can program awide variety of PIC's such
asthe ones listed above, and make sure it has a ICSP port for future use. ICSP is for in-circuit programming.

Here are some images of programmers we use:
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USB PORT

ICSP PORT

4

What editor should | use?

Any text editor isfine, but if you are on a windows machine. We suggest the free editor “JAL Edit” which
will highlight & color important text as well as compile your JAL program to a hex file for burning to your
microcontroller. If you followed our installation guide, you will already have this editor.
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JAL Edit - E:\jalvZ\sampleV16fB77_sd_card. jal E][D‘:J[g]

File Edit Search Wiew Compile Tools Help
D[ -| | X| G| ['maf> a2« |5cl@] - | |ea]e)] b (%)% Al BY]
.4-: ZD Inser-t : h.cti;fe JAL Fiie |s E:il,]:éi\-fé'l,sampieil,.lé#éf?;_sd:carci.jéi
Press F to Refresh 1|-- Title: Library for communicating with 5D memory cards ”
- 2 —— Autkor: Matthew Schipkel - khorntechi.com, copyvrighkt (c) 2009, 311 righ:
#-_] Includes . e
% Procedures p. X
% Fuinclioiis dll —— Compilepr: 2=2.d41 L
#- [ Constants | == ' . ' . " ' )
4. “\-"ariables 6 —— This file is part of jallik fhttp:/ 7allib.googlecode. com)
7 —— Released under the BSD license (http:/ s vnww. opensource. orgs/licenses/ had-
B pEraery
9 —- Description: this librarv provides functions for 5D memory caids.
10 —-
11 —- Sources:
12 —— SanDisk FSecure Digital Card — http:/  www. cs.uce. edu/~amitra/sdeard Proc
13 —- How to use MMC/SDC - http://forums.parallax.com/forums/attach. aspxra=3:
14 ——
15
l6 —- compiler dependant device definitions
17 include 16£377
18 sinclude 16f8772
18 rinclude 18£45z2 b=
| Compile Results o x
Code Uzage
Q%
Diata Usage
Hardware Stack
0%

If you want to use another editor that supportsthe JAL syntax or you are using another operating system than
Windows, you can make use of Vi sual St udi o Code for your JAL development.

What programming/burning software should | use?

Did your programmer come with software? There are many to choose from so use whatever you prefer. | use
“Micropro” from http://www.ozitronics.com/micropro.html. It's a free, open source software for programming awide
range of PIC’s. However, it will most likely not support your programmer. | suggest you use the software that came
with your programmer. Y ou may see this programmer in other tutorials for demonstration only.


http://www.ozitronics.com/micropro.html
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'+ DIY K149-BC v141204 <18f452 mp3_decoder_stal15. hex>

File Programmer Options  Help
=
BOM DATA
O0000:| FEFFF FFFF EF4A FOOO 0EzZ0 &6FEC 90DE 3788 b e o e &
O00l0:| =789 3784 378E 9008 3780 3781 3782 3783 ... ... T3 i
O020:| AODS EFLE FOOO G184 2782 E185 2289 S1S6e ... ... ] il
Q0z0: | Z38A4A E187 EZ8B ZF2C EFO0& FOOO Q01 QElO .. .... E’ ; E
o040:| &F2C sBE2zZ €ES83 20DE8 3786 3787 20D8 3720 .. .... [ il
aogo: | 378l 378z 3783 L5183 EDaEL5 r4Ds EF3Z FOOO ... Pl E E
oog0:| 518z ED&4 EB4DE EF3E FOOO BODS EF40 FOOO g £l il
. 0070:| S0DS 5187 LS5S4 6FSZ 5183 SERE 6F83 Sl86 ... ... i . Ll
' ppso:| zFsc EFZ3 FOOD 001z GEFE 0100 518F GEFA G e E E
O0090:| E1SE SEF9 £ACZ 0E07 SECL 0100 0OEC4 &FS0 0 ... ... . i
O0A0:| O0OE43 &F21 QEOE &F2F ZF2z EFL54 FOOO ZF21 |EEETEES: i T g E
OOEQO:| EFEZ FOOO EZF80 EFES0 FOOO OO00 EFS4 FOOO R_.P_ ... 3 i
O0Cco:| O0EZ0 SEAF 24AC 001Z EC&0 FOOO 22450 233D £ Bl
Oomp0: | SiaC OES0 &EAE O01Z 0100 &F592 AS9E EFEE (... ... I E E
O0ED:| FOOO 5194 &EAD 0012 0100 5180 0100 &6F99 ... ... i il
oy COM x Beady
= L Y :
= i Chip Selector
= Load | My Merge | Program | 245 Wil ‘ ; |
- : & Ero it iy 18F 452 v
Refresh ‘ & Save | 5h Head | [ Blank ‘ r=: Fuses | X LCancel
=l | == 11EESEPM =

When using a PICkit2 or a PICKit3, you can use the standalone PICKit2 or PICKit3 software from Microchip. This
software can be downloaded fromthe M cr ochi p archi ve site (scroll down to the bottom of the site) but
this software is no longer supported. The interface of this standalone software for the PICKit3 looks like this.


https://www.microchip.com/en-us/tools-resources/archives/mplab-ecosystem
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i PICkit 3 Programmer - BUR161210477
File
Baseline Corfiguration

Device Family  Programmer  Tools  View  Help

Device: -Select Part- e Corfiguration
Lser [Ds: FF FF FF FF

Checksum:

FCOD DSCCAL Banc

ﬁ\ MICROCHIP

VDD Tanget
[] Check
[ ] /MCLR

49 :

-

Source: | Mone (Empty/Erased)

FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF

FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF

0aa FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF

FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF

FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF

FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF

FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF

FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF

FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF

FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF

FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF

FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF

FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF

01a
020
030
040
050
0ad
070
0z0
040
0a0
0B0

FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF

FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF

FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF
FFF

EEPROM Data

Enabled | Hex Cinly

PICkit™ 3

Luckily there are still people who spend effort in supporting newer PICs for this software. In order to upgrade your

PICKit2 or PICKit3 software so it supports more PICs, you have to do the following:

+ Download anew datafile named PKPI usDevi ceFi | e. dat that contains the newer PICsfrom Anobi um on

G t Hub

e Goto the directory on your computer where the PICKit2 of PICKit3 software islocated. Y ou will
find adatafile with the name PK2Devi ceFi | e. dat . Renamethisfile or delete it and copy thefile
PKPI usDevi ceFi | e. dat to thisdirectory


https://github.com/Anobium/PICKitPlus
https://github.com/Anobium/PICKitPlus
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* Renamethefile PKPl usDevi ceFi | e. dat to PK2Devi ceFi | e. dat . Now start the PICKit2 or PICKit3
standal one application

An alternative when using a PICkit2, a PICKit3, a PICKit4 or a SNAP programmer from Microchip, is to use the
Integrated Programming Environment (IPE) from Microchip. This environment is part of MPLABX and can be
downloaded for free. Note that not all programmers are capable of programming all PICs except for the PICKit4.
The PICKit2 and PICKit3 cannot program all newer PICs - but the dat file update mentioned previously will help to
support more PICs - and the SNAP cannot program all older PICs since the SNAP programmer only supports Low
Voltage Programming (LVP). All these programmers make useof the I n Ci rcui t Programni ng feature of
the PIC. The following image shows a screenshot of the | PE environment where two programmers are connected to
the computer, a PICKit3 and a SNAP.

= MPLARB IPE v6.00 — O *
File Settings View Tools Window Help
Operate an|e=)

Device and Tool Selection Results

Family: All Families v Checksum: O7FF &

Device: PIC12FB17 - Pass Count:

ook PICKit3 S.No : DEFAULT_PK3 > Disconnect

Total Count: 3091
EJ, Program % Erase Read Verily W Blank Check
.......... L] L) L) L]

Hex File: Click on browse to select a hex file Browse

SQTP File: Click on browse to select a SQTP file
Output - IPE = [=]

-

A bk ke kA bk ok ke bk bk b ke bk ke ke ke kb ke

Connecting to MPLEBR PICkit 3...

Currently loaded firmware on PICkit 3

Firmware Suite Versionm..... 0l.5€.0%

Firmware type. ... - oouo.- Hidrange

Target woltage detected

Target dewvice PICL2ZFEl7 found.

Device Rewision ID = 0

W

Tool: PICkit3 5.MNo : DEFAULT_FK3 Device: PIC12F617 | Environment: NARPIC 10-12Fxxx_DFP 1.5.61fTool Pack Version:NA

OK, enough of this boring stuff, lets build something! Start with the Blink A Led Tutorial.

Blink A Led (Your First Project)

In thistutorial we are going to learn how to connect our first circuit and blink our first led.



https://www.microchip.com/en-us/tools-resources/develop/mplab-x-ide
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Where to we start?
Let’smake aled blink on and off, how fun is that!

So, you' ve followed the installation guide and now have a Programming language (JALVv2) + Libraries (JALLIB) +
Editor. We will be using JALEdIt for our first example.

Setup your workspace

Start by getting out your programmer and connect it to your PC. Some connect by serial port, some connect via USB.
| actually use a serial port programmer attached to a USB-to-Serial adapter to free up my serial port for other projects.

If you are using a serial port programmer you need to check that you have aregular seria cable and isnot anull
modem cable. Using your multimeter, check that each pin of your serial cable matches, if pins 7 & 8 are crossed, itis
anull modem cable.

Get out your PIC microcontroller (we will now refer to it asaPIC). You can use PIC' s 16f877, 16f877A, 18F2550 ,
18F452 or 18F4550 for this project since the port pin outs are the same for all of them. | will use 16f877A for this
blink aled project.

Now check PC connectivity to your programmer. Open your programming software on your PC, check the settings
within your software to change the serial port number and programmer type (if available). Y our programmer software
may tell you that your board is connected, if not, put your PIC in your programmer and do some basic tests such as
“read chip”, “blank / erase chip”
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If you are using Micropro, click on “file” -> “port”, and “file” -> “programmer” -> (your programmer type). If you
do not know the programmer type, you will have to guess until Micropro says something like “K149-BC board
connected”, Put your PIC in your programmer and choose your PIC type from the “Chip Selector” text box. Now do
some basic read/erase tests.
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'~ DIY K149-BC v141204

=
EX |
£s |
C3 |
Ex £l
E2 8]
R [
CE Ll
£ |
i b

<3 & [
CE Ll
- (8]
£x Ll
Ca Ll
B E
Ex [
03 |
| Ll
X El

o CcoM 1 | Peading ROM. .. ==

B || b Chip Selector

= Load ‘ hMerge ‘ ,;El,, Proaram | "7{: Werify ‘ ; ‘i ‘ — .
Refresh ‘ & Save | 5h Head ‘ [ Blank ‘ r=: Fuses ‘ X LCancel
2| | = = 122506AM =

Build your circuit

Weéll, it looks like we're all set to go, so grab your breadboard and other components, put together the following
circuit:
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L.
|

ST CHA

1 RucLrver e reveen B9
2 Bransann resrec B 22
T 2 Beadmnd ros B 3%
A 3 BRnz/aNZAREF- roa B 20
\/VV\ 5 BReanmer+ REaP o 20
1 B Resamack rez 8 35

T 7 Bresimnasss et B34 I%I

— 8 BREO/RDANS RECANT B2 5w

- o CH P voo & 22 =
ol I T wes b 21 ot s
0w —— VDD roTiPser B2 —
55 ROGFSPE §22 /T\
DsCUCLKIN rosPaps 125
SNE s 5 DscmoLKOUT roarsral 27 ~r B

RCOMI050IT1CK Re7mxoT 125
RCiTi0SIECR2 Roamuckl 25
RC2/CeP resssoo B2
ATAknmhz RCasckiscL RCaSDISon B25
o—“:|| Roo/PSFO ROaPsPa B22
| RO /PSP rozpare B2

And here’ swhat it looks like. Notice the additional orange wire to the left of my PIC, this ensuresthat | always put
my PIC in the correct position after programming. Do not connect your power 5v supply till your circuit is complete
and checked over at least twice. Y ou will burn your PIC if power is on while building your circuit. Y ou will want an
on/off switch for your power supply.

Your circuit is done, and it looks pretty, but it doesn't do anything :o(..

Understand the jalv2 directory structure

First take alook at your jalv2 installation directory on your PC, wherever you installed it.



Jallib | Back to basics... | 18

& jalvz FEX

File Edt Yiew Favortes Took Help O
- »
ek - ) - (T ) search [ Folders
Address |23 Crjjalve v Eg o
Name Slze Type
bootinader File Folder
Cicomplar File Falder
doc File Falder
Cjaledit Fil Falder
b Filz Falder
Lprofect File Foldsr
[Jsample Filx Falder
taok File Falder
| = cHamcELOG TEE Fila
E LICEMSE, bsd 2KB B5DFile
[ LicemisE. 2lb LKE ZLIBFile
| = pEADME i KB Fila
I.;i' REACME. bink, 2 KB BLINE Fie
| = urinsooo.dat 32KE DATFle
A= unins 000, ez 667 KB Application
[ versice LKE File
b N Ld
16 objects 09 KB My Camputar

compiler —holds the jalv2.exe compiler program to convert your JAL code to microcontroller hex code

JALEdIt — JAL text editor where you will write your code. Note that you can also use Visual Studio Code for writing
your code.

lib — A set of libraries to make things work
sample — Working examples.

Create yourself afolder called workspace, and in that folder create afolder called blink_a led (eg. C:
\jalv2\workspace\blink_a led\)

Setup your editor & .jal file

Open up your favorite text editor. | will use JALEdIt. Run jaledit.exe from the JALEdIt directory. Start a new
document, and saveit in jalv2\workspace\blink_a led\ and name it blink_a led.jal (eg: C:\jav2\workspace
\blink_a led\blink_a led.jal)

Let’s write some code

So now we're going to write the code that will make our led blink. All code will be in highlighted text. Y ou can read
more about JAL language in the jalv2.pdf file in directory ‘compiler' of your Jallib installation.

Title & Author Block

Start out by writing a nice title block so everyone know's who created it. Here' s an example Title block from Rob
Hamerling's and Rob Jansen's working 16f877a_blink.jal blink aled example in the sample directory. Every PIC has
at least one working sample. Y ou can see that two dashes “-* declare a comment so your notes get ignored by the
compiler. The character “;” can aso be used for comments. We will comment our code aswe go along so it is easier
for us to read our own code.

-- Title: Blink-a-led of the Mcrochip picl6f877a
-- Author: Rob Hanerling, Rob Jansen, Copyright (c) 2008..2022 all rights reserved.
-- Adapt ed- by:

- Conpiler:2.5r5
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-- This file is part of jallib (https://github.comjallib/jallib)
-- Rel eased under the ZLIB license (http://ww. opensource.org/licenses/zlib-license.htm)

-- Description:

-- Sinpl e blink-a-1ed programfor M crochip picl6f877a

-- using an external crystal or resonator.

-- Sources:

-- Notes:

-- - Creation date/tine: Sat Jan 8 17:03:04 2022

-- - This file is generated by 'blink-a-led.py' script! Do not change!

Choose your PIC

Write the following code to choose the PIC you are using, change 16f877ato whatever PIC you have:

i ncl ude 16f877a -- target PICmicro

Choose your crystal speed

Write the following code according to the speed of the crystal you are using in your circuit. | suggest 20mhz for
16f877. Y ou can check your chip’s datasheet for it's max speed. Higher speeds may not work the way you want them
to on atemporary breadboard.

-- This program assunes a 20 MHz resonator or crystal
-- is connected to pins OSCl and OSC2.
pragnma target clock 20_000_000 -- oscillator frequency

Configure PIC Settings

The following code sets some of the PIC’ sinternal settings, called fuses. A OSC setting of HS tellsthe PIC thereisan
external clock or crystal oscillator source. Y ou must disable analog pins with enable_digital_io() , you don’'t need to
worry about the others.

pragma target OSC HS -- crystal or resonator

pragma target VDT DI SABLED -- wat chdog

pragnma target DEBUG DI SABLED -- no debuggi ng

pragnma target BROANOUT DI SABLED -- no brownout reset

pragma target LVP DI SABLED -- no | ow vol tage progranm ng

-- The configuration bit settings above are only a selection, sufficient
-- for this program Oher prograns may need nore or different settings.

enabl e_digital _io() -- make all pins digital 1/0

Choose an output pin

Let’ s choose an output pin to control our led. Asyou can see from the circuit, our led is connected to pin #2. Let’s
check our datasheet to find the pin name from the pin out diagram.

The PDF datasheet for this PIC and for all others can be downloaded from the microchip website. Here is the
datasheet for this PIC https://www.microchip.com/en-us/product/PIC16F877A , and here is the pin out diagram from
the datasheet:
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RB7PGD
RBEPGC

RBS

RE4
RBIPGM

RB2

RB1
REBONT
VDD

V55
RDAPSP?
RD&/PSPS
ROSPSPS
RD4/PSP4
RCTIRXIDT
RCGMAICK
RCSSDO0O
RCAISDISDA
RD3=SP3
RD2M=5P2

Asyou can see, we are using the pin RAO/ANO at pin #2. RAQ is the pin name we are looking for. ANO is another
name for this same pin (used in the analog to digital tutorial), but we can ignoreit in this tutorial. In the JAL language

RAO iswritten aspin_AOQ

Now let’s read the details of this pin in the datasheet on page 10. Asyou can see RAOisaTTL Digita 1/O pin. We
are checking this to make sure it is not a open drain output. Open drain outputs (like pin RA4) require a pull-up

resistor from the pinto V+
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PIC16F87XA

TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION

Pin Name PDIP | PLCC |TQFP| QFN op Buffer Description
Ping# | Ping# | Ping | Ping | Type Type I
PORTA is a bidirectional I/0 port.
RADAND 2 3 19 19 TTL
RAD Ilw] Digital 1O
AND | Analog input 0.
Legend: | =input O = output 1F0 = input'output P = power

—=MNotused TTL=TTL input ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2:  This buffer is a Schmitt Trigger input when used in Seral Programming mode.
3:  This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

Now write code for pin AO. We are writing an “alias’ only because in the future we can refer to pin 2 (AQ) as“led”.
This way we no longer need to remember the name of the pin (except for the directional register in the next line of
code we will write).

- You may want to change the sel ected pin:
alias | ed is pin_A0

Configure the pin as an input or output

Now we must tell the PIC if thisis an input or an output pin. The directional setting is always named (pin_ +
pinname_ + direction). Since we are writing data to the port, to turn the led on, it is an output.

pi n_AO_direction = output

We could make an alias for thisaswell: “aliasled_direction ispin_AQ_direction”, then write “led_direction =
output”. Thisway, we can change it from output to input in the middle of the program without knowing the pin name.
But in this case, we will only use pin_AQ_direction oncein our program so there is no need to make an alias.

Write your program
So, now that we have the led under our control, let’stell it what to do.

We will want our led to continue doing whatever we want it to do forever, so we'll make aloop

forever |oop

It is good practice to indent before each line within the loop for readability. 3 spaces before each lineis the standard
for Jallib.

In thisloop, we will tell the led to turn on.
led = ON
now have some delay (250ms) a quarter of a second so we can see the led on.

_usec_del ay(250_000)



turn the led off again

led = OFF

and have another delay before turning it back on again

_usec_del ay(250_000)

close our loop, when the PIC gets to thislocation, it will go back to the beginning of the loop

end | oop

And that’sit for our code. Save your file, It should look something like this:

Title:
Aut hor: Rob Hanerli ng,
Adapt ed- by:

Conpi l er: 2.5r5

Rob Jansen,

or

-- Description:

-- Si npl e blink-a-led program for
-- using an external crystal

-- Sources:

-- Notes:

i ncl ude 16f877a

Creation date/tinme: Sat Jan

Bl i nk-a-1ed of the Mcrochip picl6f877a
Copyright (c) 2008..2022 all

M crochi p picl6f877a

resonator.

8 17:03:04 2022

target PICmicro

-- This program assunes that a 20 MHz resonator or crystal

pragnma target clock 20_000_000
pragma target OSC HS
pragma target WDOT DI SABLED
pragnma target DEBUG DI SABLED
pragma target BROAMNOUT DI SABLED
pragne target LVP DI SBLED
-- The

for

this program O her

enabl e_di gital _io()

-- Alowcurrent (2 md)
-- since the chosen pin may not

alias led is pin_A0
pi n_A0_di rection = OUTPUT
forever |oop

led = ON

_usec_del ay(250_000)

led = OFF

_usec_del ay(250_000)
end | oop

Compile your code to .hex

is connected to pins OSCL and OSC2.

configuration bit settings above are only a sel ection,

led with 2. 2K series resistor

oscillator frequency

crystal
wat chdog
no debuggi ng
no brownout

or r

make all pins digital

i s reconme

rights reserved.

This file is part of jallib (https://github.comjallib/jallib)
Rel eased under the ZLIB license (http://ww.opensource.org/licenses/zlib-1icense.htnl)

esonat or

reset

no | ow vol t age progranmm ng

sufficient
prograns nay need nore or different settings.

110

nded

be able to drive an ordinary 20mA | ed.

alias for pin with LED
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Now let’s get this beautiful code onto our PIC. Y our PIC cannot understand JAL, but it does understand hex, thisis
what the compiler isfor. The compiler takes people readable code and convertsit to code your PIC can understand.
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If you are using JAL EdlIt, click the compile menu at the top and choose compile. If you are using Visual Studio Code
you can use ctrl-shift-b to compile your code.

If you are using your own text editor in windows, you will need to open windows command prompt. Click start -> run
and type cmd and press OK. Now type (path to compiler) + (path to your .jal file) + (-s) + (path to JALLIB libraries)
+ (options) Here' s an example:

C:\jalv2\compiler\jalv2.exe "C:\jalv2\workspace\blink_a led\blink_a led.jal" -s"C:\jalv2\lib" -no-variable-reuse
The option -no-variable-reuse will use more PIC memory, but will compile faster.

If al thiswent ok, you will now have ablink_a led.hex located in the same directory asyour blink_a led.jal, If there
where errors or warnings, the compiler will tell you.

A error means the code has an problem and could not generate any .hex file. If there isawarning, the hex file was
generated ok and may run on your PIC but the code should be fixed.

Write the hex file to your PIC

Take your PIC out of your circuit and put it in your programmer. With your programming software, open the
blink_a_led.hex file. Y ou should see that hex data loaded in your software. Now click the Write button. Y our
software will tell you when it is done.

Let's Try It

Put your PIC back into your circuit, double check your circuit if you haven't already, and make sure your PIC is
facing the correct direction. Apply power to your circuit.

It'salivel You should see your led blinking! Congratulations on your first JALv2 + JALLIB circuit!
Here's ayoutube video of the result: http://www.youtube.com/watch?v=PY uPZO7isoo

| strongly suggest you do thistutorial next: Serial Port & RS-232 for communication.

Serial Port and RS-232 for communication

In this tutorial we are going to learn how use TX & RX pinsfor serial communication to your PC, and also learn
communicate with another PIC or external device viaRS-232.

What is a serial port?

Y ou may have forgotten about thisimportant part of history "The serial port”. Y ou have forgotten because you
have been too up-to-date on all the new technologies such as USB and Bluetooth, but you have |eft the good old
technologiesin the past. Well, now it's time to put that funny looking port on the back of your PC to some good use!
If you don't have a serial port on your PC, you can get a USB to seria converter/adapter.

5 1
2 B

At onetime, there was awide range of devices that used the serial port such as a mouse, keyboard, old GPS, modems
and other networking.


http://www.youtube.com/watch?v=PYuPZO7isoo
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In our case, we will use aserial port to send datato our PC, or to send data a second PIC. | find it most useful for
troubleshooting my code, and for sending other readable information to my PC without the use of additional hardware
such asaLCD. LCDs & displays can be an expensive addition to your circuit.

What is RS-232?

RS-232 isthe data transfer standard used on seria ports. Basically thisis composed of one start bit, some data bits,
parity bit, and one or two stop bits. The transfer speed as well as the number of start, stop and data bits must match for
both the transmitter and receiver. We will not need to cover the way in which it is transferred since the PIC doesiit for
us. We will only need to know the following:

1. The number of start bits (always 1)
2. The Parity (usually no parity)

3. The number of data bits (usually 8)
4. The number of stop bits (1 or 2)

5. The data transmission speed

6. The port number on your PC

Y ou will be able to choose the transmission speed yourself. The Jdllib library we will be using will use 1 start bit, 8
data bits, no parity, and 1 stop bit. Y our other device, such as your PC will also need to know this information.

What do | need?
In the first part of thistutorial | will show you how to hook your serial port up to your PC. | will show you how to
connect it to another PIC later on in thistutorial. | feel that connectivity to your PC is quite important. Y ou will need:

1. A PIC that has TX and RX Pin names. Most PIC's have them. Check your pinout diagram in the PIC's datasheet.

MR —e[] 1 o [T =— RETPED
RADAND =[] 35 [ =—= RESPEC
RA1ANT =—e[T] 3§ [] =—= RES

RAZIAMN - e [] 37 [ =—s RBL
RAANINMr - - [] 35 [] =— REZFEM
FRALTOCK] a—e [ [T-+—s RE2

RASIANATEE =—= ] 3 [T =—s RE1
REDFDVANS +—=[] ; 33 [J =—= REQINT

R T I T T S PR )
it
n

RS 1NFANS =—= ] 8 L[Je— v
FREZCEMNT —=— [ 10 31 [T -— Wos
b o pa——y P T b 1 [] s ROTFIFT
WEs — o [ 42 w z ~=— FRD6PSPS
OICACTLHN — | 13 e 28 %insmaps
OICHCLNOUT w— ] 14 E [ DaREr 2
RCOATIOSOTICK] a—e [ 42 25 [ =—= §
RCITICACEPE - [T 15 25 [ m—= F
ROMCCP we e [ 47 22 [T =—w RCE®
RCABCREIL =—= 118 23 [] =—= RC4EOVE0A
RODFPSFD = []43 22 [] == ROAFSFI
ROUPEF] =a—s= [ 20 21 [T =—= RDZFEFZ

2. A serial port board. Y ou can buy one on the net, or build your own. See Here for more information. A serial port
board is needed for voltage conversion. Serial ports output voltages up to 12v and go lower than Ov.

| 24
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3. A regular RS-232 Cable (make sure it is not a null modem cable, they look the same). Y ou can check what type of
cable you have with your multimeter. Put your multimeter on each pin of your cable starting with pin 1. Check for a
zero ohm reading. Thiswill check that the pins are the same at both ends. Null modem cables have some pins crossed.

Build your circuit

The circuit will be quite simple, you can take your blink aled circuit, and attach your seria port board. Here's a
schematic with 16F877. We will be using the TX and RX pins:

ST CHA
1 BcLrurp e rezpen B30
2 Mrapsano resrec B 52
e 2 BRetsent ros 8 35
1" 3 BraomnrrEr- rog 37
VW S Braznrer+ REZFEM B0
e’ & Brearmck oz B 35
i 7 Brasmnarss rot B 3% Ii—_l
| — 8 Breormoians renanT 122
END i 8 Eeeianmiane von 22 -
e i0: Novoeiny  1BREE vag 21 o.Auf -
R A — \—“ oD ro7ipse7 B30 E o

12 Rysg RroG/PSPE 822 q_\

12 RnsccLkn rosipsps 25
SHE 20pt 20t 1% MnsczoLkout RD4FsPa g 27 -7 S
15 Rk comiosoiTicK re7mnT §28
15 ¥ecmiosicors ReaTack l20
17 Mrczicce reasspo 822
ZerAltimhe 18 ¥pcarscrescL reasesos B2
< |:|| 19 Reporseo rozpsps 22
| 20 BenisPspd rozpspz 21
Serial Port Board
sy
| E—|
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Test your circuit
Before you write your own code, you should make sure your circuit actually works.

Go into the sample directory within your jalv2/jalib installation. Find your pic, and look for a serial hardware sample
such as 16f877a_serial_hardware.jal. Then compileit and burn it to your PIC. Don't turn on your circuit yet, we are
not ready.

On your PC, you will haveto install some serial communications program such as Real Term. Real Term is free and
open source. | will use Real Term for this tutorial. Y ou can download it here:

http://realterm.sourceforge.net/

Open Rea Term and click on the "Port" tab, we need to select the port & speed, etc to the following values:
1. The Parity = no parity

2. The number of data bits= 8

3. The number of stop bits=1

4. The data transmission speed = 115200

5. The port number on your PC

“_| RealTerm: Serial Capture Program 2.0.0.57

Display Port | Captue | Pins | Send | EchoPart] 120 | 120:2 | 12CMisc | Miss | An| Clear| Freeze| _|
- Statusg
Baud [115200 = | Pont 1 v| open| spu| | & Change |F’ | Connected
_|R=D [2]
: : : Software Flow Contral
Parity Data Bits|  Stop Bits ST 17 | T=D (3)
& Mone | &hits | & 1bt " 2bis B o ICTS ()
‘e : - : ==
e " T hits | ~Hardware Flow Contral [ Transmit Xoff Char. |13 | DCD 1]

" Ewen : -
e " B bits i* Mone " RTS/CTS _|DSR [B)

" Gpace | ¢ Ghits | " DTR/DSR ™ RS48G5 _|Ring[9]

~
g _ |EREAK
| Error

‘fou have to click in terminal window before vou can bype any chars out  |Char Count; 0000000 (CPS:0 Port: Closed

Now press "Open" in Real Term and turn on your circuit. If you now see "Hello serial world......" showing in within
Real Term on your PC, you are able to receive data.


http://realterm.sourceforge.net/
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" RealTerm: Serial Capture Program 2.0.0.57

Display Pot | Captue | Pins | Send | EchoPort| 120 | 1202 | 120Misc | Mise | Anl[f Freeze| |
— - Statusg
Baud [115200 | Port |4 >l [open Spu| o Change ‘K’ _ | Disconnect
_|R=D 2]
: : s Software Flow Control
Parity Data Bits|  Stop Bits FiEiiE s iz | T=D (3)
* Nore | @ Bhts | @ 1Bt " 2bis L SOt _ICTS (3]
~ : : —
(88 Thits | Hadware Flow Contiol [ Transmit Xoff Char. |19 ~ipCo 1)
i " Bhits | | % Mone (" RTS/CTS _|DSR ()
" Gpace | ¢ Ghits | " DTR/DSR ™ RS48G5 r~ _|Ring[9]
* _|BRE&AK
| Error
Yo can use Ackiver automation to conkral me! Char Count: 74 CP3:i10 Paort: 4 115200 M1 Mone

If your circuit doesn't work, your serial port board may have TX and RX switched (you can try switching your TX/
RX wires around), or you may have selected the wrong port number, some PCs have more than one seria port.

Now click on Real Term's "send" tab, type in the number "65" in the first box and press "Send Numbers'. If it sent ok,
the PIC will echo this value back to you. Y ou will see the ASCII character "A", which is the same as decimal 65. You
can see afull ASCII chart at asciitable.com.

" RealTerm: Serial Capture Program 2.0.0.57

Display | Pat | Captue| Pins ~ Send | EchoPart| 120 | 1202 | 12CMisc | Mise | An| Clear| Freeze| |
e W Statuz

| D t

E
IF
| IE R | T After XD 3]
-

+LF i |
T [Meuss =] _|cT5 8

Send ASCI

] gend Ngmbers| Send ASCII

|
’_ ﬂ ﬂﬂ Repeats |1 ¥ [ Literal [ Ship Spaces

_|DCD1)
Durnp File to Port | DR (E]
|c:\temp\capture.tﬂt ﬂ J SendEiIe| X Stng‘ Delays |0 i||EI e | _|Ring[9]
___________ _ |BRE&K

Repeats |1 2] [0 #] _|Ermar

‘fou have to click in terminal window before vou can bvpe any chars out  [Char Count: 1066 CP3:10 Port: 4 115200 8M1 Mone



http://asciitable.com
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Now please change your Real Term settings to receive decimal numbers by clicking on the "Display"” tab, and choose
"int8" under "Display As" at the left side. Y ou will now continuously see the number "46" come in, and try sending
the number "65" again. Y ou will get the same humber back on your screen.

int8 - shows integer numbersin Real Term
Ascii - shows ascii text

Hex[space] - shows hex numbers with a space between each

#- RealTerm: Serial Capture Program 2.0.0.57
46 46 46 46 46 65 46 65 46 65 65 46 65 65 46 65 46 65 65 46 65 46 46 46 46 46

Display | Port | Capture | Pins  Send lEchn Pat| 12C | 1202 | 120Misc | Misc | An| Clear| Freeze| |
EAL 7 Statuz

|55 Send ASCH [T +CR | Disconmect
: ||_ +LF l': Eﬁ'”'e _IR<D [2)
| = Gend Ngmber$| Send A5CII ||E o ot THD (3)
- = — i | EXETEEE| |CTS (8
ﬂ ﬂﬂ Repeats |1 % [~ Literal [ ShipSpaces [ +ome \pCD [[1]]
Durmp File to Part ; SR (6]
|c:'\temp'~.capture.tﬁt j J Send File | X Stng‘ Delays |0 i||EI = _|Ring (9]
............... | BREAK

Repeatz |1 = |D i| _ | Emar

Chars sent aren't displayed when half-duplex is sek Char Count:52 CP3:10 Port: 4 115200 8M1 Mone

Write code to send data from PIC to PC

Sincethisis one of the first circuits you will be building, | will try to give you detailed information so you can get
some programming experience. We will continue with your code from "Blink aled". We will modify it to send data
to your PC, Here's your original code:

i ncl ude 16f877a -- target PICmcro

-- This program assunmes a 20 MHz resonator or crysta
-- is connected to pins OSCl and OSC2.

pragna target clock 20_000_000 -- oscillator frequency

-- configuration nenory settings (fuses)

pragma target OSC HS -- HS crystal or resonator
pragna target WDT di sabl ed -- no wat chdog

pragma target LVP disabled -- no Low Vol tage Progranm ng
enabl e_digital _io() -- disable analog I/O (if any)

-- You may want to change the selected pin
alias | ed is pin_A0
pi n_AO_di rection = output

forever | oop

led = on
_usec_del ay(250000)
led = of f

_usec_del ay(250000)
end | oop



First we need to add serial functionality, | got the following code from 16f877a_serial_hardware.jal

-- ok, now setup serial

const serial _hw baudrate = 115_200
i ncl ude serial _hardware

serial _hw_init()
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So, now copy and past thisinto your code, | would put it somewhere after the line "enable digital_io", and

somewhere before your main program which starts at "forever loop".

This code will set your baudrate (speed), it will include the correct library file "serial_hardware”, and it will initialize
the library with "serial_hw_init()". Y ou can change the speed if you wish, but you must change the speed in

Rea Term aswell.

Now we can put some code that will send data to your PC. If you want to send the number 65 to your PC, you must

use this code:

serial _hw data = 65

This code works because it is a procedure/function within serial_hardware.jal, and you have already included the
serial_hardware library. serial_haredware.jal can be found in the "lib" folder of your jalib installation. Y ou can open
that file and read notes within it for more information and for other usable variables, functions and procedures.

Let's make your code send the number 65 when the led turns on, and send the number 66 when your led turns off. Just

place your code after your "led = on", and after "led = off"

forever |oop

led = on
serial _hw data = 65 -- send 65 via serial port
_usec_del ay(250000)
led = of f
serial _hw data = 66 -- send 66 via serial port
_usec_del ay(250000)

end | oop

Or, if you wish to send Ascii letters to your PC instead, you could use the following:

forever |oop

led = on
serial _hw data = "A" -- send letter A via serial port
_usec_del ay(250000)
led = of f
serial _hw data = "B" -- send letter B via serial port
_usec_del ay(250000)

end | oop

Both of the above loops will continuously send the decimal number's 65 and 66 via your serial port each time your led

turns on or off. Your completed code should look like this:

i ncl ude 16f877a -- target PICmcro

-- This program assunes a 20 Mz resonator or crysta
-- is connected to pins OSCl and OSC2.

pragnma target clock 20_000_000 -- oscillator frequency

-- configuration nenory settings (fuses)

pragma target OSC HS -- HS crystal or resonator
pragma target WDT disabl ed -- no wat chdog

pragna target LVP disabled -- no Low Vol tage Progranm ng
enabl e_di gital _io() -- disable analog 1/0O (if any)

-- ok, now setup serial;@allib section seria
const serial _hw baudrate = 115_200

i ncl ude serial _hardware

serial _hw_init()

-- You may want to change the selected pin
alias | ed is pin_A0
pi n_AO_direction = output
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forever |oop

led = on
serial _hw data = 65 -- send 65 via serial port
_usec_del ay(250000)
led = of f
serial _hw data = 66 -- send 66 via serial port
_usec_del ay(250000)

end | oop

Compile and burn your code to your PIC, then turn on your circuit. Y ou should get this while your led is blinking:

"_ RealTerm: Serial Capture Program 2.0.0.57

65 66 65 66 65 66 65 66 65 66 K5 66 65 66 65 66 65 66 65 66 65 66 65 66 65 66 65
66 65 66 65 66 65 66 65 66 65 66 65 66 65 66 65 66 65 66

Display | Port | Capture| Pins | Send | EchoPort] 120 | 1202 | 12CMisc | Misc | An| Clear| Freeze| |
Display &z ™ Half Duplex Binary Sync Chars e Statys
i Ascii ™ newline mode |ABI:D ﬂ o 2Hne 5 | Dizconnect
" Ansi = ata | & None |
" Hex[space] [ lrrvert Data | J wOR _|R=D (2]
(f: e+ Ascit | [V i £ ASCI | THD 3
& Data Frames | =] AND | Number TS (@
I Hex Bytes 2 ¥ _|DCD (1]
£ mtlg L =] o Change I |DSR (6]
" untlB [ Single  Gulp j1E
" b _|Ring[9]
(f: Binary Fowes Cals | BREAK
. H:E;E Teminal Fort| |16 3| |80 =] [ Scrollback EiEnc:

‘ol can use Ackiver automation to conkral me! Char Count:9z CP5:0 Port: 4 115200 8M1 Mane

Awesome, now that you can send data to your pc! Thiswas an important step since it will greatly help you with your
troubleshooting by sending you readable information such as text, numbers and other types of data.

If you fedl your programming skills are not as good as they should be, practice practice practice! Continue using the
language reference described in the document jalv2.pdf in the ‘compiler’ directory of your Jallib installation.

Write code to send data from PC to PIC

In the beginning, you may not have a use for sending data from your PC to your circuit, so you may skip thisand go
onto other things.

Here we are going to get the PIC to receive data from the PC. We will write some code that will only start blinking a
led when you send data to the PIC. Also we will tell the PIC to send the number 65 to the PC once per second.

We will now learn to use the following variables from serial _hardware.jal:
serial_hw_data available - If the PIC received data, this variable will equal TRUE, otherwise FALSE
serial_hw_data - If datais available, this variable will contain the data

So let's modify your current loop:

forever |oop

led = on

serial _hw data = 65 -- send 65 via serial port
_usec_del ay(250000)

led = off

serial _hw data = 66 -- send 66 via serial port
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_usec_del ay(250000)
end | oop

First changeit so it will send the number 65 to your PC every one second:

forever |oop
_usec_del ay(1_000_000) -- one second del ay
serial _hw data = 65 -- send 65 via serial port
end | oop

We now can add an if statement to find out if there is seria data available:

forever |oop

_usec_del ay(1_000_000) -- one second del ay
serial _hw data = 65 -- send 65 via serial port
if serial_hw data_available then -- check if there is data avail able
end if
end | oop

Y ou will need to create avariable "x" before your "forever loop", this variable will hold the data when you want to
receiveit:

var byte x

Now you have a place to store the data, so you may now write aline within your "if" statement to get the data:
X = serial _hw data

Then build afor loop after that to blink the led "x" number of times

for x | oop -- loop (x nunmber of tines) using data received on serial port
led = on
_usec_del ay(250000)
led = of f
_usec_del ay(250000)
end | oop

Here is your completed code:

i ncl ude 16f877a -- target PICmcro

-- This program assunes a 20 Mz resonator or crysta
-- is connected to pins OSCl and OSC2.

pragnme target clock 20_000_000 -- oscillator frequency

-- configuration nenory settings (fuses)

pragma target OSC HS -- HS crystal or resonator
pragma target WDT disabl ed -- no wat chdog

pragna target LVP disabled -- no Low Vol tage Progranm ng
enabl e_di gital _io() -- disable analog 1/0O (if any)

-- ok, now setup serial;@allib section seria
const serial _hw baudrate = 115_200

i ncl ude serial _hardware

serial _hw_init()

-- You may want to change the selected pin
alias | ed is pin_A0

pi n_AO_direction = output

var byte x

forever | oop -- continue forever
_usec_del ay(1_000_000) -- one second del ay
serial _hw data = 65 -- send 65 via serial port
if serial_hw data_available then -- check if data is ready for us
X = serial _hw data -- get the data
for x | oop -- loop "x" nunber of tines
led = on -- turn the led on

_usec_del ay(250000) -- 250ms del ay



led = of f -- turn the led off

_usec_del ay(250000) -- 250nms del ay
end | oop -- loop
end if -- end the if statement

end | oop

Asyou can see, this code will do the following:

1. delay 1 second

2. send the number 65 via serial port

3. seeif there isdatawaiting for us, if so, get it and blink the led (the number of times of the data received)
4. loop back to the start

So, turniit on, you will start getting decimal numbers: "65 65 65 65 65" or ascii: "AAAAAA" in Rea Term. Now send
your PIC the number 5, you will see your led blink 5 times. Now isn't that awesomel!

PIC to PIC communication via serial port

Sending datato your PC is not the only use. If you have an extra PIC laying around, we can get two PIC'sto talk to
each other. And it's quite easy too!

| think you can do this on your own by now, you know how to make one PIC send data, and how to make aPIC
receive data, so all you have to do is write some sending code on one PIC and receiving code on the other.

Build another circuit the same as your current one, then do the following:
1. connect the TX pin from PIC # 1 to the RX pin of PIC # 2
2. connect the RX pin from PIC # 1 to the TX pin of PIC #2

On one of your PIC's, make it send data every one second, like we did before at Write code to send datafrom PIC to
PC.

On the other PIC, make it loop continuously. Put an if statement in the loop that will seeif thereis data available, and
if there is, make the led blink once, like we did at Write code to send data from PC to PIC.

Y ou should then see your led blinking on your second PIC.

Wow, that was alot, now | think you know your stuff!

Your Next Step

Now that you know how serial works, | suggest you take alook at the print and format libraries which will help you
format numbers and stringsin an easy & readable. Check out this tutorial:

Print & Format on page 115
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PIC internals

This chapter covers main and widely used PIC microcontroller internals (also referred as PIC peripheralsin
datasheets), like PWM, ADC, etc... For each section, you'll find some basic theory explaining how things works, then
area-life example.

ADC - Analog-to-Digital Conversion

Analog-to-Digital Conversion isyet another nice feature you can get with aPIC. It's basically used to convert a
voltage as an analog source (continuous) into adigital number (discrete).

ADC with water...

To better understand ADC, imagine you have some water going out of a pipe, and you'd like to know how many
water it goes outside. One approach would be to collect all the water in a bucket, and then measure what you've
collected. But what if water flow never ends ? And, more important, what if water flow isn't constant and you want to
measure the flow in real-time ?

The answer is ADC. With ADC, you're going to extract samples of water. For instance, you're going to put alittle
glassfor 1 second under the pipe, every ten seconds. Doing the math, you'll be able to know the mean rate of flow.

The faster you'll collect water, the more accurate the rate will be. That is, if you're able to collect 10 glasses of water
each second, you'll have a better overview of the rate of water than if you collect 1 glass each ten seconds. Thisisthe
process of making a continuous flow a discrete, finite value. And thisis about resolution, one important property of
ADC (and thisis also about clock speed...). The higher the resolution, the more accurate the results.

Now, what if the water flow is so high that your glass gets filled before the end of the sample time ? Y ou could use
abigger glass, but let's assume you can't (scenario need...). This means you can't measure any water flow, thisone
has to be scaled according to your glass. On the contrary, the water flow may be so low samples you extract may not
be relevant related to the glass size (only few drops). Fortunately, you can use a smaller glass (yes, scenario need) to
scale down your sample. That is about voltage reference, another important property.

Leaving our glass of water, many PICs provide severa ADC channels: pinsthat can do this process, measuring
voltage asinput. In order to use this peripheral, you'll first have to configure how many ADC channels you want.
Then you'll need to specify the resolution, usually using 8 hits (0 to 255), 10 bits (0 to 1024) or even 12 bits (0 to
4096). Finally, you'll have to setup voltage r efer ences depending on the voltage spread you plan to measure.

ADC with jallib...
Asusua, Microchip PICs offers awide choice configuring ADC:

* Not all PICshave ADC module(...)

« Anaog pins are dispatched differently amongst PICs, still for user's sake, they have to be automatically
configured as input. We thus need to know, for each PIC, where analog pins are...

« Some PICs have their analog pins dependent from each other, and some are independent (more on this later)
e Clock configuration can be different


http://en.wikipedia.org/wiki/Analog-to-digital_converter
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» Aspreviously stated, some PICs have 8-bits low resolution ADC module, some have 10-bits high resolution
ADC module!

« Some PICs can have two external voltage r efer ences (VRef+ and VRef-), only one voltage r eference (Vref+ or
Vref-) and some can't handle exter nal voltage referencesat all

» (and probably other differences| can't remember :)...

Luckily most of these differences are transparent to users...

Dependent and independent analog pins

OK, let'swrite some code ! But before this, you have to understand one very important point: some PICs have their
anal og pins dependent from each other, some PICs have their analog pinsindependent from each other. "What isthis
suppose to mean ?' | can hear...

Let's consider two famous PICs: 16F877 and 16F88. 16F877 datasheet explains how to configure the number of
analog pins, and vref, setting PCFG bits:

PCFG3: | AN7(" | AN6(") | AN5( | AN4 AN3 AN2 | AN1 | ANO Vicei | Ve CHan/

PCFGO | RE2 RE1 RED RAS5 RA3 RA2 | RA1 RAOQ Refs!?
0000 A A A A A A A A Voo Vss 8/0
0001 A A VREF+ A A A RA3 Vss 7M1
0010 D D D A A A A A Voo Vss 5/0
0011 D D D A VREF+ A A A RA3 Vss 41
0100 D D D D A (D] A A VoD Vss 3/0
0101 D D D D VREF+ D A A RA3 Vss 21
011lx D D D D D D D D Voo Vss 0/0
1000 A A A A VREF+ | VREF- A A RA3 RA2 6/2
1001 D D A A A A A A Voo Vss &8/0
1010 D D A A VREF+ A A A RA3 Vss 51
1011 D D A A VREF+ | VREF- A A RA3 RA2 4/2
1100 D D D A VREF+ | VREF- A A RA3 RA2 a/z
; 1101 D D D D VREF+ | VREF- A A RA3 RAZ2 2/2
i 11140 D D D D D (D] D A VoD Vss 1/0
(] 1111 D D D D VRer+ | VREF- D A RA3 RAz | -1/2

! A =Analoginput D =Digital /O
Figure 1. 16F877 ADC channels are controlled by PCFG bits

Want 6 analog pins, no Vref ? Then PCFG bits must be set to 0b1001. What will then be the analog pins ? RAO,
RA1, RA2, RA3, RA5 and REOQ. "What if | want 7 analog pins, no Vref ?" You can't because you'll get aVref pin, no
choice. "What if | want 2 analog pins being RE1 and RE2 ?" Y ou can't, because there's no such combination. So, for
this PIC, analog pins are dependent from each other, driven by a combination. In this case, you'll have to specify:

e thenumber of ADC channels you want,
« and amongst them, the number of Vref channels

Now, let's consider 16F88. In this case, there's no such table:

1 and some have 12-hits, those aren't currently handled by jallib ADC libraries, That's a restriction.
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"bit 6-0 ANS<6:0>: Analog Input Select bits
Bits select input function on corresponding AN<6:0> pins.
1 = Analog 1/0(1:2)
0 = Digital I/0
Note 1: Seiting a pin to an analog input disables the digital input buffer. The corresponding
TRIS bit should be set to input mode when using pins as analog inputs. Only AN2 is
an analog I/O, all other ANx pins are analog inputs.
2: See the block diagrams for the analog I/O pins to see how ANSEL interacts with the
CHS bits of the ADCONO register.
i

Figure 2: 16F88 ADC channels are controlled by ANS bits

Mmmbh... OK, there are ANS bits, one for each analog pins. Setting an ANS bit to 1 sets the corresponding pin to
analog. Thismeans| can set whatever pin | want to be analog. "I can have 3 analog pins, configured on RAO, RA4
and RB6. Freedom!"

Analog pins ar e independent from each other in this case, you can do what you want. As a consequence, since

it's not driven by a combination, you won't be able to specify the number of ADC channels here. Instead, you'll use
set _anal og_pi n() procedure, and if needed, the reverseset _di gi t al _pi n() procedure. These procedures
takes a analog pin humber as argument. Say analog pin AN5 ison pin RB6. To turn this pin as analog, you just have
towriteset _anal og_pi n(5) , because thisis about analog pin AN5, and not RB6.

Remember: as aconsequence, these procedures don't exist when analog pins are dependent asin our first case.

CAUTION: it'snot because there are PCFG bits that PICs have dependent anal og pins. Some have PCFG
bits which act exactly the same as ANS bits (like some of recent 18F)

Tip: how to know if your PIC has dependent or independent pins ? First have alook at its datasheet, if you can a
table like the one for 16F877, there are dependent. Also, if you configure a PIC with dependent pins asif it was one
with independent pins (and vice-versa), you'll get an error. Finally, if you get an error like: "Unable to configure ADC
channels. Configuration is supposed to be done using ANS hits but it seems there's no ANSbits for this PIC. Maybe
your PIC isn't supported, pleasereport !", or the like, well, thisis not a normal situation, so as stated, please report !

Once configured, using ADC iseasy. You'll findadc_r ead_hi gh_res() andadc read_low_res()
functions, for respectively read ADC in high and low resolution. Because low resolution is coded on 8-hits,
adc_read_| ow _res() returnsabyt e astheresult. adc_read_high_res() returnsawor d.

Example with 16F877, dependent analog pins

The following examples briefly explains how to setup ADC module when analog pins are dependent from each other,
using PIC 16F877.

The following diagram is here to help knowing where analog pins (blue) are and where Vref pins (red) are:
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_Pin Diagram
PDIP

l\_j 40 || =—= RB7/PGD

MCLR/VPE ——= [

1
RANAND -] 2 39 [] =—= REBE/PGC
RAT/ANT =-—=| | 3 38 | | =—» ABS

RAZ/ANZNVREF- 4[4 37 [] =—= REBE4

RAJAN3VREF+ =— [ & 36 [ | =—e RBIPGM

RA4/TOCK! «+—[] & 35 [ -—» RB2
RAS/ANASE =[] 7 34 [] =—= RB]
RE0/RD/ANS -=—=[] 8 33 [[] =-—= RBOJINT
AE1/WR/ANE =-—=[] g 3z [] =-—— voo

1

RE2/CS/ANT a—= | |
VDD —— [ ] 11

Vs . [] 12
OSC1/CLKIN —=[] 13

DSC2/CLKOUT o——[] 14

31 [|] -—— vss
30 || =—= ARD7FPSPT

29 [ | =—== RDB/FSFPE
28 [] =—» RDS/PSPS

27 ] -—= RD4/FPS5P4

PIC16F877 874

ACOTIOSOMICKl -—=[] 15 26 [] =+—= ACT/RX/DT
RC1/TIOSICCP2 a—=[| 16 o5 | ]| -+—= RCBTX/CK
AC2/CCP1 ——=[] 17 24 [[] +—= RACE/SDO
: RC3SCK/SCL -=—=[] 18 23 [| =— RAC4/SDI/'SDA |
! RDO/PSP0 «—[] 19 22 [] «—= AD3PSP3 |
RD1/PSP1 -+—=[| 20 21 [] =—= AD2/PSP2

Figure 3: Analog pins and Vref pins on 16F877
Example 1: 16F877, with only one analog pin, no external voltage reference

- beginning is about configuring the chip

- this is the sane for all exanples for about 18F877
i ncl ude 16f877

- setup clock running @OMiz

pragma target OSC HS

pragnma target clock 20_000_000

- no watchdog, no LVP

pragnma target WDT di sabl ed

pragma target LVP enabl ed

- W'll start to set all pins as digita
- then, using ADC, we'll configure needed
- ones as anal og.



enabl e_di gital _io()

i ncl ude print

i ncl ude del ay

const serial _hw baudrate = 115_200
i ncl ude serial _hardware

serial _hw_init()

-- Step 1: ADC input pin setup we wil use channel 0
pi n_ANO_di recti on = input

-- Step 2: Set A0 anal og input and VDD as Vref
ADCON1_PCFG = 0b0000

-- Step 3: Use Frc as ADC cl ock

ADCONO_ADCS = 0b11

-- Now we can include the library

i ncl ude adc

-- And initialize the whole with our paraneters
adc_init()

-- will periodically send those chars
var word wneasure
var byte breasure
const byte wprefix[]
const byte bprefix[]

"Result in high resolution
"Result in low resolution: "

forever |oop

-- get ADC result, on channel O
-- this means we're currently reading on pin ANO

-- access results in high resolution

wneasure = adc_read_hi gh_res(0)

-- wmeasure contains the result, as a word (byte*2)
print_string(serial _hw data, wprefix)
print_word_dec(serial _hw_dat a, wreasur e)
print_crlf(serial_hw data)

-- though we are in high resolution node,

-- we can still get aresult as a byte, as though
-- it were in |low resolution

brmeasure = adc_read_| ow _res(0)
print_string(serial _hw data, bprefi x)
print_byte_dec(serial _hw_data, bneasure)
print_crlf(serial _hw data)

-- and sleep a little to prevent flooding serial..
del ay_1ns(200)

end | oop

Example 2: 16F877, with 2 analog pins, 1 external voltage reference, that is, Vref+
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Thisisamost the same as before, except we now want 2 (analog pins A0 and A1) + 1 (Vref+ A3), so yeswe are

using 3 analog pins here.

The beginning is the same, here's just the part about ADC configuration and readings. We use afor loop to go over

the 2 analog pins A0 and A1:

-- Step 1: ADC input pin setup we wil use channel 0 and 1 (2 channel s)

pi n_ANO_di rection = i nput

pi n_AN1_direction = input

-- Step 2: Set A0 and Al anal og i nput and A3 as Vref
ADCON1_PCFG = 0b0011

-- Step 3: Use Frc as ADC cl ock

ADCONO_ADCS = 0b11

-- Now we can include the library

i ncl ude adc

-- And initialize the whole with our paraneters
adc_init()

-- will periodically send those chars
var word neasure
var byte | owreasure, channe

const byte prefix[] = "Channe
const byte highstr[] =" (high) "
const byte lowstr[] "

. ow

const byte suffix[]
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forever |oop

- loop over all channels and read
for 2 using channel | oop

- get ADC result, high resolution
measure = adc_read_hi gh_res(channel)

- send it back through seria
print_string(serial _hw data, prefix)
print_string(serial _hw data, hi ghstr)
print_byte_dec(serial _hw data, channel)
print_string(serial _hw data, suffix)
print_word_dec(serial _hw_data, neasure)
print_crlf(serial _hw data)

- and sleep a little...
del ay_1ns( 100)

- Even if we set high resolution, we can still access results
- inlowresolution (the 2 LSb will be renoved)
| owneasure = adc_read_| ow res(channel)
print_string(serial _hw data, prefix)
print_string(serial _hw data,| owstr)
print_byte_dec(serial _hw data, channel)
print_string(serial _hw data, suffix)

print_byte dec(serial _hw data, | oweasure)
print_crlf(serial _hw data)

- and sleep a little...
del ay_1ns( 100)

end | oop
end | oop

12C (Part 1) - Building an I2C slave + Theory

i2cisanice protocol: it is quite fast, reliable, and most importantly, it's addressable. This meansthat on asingle 2-
wire bus, you'll be able to plug up to 128 devices using 7hits addresses, and even 1024 using 10bits address. Far
enough for most usage... | won't cover i2c in depth, as there are plenty resources on the Web (and | personally like

this page).

A few words before getting our hands dirty...

i2c isfound in many chips and many modules. Most of the time, you create a master, like when accessing an
EEPROM chip. Thistime, in thisthree parts tutorial, we're going to build a slave, which will thus respond to master's
reguests.

The dlave side is somewhat more difficult (as you may have guess from the name...) because, as it does not initiate the
talk, it hasto listen to "events', and be as responsive as possible. Y ou've guessed, we'll use interrupts. I'll only cover
i2c hardware slave, that is using SSP peri pheralz. Implementing an i2c software slave may be very difficult (and |
even wonder if it's reasonable...).

There are different way implementing an i2c slave, but one seems to be quite common: defining afinite state
machine. Thisimplementation is well described in Microchip AppNote AN734. It is highly recommended that you
read this appnote, and the i2c sections of your favorite PIC datasheet aswell (1 swear it's quite easy to read, and well
explained).

Basically, during an i2c communication, there can be 5 distinct states:

1. Master writes, and last byte was an address: to sum up, master wants to talk to a specific slave, identified by
the address, it wants to send data (write)
2. Master writes, and last byte was data: this time, master sends data to the slave

3. Master read, and last byte was an addr ess: amost the same as 1., but this time, master wants to read something
from the salve

2 some PICs have MSSP, this means they can also be used asi2c hardware Master


https://en.wikipedia.org/wiki/I%C2%B2C
http://www.google.com/search?q=i2c
http://www.esacademy.com/faq/i2c/index.htm
http://en.wikipedia.org/wiki/Finite_state_machine
http://en.wikipedia.org/wiki/Finite_state_machine
http://ww1.microchip.com/downloads/en/appnotes/00000734c.pdf
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4. Master read, and last byte was data: just the continuation of state 3., master has started to read data, and still
wants to read more data

5. Master sendsa NACK: basically, master doesn't want to talk to the slave anymore, it hangs up...

Note: inthei2c protocol, one dave has actually two distinct addresses. One s for read operations, and it ends with
bit 1. Another isfor write operations, and it ends with bit O.

Example: consider the following address (8-bits long, last bit is for operation type)
0x5C => 0Ob_0101_1100 => wite operation

The same address for read operation will be:

0x93 => 0b_0101_ 1101 => read operation

Note: Jallib currently supportsup to 128 devices on a i2c¢ bus, using 7-bits long addresses (without the 8th R/W
bits). There's currently no support for 10-bits addresses, which would give 1024 devices on the same bus. If you need
it, please let us know, we'll modify libraries as needed !

OK, enough for now. Next time, we'll see how two PICs must be connected for i2c communication, and we'll check
thei2c busisfully working, before diving into the implementation.

12C (Part 2) - Setting up and checking an I2C bus

In previous tutorial, we saw a basic overview of how to implement an i2c slave, using afinite state machine
implementation. Thistime, we're going to get our hands a little dirty, and starts connecting our master/slave together.

Checking the hardware and the i2c bus...

First of al, i2c is quite hard to debug, especially if you don't own an oscilloscope (like me). So you have to be
accurate and rigorous. That's why, in this second part of thistutorial, we're going to setup the hardware, and just make
surethe i2c busis properly operational.

Connecting two PIC together through i2c is quite easy from a hardware point of view. Just connect SDA and SCL
together, and don't forget pull-upsresistors. There are many differents values for these resistors, depending on how
long the busis, or the speed you want to reach. Most people use 2.2K resistors, so let's do the same ! The following
schematicsis here to help:

Decoupling caps
near microcontroller

$omr
T

?-

H‘?*WTW

In this circuit, both PIC have a LED connected, which will help us understand what's going on. On a breadboard, this
looks like that:
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The master is on the right side, the slave on the left. I've put the two pull-ups resistors near the master:

Green and orange wires connect the two PICs together through SDA and SCL lines:
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The goa of thistest issimple: check if thei2c busis properly built and operational. How ? PIC 16F88 and its SSP
peripheral is able to be configured so it triggers an interrupts when a Start or Stop signal is detected. Read this page
(part of an nice article on i2c, from previous tutorial's recommendations).

How are we gonnatest this ? The idea of thistest issimple:

1. On power, master will blink aLED alittle, just to inform you it'saive

2. Onthe sametime, slave is doing the same

3. Once master has done blinking, it sends ai2c frame through the bus

4. If the busis properly built and configured, slave will infinitely blink its LED, at high speed

Note master will send itsi2c frame to a specific address, which don't necessarily need to be the same as the slave one
(and I recommand to use different addresses, just to make sure you understand what's going on).

What about the sources ? Download latest jallib pack, and check the following files (eitherinl i b or sanpl e
directories):

* i2c_hw_daveja : maini2c library from thelib directory

e 16f88 i2c_sw_master _check bus.jal: code for master from the sample directory
» 16f88 i2c_hw_slave check bus,jal : code for slave from the sample directory

The main part of the slave code is the way theinitialization is done. A constant is declared, telling the library to
enable Start/Stop interrupts.

const SLAVE ADDRESS = 0x23 -- whatever, it's not inportant, and can be
- different fromthe address the master wants
- totalk to

- with Start/Stop interrupts

const bit i2c_enable_start_stop_interrupts = true

- this init automatically sets gl obal/peripherals interrupts

i 2c_hw_sl ave_i ni t (SLAVE_ADDRESS)

And, of course, the Interrupt Service Routine (ISR):

procedure i2c_isr() is


https://www.esacademy.com/en/library/technical-articles-and-documents/miscellaneous/i2c-bus.html
http://justanotherlanguage.org/downloads
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pragma i nterrupt
if I PIRL_SSPIF then
return
end if
-- reset flag
PIR1L_SSPI F = fal se
-- tnp store SSPSTAT
var byte tnpstat
tmpstat = SSPSTAT
- check start signals
if (tnpstat == 0b_1000) then
- If we get there, this nmeans this is an SSP/|12C interrupts
- and this nmeans i2c bus is properly operational !!!
whil e true | oop
led = on
_usec_del ay(100000)
led = off
_usec_del ay(100000)
end | oop
end if
end procedure

The important thing isto:

e check if interrupt is currently a SSP interrupts (12C)
* reset theinterrupt flag,

e analyze SSPSTAT to seeif Start bit is detected

« if 50, blinks 'l the end of time (or your battery)

Now, go compile both samples, and program two PICs with them. With a correct i2¢ bus setting, you should see the
following:

http://www.youtube.com/watch?v=Nal AKRhFP-s

On this next video, I've removed the pull-ups resistors, and it doesn't work anymore (slave doesn't high speed blink its
LED).

http://www.youtube.com/watch?v=cNK_cCgWctY

Next time (and last time on this topic), we'll see how to implement the state machine using jallib, defining callback
for each states.

12C (Part 3) - Implementing an 12C Slave

In previous parts of this tutorial, we've seen alittle of theory, we've also seen how to check if thei2c busis
operational, now the time has come to finally build our i2c slave. But what will slave will do ? For this example, slave
is going to do something amazing: it'll echo received chars. Oh, I'm thinking about something more exciting: it will
"almost" echo chars:

e ifyousend"a', it sends"b"
e if yousend"b", it sends"c"
n3

if yousend"z", it sends"{

Building the i2c master

Let's start with the easy part. What will master do ? Just collect characters from a serial link, and convert themtoi2c
commands. So you'll need a PIC to which you can send data via serial. | mean you'll need aboard with serial com.
capabilities. | mean we won't do this on a breadboard... There are plenty out there on the Internet, pick your choice.

My board looks like this:

3 why "{" ? According to ASCII, "z" isthe character for position 122. 123 is... "{")


http://www.youtube.com/watch?v=NalAkRhFP-s
http://www.youtube.com/watch?v=cNK_cCgWctY
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Two connectors are used for earch port, PORTA and PORTB, to plug daughter boards, or a breadboard in our case.
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Thei2c initialization part is quite straight forward. SCL and SDA pins are declared, we'll use a standard speed,
400KHz:

- 12Cio definition

var volatile bit i2c_scl is pin_b4

var volatile bit i2c_scl_direction is pin_b4 _direction

var volatile bit i2c_sda is pin_bl

var volatile bit i2c_sda_direction is pin_bl_direction
- i2c setup

const word _i2c_bus_speed = 4 ; 400kHz

const bit _i2c_level = true ; 12c levels (not SMB)

i ncl ude i2c_software
i2c_initialize()

Well adso usethelevel 1i2clibrary. The principle is easy: you declare two buffers, one for receiving and one for
sending bytes, and then you call procedure specifying how many bytes you want to send, and how many are expected
to be returned. Joep has written a nice post about this, if you want to read more about this. We'll send one byte at a
time, and receive one byte at atime, so buffers should be one byte long.

const single_byte tx buffer = 1 -- only needed when length is 1
var byte i2c_tx_buffer[1]

var byte i2c_rx_buffer[1]

include i2c_levell

What's next ? Well, master also has to read chars from a seria line. Again, easy:

const usart_hw serial = true
const serial _hw baudrate = 57_600
i ncl ude serial _hardware
serial _hw_init()

- Tell the world we're ready
serial _hw wite("!")

So when the master is up, it should at least send the "!" char.

Then we need to specify the dave's address. Thisis a 8-hits long address, the 8th bits being the bit specifying if
operation isaread or write one (see part 1 for more). We then need to collect those chars coming from the PC and
sends them to the slave.

The following should do the trick (believe me, it does:))

var byte icaddress = Ox5C -- slave address

forever |oop
i f serial_hw.read(pc_char)
t hen
serial _hw wite(pc_char) -- echo
- transmt to slave
- we want to send 1 byte, and receive 1 fromthe slave
i 2c_tx_buffer[0] = pc_char
var bit _trash = i2c_send_receive(icaddress, 1, 1)
- receive buffer should contain our result
ic_char = i2c_rx_buffer[O0]
serial _hw wite(ic_char)
end if
end | oop

The whole program is available on under the name 16f88 i2c_sw_master_echo.ja in the sample directory of your
Jallib installation.

Building the i2c slave

So thisisthe main part ! As exposed on first post, we're going to implement afinite state machine. jallib comes with
alibrary where dl the logic is already coded, in alSR. Y ou just have to define what to do for each state encountered
during the program execution. To do this, we'll have to define several callbacks, that is procedures that will be called
on appropriate state.


http://jallib.blogspot.com/2008/12/i2c-master.html
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Before this, we need to setup and initialize our save. i2c address should exactly be the same as the one defined in
the master section. Thistime, we won't use interrrupts on Start/Stop signals; wel'll just let the SSP module triggers an
interrupts when the i2c address is recognized (no interrupts means address issue, or hardware problems, or...). Finally,
since lave is expected to receive a char, and send char + 1, we need a global variable to store the results. This gives:

i ncl ude i 2c_hw sl ave

const byte SLAVE ADDRESS = 0x5C
i 2c_hw_sl ave_i ni t ( SLAVE_ADDRESS)

-- will store what to send back to master
-- so if we get "a", we need to store "a" + 1
var byte data

Before this, let's try to understand how master will talk to the slave (italic) and what the slave should do (underlined),
according to each state (with code following):

« state 1. master initiates a write operation (but does not send data yet). Since no datais sent, slave should just do...
nothing (slave just knows someone wants to send data).

procedure i2c_hw slave _on_state_1(byte in _trash) is
pragne inline
-- _trash is read fromnmaster, but it's a dummy data
-- usually (always ?) ignored

end procedure

+ state 2: master actually sends data, that is one character. Slave should get this char, and processit (char + 1) for
further sending.

procedure i2c_hw slave _on_state_2(byte in rcv) is
pragna inline
-- ultimate data processing... :)
data = rcv + 1

end procedure

- dtate 3: master initiates a read operation, it wants to get the echo back. Slave should send its processed char.

procedure i2c_hw slave_on_state _3() is
pragna inline
i 2c_hw_sl ave_write_i 2c(data)

end procedure

* state4: master still wants to read some information. This should never occur, since one char is sent and read at a
time. Slave should thus produce an error.

procedure i2c_hw sl ave_on_state_4() is
pragma inline
-- This shouldn't occur in our i2c echo exanple
i 2c_hw_sl ave_on_error ()

end procedure

» dtate 5: master hangs up the connection. Slave should reset its state.

procedure i2c_hw sl ave_on_state_5() is
pragne inline
data = 0

end procedure

Finally, we need to define a callback in case of error. Y ou could do anything, like resetting the PIC, and sending log/
debug data, etc... In our example, well blink forever:

procedure i2c_hw slave_on_error() is
pragma inline
-- Just tell user user something's got w ong
forever |oop

led = on
_usec_del ay(200000)
led = of f

_usec_del ay(200000)
end | oop
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end procedure
Once callbacks are defined, we can include the famous ISR library.
include i2c_hw slave_isr

So the sequenceis:

1. includei2c_hw_slave, and setup your slave
2. defineyour callbacks,
3. includethelSR

Thefull codeis available from jallib's SVN repository:

* i2c_hw_davejd

e i2c_ hw_dave isr.ja

o 16f88_i2c_sw_master_echo.ja
« 16f88_i2c_hw_dlave echo.jd

All those files and other dependencies are also available in latest jallib-pack (seejallib downloads)

Connecting and testing the whole thing...

Aspreviously said, the board | useis ready to be used with a seria link. It's also i2c ready, I've put the two pull-ups
resistors. If your board doesn't have those resistors, you'll have to add them on the breadboard, or it won't work (read
part 2 to know and see why...).

| use a connector adapted with a PCB to connect my main board with my breadboard. Connector's wires provide
power supply, 5V-regulated, so no other powered wires it required.

Connector, with power wires


http://justanotherlanguage.org/downloads
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Everything isready...

Crime scene: main board, breadboard and battery pack
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Once connected, power the whole and use aterminal to test it. When pressing "a", you'll get a"a" as an echo from the
master, then "b" as result from the slave.

sirloon@storm
sirloon@storm -~ cu -1 /dev/ttyUSBO -s 57600

Connected.
abbccddeefxyyzz{9112233445566??8899:I

What now ?

We've seen how to implement asimple i2c hardware slave. The ISR library provides all the logic about the finite state
machine. You just have to define callbacks, according to your need.

i2c isawidely used protocol. Most of the time, you accessi2c devices, acting as a master. We've seen how to be
on the other side, on the slave side. Being on the slave side means you can build modular boards, accessible with a
standard protocol.

PWM Intro - Pulse Width Modulation

In the following tutorials, we're going to (try to) have some fun with PWM. PWM stands for Pulse Width Modulation,
and is quite weird when you first face this (thiswas at least my first feeling). So here's a brief explanation of what it is
about.

How does PWM look like ?...

PWM isabout switching one pin (or more) high and low, at different frequencies and duty cycles. Thisis a on/off
process. You can either vary:

« thefrequency,
« ortheduty cycle, that is the proportion where the pin will be high

I i,

PWI: same duty cycle, different frequencies

Both have a 50% duty cycle (50% on, 50% off), but the upper one's frequency is twice the bottom

Figure 4: PWM: same duty cycle, different frequencies.


http://en.wikipedia.org/wiki/PWM
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I .
I 1 1 1.

FWv: same frequency, different duty cycles

Three different duty cycle (10%, 50% and 90%), all at the same frequency
Figure 5: PWM: same frequency, different duty cycles

But what is PWM for ? What can we do with it ? Many things, like:

« producing variable voltage (to control DC motor speed, for instance)
e playing sounds: duty cycleis constant, frequency is variable
» playing PCM wavefile (PCM is Pulse Code Modulation)

That said, we're now goind to experiment these two major properties.

PWM (Part 1) - Dimming a led with PWM

One PWM channel + one LED = fun

For now, and for thisfirst part, we're going to see how to control the brightness of a LED. If smply connected to a
pin, it will light at its max brightness, because the pin is"just” high (5V).

Now, if we connect this LED on a PWM pin, maybe we'll be able to control the brightness: as previously said,
PWM can be used to produce variable voltages. If we provide half the value (2.5V), maybe the LED will be half its
brightness (though | guess the relation between voltage and brightnessis not linear...). Half the value of 5V. How to
do this ? Simply configure the duty cycle to be 50% high, 50% low.

But we also said PWM isjust about switching a pin on/off. That is, either the pin will be OV, or 5V. So how will we
be able to produce 2.5V ? Technically speaking, we won't be able to produce areal 2.5V, but if PWM frequency is
high enough, then, on the average, and from the LED's context, it's as though the pin outputs 2.5V.

Building the circuit

Enough theory, let's get our hands dirty. Connecting a LED to a PWM pin on a 16f88 is quite easy. This PIC has quite
anice feature about PWM, it's possible to select which pin, between RBO and RB3, will carry the PWM signals. Since
| use tinybootloader to upload my programs, and since tiny's fuses are configured to select the RBO pin, I'll keep using
this one (if you wonder why tinybootloader interferes here, read this post).


http://www.etc.ugal.ro/cchiculita/software/picbootloader.htm
http://jallib.blogspot.com/2009/01/common-pitfall-setting-up-registers.html

Connecting a LED to a PWM pin

httpeifallib.googlecode. com

+5%
15F88
» = pazanz RA1/AN
Pk 2= <] Pazians RAGAND
=] ravian RAT/IOSCH
& RASMOLR  RABIOSC2
2 ves yDD
2l RBUINT RB7/PGD
| re1/sDA RB&PGC
GND —| RB2RX RBSTX
& = rea RB4/SCL
PIC16F 88-DIP

LEDH

GND

Figure 6: Connecting a LED to a PWM pin

On a breadboard, thislooks like this:

The connector brings +5V on the two bottom lines (+5V on line A, ground on line B).

oo
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LED is connected to RBO

Writing the software

For this example, | took one of the 16f88's sample included in jallib distribution 16f88 pwm_led.jal, and just adapt it
soit runsat 8VIHz, using internal clock. It also select RBO as the PWM pin.

So, step by step... First, as we said, we must select which pin will carry the PWM signals...
pragnma target CCP1MJX RBO -- ccpl pin on BO
and configure it as output

var volatile bit pin_ccpl_direction is pin_b0O_direction
pi n_ccpl_direction = output
- (sinmply "pin_bO_direction = output" would do the trick too)

Then we include the PWM library.
i ncl ude pwm har dwar e

Few words here... Thislibrary is able to handle up to 10 PWM channels (PIC using CCP1, CCP2, CCP3, CCP4, ...
CCP10 registers). Using conditional compilation, it automatically selects the appropriate underlying PWM
libraries, for the selected target PIC.

Since 16f88 has only one PWM channel, it just includes "pwm_ccpl” library. If we'd used a 16877, which has two
PWM channels, it would include "pwm_ccpl" and "pwm_ccp2" libraries. What isimportant isit's transparent to
users (you).

OK, let's continue. We now need to configure the resolution. What's the resolution ? Given a frequency, the number
of valuesyou can have for the duty cycle can vary (you could have, say, 100 different values at one frequency, and
255 at another frequency). Have alook at the datasheet for more.

What we want here is to have the max number of values we can for the duty cycle, so we can select the exact
brightness we want. We also want to have the max frequency we can have (ie. no pre-scaler).

pwm _nmax_r esol ution(1)

If you read the jalapi documentation for this, you'll see that the frequency will be 7.81kHz (we run at 8MHz).
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PWM channels can be turned on/off independently, now we want to activate our channel:
pwnil_on()

Before we dive into the forever loop, | forgot to mention PWM can be used in low or high resolution. On low
resolution, duty cycles values range from 0 to 255 (8 bits). On high resolution, values range from 0 to 1024 (10
bits). In this example, we'll use low resolution PWM. For high resolution, you can have alook at the other sample,
1688 pwm_led highresjal. Asyou'll see, there are very few differences.

Now let's dive into the loop...

forever |oop
var byte i
i =0
- loop up and down, to produce different duty cycle
while i < 250 | oop
pwrl_set _dutycycl e(i)
_usec_del ay(10000)
i =i +1
end | oop
while i > 0 | oop
pwrl_set dutycycl e(i)
_usec_del ay(10000)
=i -1
end | oop
- turning off, the LED |lights at max.
_usec_del ay(500000)
pwnil_of f ()
_usec_del ay(500000)
pwrl_on()

end | oop
Quite easy right ? There are two main waves: one will light up the LED progressively (0 to 250), another will turn

it off progressively (250 to 0). On each value, we set the duty cycle with pwrl_set dut ycycl e(i) andwait a
little so we, humans, can see the result.

About the result, how does this ook like ? See this video: http://www.youtube.com/watch?v=r9_ TfEmUSfO

"l wanna try, where are the files ?"

To run this sample, you'll need latest jallib pack.

PWM (Part 2) - Sound and Frequency with Piezo Buzzer

In previous tutorial, we had fun by controlling the brightness of a LED, using PWM. This time, we're going to have
even more fun with a piezo buzzer, or a small speaker.

If you remember, with PWM, you can either vary the duty cycle or the frequency. Controlling the brightness of a
LED, ie. produce a variable voltage on the average, can be done by having a constant frequency (high enough) and
vary the duty cycle. Thistime, thiswill be the opposite: we'll have a constant duty cycle, and vary the frequency.

What is a piezo buzzer ?

It'sa"component" with amaterial having piezoelectric ability. Piezoelectricity is the ability for a material to produce
voltage when it get distorted. The reverseis aso true: when you produce a voltage, the material gets distorted. When
you stop producing a voltage, it gets back to its original shape. If you're fast enough with this on/off voltage setting,
then the piezo will start to oscillate, and will produce sound. How sweet...

Constant duty cycle ? Why ?

So we now know why we need to vary the frequency. Thiswill make the piezo oscillates more and less, and produces
sounds at different levels. If you produce a 440Hz frequency, you'll get anice A3.


http://www.youtube.com/watch?v=r9_TfEmUSf0
http://justanotherlanguage.org/downloads
http://en.wikipedia.org/wiki/Piezoelectricity
http://en.wikipedia.org/wiki/A440
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But why having a constant duty cycle ? What is the role of the duty cycle in this case ? Remember: when making a
piezo oscillate, it's not the amount of volts which isimportant, it's how you turn the voltage on/off:#

« when setting the duty cycle to 10%: during a period, piezo will get distorted 10% on the time, and remain
inactive 90% on the time. The oscillation proportionislow.

» when setting the duty cycleto 50%: the piezo is half distorted, half inactive. The oscillation proportion is high,
because the piezo oscillates at the its maximal amplitude, it's half and equally distorted and inactive.

» when setting the duty cycle to 90%: the piezo will get distorted during 90% of a period, then nothing. The
oscillation proportion is low again, because the proportion between distortion and inactivity is not equal .

So, to summary, what is the purpose of the duty cyclein our case ? The volume! Y ou can vary the volume of the
sound by modifying the duty cycle. 0% will produce no sounds, 50% will be the max volume. Between 50% and
100% is the same as between 0% and 50%. So, when | say when need a constant duty cycle, it's not that true, it's just
that we'll set it at 50%, so the chances we hear something are high :)

Let's produce sounds !

The schematics will use is exactly the same as on the previous post with the LED, except the LED isreplaced with a
piezo buzzer, like this:

4 guess thisis about energy or something like that. One guru could explain the maths here...
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By the way, how to observe the "duty cycle effect” on the volume ? Just program your PIC with the previous
experiment one, which control the brightness of a LED, and power on the circuit. | wanted to show avideo with
sounds, but the frequency istoo high, my camera can't record it...

Anyway, that's alittle bit boring, we do want sounds...

Writing the software

The software part has alot of similarities with the previous experiment. The initialization isthe same, | let you have a
look. Only thef or ever | oop has changed:

var dword counter = 0
forever |oop

for 100_000 using counter | oop
pwm set _frequency(counter)
- Setting @0% gives max vol unme
- must be re-conputed each tinme the frequency
- changes, because it depends on PR2 val ue
pwril_set _percent _dutycycl e(50)
end | oop

end | oop

Quite straightforward:

« we"explore" frequencies between 0 and 100 000 Hz, using acount er

« weusepwm set frequency(counter) to setthefrequency, in Hertz. It takes a dword as parameter (ie.
you can explore alot of frequencies...)

- finally, aswe want a 50% duty cycle, and since its value is different for each frequency setting, we need to re-
compute it on each loop.

Note: jallib's PWM libraries are coming from a"heavy refactoring” of Guru Stef Mientki's PWM library. While
integrating it to jallib, we've modified the library so frequencies can be set and changed during program execution.
This wasn't the case before, because the frequency was set as a constant.

So, how does this ook like ? Hope you'll like the sweet melody :)
http://www.youtube.com/watch?v=xZ90hQUK GtQ


http://www.youtube.com/watch?v=xZ9OhQUKGtQ
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"Where can | download the files ?"
Asusua, you'll need the latest jallib pack.

SPI Introduction
Introduction to SPI - Serial Periphera interface

What is SPI?

SPI isaprotocol is simply away to send data from device to device in a serial fashion (bit by bit). This protocol is
used for things like SD memory cards, M P3 decoders, memory devices and other high speed applications.

We can compare SPI to other data transfer protocols:

Table 1: Protocol Comparison Chart

SPI RS-232 12C
PINS 3+ 1 per device 2 2
Number Of Devices unlimited 2 1024
Bitsin one data byte 8 10 (8 bytes+ 1 start hit + 1 9 (8 bytes + 1 ack hit)
transfer stop bit)
Must send one device No No Yes
address byte before
transmission
Clock Type Master clock only Both device clocks must Master Clock that dave can
match influence
Data can transfer in two Yes Yes No
directions at the same time
(full-duplex)

Asyou can see SPI sends the least bit's per data byte transfer byte and does not need to send a device address before
transmission. This makes SPI the fastest out of the three we compared.

Although SPI alows "unlimited" devices, and 12C allows for 1024 devices, the number of devices that can be
connected to each of these protocol's are still limited by your hardware setup. This tutorial does not go into detail
about connecting alarge number of devices on the same bus. When connecting more devices, unrevealed problems

How does SPI work?

Firstly, SPI worksin a master/slave setup. The master is the one that sends the clock pulses. At each pulse, data will
be sent and received.

SPI has a chip select pin. Every device will share the"SDI", "SDO" and "Clock" pins, but each device will haveit's
own chip select pin (also known as slave select). This means we can have avirtualy unlimited number of devices
on the same SPI bus. Y ou should aso note that the chip select pin can be active high or active low depending on the
device.

For some devices, the chip select pin must stay enabled throughout the transmission, and others require achangein
the chip select line before the next transmission.

SPI is Dual-Duplex. This means data can be sent and received at the same time. If you wish to send data and not
receive any, the PIC will receive data anyways. Y ou may ignore the return byte.

Here's a diagram showing the way in which SPI sends & receives data:


http://justanotherlanguage.org/downloads
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SPI Modes

If you are using a device that does not yet have a Jallib library, you will need to get the devices SPI mode. Some
device datasheetstell you the SPI mode, and some don't. Y our device should tell you the clock idle state and sample
edge, with thisinformation, you can find the SPI mode. SPI devices can be set to run in 4 different modes depending
on the clock'sidle state polarity & data sample rising or falling edge.

The image above is SPI mode 1,1. Seeif you can understand why.

Clock Polarity (CKP) - Determinesif the clock isnormally high or normally low during it'sidle state.
If CKP =1 - the clock line will be high during idle.

If CKP =0 - the clock will be low during idle.

Data Clock Edge (CKE) - The edge that the datais sampled on (rising edge or faling edge)

If CKP=0, CKE=0- Dataisread on the clocks rising edge (idle to active clock state)

If CKP=0, CKE=1- Dataisread on the clocks falling edge (active to idle clock state)

If CKP=1, CKE =0 - Dataisread on the clocks falling edge (idle to active clock state)

If CKP=1, CKE=1- Dataisread on the clocks rising edge (active to idle clock state)

We can put thisin a chart to name the modes:

Table 2: SPI MODE NAMES

MODE NAME CKP CKE
0,0 0 1
0,1 0 0
1,0 1 1
11 1 0

Note: | noticed the mode numbers & mode table on Wikipediais different then the table in the Microchip PDF. | am
going by the Microchip PDF, as well as the tested and working PIC Jdllib library + samples. Wikipedia also names
these registers CPOL/CPHA instead of CKP/CKE.
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Using The Jallib Library

At the moment, thereis only a SPI master hardware library, therefore any device you wish to control must be
connected to the PIC's SDI, SDO, SCK pins. The chip select pin can be any digital output pin.

The library requires you to set the pin directions of the SDI, SDO, SCK lines as follows:

- setup SPI

i ncl ude spi _naster_hw -- first include the library
- define SPI inputs/outputs

pi n_sdi _direction = input -- spi data input

pi n_sdo_direction = out put -- spi data out put

pi n_sck_direction = out put -- spi data clock

Y ou only need to set the pin direction of the chip select pin, the PIC will set the direction of the SDI, SDO & SCK for
you. You will Aliasthis chip select pin as required by the device'sjalib library.

If you are using more then one device in your circuit, you will need to declare your chip select pin near the beginning
of your program. If you do not do this at the beginning of your program, some of your devices may receive data
because their chip select pin could be enabled during init procedures of other devices on the SPI bus.

- choose your SPI chip select pin
- pin_SSis the PIC s slave select (or chip select) pin.
ALI AS devi ce_chi p_sel ect _direction is pin_SS direction

ALI AS devi ce_chi p_sel ect is pin_SS
devi ce_chi p_sel ect _direction = out put -- chip select/slave select pin
devi ce_chi p_sel ect = | ow -- disable the device

Now the last step in setting up the SPI library isto use the init procedure.

Use the SPI mode name chart to get your SPI mode. The modes can be any of the following:
SPI_MODE_00

SPI_MODE_01

SPI_MODE_10

SPI_MODE_11

Y ou will also need to set the spi bus speed. Hereisalist of the speeds you may choose from:
SPI_RATE_FOSC_4 -- oscillator / 4

SPI_RATE _FOSC 16 -- oscillator / 16

SPI_RATE _FOSC 64 -- oscillator / 64

SPI_RATE_TMR -- PIC'sinternal timer

Y ou will use the following init procedure with your custom values entered:
spi _init(SPI_MODE 11, SPI _RATE_FOSC 16) -- choose spi npde and speed

Now your ready to use the procedures to send and receive data. First you must enable the device with the chip select
line:

devi ce_chi p_select = high -- enable the device
Y ou can use the pseudo variable spi_master_hw to send and receive data as follows:

- send decimal 50 to spi bus
spi _master _hw = 50

Or receive datalike this:

- receive data fromthe spi port into byte x
var byte x
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X = spi _master_hw
Y ou can aso send and receive data at the same time with the spi_master_hw_exchange procedure. here's an example:

- send decimal byte 50 and receive data into byte x
var byte x
X = spi _master _hw_exchange (50)

When your done transmitting & receiving data, don't forget to disable your device
device_chip_select = low -- enable the device

Alright, now you should be able to implement SPI into any of your own devices. If you need assistance, contact us at
the Jallist Support Group or at Jallib Support Group.

References

The Jallib spi_master_hw library - Written by William Welch

Microchip Technology SPI Overview - http://ww1.microchip.com/downl oads/en/devicedoc/spi.pdf
Wikipedia - http://en.wikipedia.org/wiki/Serial_Peripheral_Interface Bus

USB (Part 1) - Introduction

What is USB?
USB stands for Universal Serial Bus and has replaced on may computer the standard (RS232) serial interface.

It isthe most popular connection used to connect a computer to devices such as digital cameras, printers, scanners,
and external hard drives. USB is a cross-platform technology that is supported by most of the major operating
systems. On Windows, it can be used with Windows 98 and higher. USB is a hot-swappabl e technol ogy, meaning that
USB devices can be added and removed without having to restart the computer. USB isalso “plug and play”. When
you connect a USB device to your PC, your operating sytem should detect the device and even install the drivers
needed to useit..

There are various versions of USB. The original version of USB is USB 1.0, supporting speeds of up to 11 Mbps and
was used mostly to connect keyboards and mice. Thisis also the version that is supported by the JAL USB driver
athough the PIC USB hardware is able to support USB 2.0 which supports speeds up to 480 Mbps. If you want to
know more about the higher USB version you can find all information on the Internet..

How does USB work?

That isalittle bit complex to explain. If you want to know more about this, visit the official USB websi t e where
you can find all specifications of the Universal Serial Bus. Y ou can also find websites which explain this very well
like USB in a nutshell .

What you should know isthat it uses 4 connections of which two are for power and the other two, called Data+ and
Data-, are for communication. There are different types of connectors as shown in the following picture.


https://groups.google.com/g/jallist
https://groups.google.com/g/jallib
http://ww1.microchip.com/downloads/en/devicedoc/spi.pdf
http://en.wikipedia.org/wiki/Serial_Peripheral_Interface_Bus
https://usb.org/
https://www.beyondlogic.org/usbnutshell/usb1.shtml
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USB pinout

L3ai —— - ;
—

USE Ground USB Ve Veoc I |Gmund

UsSE Data+| USB Data- Data- |Data+

= g 1

L3 the same .

LSB is a serial bus. It uses 4 shielded wires: two for power (+5v & GND)
and two for differential data signals (labelled as D+ and D- in pimout)

http://pinouts.ru/Slots/USB_pinout.shtml

Inthe next secti on wewill create aprogram that makes it possible to control the LEDs on a PIC from a (host)
computer using the USB as seria port. For the serial interface from the computer to the PIC, afree terminal emulation
program Ter mi t e isused, but any other terminal emulation program will do.

USB (Part 2) - The PIC as a serial port

Using the Jallb USB library

Inthe previ ous secti on someintroduction as given about what the Universal Serial Busis about. In this
section we will make use of the Jallib USB driver to create an application using the USB.

The Jallib USB library

Of course you can only use the Jallib USB library with PICs that have the USB hardware on board. This hardwareis
called the USB Serid Interface Engine (SIE). This SIE only supports the PIC to be a USB device, which meansthat it
always needs a USB host like your computer. The host configures the PIC and initiates all USB transmissions.

There are various sample programs that demonstrate the capabilties of the Jallib USB library. Samplefiles are
available to show the following features:

e Using the PIC asaserial (COM) port

e Using the PIC as a keyboard

» Using the PIC as amouse

» Using the PIC as a Human Interface Device (HID)

To show you how this works, we need some hardware and software. The hardware used for this Tutoria consists of
a PIC16F1455 with some LEDs that can be controlled via USB. The schematic diagram of this hardware is given
below.


https://www.compuphase.com/software_termite.htm
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Tutorial USB
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In the following sample program the PIC will act as a seria port. From the computer (the host) we will control two
LEDs connected to the PIC. The PIC will also send the status of the LEDs back to the computer. On the computer
side, the terminal emulation program is used for sending the control commands to the PIC and for showing the
message returned by the PIC.

The sample program explained

We start with the configuration of the PIC. Thisis done viathe setting the correct pr agna t ar get and we set the
target cl ock. Notethat for correct operation the USB hardware, the PIC hasto run at 48 MHz,

i ncl ude 16f 1455 -- Target processor.

pragna target clock 48_000_000

-- Settings for internal clock and systemclock 48 Miz.

pragma target OSC I NTOSC_NOCLKQUT -- Internal clock

pragne target CLKOUTEN DI SABLED -- CLKOUT function is disabled.

pragma target PLLMULT N3X -- PLL Multipler Selection Bit, 3x

-- Other fuses.

pragnma target CPUDI V P1 -- NO CPU system divi de

pragna target USBLSCLK FA8MHZ  -- System cl ock expects 48 MHz

pragma target PLLEN ENABLED -- 3x or 4x PLL Enabl ed

pragnma target FCMEN DI SABLED -- Fail-Safe O ock Mnitor is disabled

pragma target WRT DI SABLED -- Wite protection off

pragne target STVR ENABLED -- Stack Overflow or Underflow will cause a Reset
pragma target LPBOR DI SABLED -- Low Power BOR is disabled

pragna target |ESO DI SABLED -- Internal/External Swi tchover Mdde is disabled
pragma target PWRTE DI SABLED -- power up timer

pragma target BROANOUT DI SABLED -- no brownout detection

pragma target WDT DI SABLED - - Wt chdog di sabl ed

pragma target MCLR EXTERNAL -- External reset

pragnma target LVP ENABLED -- allow | ow vol t age progranmm ng

pragma target VOLTAGE MAXI MUM  -- brown out voltage

pragnme target CP DI SABLED -- Program nmenory code protection is disabled

OSCCON = 0b1111 1100 -- Select PLL,3x, 16MHz internal oscillator
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When aPIC isreset, al pins are set to input and are floating. A good practice is to use the weak pull-up feature of the
PIC to pull the inputs high. When making apin out put theweak pull-up for that pin is disabled. For this PIC only
port A has the weak pull-up feature and because of that we make port C output so that the pins are not floating.

- Enabl e weak pull-up for port a and and set port c to output just to
- have no floating input pins.

OPTlI ON_REG WPUEN = FALSE -- Enable weak pull-up for port a.
WPUA = 0b0011_1111 -- Weak-pull up for all inputs.
TRI SC = 0b0000_0000 -- Port c output.

Now include the Jallib USB library. Since we will send information back to the computer we want to format it nicely
so we also include the Jallib print library. We will also define the pinsincluding some aliases to make the program
more readable.

- Include serial library and print library for formatting print output.
i ncl ude usb_seri al
i ncl ude print

- Aliases for LEDs, active H GH.
alias led_red is pin_C4

pi n_C4_direction = output -- Pin 6 of 14 pin D P.
alias led_green is pin_C3
pi n_C3_direction = output -- Pin 7 of 14 pin D P.
alias led_yellowis pin_C2
pi n_C2_direction = out put -- Pin 8 of 14 pin D P.

This program uses afew variables, one for the character that is received from the computer and two bit variable to
hold the status of the Red and Green LED.

- Vari abl es.
var byte character
var bit red_val ue, green_val ue

Last but not least is the main part of the program which does the following:

e Initialize the usb library

e Initialize (clear) all LEDs

* Report if the PIC USB deviceis configured (Yellow LED)

» Keepthe USB going by frequently calling the function usb_seri al _fl ush()

Note: The USB driver can also be used on an interrupt basis as described in the USB library and the USB sample
programs. In that casetheusb_seri al _fl ush() isnot required

» Handle the commands sent by the computer and control the LEDs accordingly. A single character command will
toggle the status of the LED from on to off or the other way around

« Return the status of the controlled LED to the computer after acommand was received
¢ Return an error message if an incorrect command was received

The main program then becomes as follows.

--------------- The nmain programstarts here ------------------------

- Setup the USB serial library.
usb_serial _init()

- LEDs off.

| ed_yel | ow = FALSE
red_val ue = FALSE
green_val ue = FALSE

forever |oop

- Update Red and G een LEDs.
led_red = red_val ue
| ed_green = green_val ue

- Poll the usb ISR function on a regul ar base,
- in order to serve the USB requests
usb_serial _flush()



-- Check if USB device has been configured by the host.

if ( usb_cdc_line_status() != 0x00 ) then
| ed_yel | ow = TRUE

el se
| ed_yel l ow = FALSE -- di sconnect ed
red_val ue = FALSE -- red led off
green_value = FALSE -- green |led off

end if

-- Check for input character. If OK toggle |led value and report to host.
if usb_serial _read(character) then
if (character == "R') | (character == "r") then
red_val ue = !red_val ue
print_string(usb_serial _data, "Red LED is ")
i f red_val ue then
print_string(usb_serial _data, "on")

el se
print_string(usb_serial_data, "off")
end if
elsif (character == "G') | (character == "g") then
green_val ue = !green_val ue

print_string(usb_serial _data, "Geen LEDis ")
if green_val ue then
print_string(usb_serial _data, "on")

el se
print_string(usb_serial _data, "off")
end if
el se
print_string(usb_serial _data, "Expecting 'r' or 'g'")
end if
print_crlf(usb_serial _data)
end if
end | oop

The complete program can be found in the sample directory of the latest Jallib release under the name
16f 1455 _tutorial _usb_serial.jal.

Inthis vi deo you can see the program in action. Commands are entered in the terminal emulation program, LEDs
are switched on and off and the response of the PIC is returned to the computer. Some additional info that is worth
mentioning:

e Inorder toinitialize the PIC as USB device you have to enable RTS/CTS

e TheUSB seria baudrate and number of bitsis not relevant

« Sincewe are using single character commands make sure to disable sending carriage return and/or linefeed after
the character was entered, otherwise the PIC will return that as an unsupported command.


https://youtu.be/xduaVSsQToE

Chapter

3

Experimenting with external parts

Y ou now have learned enough to be able to begin interfacing your PIC with external parts. Without being exhaustive,
this chapter explains how to use a PIC with several commonly used parts, such as an LCD screen.

Hard Disks - IDE/PATA
IDE Paralel ATA hard disk drive tutorial

Introduction to hard disks drives

If your are like me, you have too many old hard disks laying around. | have gathered quite a collection of drives from
PC's| have had in the past. Now you can dust off your drives and put them in your circuit. | have extra drives ranging
in sizefrom 171MB to 120GB.

Before you start, make sure you use a drive you do not care about. We are not responsible for your drive of the data
that ison it.

Y ou can find more general info at http://en.wikipedia.org/wiki/Parallel_ATA, and you can find more detailed
technical info at http://www.gaby.de/gide/I DE-TCJ.txt


http://en.wikipedia.org/wiki/Parallel_ATA
http://www.gaby.de/gide/IDE-TCJ.txt
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Drive Types - PATA vs SATA

There are two types of hard disks PATA (parallel ata) and SATA (seria ata). In thistutoria we will use PATA, these
drives use a40 pin IDE connector. The newer type of drive SATA hasonly 7 pins but thereisno Jallib library for
these drives at the moment. Both types of hard disks are available with massive amounts of data space.

Drive Data Size

The current jallib library will accept drives up to 128GB. The 128GB limit is due to and addressing limitation, this
isthe 28 bit addressing limitation.The max address you will be able to reach is hex OXFFFFFFF. If you multiply this
address by 512 bytes (1 sector) you get amax size of 137,438,952,960 bytes, yes this does equal 128GB. Eventualy |
may upgrade the library for 48bit addressing which will allow up to amax drive size hex OxFFFFFFFFFFFF * 512 =
128PB (Petabytes). But now that | think about it, 128 GB should be enough!

Actual Size

The most common drive sizestoday are 3.5" and 2.5". The 3.5 inch drives are commonly used in desktop computers,
2.5" drives are used in laptops. The 2.5" drives are nice for your circuit because they do not require a 12v supply
voltage, and they use much less power.
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If you wish to use a2.5" laptop hard drive, you may need a2.5" to 3.5" IDE adapter like this one:

OOy

Build a breadboard connector

Now, if your going to put one of these into your circuit, you'll need to plug the drive into your breadboard. | took a
40pin IDE connector off an old motherboard. The easiest way to get large components of a board isto use a heat gun
on the bottom side of the board to melt the solder on all pins at once.

Now take this connector and stick it into some blank breadboard and add some pins. The blank breadboard | cut is4
holes wide by 20 long. Put the connector in the middle and connect the pins on the outside, join each pin with each
pin of the connector.
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Of course you will also need a40pin IDE cable, | like the ones with the notch so you don't plug it in backwards.
Here'sthe one | made:

11
B

z’i{Hl'%*lw\Hh

Circuit Power

It is very important that you have enough power to drive your circuit. Hard drives need alot of ampsto run,
especialy the 3.5" drives, so make sure you have a decent 5v and 12v power supply. | suggest that you DO NOT use
your PC's power supply to drive your circuit. Y ou can easily short circuit your power supply and blow up your PC.

If you really insist on doing this, you better put a fuse on both 5v and 12v between your PC and your circuit. Just
remember that | told you not to!

IDE Connector Pin-out

Pin 1 on the IDE cable isthe red stripe. Here the pin out for the male connector | took off a motherboard:

IDE Connector - Top View

1
FIN 1

Build the circuit

PIN FUNCTION PIN FUNCTION
1 /RESET 2 GND

3 D7 4 D8

5 D6 6 D9

7 D5 8 D10

9 D4 10 D11

11 D3 12 D12

13 D2 14 D13

15 D1 16 D14

17 DO 18 D15

19 GND 20 NO PIN
21 22 GND
23 /IOWR - READ Pin 24 GND
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PIN FUNCTION PIN FUNCTION

25 /IORD - Write Pin 26 GND

27 28 ALE - 1K resistor to 5v
29 30 GND

31 32

33 Al 34

35 A0 36 A2

37 /CS0 (to 5v) 38 /CS1 (to GND)

39 ACT - BUSY LED 40 GND

Build the circuit below. Asyou can seeit is quite smple. Asyou can see, it only requires 3 resistors, aled and a
bunch of wire. Y ou can put areset button on the IDE connector if you like, but | have found no use for it so | connect
it direct to 5v.

x 2
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Here's what the completed circuit should look like (don't turn on the power yet):
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Compile and write the software to your PIC

The hard disk lib (pata_hard_disk.jal) and a sample file (16f877_pata_hard_disk.jal) will be needed for this project.
You will find these filesin the lib & sample directories of your jallib installation.

The most up to date version of the sample & library can be found in the jallib relase.
Samplefile 16f877a pata hard_disk.jal in thelib directory.
Library file pata_hard_disk.jal in the sample directory.

Now letstest it and make sure it works. Compile and program your pic with 16f877_sd_card.jal from your jalib
samples directory. If you are using another pic, change the "include 16f877" linein 16f877_sd_card.jal to specify
your PIC before compiling.

Now that you have compiled it, burn the .hex file to your PIC with your programmer

Power It Up

Plug your circuit into your PC for serial port communication at 115200 baud rate. Now turn it on. Y ou should get data
similar to the image below onto your seria port. Y ou will also hear the hard drive turn on and off because of one of
the examplesin the samplefile.

Serial Port Output
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" RealTerm: Serial Capture Program 2.0.0.57

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCT
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCOCT
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCT
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC Rty

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEWk

Display | Part | Capture | Pins | Serd | EchoPort| 120 | 1202 | 120Misc | Mise | An| Clear| Freeze| |
Display As [ Half Duplex Status
? ﬁs':ii = [ newline mode _ | Discomnect
~ Heslspas] | | lrwertData _|R¥D 2)
g Hew + dzcit | [F | THED[3)
e ﬂ%a Data Frames _ICTS 3
- Hew Bvies |2 =] _|DCD 1)
Lot
" uint]6 [ Single  Gulp | ~!DSH[H
" Ascii _|Ring[9]
? Binary Rows Cols | BREAK.
i~ H:E;lf Terminal Font| |50 5] |30 i—[ [~ Scrollback | Errar

Break condition received Char Count: 7326 CP5:0 Port: 3 115200 861 Mone

Some of the datais not shown in the above image. If your disk is formatted with fat32 you may be able to see some
readabl e data from the boot sector. On my drive formatted with fat32 | can read "Invalid partition table Error loading
operating system" (not shown in the image). The AA BB CC DD EE are read/write examples that will be shown
below. The last set of datais from the Identify Drive command.

Y ou now have aworking hard disk circuit!
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Understand and modify the code

I will go over some of the key points you need to know about hard disk coding. Open the sample file with an editor if
you have not done so already. The code in the sample file may change, therefore it may be different then what you see
here. The sample file you have downloaded will aways be tested and correct.

Include the chip
Select the PIC you wish to use and your clock frequency

-- include chip

i ncl ude 16F877a -- target PICmcro

pragnma target clock 20_000_000 -- oscillator frequency

-- configure fuses

pragma target OSC HS -- HS crystal or resonator
pragma target WDT di sabl ed -- no wat chdog

pragma target LVP disabled -- no Low Vol tage Progranm ng

Disable all analog pins and wait for power to stabilize

enable_digital _io() -- disable all analog pins if any
_usec_del ay (100_000) -- wait for power to stabilize

Setup serial port and choose baud rate 115200

-- setup uart for conmunication

const serial _hw baudrate = 115200 -- set the baud rate
i ncl ude serial _hardware

serial _hw_init()

Includetheprint library

i ncl ude print -- include the print library

Setup the hard disk library constants/settings

Theregisters Alternate Status, Digital Output, and Drive Address registers will only be used by advanced users, so
keep the default PATA_HD_USE_CS0_CS1 PINS=FALSE

The pins /iowr, fiord, /cs0, /csl are active low pins that are supposed to require an inverter. If you leave
PATA_HD_NO_INVERTER = TRUE, the PIC will do the inversion for you. Y ou will most likely want to keep the
default "TRUE".

-- setup hard disk library

-- uses additional code space to add a speed boost to sector_read procedures
const bit PATA HD READ EXTRA SPEED = FALSE

-- set true if you will use Alternate Status,
-- Digital Qutput or Drive Address registers
const byte PATA HD USE_CSO_CS1_PI NS = FALSE

-- if true, an external inverter chip is not

-- needed on /iow, /iord, /csO, /csl pins
const bit PATA HD _NO | NVERTER = TRUE

Setup pin assignments

Y es, pata hard disks have alot of pins. You will need two full 8pin port's (port B and port D of 16F877) for data
transfer, three register select pins, one read pulse pin and one write pulse pin. A total of 1910 pins. | am ableto
comment out cs1/cs0 and save pins because of the constant we set.

-- pin assignnents

alias pat a_hd_dat a_| ow is portb -- data port (low bits)
alias pata_hd_data_l ow _direction is portb_direction
alias pat a_hd_dat a_hi gh is portd -- data port (high bits)
alias pat a_hd_dat a_hi gh_di rection is portd_direction

alias pata_hd_a0 is pin_a3
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alias pat a_hd_a0_direction is pin_a3_direction
al i as pata_hd_al is pin_al
alias pata_hd_al direction is pin_al_direction
ali as pata_hd_a2 is pin_a0
al i as pata_hd_a2_direction is pin_a0_direction
alias pata_hd_i ow is pin_e0
al i as pata_hd_i owr _direction is pin_e0_direction
alias pata_hd_iord is pin_a4
alias pata_hd_i ord_direction is pin_a4_direction
;alias pata_hd_cs1l is pin_a3
;alias pata_hd_cs1_direction is pin_a3_direction
;alias pata_hd_csO is pin_a4
;alias pata_hd_csO_direction is pin_a4 _direction
pat a_hd_a0O_direction = out put -- register select pin
pata_hd_al _direction = out put -- register select pin
pata_hd_a2_direction = out put -- register select pin
pata_hd_iow direction = output -- used for wite pulse
pata_hd_i ord_direction = output -- used for read pul se
;pata_hd_csl direction = output -- register select pin
;pata_hd_csO_direction = out put -- register select pin
Now includethelibrary
i ncl ude pata_hard_di sk -- include the parallel ata ide hard disk library
pata_hd_init() -- initialize startup settings
Add a separator procedure, Thiswill be used to display " ------ " onto the serial port between examples.
-- procedure for sending "----------------- " via serial port

procedure separator() is
serial _hw data = 13
serial _hw data = 10
const byte Str3[] = "----mmmm o "
print_string(serial_hw data, str3)
print_crlf(serial_hw data)
end procedure

It isalways a good idea to send something to the serial port so we know thecircuit isalive. Let'ssend " Hard
Disk Sample Started"

-- Send sonething to the serial port

separator () -- send "----" via serial port
var byte start_string[] = "HARD DI SK SAMPLE STARTED'
print_string(serial _hw data,start_string)

Declare some user variables

-- variables for the sanple
var word stepl
var byte data

EXAMPLES
OK, now that everything is setup, we are ready for some examples.

Y ou will find that these examples are identical to the onesin the SD Card tutorial. This makes it easy for you to
switch between using a hard drive and a SD Card.

Before we get stated, you may want to get to know your hard drive and it's size. Thisway you will know what the
maximum addressable sector is.

On newer drives, you will see on the front sticker the number of LBA's. Thisis the number of sectors on the drive.
We must subtract one from the number of LBA's to get the highest addressable sector since the 1st sector is at address
0. My drive says "60058656" LBA's, therefore the last sector is at 60058656 - 1.

Each sector is 512 bytes, so the actual size of this drive is 60058656 * 512 = 30GB
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On the sticker of some older drives, you will see CYL, HEADS,SEC/T. Y ou can calculate the number of sectors with:
(cylinders* heads * sectors per track). Then you may multiply that by 512 if you wish to get the size of the drivein
bytes.

I have |eft afew ways to read and write to hard disks. The usage you choose may will on the PIC data space you have,
and what your application is. On asmaller PIC, you will only be able to run examples #1, #2, #5 and #6. I'll explain
asl| go.

Example #1 - Read data at sector O

Thisisalow memory usage way of reading from the hard disk, however it is slower then some of the other examples
later on. This method requires the use of pata_hd_start_read(), pata_hd_data byte, and pata_hd_stop read(). You'll
see that the usage is quite simple.

Note: Thevariable pata_hd_data byteisnot actually avariable, it isaprocedure that looks & acts like aregular
variable. Thisis called a pseudo variable. Y ou may use this variable to read data or write data, as shown in these
examples.

The steps are:

1. Start reading at a sector address. In this case, sector O (the boot sector)

2. Loop many times while you read data. One sector is 512 bytes, we will read two sectors.

3. Store each byte of datainto the variable "data". Y ou can retrieve the data by reading the pseudo variable
pata_hd_data byte

4. Do something with the data. Let's send it to the serial port.

End the loop

6. Téell the hard disk we are done reading. The hard disk light will go out at this step.

o

pata_hd_start _read(0) -- get sd card ready for read at sector 0O
for 512 * 2 | oop -- read 2 sectors (512 * 2 bytes)
data = pata_hd_data_byte -- read 1 bytes of data
serial _hw write(data) -- send byte via serial port
end | oop
pat a_hd_st op_read() -- tell sd card you are done reading

OK, we're done our example, so lets separate it from the next one with the separator() procedure to send some "'-----
characters and a small delay.

separ at or () -- separate the exanples with "
_usec_del ay(500_000) -- a small del ay

Example #2 - Writing data

This exampleis similar to example #1, but we will be writing data to the hard disk. It requires low memory usage.
Aswith the first example, we will be required to use 3 procedures. pata_hd_start write(), pata_hd_data byte and
pata_hd_stop_write()

Here are the steps:

1. Start writing at a sector address. | choose sector 20 since it seemsthat it will not mess up afat32 formatted drive, |
could be wrong!

2. Loop many times while you write your data. In this example, | am writing to 1 sector + 1/2 sector. The 2nd half of
sector 2 will contain all 0's. The end of sector 2 will contain 0's because hard disks will only write datain blocks
of 512, and therefore any data you have there will be overwritten.

3. Write some data. Thistime we are setting the value of the pseudo variable pata_hd_data_byte. Writing to this
variable will actually send data to the hard disk. We are sending "A", so you will expect to read back the same
data later on.

4. Endyour loop

5. Téell the hard disk we are done writing. The hard disk light will go out at this step.

pata_hd_start_wite(20) -- get sd card ready for wite at sector 20
for 512 + 256 | oop -- loop 1 sector + 1 half sector (512 + 256 bytes)
pata_hd_data_byte = "A" -- wite 1 bytes of data
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end | oop
pata_hd_stop_write() -- tell sd card you are done reading

Now of course you will want to read your data back, which will be the same asin example #1, but at sector 20.

pata_hd_start _read(20) -- get sd card ready for read at sector 20
for 512 + 256 | oop -- loop 1 sector + 1 half sector (512 + 256 bytes)
data = pata_hd_data_byte -- read 1 bytes of data
serial _hw write(data) -- send byte via serial port
end | oop
pat a_hd_st op_read() -- tell sd card you are done reading

Example #3 - Read and write data using a sector buffer (a 512 byte array)

In this example, we will use a512 byte array for reading and writing. This 512 byte array is called a sector buffer.
This method is very fast, however it will require a PIC that can fit the 512 bytes of datainit's ram space. | find itis
also easier to use. | suggest PIC18f4620 with the same schematic.

For writing, Y ou will need only need to write data to the sector buffer array, then use the
pata_hd_write sector_address() procedure.

Lets go through the steps, first for writing data:

Loop 512 times (the size of the sector buffer)

Set each data byte in the array

End your loop

Write the data to the hard disk at a sector address.
Repeat the above to write more sectors.

arwbdheE

-- fill the sector buffer with data

for 512 using stepl | oop -- loop till the end of the sector buffer
pata_hd_sector_buffer[stepl] = "B" -- set each byte of data

end | oop

-- wite the sector buffer to sector 20

pata_hd_write_sector_address(20)

Here we will write another sector (to sector 21, the next sector)

for 512 using stepl | oop -- loop till the end of the sector buffer
pata_hd_sector_buffer[stepl] = "C' -- set each byte of data
end | oop

-- wite the sector buffer to sector 21
pata_hd_write_sector_address(21)

OK, it'stimeto read back the data, which is exactly the opposite of writing. For reading, we will use the
pata read sector_addres() procedure first, then we can read data from the sector buffer array.

Request data from the hard disk at a sector address.
Loop 512 times (the size of the sector buffer)

Send each byte to the seria port.

End your loop.

Repeat the above to read more sectors.

g rwbdhe

-- read back the sane sectors

-- read sector 20 into the sector buffer
pat a_hd_r ead_sect or _addr ess(20)

-- now send it to the serial port

for 512 using stepl | oop -- loop till the end of the sector buffer
serial _hw wite(pata_hd_sector_buffer[stepl]) -- send each byte via serial port
end | oop

Here we will repeat the above to read the next sector (sector 21)

-- read sector 21 into the sector buffer
pat a_hd_r ead_sect or _address(21)
-- now send it to the serial port
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for 512 using stepl | oop -- loop till the end of the sector buffer
serial _hw wite(pata_hd_sector_buffer[stepl]) -- send each byte via serial port
end | oop

EXAMPLE #4 - Another method for reading and writing sectors

Example #4 is pretty straight forward. | am not going to go into too much detail on thisone. It is a combination of
examples 2 and 3. It is about the same speed as example #3.

-- get sd card ready for wite at sector 20
pata_hd_start_write(20)

-- fill the sector buffer with data

for 512 using stepl | oop -- loop till the end of the sector buffer
pata_hd_sector_buffer[stepl] = "D" -- set each byte of data

end | oop

-- wite the sector buffer to the sd card
pata_hd_wite_sector()

-- fill the sector buffer with new data

for 512 using stepl | oop -- loop till the end of the sector buffer
pata_hd_sector_buffer[stepl] = "E" -- set each byte of data

end | oop

-- wite the sector buffer to the sd card

pata_hd_wite_sector() -- wite the buffer to the sd card

-- tell sd card you are done witing
pata_hd_stop_write()

-- read back both of the same sectors

-- get sd card ready for read at sector 20
pata_hd_start _read(20)

-- read the sector into the sector buffer
pat a_hd_r ead_sector ()

-- now send it to the serial port

for 512 using stepl | oop -- loop till the end of the sector buffer
serial _hw wite(pata_hd_sector_buffer[stepl]) -- send each byte via serial port
end | oop

-- read the next sector into the sector buffer
pat a_hd_r ead_sector ()
-- now send it to the serial port

for 512 using stepl | oop -- loop till the end of the sector buffer
serial _hw wite(pata_hd_sector_buffer[stepl]) -- send each byte via serial port

end | oop

pat a_hd_stop_read() -- tell sd card you are done reading

EXAMPLE #5 - Sending a command to the hard disk (Spin Up/ Spin Down)

Hard drives have other features that may be useful. In this short example, | will show how to turn on and off the hard
disk motor.

To turn on/off the hard disk motor, you will be writing to the "command register”, and you will be sending the "spin
down" command. If you browse through the hard disk library file pata_hard_disk.jal, you will see some constants
that you may use for other commands. For more information, you can read "connecting ide drives by tilmann reh" at
http://www.gaby.de/gide/I DE-TCJ.txt

With this "spin down™" command, you will actually hear the hard drive motor turn off
pata_hd_register_wite (PATA_HD COMVAND REG PATA HD SPI N_DOWN) -- turn off notor
Now give some delay.
_usec_del ay(5_000_000) -- 5 sec del ay
Then of course turn the drive motor back on
pata_hd_register_wite (PATA HD COMWAND REG PATA HD SPI N_UP) -- turn on notor

EXAMPLE #6 - |dentify Drive Command

Theidentify drive command loads 512 bytes of data for you that contains information about your drive. Y ou can
retrieve info like drive serial number, model number, drive size, number of cylinders, heads, sectors per track and


http://www.gaby.de/gide/IDE-TCJ.txt
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abunch of other data required by your PC. Of course you can read more info on thisin "connecting ide drives by
tilmann reh" at http://www.gaby.de/gide/I DE-TCJ.txt

Y ou will have to follow these steps to receive this drive information:

1. Sendthe"Identify Drive" command to the command register
2. Wait till the hard drive isready for you to read it
3. read the data, and do something with it (send it to the serial port)

- send the identify drive command
pata_hd_regi ster_wite(PATA HD COWAND REG PATA HD | DENTI FY_DRI VE)

- check if drive is ready reading and set data ports as inputs
- this MJST be used before reading since we did not use pata_hd_start_read
pat a_hd_dat a_r equest ( PATA_HD WAl T_READ)

- Read 512 bytes
for 512 | oop -- 256 words, 512 bytes per sector
data = pata_hd_data_byte
serial _hw data = data
end | oop -- drive info high/low bytes are in reverse order

Your Done!

That'sit, Now you can read & writeto all those hard drives you have laying around. Y ou can read raw data from
drives and possibly even get back some lost data.

Alright, go build that hard disk thingy you where dreaming about!

IR Ranger with Sharp GP2D02

Sharp IR rangers are widely used out there. There are many different references, depending on the beam pattern, the
minimal and maximal distance you want to be able to get, etc... The way you got results also make a difference: either
analog (you'll get avoltage proportional to the distance), or digital (you'll directly get adigital value). Thisnice
article will explain these details (and now | know GP2D02 seems to be discontinued...)

Overview of GP2DO02 IR ranger

GP2D02 IR ranger is able to measure distances between approx. 10cm and 1m. Results are available as digital values
you can access through a dedicated protocol. One pin, Vin, will be used to act on the ranger. Another pin, Vout, will
be read to determine the distance. Basically, getting a distance involves the following:

1. First you wake up the ranger and tell it to perform a distance measure
2. Then, for each bit, you read Vout in order to reconstitute the whole byte, that is, the distance
3. finally, you switch off the ranger

The following timing chart taken from the datasheet will explain this better.


http://www.gaby.de/gide/IDE-TCJ.txt

Jallib | Experimenting with external parts| 77

GP2D02 IR ranger : timing chart

0.2ms or less 1.5ms or more 1.5ms or more

| L 70ms or more __|. }___. 1ms or nlmlre ._-__| e J—IJ“::LPOWH QFF
IR VIVEVRVETTY o N 11

Output —| ‘ {W\ﬂ T rﬁﬁ |_

MSB L'sB LSB |
Example of distance measuring output (8-hit)

Figure 7: GD2DO02 IR ranger : timing chart

Note: the distances obtained from the ranger aren't linear, you'll need some computation to make them so.

Sharp GP2D02 IR ranger looks likethis:

* Redwireisfor +5V

e Black wire ground

e Greenwireisfor Vin pin, used to control the sensor

* Yellow wireisfor Vout pin, from which 8-bits results read
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(make a mental note of this...)

Interfacing the Sharp GP2D02 IR ranger

Interfacing such a sensor is quite straight forward. The only critical point is Vin ranger pin can't handle high logic
level of the PIC's output, this level mustn't exceed 3.3 volts. A zener diode can be used to limit thislevel.

Note: be careful while connecting this diode. Don't forget it, and don't put it in the wrong side. Y ou may damage
your sensor. And I'm not responsible for ! Y ou've been warned... That's said, | aready forgot it, put it in the wrong
side, and thought 1'd killed my GP2D02, but this one always got back to life. Anyway, be cautious !

Here's the whole schematic. The goal hereisto collect data from the sensor, and light up a LED, more or less
according to the read distance. That's why we'll use aLED driven by PWM.

Interfacing a Sharp GP2002 IR rangsr

EE.JU httpedfjallib. googlecods. com
1N4148m Win
16F88 D1 L
Wout £l
1 18
. RAZIAN2 RA1/ANT HE
Eg,‘:’- El RAZANI racianog PL S
A RA4/ANA rariosct [8 GP20D02
A pASMCLR  RAsOSCe [L2
g ¥SS YDD ]g
A RBOINT RB7PGD k=
L o RB1/SDA RBEPGC |2
GND o] RB2RX ABsTX ft
e RES ReasscL = &
PIC15F88-DIP
¢ ¥
GND

Figure 8: Interfacing Sharp GP2D02 IR range : schematic

Here's the ranger with the diode soldered on the green wire (which is Vin pin, using your previously created mental
note...):
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I've also added thermoplastic rubber tubes, to cleanly join all the wires:

Finally, in order to easily plug/unplug the sensor, |'ve soldered nice polarized connectors:
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Writing the program

Jallib contains alibrary, ir_ranger_gp2d02.jal, used to handle this kind of rangers. The setup is quite straight forward:
just declare your Vin and Vout pins, and pass them to the gp2d02_r ead_pi ns() . Thisfunction returns the
distance as araw value. Directly passing pins alows you to have multiple rangers of this type (many robots have
many of them arranged in the front and back sides, to detect and avoid obstacles).

Using PWM libs, we can easily make our LED more or less bright. In the mean time, we'll also transmit the results
through a seria link.

var volatile bit gp2d02_vin is pin_a4

var volatile bit gp2d02_vout is pin_a6

var bit gp2d02_vin_direction is pin_a4_direction

var bit gp2d02_vout _direction is pin_a6_direction

include ir_ranger_gp2d02
- set pin direction (careful: "vin" is the GP2D02 pin's nane,
- it's an input for GP2D02, but an output for PIC!)

gp2d02_vi n_di recti on = out put

gp2d02_vout _directi on = i nput

var byte neasure
forever | oop
- read distance fromranger num 0
measure = gp2d02_read_pi ns(gp2d02_vi n, gp2d02_vout)
- results via serial
serial _hw wite(nmeasure)
- now blink nore or |ess
pwril_set _dutycycl e( measure)
end | oop

Note: | could directly pass pi n_A4 and pi n_A6, but to avoid confusion, | prefer using aliases.

A samplefile 16f88 _ir_ranger_gp2d02.jal, is available in the sample directory of the jallib released packages.

Building the circuit on a breadboard

Building the circuit using a breadboard
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| usually power two tracks on the side, used for the PIC and for the ranger:

Peee wewwe -
™ - — = R 1

Using the same previously created mental note, | connected the yellow Vout pin using ayellow wire, and the green
Vin pin using agreen wire...
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Testing (and the video)

Timeto test thisnice circuit ! Power the whole, and check no smoke is coming from the PIC or (and) the ranger. Now
get an object, like you hand, more or less closed to the ranger and observe the LED, or the serial output... Sweet !

http://www.youtube.com/watch?v=I5AZwv7LzyM

LCD Display - HD44780-compatible

In this"Step by Step” tutorial, we're going to (hopefully) have some fun with a LCD display. Particularly one
compatible with HD44780 specifications, which seems to be most widely used.

Setting up the hardware

Asusual, there are plenty resources on the web. | found this one quite nice, covering lots of thing. Basically, LCDs
can be accessed with two distinct interfaces: 4-bit or 8-hit interfaces. 4-hit interface requires less pins (4 pins), but
is somewhat slow, 8-bit interface requires more pins (8 pins) but is faster. jallib comes with the two flavors, it's up
to you deciding which is most important, but usualy, pins are more precious than speed, particularly when using a
16F88 which only has 16 1/0 pins (at best). Since 4-bit interface seems to be most used, and we'll use this one here...

So, I've never used LCD, to be honest. Most guys consider it as an absolute minimum thing to have, sinceit can help
alot when debugging, by printing messages. | tend to use serial for this... Anyway, I've been given aLCD, so | can't
resist anymore :)

The LCD | have seemsto be quite anice beast ! It has4 lines, is 20 characters long.


http://www.youtube.com/watch?v=l5AZwv7LzyM
http://www.google.com/search?hl=en&q=lcd+hd44780
http://www.ekenrooi.net/lcd/lcd.shtml
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Looking closer, "JHD 204A" seems to be the reference. Near the connector, only a"1" and a"16". No pin's name.
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Googling the whole points to aforum, and at least alink to the datasheet. A section describes the "Pin Assignement".
Now I'm sure about how to connect this LCD.

® Pin assignment

Pin NO. Symbol Function Remark
1 GND . ov
2 Vdd Power supply +5V
3 V5 For LCD Variable
4 RS _ Register Select(H=Data,L=Instruction)
5 R/W Read/Write L=MPU to LCM,H=LCM to MPU
6 E Enable
7 DBO Data bus bit 0
8 DB1 Data bus bit 1
9 DB2 Data bus bit 2
10 DB3 Data bus bit 3
11 DB4 Data bus bit 4
12 DB5 Data bus bit 5
13 DB6 Data bus bit 6
14 DB7 Data bus bit 7
15 A Anode of LED Unit
16 K Cathode of LED Unit

For this tutorial, we're going to keep it simple:

o aspreviously said, well use 4-bit interface. This means we'll use DB4, DB5, DB6 and DB7 pins (respectively pin
11,12, 13 and 14).

e wewon't read from LCD, so R/W pin must be grounded (pin 5)

e wewon't use contrast aswell, V5 pin (or Vee) must be grounded (pin 3)

Including pins for power, we'll use 10 pins out of the 16 available, 6 being connected to the PIC (RS, EN and 4 data
lines).


http://www.8051projects.net/e107_files/public/1231066792_13674_FT0_jm204aspec.pdf
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For convenience, | soldered a male connector on the LCD. Thiswill help when building the whole on a breadboard.

So we now have everything to build the circuit. Here's the schematic. It also includesa LED, it will help us checking
everything is ok while powering up the board.

LED HD44780
Interfacing an HD44780-compatible LED display 161
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Using abreadboard, it looks like this:
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Writing the software

For thistutorial, we'll use one of the available samples from jallib repository. | took one for 16f88, and adapt it to my
board (specifically, | wanted to use PORTA when connecting the LCD, and let PORTB's pins asis).

Asusual, writing a program with jallib starts with configuring and declaring some parameters. So we first have to
declare which pinswill be connected:

LCD 1 O definition

var bit lcd_rs is pin_a6 -- LCD command/ dat a sel ect
var bit lcd_rs_direction is pin_a6_direction
var bit |cd_en is pin_a7 -- LCD data trigger

var bit lcd_en_direction is pin_a7_direction

var byte |cd_dataport is porta_l ow -- LCD data port
var byte |cd_dataport_direction is porta_low direction

- set direction
lcd_rs_direction = out put
| cd_en_direction = out put
| cd_dat aport _directi on = out put

Thisis, pin by pin, the translation of the schematics. Maybe except port a_| ow. Thisrepresents pin A0 to A3, that
ispinsfor our 4 linesinterface. por t a_hi gh represents pin A4to A7, and por t a reprensents the whole port, A0 to
A7. These arejust "shorcuts'.

We aso have to declarethe LCD geometry:

const byte LCD ROWS
const byte LCD CHARS

4 -- 4 lines
20 -- 20 chars per line


http://justanotherlanguage.org/downloads
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Once declared, we can then include the library and initidize it:

i nclude | cd_hd44780_4 -- LCD library with 4 data |ines
lcd_init() -- initialize LCD

For thisexample, well also usethepri nt. j al library, which provides nice helpers when printing variables.

i ncl ude print

Now the main part... How to write things on the LCD.

* Youcan either useaprocedurecal: | cd_wite_char("a")

e oryou can usethe pseudo-variable: 1 cd = "a"

e« lcd_cursor_position(x,y) will setthecursor position. x istheline, y isthe row, starting from 0
o finally,l cd_cl ear _screen() will, well... clear the screen !

Full APl documentation is availablein the jallb release.

So, for this example, we'll write some chars on each line, and print an increasing (and incredible) counter:

const byte stri[]
const byte str2[]
const byte str3[]

"Hell o world!" -- define strings
"third line"
"fourth |ine"

print_string(lcd, strl) -- show hell o worl d!
| cd_cursor_position(2,0) -- to 3rd line
print_string(lcd, str2)

| cd_cursor_position(3,0) -- to 4th line

print_string(lcd, str3)

var byte counter = 0

forever |oop -- loop forever
counter = counter + 1 -- update counter
| cd_cursor_position(1,0) -- second line
print_byte_hex(lcd, counter) -- output in hex format
del ay_100ns( 3) -- wait alittle
if counter == 255 then -- counter wrap
| cd_cursor_position(1l,1) -- 2nd line, 2nd char
led = " " -- clear 2nd char
led =" " -- clear 3rd char
end if
end | oop

The full and ready-to-compile code is available on jallib repository
You'll need latest jallib-pack, available on jallib's download section.

How does this look when running ?
Here'sthe video!

http://www.youtube.com/watch?v=hlVMuaz80S3

Memory with 23k256 sram

Learn how to use Microchip's cheap 256kbit (32K B) sram for temporary data storage

What is the 23k256 sram and why use it?
S0, you need some data storage? Put your data on a 23k256!


http://justanotherlanguage.org/downloads
http://www.youtube.com/watch?v=hIVMuaz8OS8
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|

If speed isyour thing, this oneisfor you! Thisis FAST. According to Microchip's datasheet, data can be clocked in
at 20mhz. The disadvantage to this memory however isthat it will not hold it's memory when power is off sinceitisa
type of RAM (Random Access memory).

If you wish to hold memory while power is off, you will have to go with EEPROM but it is much slower. EEPROM
reguires a Ims delay between writes. In the time that | could write 1 byte to an EEPROM (1ms), | could write 2500
bytes to the 23k256 (if |1 can get my PIC to run fast enough).

Y et another advantage, isthat it is only 8 pins (as you can see from the image). Other RAM memories have 10 or so
address lines + 8 data lines. If you haven't guessed yet, we are sending serial datafor reads & writes. We will be using
SPI (Serial Peripheral Interface Bus).

| suggest you start by reading the SPI Introduction within this book first.
Y ou can read more about the 23k256 here:
https://www.microchip.com/en-us/product/23K 256

What will | learn?

Wewill be using the jallib sram_23k256 library & sample written by myself. With this library, we will be able to do
the following:

1. Initialization settings for 23k256.

2. Read settings from the 23k256.

3. Read & Write one byte to/from a specific address

4. Use the 23k256 as a large byte, word or dword array (32k bytes, 16k words, 8k dwords)
5. Fast read/write lots of data.

OK, lets get started

| suggest you start by compiling and writing the sample file to your PIC. We must make sure your circuit isworking
before we continue. As always, you will find the 23k256 sample file in the sample directory of your jalib installation
"16f877_23k256.ja"

Y ou will need to modify this sample file for your target PIC.

Note: Jallib version 0.5 had thisfollowing line in the library file, but in the next version (0.6) it will be removed from
the library and you will have to add it to your sample file before the line include sram_23k256.

const bit SRAM 23K256_ALWAYS_SET_SPI _MODE = TRUE

Here's the 23K 256 pin-out diagram:


https://www.microchip.com/en-us/product/23K256
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hardware SPI port pins. These pins are named (SDO, SDI, SCK) + One chip select pin of your choice.

Note: Thisisa 3.3V Device
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Plug in your serial port and turn it on (serial baud rate 38400). If it isworking, you will get mostly the hex value "11"
to your PC's seria port. Here's an image from my serial port software:

*_ RealTerm: Serial Capture Program 2.0.0.57

Pot | Capture | Pins | Send | EchoPort] 120 | 1202 | 12CMisc | Misc | An| Clear| Freeze| |

Dizplay {-‘«s ™ Half Duplex Binary Sync Chars e Status
i Asci [ mewline mode |ABI:D ﬂ 2Hne 5 | Dizconnect
" Ansi = Data | & MNome |
¥ Hex[space] [ lrrvert Data | J wOR _|R=D (2]
L{: _e:-:8+ Aaoii | [V = " AsCH | THD [3)
C ind Data Frames s | | AMD | € Number IcTs (3l
T Hex Bytes |2 = |DCO (1)
 intlE - ;
e ™ Single Gl | & Chrce | Leadingsine _IDSR (8
" b _|Ring[9]
? Binary Fiows Cols | BREAK
. H:E;E Teminal Fort| 117 3| |72 =] [ Scrolback B

‘'ou can use Activel automation to conkral me! Char Count:2100 CP5:0 Part: 4 38400 M1 Mone

If it is not working, lets do some troubleshooting. First start by checking over your schematic. If your schematic is
correct, the most likely problem is voltage levels. Check over your PIC's datasheet to see what the PIN types are, if
any of the pins have CMOS level outputs, you will not need voltage conversion resistors.

In the past, | have had issues with the voltage conversion resistors on the SCK line.

Setup the devices

Since the beginning initialization has already been written for you, and you already know how to include your PIC,
you can skip this section and go down to the 23k256 Usage on page 93 section if you wish.

Take alook at the sample file you have. Asyou know, firstly, we will include your chip, disable all analog pins and
setup serial communication.

i ncl ude 16F877a -- target PICmcro

-- This program assunmes a 20 MHz resonator or crystal
-- is connected to pins OSCl and OSC2.

pragnma target clock 20_000_000 -- oscillator frequency

-- configure fuses

pragma target OSC HS -- HS crystal or resonator
pragma target WDT disabl ed -- no wat chdog

pragma target LVP disabled -- no Low Vol tage Progranm ng
enabl e_digital _io() -- disable analog I/0 (if any)

-- setup uart for conmunication

const serial _hw baudrate = 38400 -- set the baudrate
i ncl ude serial _hardware

serial _hw_init()
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As stated before, the 23k256 MUST be connected to the pic's SPI port, so let's setup the SPI port as well asthe
SPI library. We do not need to alias SPI hardware pins to another name. First include the library, then set the pin
directions for the 2 data lines and the clock line:

- setup spi

i ncl ude spi _naster_hw -- includes the spi library
- define spi inputs/outputs

pi n_sdi _direction = input -- spi input

pi n_sdo_direction = out put -- spi output

pi n_sck_direction = out put -- spi clock

Now that SPI data/clock pins are setup, the only pin left to define is the 23k256 chip select pin. If you have more then
one device on the SPI bus, this chip select pin setup should be done at the beginning of your program instead. This
chip select pin can be any digital output pin you choose to use.

- setup chip select pin
ALI AS sram 23k256_chi p_sel ect is pin_a2
ALI AS sram 23k256_chi p_sel ect _direction is pin_a2_direction
- initial settings
sram 23k256_chi p_sel ect _direction = output -- chip select/slave select pin
sram 23k256_chi p_sel ect = high -- start chip slect high (chip disabled)

Choose SPI mode and rate. 23k256 uses SPl mode 1,1

Wewill start with peed SPI_RATE_FOSC_16. (oscillator/16). These are the speeds that are available:
SPI_RATE_FOSC 4 -- Fastest

SPI_RATE_FOSC 16 -- Mid speed

SPI_RATE_FOSC 64 -- Slower

SPI_RATE_TMR -- Use timer

spi _init(SPI_MODE 11, SPI _RATE_FOSC 16) -- init spi, choose node and speed

Thislinetellsthe PIC to set the SPI mode before each read & write. If you have multiple devices on the SPI bus using
different modes, you will need to set thisto TRUE

const byte SRAM 23K256_ALWAYS_SET_SPI _MODE = TRUE
Now we can finaly include the library file, and initialize the chip:

i ncl ude sram 23k256 -- setup M crochip 23k256 sram
- init 23k256 in sequential npde
sram 23k256_i ni t (SRAM 23K256_SEQUENTI AL_MODE, SRAM 23K256_HOLD_DI SABLE)

23k256 Usage

I'm going to go over this quickly since the code is simple.
Read & Write Byte

Write hex "AA" to address 1:

sram 23k256_write(1, OXAA) -- wite byte
Now read it back:

var byte data
sram 23k256_read(1, data) -- read byte

Byte Array
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Y ou can use the 23k256 as alarge byte, word or dword array like this:

- Exanpl e using 23k256 as a 32KByte array (at array address 2)
var byte datal
sram 23k256_byte[2] = OxBB -- set array byte 2 to val ue 0xBB
datal = sram 23k256_byte[2] -- read array byte 2, data2 should = OxBB

- Exanpl e using 23k256 as a 16K word array
var word dat a2
sram 23k256_word[ 3] = OxEEFF -- set array word 3 to val ue OXEEFF
data2 = sram 23k256_wor d[ 3] -- read array word 3, data2 should = OXEEFF

- Exanpl e using 23k256 as a 8K dword array
var dword data3
sram 23k256_dwor d[ 3] = OxCCDDEEFF -- set array dword 3 to val ue OxCCDDEEFF
dat a3 = sram 23k256_dwor d[ 3] -- read array dword 3, data2 shoul d = OxCCDDEEFF

If you are looking for a quick way to write lots of data, you can use the start_write, do_write and stop_write
procedures. Y ou should not use any other SPI devices on the same SPI bus between start_write() and stop_write()
sram_23k256_start_write (word in address) -- sets the address to write to

sram_23k256 _do_write (bytein data) -- send the data

sram_23k256_stop write() -- stops the write process

Here's an example:

- Exanple fast wite lots of data
sram 23k256_start_write (10)
for 1024 | oop
sram 23k256_do_write (0x11)
end | oop
sram 23k256_stop_write()

This works the same for the read procedures:

sram_23k256_start_read (word in address) -- sets the address to read from
sram_23k256 _do_read (byte out data) -- get the data
sram_23k256_stop_read() -- stop the read process

- Exanple fast read lots of data
sram 23k256_start _read (10)
for 1024 | oop
sram 23k256_do_read (datal)
serial _hw wite (datal)
end | oop
sram 23k256_st op_read()

Your done, enjoy!

Servo Control & RC Motor Speed Control

PIC RC servos and RC speed controllers used in the Radio Control hobby.

Servo Control Intro

RC or R/C (Radio Control) servos and RC motor speed controllers are used in the radio control hobby to control
things like RC Cars, RC airplanes, boats, robots, etc.

Servos are used for there positioning capability and strength. Small, regular sized servos can be bought at alocal
hobby store for $10 or less. Of course there are more expansive ones depending on the quality and size. These servos
normally plug into your radio control receiver, but today we will connect it to your PIC.
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I will mostly be talking about RC servos, but you will also be able to connect a RC speed controller since they use
the same technology. These speed controllers are made up of power MOS FETs to allow 12v at 50A+ to control the
speed of amotor via PWM.

The only way to really know how something really worksisto take it apart! | found some gears, a potentiometer
some electronics and a motor. The servos gears are to give it the strength it needs to move whatever it is you want to
move in your project. The servo knowsiit's position by reading a voltage off the potentiometer that gets turned by the
gears which of course gets turned by the motor. After asignal is given, the servo will move to the correct location.

To control aservo, we need to send it a PWM (pulse width modulation) signal. Thankfully it will all be taken care of
by the Jallib library | have created. A pulse will be sent every 20ms, and each pulse will be awidth between 0.5ms
and 2.5ms. The pulse width will vary depending on the position you have chosen. Servo pulse width required can
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very depending on the servo manufacturer, therefore the library has been created with some default values that you
may change to get afull movement from left to right.

Pulse Spacing = 20ms

< >

 —

Fulse Width=05ms to 2.5ms

Here'sa Y ouTube video of one servo moving and it's signal on my oscilloscope: http://www.youtube.com/watch?
v=zA3anG0Y ZD4

Servos come with averity of connector types but always have 3 wires. One is ground, one is power and the other is
signal.

Here's an image of my RC servo connector (left), | will use some pins (right), to plug my servo into my breadboard.

=
—a

There are two ways of implementing servos into your project. Y ou may either have your servos connected to your
main PIC, or to an external PIC. For smaller projects you will choose to control your servo from your main PIC, this
isthe method | will show you.

If your main PIC is needed to run some heavy code, or if you need more then 24 servos, you may wish to use external
PIC(s) vial2C interface. Thereis alibrary and two samples for using an external PIC vial2c bus. | will not discuss
this method here.

Servo control via your main PIC

This method will allow you to plug up to 24 servosinto your main PIC. Any digital capable 1/O pin on your PIC
should be able to run your servo signal, aways lookup your pinin the datasheet. Use a pull up resistor on open drain
pins. You will need to choose a PIC with a hardware timer, 8 servos can run on each timer module.


http://www.youtube.com/watch?v=zA3anG0YZD4
http://www.youtube.com/watch?v=zA3anG0YZD4
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The library supports timerQ, timerl and timer3. Y ou can do aquick search for "timerO module" in your datasheet to
seeif you have atimer, most PICs do have at least one timer. The library will give you an error if you if you do not
have atimer when you try to compile your code.

I have chosen 18F4620 (3 timers), but | have also tested it on 16f877a (2 timers), and 18f452(3 timers) with the same
schematic.

Build your circuit

The schematic is very very simple, just take your blink circuit and plug in your servo.
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The Code

Since your main PIC will be controlling the servos, the PIC is acting as a master device and therefore we will be using
the servo_rc_master library.

The library can be found under Jallib SVN at trunk\include\external\motor\servo\servo_rc_master.jal
The sample can be found in the Jallib SV N at trunk\sample\18f4620_servo_rc_master.jal

Y ou can access the Jallib dowload site at http://justancotherlanguage.org/downl oads

Let's start by including your PIC, and disable all analog pins

-- include chip

include 18f4620 -- target PICmicro

pragma target clock 20_000_000 -- oscillator frequency

-- configuration menory settings (fuses)

pragma target OSC HS -- HS crystal or resonator
pragma target WDT disabl ed -- no wat chdog

pragma target LVP disabled -- no Low Vol tage Progranm ng
pragma target MCLR external -- reset externally

enabl e_digital _io() -- disable analog 1/0O (if any)

This samplefile will require 1 led, so define it now

-- led definition
alias |led is pin_a0
alias led_direction is pin_a0_direction

I ed_direction = output

Now you may define the pins that will be used for each of your servos, | have defined 8 although | have not
connected them all in my circuit.

-- setup servo pins
alias servo_1 is pin_b0
alias servo_1_direction is pin_b0O_direction


http://justanotherlanguage.org/downloads
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servo_1_directi on = out put

alias servo_2 is pin_bl

alias servo_2 direction is pin_bl_direction
servo_2_direction = out put

alias servo_3 is pin_b2

alias servo_3_direction is pin_b2_direction
servo_3_direction = out put

alias servo_4 is pin_b3

alias servo_4 _direction is pin_b3_direction
servo_4_directi on = out put

alias servo 5 is pin_b4

alias servo_5 direction is pin_b4_direction
servo_5_direction = out put

alias servo_6 is pin_b5

alias servo_6_direction is pin_b5_direction
servo_6_direction = out put

alias servo_7 is pin_b6

alias servo_7_direction is pin_b6_direction
servo_7_directi on = out put

alias servo_8 is pin_b7

alias servo_8 direction is pin_b7_direction

servo_8_direction = out put

-- commenting out 9th servo

;alias servo_9 is pin_a0

;alias servo_9_direction is pin_a0_direction
;servo_9 _direction = out put

Here we will define the min & mas movement. These values can be changed to limit the amount your servos can
move. We will talk about thisin detail later on, thisis an important step. Changing these values will change the pulse
width for al servos.

-- choose mn & nmax servo novnent / pul se size
const byte SERVO MN =50 -- default is 50 (0.5nm min pul se)
const byte SERVO MAX = 255 -- default is 255 (2.5m nmax pul se)

Choose the timers your PIC will be using to control your servos. Each timer will take care of 8 servos. | have defined
8 servos, so | need only 1 timer. | have commented out the other 2 timersthat | may use later on.

-- choose pic internal tiners

const byte SERVO USE TIMER = 0 -- timer for servo's 1 to 8
;const byte SERVO 9_TO 16_USE TI MER = 1 -- timer for servo's 9 to 16
;const byte SERVO 17_TO 24_USE TI MER = 3 -- timer for servo's 17 to 24

I may now include the servo_rc_master library, and initialize the servos. Within the init() procedure, all servos will be
centered.

i ncl ude servo_rc_naster -- include the servo library
servo_init()

If you wish to turn off a servo at any point in your program. Thiswill turn off the servos motor by keeping the signal
linelow. Y ou may set or unset the on/off bit for any servo as follows:

-- use this to turn off a servo
;servo_1_on = FALSE

Sometimes the servo you have may move in the opposite direction that you would like it to, so here you have an
option of switching a servos direction. | have also noticed that some types of servos move in the reverse of others.

-- use this to reverse a servo
;servo_1 reverse = TRUE
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Theinit procedure does center all servos, but you may want to start your servo at another location. Since | did not
leave any delay yet, the servos did not actually have time to move to there center position.

| am going to center the servos again to show you an example of the correct way to move a servo. After | give the
servos there move position, | will wait for 1sec so they have time to move to center.

Y ou can use various delays or move in increments to slow the servo movement speed. 127 is center.

- exanple center all servos

servo_nove(127, 1) center servo 1
servo_nove(127,2) -- center servo 2
servo_move(127,3) -- center servo 3
servo_nove(127,4) -- center servo 4
servo_nove(127,5) -- center servo 5
servo_nove(127,6) -- center servo 6
servo_nove(127,7) -- center servo 7
servo_nove(127,8) -- center servo 8

; servo_nove( 127, 9)

_usec_delay (1_000_000) -- wait for servos to physically nove
Now | will create my main loop and have 2 of the servos move to various positions.

- exanpl e noving servos one and two and blink |ed
forever |oop

servo_nove( 255, 1)
servo_nove(0, 2)

usec delay (1_000_000)
Ted = !led

servo_nove(127, 1) ;servo 1 centered
servo_mnove(127,2) ;servo 2 centered
usec_delay (1_ OOO 000)

Ted = !led

servo_nove(0, 1)
servo_nove( 255, 2)
usec_del ay (1_000_000)
Ted = !led

servo_nove( 127, 1) ;servo 1 centered
servo_nove(127,2) ;servo 2 centered
usec_delay (1_ 000 000)

Ted = !led
end Ioop

So, that's it for the code. Simple right? | wish writing the library was that easy!

Y ou can go ahead and turn on your circuit, you should see the led blink and the servos should be moving. Change and
test your servo pinouts if needed. The two servos will movein opposite directions since my servo_move() procedure
call values are different for each servo.

At this point, you should turn off the power when your servos are at the center position. We are turning the power off
S0 you may remove the moving part on the top of your servo, and place it back on so it looks centered.

Here'sa Y ouTube video of my two moving servos http://www.youtube.com/watch?v=QS8M 07uuagY

Setting Your Servo Max & Min Movements

For my projects, | feel that it isimportant to set the servo min/max values. Y ou may choose to either use the default
valuesthat | have set, or set your own. There are two reasons for setting these values correctly:

1. You can get more movement out of your servo (far right to far left)
2. You do not want your servo to try to move out of it's range. If your servo moves out of it's range for along period
of time, you may burn out the servos motor.

All manufacturers create there servos differently, there is no official specification for RC servos (that | know of).

So here are the steps:


http://www.youtube.com/watch?v=QS8M07uuagY
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1. Set SERVO_MIN = 0and SERVO_MAX to 255

2. Setyour servo_min values to restrict movement to one side. Directly after you call servo_init(), you should place
this code:

servo_nove(0, 1)
forever |oop
end | oop

Thiswill move your servo al the way to one side. Y ou will hear your servo motor being ON all the time (not good
for the motor).

3. Now run your circuit and gradually increase servo_min value so the servo is at the correct location on one side.
Try to get the servo to be Imm from it's min location. Y ou should not hear the motor running.

4. Repeat step 2 by decreasing servo_max but use this:

servo_nove( 255, 1)
forever |oop
end | oop

Weéll, looks like your all set. | hope your having fun with Jalv2/Jalib!

SD Memory Cards

In thistutorial we will learn how to use an SD Card for mass data storage.

SD Card Introduction

SD Cards (Secure Digital Cards) are quite popular these days for things like digital cameras, video camera's, mp3
players and mobile phones. Now you will have one in your project! The main advantages are: small size, large data
storage capability, speed, cost. It has flash storage that does not require power to hold data. The current version of the
sd card library that we will be using in this tutorial works with "standard capacity" sd cards up 4gb in size. | hope to
find time to add "high capacity" and "extended capacity" capability to the library.

SD Card have 2 data transfer types "SD Bus' and "SPI Bus'. Most PIC's have an SPI port. The"SD Bus" is faster,
however uses more pins. We will be using SPI in our circuit. For more info on SPI read the tutorial in this book: SPI
Introduction. The SPI mode for SD Cardsis 1,1.

We are not responsible for your data or SD card. Make sure you have nothing important on your SD card before you
continue.

@ |
lT:I S5 [chip selst)
W] [SI
SD CARD t:J 5@3
PINOUT o | SCK
= || GND
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These SD Cards are 3.3v devices, therefore a 5v to 3v conversion is needed between the PIC and the sd card. We
will useresistors to do the conversion, however there are many other methods. See https://ww21.microchip.com/
downloads/en/DeviceDoc/chapter%208.pdf for more information.

My favorite way of converting 5v to 3v iswith 74HCTO08. It must be HCT (not LS). 74LS08 will not work on a 3.3v
power supply.

3.3v Power
5v Input q 3.3v Qutput
From PIC = To SD Card
] T4HCTOS
=
Ground

Thiscircuit will use 16F877 If you are using a different PIC for your project, refer to the PIC's datasheet for pin
output levels'voltage. For example, 18F452 has many pins that are Sv-input that give 3v-output. These pins show
as"TTL / ST" - TTL compatible with CMOS level outputs in the datasheet and they will not require any voltage
conversion resistors. If you are not sure, set a pin as an output, and make it go high then test with avolt meter.

Build a SD Card Slot

Before we can build our circuit, we will need to find ourselves an sd card slot that can plug into our breadboard. Y ou
can find pre-made sd card slots on ebay and other places around the net. It is quite easy to make your own anyways. |
took one out of a broken digital camera and placed it on some blank breadboard and soldered on some pins. Here are
some images of my sd card holder:

Follow this schematic for 16f877, if you are using another PIC, check the pin-outs for the SPI bus. The pin-outs of
your pic will show SDI, SDO, SCL and SS. The pin SSisthe chip select pin, you can use any pin for it but the others
must stay the same.

Build the circuit


https://ww1.microchip.com/downloads/en/DeviceDoc/chapter%208.pdf
https://ww1.microchip.com/downloads/en/DeviceDoc/chapter%208.pdf
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SD Card - 5P Bus

L g
& = 52842323
@ 5 = 55
SWITCHA |
== 1 a0 7 B
— LRAVPP RB7/PGD &——
| 2 Keeosano resroc 2
z £
il 2 Bravant res |39
3 Xrszsanzrvrer. ]
£ Xnarmer+ RreziPom 822
wbD [ 35
— - rrarTocki rez | 20,
5 B
= 2 Xreamosans RBOANT
2 Kee1mrsane voD
L 10
0ut | 4 0.1uf —REVCEANT ygrary LS
el N V) ro7pory 430 3o
S
o L roapses 22 = 22k
L
< 22 RoscicLkin RDEPSPS 22 o =
=
12 _Moscarcikout GIEGECE] el § 2k Bt
18 Xecormosormick rermxoT I 28 it
Gl =apt 18 _Xecumiosuccez resimxick ) 22 ! =
7 Recziccrd Ressn0 822 ERP ok
XTALZ0mhz I - 23
%D }_¢7 25 Keoosro roar| 2
20 Reoursed rozpepz 421

Serial
RX,
T*
cT
RT

GND
oo

Part
1

‘m ‘m |n ‘m ™

)




Jallib | Experimenting with external parts | 104

Compile and write the software to your PIC

With the use of the sd card lib (sd_card.jal) and a samplefile 16f877a_sd_card.jal, we can easily put one in our own
circuit for mass data storage! Y ou will find these filesin thelib & sample directories of your jallib installation.

The most up to date version of the sample & library can be found at:
Samplefile 16f877a sd_card.jal from the sample directory.
Library file sd_card.ja from thelib directory.

Now that our circuit is built, lets test it and make sure it works before we continue with more details. Compile and
program your pic with 16f877a_sd_card.jal from your jallib samples directory. If you are using another pic, change
the "include 16f877a" linein 16f877a_sd_card.jal to specify your PIC before compiling.

Now that you have compiled it, burn the .hex file to your PIC

Power It Up

Plug your circuit into your PC for serial port communication at 38400 baud rate. Now turn it on. Press the reset button
in your circuit, you should get aresult similar to this:

Serial Output
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‘ou can use Activel automation to conkrol me!

Asyou can see from the image, we got some actual readable data off the sd card as well as a bunch of junk. My sd

card isformated with fat32, thisiswhy | can actually read some of the data.

Y ou now have aworking sd card circuit!
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Understand and modify the code

I'm just going to quickly go over some of the key points you need to know about sd cards. Open the sample file with
an editor if you have not done so already.

The code in the sample file may change, therefore it may be different then what you see here. The samplefile you
have downloaded will always be tested and correct.

Include the chip

Specify the PIC you wish to use as well as your clock frequency

i ncl ude 16f877a

pragnma target OSC HS -- HS crystal or resonator
pragma target clock 20_000_000 -- oscillator frequency

pragma target WDT disabl ed
pragma target LVP disabled

Disable all analog pins and wait for power to stabilize

enable_digital _io() -- disable all analog pins if any
_usec_del ay (100_000) -- wait for power to stabilize

Setup serial port and choose baud rate 115200

- setup uart for conmunication

const serial _hw baudrate = 115200 -- set the baud rate
i ncl ude serial _hardware

serial _hw_init()

Includetheprint library
i ncl ude print -- include the print library

Setup SPI Settings- The data transfer bus.

Here you may change the chip select pin "pin_SS' and "pin_SS direction” to another pin. SDI, SDO and SCK must
stay the same for the SPI hardware library.

Y ou may notice that we are not defining/aliasing pins sdi, sdo and sck. We do not need to define them with aline
like"alias pin_sdois pin_c5" because they are set within the PIC and cannot be changed. If we use the SPI hardware
library, we must use the SPI hardware pins. We only need to define there direction like this"pin_sdo_direction =
output”.

Y ou may also choose the SPI rate. According to the SPI hardware library, you can use SPI_RATE_FOSC 4
SPI_RATE_FOSC 16, SPI_RATE FOSC 64 or SPl_RATE_TMR. The fastest is FOSC_4 (oscillator frequency / 4).
For the fastest speeds, it isagood idea to keep your SD Card as close to the PIC as possible.

i ncl ude spi _naster_hw -- includes the spi library
- define spi inputs/outputs
pi n_sdi _direction = input -- spi input
pi n_sdo_direction = out put -- spi output
pi n_sck_direction = out put -- spi clock
spi _init(SPI_MODE_11, SPI _RATE_FOSC_4) -- init spi, choose npde and speed

alias sd_chip_select is pin_a5
alias sd_chip_select_direction is pin_a5_direction
sd_chi p_sel ect _direction = out put

Setup the SD Card library and settings
Select sd card settings & Include the library file, then initalize the sd card.
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Some sd cards may require a 10ms (or more) delay every time you stop writing to the sd card, you can choose
weather or not to have this delay. If you are doing many small writes and are worried about speed, you may set
SD_DELAY_AFTER_WRITE to "FALSE".

- setup the sd card
const bit SD_ALWAYS_SET_SPI _MODE = TRUE
const bit SD DELAY_AFTER VRl TE = TRUE

i ncl ude sd_card -- include the sd card ide hard disk library
sd_init() -- initialize startup settings
Add a separator procedure, Thiswill be used to display " ------ " ontothe serial port between examples.
- procedure for sending 80 "----------------- " via serial port

procedure seperator() is
serial _hw data = 13
serial _hw data = 10
const byte str3[] =

print_string(serial_hw data, str3)
print_crlf(serial_hw data)
end procedure

It isalways a good idea to send something to the serial port so we know thecircuit isalive. Let'ssend " Hard
Disk Sample Started"

- Send sonething to the serial port

seperator() -- send "----" via serial port
var byte start_string[] = "SD CARD SAMPLE STARTED'
print_string(serial _hw data,start_string)

Declare some user variables

- variables for the sanple
var word stepl
var byte data

EXAMPLES

OK, now that everything is setup, we are ready for some examples. | have left afew ways to read and write to SD
Cards. The usage you choose may will on the PIC data space you have, and what your application is. On asmaller
PIC, you will only be able to run examples #1, #2, #5 and #6. I'll explain as| go.

Y ou will find that these examples are identical to the ones in the hard disk tutorial. This makes it easy for you to
switch between using a SD Card and a hard disk.

Example #1 - Read data at sector O

Thisisalow memory usage way of reading from the sd card, however it is slower then some of the other examples
later on. This method requires the use of sd_start_read(), sd_data_byte, and sd_stop_read(). Y ou'll see that the usage
isquite simple.

Note: Thevariablesd data byteisnot actually avariable, it is a procedure that looks & acts like aregular variable.
Thisiscalled a pseudo variable. Y ou may use this variable to read data or write data, as shown in these examples.

The steps are:

1. Start reading at a sector address. In this case, sector O (the boot sector)

2. Loop many times while you read data. One sector is 512 bytes, we will read two sectors.

3. Store each byte of datainto the variable "data". Y ou can retrieve the data by reading the pseudo variable
sd_data byte

4. Do something with the data. Let's send it to the serial port.

End the loop

6. Téll the sd card we are done reading.

o

sd_start _read(0) -- get sd card ready for read at sector O
for 512 * 2 | oop -- read 2 sectors (512 * 2 bytes)
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data = sd_data_byte -- read 1 bytes of data
serial _hw write(data) -- send byte via serial port
end | oop
sd_stop_read() -- tell sd card you are done reading

OK, we're done our example, so lets separate it from the next one with the separator() procedure to send some "'-----
characters and a small delay.

separ at or () -- separate the exanples with "
_usec_del ay(500_000) -- a smal |l del ay

Example #2 - Writing data

This exampleis similar to example #1, but we will be writing data to the sd card. It requires low memory usage. As
with the first example, we will be required to use 3 procedures. sd_start write(), sd_data byte and sd_stop_write()

Here are the steps:

1. Start writing at a sector address. | choose sector 20 since it seemsthat it will not mess up afat32 formatted sd
card, | could be wrong!

2. Loop many times while you write your data. In this example, | am writing to 1 sector + 1/2 sector. The 2nd half of
sector 2 will contain all 0's. The end of sector 2 will contain O's because SD Cards will only write datain blocks of
512, and therefore any data you have there will be overwritten.

3. Write some data. Thistime we are setting the value of the pseudo variable pata_hd_data_byte. Writing to this
variable will actually send data to the hard disk. We are sending "A", so you will expect to read back the same
data later on.

4. Endyour loop

5. Téell the SD Card we are done writing.

sd_start_write(20) -- get sd card ready for wite at sector 20

for 512 + 256 | oop -- loop 1 sector + 1 half sector (512 + 256 bytes)
sd_data_byte = "A" -- wite 1 bytes of data

end | oop

sd_stop_wite() -- tell sd card you are done reading

Now of course you will want to read your data back, which will be the same asin example #1, but at sector 20.

sd_start_read(20) -- get sd card ready for read at sector 20

for 512 + 256 | oop -- loop 1 sector + 1 half sector (512 + 256 bytes)
data = sd_data_byte -- read 1 bytes of data
serial _hw write(data) -- send byte via serial port

end | oop

sd_stop_read() -- tell sd card you are done reading

Example #3 - Read and write data using a sector buffer (a 512 byte array)

In this example, we will use a512 byte array for reading and writing. This 512 byte array is called a sector buffer.
This method is very fast, however it will require a PIC that can fit the 512 bytes of datainit's ram space. | find itis
also easier to use. | suggest PIC18f4620 with the same schematic.

For writing, Y ou will need only need to write data to the sector buffer array, then use the sd_write sector_address()
procedure.

Lets go through the steps, first for writing data:

Loop 512 times (the size of the sector buffer)

Set each data byte in the array

End your loop

Write the data to the hard disk at a sector address.
Repeat the above to write more sectors.

o rwbdheE

- fill the sector buffer with data
for 512 using stepl | oop -- loop till the end of the sector buffer
sd_sector_buffer[stepl] = "B" -- set each byte of data
end | oop
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-- wite the sector buffer to sector 20
sd_write_sector_address(20)

Here we will write another sector (to sector 21, the next sector)

for 512 using stepl | oop -- loop till the end of the sector buffer
sd_sector_buffer[stepl] = "C -- set each byte of data
end | oop

-- wite the sector buffer to sector 21
sd_write_sector_address(21)

OK, it'stimeto read back the data, which is exactly the opposite of writing. For reading, we will use the
pata read sector_addres() procedure first, then we can read data from the sector buffer array.

Request data from the SD Card at a sector address.
Loop 512 times (the size of the sector buffer).
Send each byte to the seria port.

End your loop.

Repeat the above to read more sectors.

g rcwbdhe

-- read back the sane sectors

-- read sector 20 into the sector buffer
sd_read_sect or _addr ess(20)

-- now send it to the serial port

for 512 using stepl | oop -- loop till the end of the sector buffer
serial _hw wite (sd_sector_buffer[stepl]) -- send each byte via serial port
end | oop

Here we will repeat the above to read the next sector (sector 21)

-- read sector 21 into the sector buffer
sd_read_sect or _address(21)
-- now send it to the serial port

for 512 using stepl | oop -- loop till the end of the sector buffer
serial _hw wite (sd_sector_buffer[stepl]) -- send each byte via serial port
end | oop

EXAMPLE #4 - Another method for reading and writing sectors

Example #4 is pretty straight forward. | am not going to go into too much detail on thisone. It is a combination of
examples 2 and 3. It is about the same speed as example #3.

-- get sd card ready for wite at sector 20
sd_start_wite(20)

-- fill the sector buffer with data

for 512 using stepl | oop -- loop till the end of the sector buffer
sd_sector_buffer[stepl] = "D -- set each byte of data

end | oop

-- wite the sector buffer to the sd card
sd_wite_sector()

-- fill the sector buffer with new data

for 512 using stepl | oop -- loop till the end of the sector buffer
sd_sector_buffer[stepl] = "E" -- set each byte of data

end | oop

-- wite the sector buffer to the sd card

sd_wite_sector() -- wite the buffer to the sd card

-- tell sd card you are done witing
sd_stop_wite()

-- read back both of the same sectors

-- get sd card ready for read at sector 20
sd_start_read(20)

-- read the sector into the sector buffer
sd_read_sector ()

-- now send it to the serial port

for 512 using stepl | oop -- loop till the end of the sector buffer
serial _hw write(sd_sector_buffer[stepl]) -- send each byte via serial port
end | oop

-- read the next sector into the sector buffer
sd_read_sector ()
-- nowsend it to the serial port
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for 512 using stepl |oop -- loop till the end of the sector buffer
serial _hw write(sd_sector_buffer[stepl]) -- send each byte via serial port

end | oop

sd_stop_read() -- tell sd card you are done reading

Now you can put whatever you want on your SD Card, or possibly read lost data off of it.

If you want to read files stored on the card by your PC, thereisa FAT32 library and there will be atutorial soon so
you can easily browse, read and write to files and folders stored on your card.

What are you waiting for, go build something cool!

Sources
TheJallib SD Card Library - Written by Matthew Schinkel

DFPlayer Mini

Introduction
ThisJAL Library supports al features of the DFPlayer Mini, an audio playback device.

Thelibrary is set up in away that the main program determines which serial interface is being used for controlling
the DFPlayer Mini. Three sample files are available, asimple version called 16f 1823_df pl ayer. j al

that plays the first track, waits for 10 seconds and then plays the next track. The other sample program called

16f 19176_df pl ayer . j al usesamenu structure with which all features of the library can be controlled. The
third sample called 12f 617_df pl ayer . j al showsthe same functiondlity as the 16f1823 version but this version
is meant to show that it can work on asmaller PIC that has no on-board USART so it usesthe JAL software serid
interface library to control the DFPlayer Mini.

The Hardware

The DFPlayer Mini is controlled via the serial interface using a fixed baudrate of 9600 baud. It can operate on 5 Volt
but it is recommended to use 1k resistorsin the serial communication lines between the PIC and the DFPlayer Mini.
The DFPlayer Mini plays audio filesin mp3 or wav format, stored on e.g. amicro sd card that can be inserted into the
device. A loudspeaker can be connected directly to the DFPlayer Mini of which the volume can be controlled viathe
API provided by the library.

The schematic diagram below shows how the DFPlayer mini can be connected to the pic12f617.
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Tutorial DFPlayer Mini

2022-03-05
Rob Jansen
+5V
To ?
DFPlayer Mini 2
;3 L
vee 4 100nF
. % R1 c1 | GND
Tk VDD gpo [
- 2 GPSICLKIN .
o R2 3 GP1 |~
RX ] - e — GP4/CLKOUT .
1k . GP2 2
o GP3  ygg
GND 9@1 1PIC12F61?P
GND GND

The connections of the DFPlayer mini are as follows:

VCC - -1 BUSY

RX DFPlayer Mini USB -

X r USB +
DAC R ADKEY 2
DAC | ADKEY 1
SPK_1 IO 2

GND GND
SPK_2 10_1

The loudspeaker is connected directly to the pins SPK_1 and SPK2.

Sample program for the DFPlayer Mini using a 12f617
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The samplefile always start with a header to explain what it is about.

-- Title: Sanple programfor the DFPlayer Mni.

-- Author: Rob Jansen, Copyright (c) 2020..2020 all rights reserved.
-- Adapt ed- by:

-- Conpiler: 2.5r4

-- This file is part of jallib (https://github.comjallib/jallib)
-- Rel eased under the BSD license (http://ww. opensource.org/licenses/bsd-Iicense. php)

-- Description: Denonstrates the playback feature of the DFPlayer Mni library.
-- For a conpleted denp of all features see 16f19176_df pl ayer.j al .

-- Sources:

-- Notes: The DFPl ayer uses a serial interface. This program uses the software
-- serial library since this PIC has no on-board USART.

Include the device file for the pic12f617.
i nclude 12f 617 -- Target PICmcro
Set the pragma’s. We use the 4 MHz internal oscillator.

-- Use internal clock and internal reset.

pragma target OSC I NTOSC_NOCLKQUT -- Internal C ock

pragma target PWRTE ENABLED -- Power up tiner

pragne target MCLR | NTERNAL -- Reset internal

pragma target WDOT DI SABLED -- No wat chdog

pragne target BROANOUT DI SABLED -- Disable to save power

pragna target | OSCFS FAMHZ -- Set internal oscillator to 4 Miz
pragne target clock 4_000_000 -- Oscillator frequency 4 Mtz

At reset al pins of the PIC are set to analog input. Switch them to digital. Note that we also wait some time here. It
can happen that a PIC needs some more time to stabilize after power up so we add a delay here before we continue
with the rest op the program..

enabl e_digital _io()
-- Gve the hardware sone tinme to stabili ze.
_usec_del ay(100_000)

This PIC does not have a serial interface on board, the so called USART. Instead we use a software library that
emulates a serial port. We have to define which pins we are going to use for the serial interface. After that we can
include the serial software library and initidizeit.

-- Setup the serial software interface for conmmunication with the DFPl ayer.

alias serial_sw tx_pin is pin_GP4 -- Pin 3 of 8 pin DIP.
pi n_CGP4_direction = output
alias serial _swrx pinis pin_GP5 -- Pin 2 of 8 pin DP.

pi n_GP5_direction = input

const serial _sw baudrate = 9600
i ncl ude serial _software

serial _sw_.init()

The next step isto include the library of the DFPlayer mini and start playing an audio track. In this example we first
set the volume, start playing track 1 and play a next track after every 10 seconds. For the 10 seconds delay we use a
del ay_1s() function from the delay library so we need to include that library too .

i ncl ude del ay

-- Now we can include the DFPl ayer.
i ncl ude df pl ayer

df pl ayer_init()

-- Initial volunme is quite loud, so lower it.
df pl ayer _set _vol une(15)

-- Play the first track that the DFPl ayer found on the storage device.
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df pl ayer _pl ay(1)
forever |oop
- Play each track for 10 seconds the go to the next avail able track

df pl ayer _pl ay_next ()
del ay_1s(10)

end | oop

Thefollowing vi deo showsthis sample program in action. The micro as card has one folder called ‘01" which has
five mp3 tracks labeled '001.mp3' to '005.mp3'".

Some more info about the DFPplayer Mini that you should know

Audio files are stored in a certain folder structure. This structure is documented in the dfplayer.ja library and is
defined asfollows:

e Folders used must be named 01 to 99, ADVERT or MP3

e Audio filesare numbered 001 to 255 or 0001 to 3000 with extension .mp3 or .wav

» Folders01 to 15 can contain audio files named 001 to 255 and 0001 to 3000, these are the so called special 3000
track folders

» Folders 16 to 99 can contain audio files with names 001 to 255

« Folder ADVERT can contain advertisement audio files named 0001 to 3000

e Folder MP3 can contain mp3 only audio files named 0001 to 3000

So audio files (tracks) are always numbers and they have to be exactly 3 or 4 digits with the extension .mp3 or .wav.
Note that some API functions only work on files with 3 digits and some other on audio fileswith 4 digits. It is
possible to combine these different filesin folders 01 to 15, so you could have audio files in these folders like
001.wav, 1234.mp3.

To play track 011.wav from folder 02 you the procedure call isdf pl ayer pl ay_fol der (2, 11)

but if you want to play track 1234.wav from the same folder with number 02 the procedure call is

df pl ayer _pl ay_3000 fol der (2, 1234).When caling procedure dfplayer play advertisement(2000), the
DFPlayer will interrupt the playback of the current track, plays the advertisement track 2000 (.wav or .mp3) from the
ADVERT folder and will resume play after the advertisement track has compl eted.

The module has some other special features like a repeat track, repeat folder and an equalizer. It also hasa sleep
function that can be called viathe API of the library but the only way to wakeup the DFPlayer after sleep isby
switching the power off and on again.

The tests of the library where done with the folders and files stored on a micro sd card but the module and the library
also supports other storage devices.

Thislibrary was immediately used by one of the JAL users. The result of this project can be seen in the video of
Bobby .


https://youtu.be/A2BDfj5AH28
https://youtu.be/washUeNLm_8
https://youtu.be/washUeNLm_8




Chapter

A

PIC software

Learn about software libraries that will help you on your journey. These software libraries may run on hardware you
aready connected from other tutorials.

Print & Format

Formatting output data with Print & Format

Print & Format

In aprevioustutorial (Serial Port and RS-232 for communication on page 23) Y ou probably noticed it is annoying to
have to change Real Term from ASCI| to HEX in order to see output of numbers. It is also not easy to view raw HEX
data. Y ou will probably want to be able to output decimal numbersto make it easy on us humans. Thisiswhere the
print and format libraries come in!

The print and format libraries are quite easy to use, start off by including them into your main file (after your serial
port include block).

i ncl ude print
i ncl ude format

Of course, now you need to know what procedures are available. Thisiswhen it isagood ideato open up alibrary
file. Scroll through the file and note procedure names as well as their input parameters.
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JAL Edit - D:\jalv2MibAprint. jal
File Edit Search YWew Compile Tools Help

0 |Dq T IX|§|| ’E@@‘”Rs ’@| | |E| - | | | | > Jﬁa| | &|é$h|@:|m| Donate through Paypal
27748 Insert active JAL File is C:'l,lf)ocuments and Settings'l,Matt.hew'l,Desktop;l,cocie Elocksil,generateci'l,lEFG?jSD_Fa-t32_sd_card.jal
Code Fx... 7 x| EEEHENEERREREIERE pintial |
Fress F5 to Fefresh 275 procedure print dword decivolatile byte out device, dword in data) is A
+-(_] Includes 2 , ! :
w1 By Procedures 280 _print universal dec(device, data, 2)
% Functions 261
B Constants 282 end procedure
-l Variables 283
[ Aliases zg4 procedure print word_dec(volatile byte out device, word in data) is
285
286 _print universal dec{device, data, 4)

287

258 end procedure

289

290 procedure print byte dec(volatile hyte out device, byte in data) is

29l

292 _print universal dec(device, data, Z}

293

z94 end procedure &
[ Compile Results nx

0%
[ata Uszage
Hardware Stack
0%

Print and format numbers
In the previous image, you can see 3 procedure names:

1. print_byte dec() - Prints abyte in decimal format.
2. print_word_dec() - Printsaword in decimal format.
3. print_dword_dec() - Prints adword in decimal format.

Each requires the following parameters:

1. device - The device the datawill be outputted to. Usually you will put serial_hw_data or serial_sw_data.
However, you can put any pseudo variable (fake variable, that is actually a procedure) as an input. This pseudo
variable usually allows writing to an output device such as and LCD or protocol SPI, 12C, etc.

2. data - The datato be sent to the device.
The following example will set the value of the word x to 543 and send it to the seria serial port in ASCII format:

var word x = 543
print_word_dec(serial _hw data, x)

Now let's have alook at the format library. you will see 3 alike procedures with names:

1. format_byte dec - Formats abytein decimal.
2. format_word_dec - Formats aword in decimal.
3. format_dword_dec - Formats adword in decimal.

These format procedures are able to format a byte, word or dword. Here are the input parameters:

1. device- Sameas print library.

2. data- The datato be sent to the device.

3. n_tot - Thetotal length of the outputted number (Including sign' +/-', and decimal point)
4. n2 - The number of decimal places.



The following example will write 61.234 to the serial port in ASCII format:

var dword_dec x = 61234
f or mat _dwor d_dec(serial _hw_dat a, x, 6, 3)

Printing Strings

The print library aso has a procedure for printing strings. called print_string. It requires 2 inputs:

1. device - same as above.
2. str[] - Thestring to print to the seria port (an array of characters).

Here's an example that will output "Hello World" to the serial port in ASCII format:

const byte hello_string[] = "Hello Wrld"
print_string(serial _hw data, hello_string)

Note: the constant array must be abyte array.
Last of course, you may need to go to the next line with carriage return + line feed (CRLF).

print_crlf(serial _hw data)
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CRLF can aso be put directly into your string with "\r\n". This will put Hello and World on 2 separate lines.

const byte hello_string[] = "Hello\r\nWrld"
print_string(serial _hw data, hello_string)

Put it all together

i ncl ude 16f877a -- target PICmcro

-- This program assunmes a 20 MHz resonator or crysta
-- is connected to pins OSCl and OSC2.

pragma target clock 20_000_000 -- oscillator frequency

-- configure fuses

pragma target OSC HS -- HS crystal or resonator
pragma target WDT disabl ed -- no wat chdog

pragma target LVP disabled -- no Low Vol tage Progranm ng
enabl e_digital _io() -- disable analog I/O (if any)

-- ok, now setup seria

const serial _hw baudrate = 115 200
i ncl ude serial _hardware

serial _hw_init()

i ncl ude print
i ncl ude format

const byte start[] = "Start of main program..\r\n"
print_string(serial _hw data,start)

var dword x = 61234

const byte stringl[] = "Let's print a dword:
print_string(serial _hw data, stringl)
print_dword_dec(serial _hw data, x)
print_crlf(serial_hw data)

const byte string2[] = "Let's print a dword with 3 deci nal places: '
print_string(serial_hw data, string2)

f or mat _dwor d_dec(serial _hw_dat a, x, 6, 3)

print_crlf(serial _hw data)

const byte string3[] = "Let's print it in hex:
print_string(serial _hw data, string3)
print_dword_hex(serial _hw dat a, x)
print_crlf(serial _hw data)

const byte string4[] = "If we print as a hex byte, it will be truncated
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print_string(serial _hw data, string4)
print_byte_hex(serial _hw data, byte(x) )

const byte end[] = "\r\nEnd of main program.."
print_string(serial _hw data, end)

Here's the output. Take special note of how and why our number 61234 in hex (0xO000EF32) got reduced into a byte
(0x32) in the 5th line shown below.

" RealTerm: Serial Capture Program 2.0.0.57

Start of main program...[RLF

Let’s print a dword: 612340l

Let's print a dword with 3 decimal places: 61.2340LF
Let’s print it in hex: BBBAEF32iilr

If we print as a hex byte, it will bhe truncated: 3J20Lr
End of main program.h

Display | Port | Capture | Pins | Send | EchoPort| 120 | 1202 | 120Misc | Mise | An| Clear| Freeze| |
Qis?lﬁi.t'-‘fx ™ Half Duplex Status
EE ﬁscll [ mewline mods _ | Digcannect
~ Hesfspace] | | Invert Data _|RxD (2]
" Hew +bgcii | @ | T=DE
" uintd
" intg D ata Frames _ICTS 3
e Bytes |2 3 _|DED 1)
ih
C it " Single _Gulp —1DSh (6]
A _|Ring (9]
? Binary Flows Cols | BREAK
r H:E;lf w 16 5| |90 ﬂ [ Scrollback. _|Enor
Doubleclick here to togale more Help Char Count:42é P30 Port: 3 115200 8M1 Mone

There you go... that's print and format! Doesn't this make life so easy!

FAT32 File System

FAT32 Intro

If you made it here, you either have or are thinking about putting some storage device into your project. Of course
you may want to use FAT32 or some type of file system if you are using a device such as a SD card or hard disk with
a huge amount of storage space. Y ou could read or write directly to your storage device if you wanted wish, so why
use afile system such as FAT32? It is an easy way to manage data and to access dataviaaPC, it is user friendly for
building your product and also good for users of your product.

Fat32 can be read by the most popular operating systems. Of course, FAT32 is a Microsoft product used in Windows,
but Linux and MAC OS can aso read FAT32. Jallib also has Minix V2 file system available.

Before you start & Requirements

Before you get started, there are afew things you need to know about the current Jallib FAT32 libraries. Y ou will
need to choose alibrary based on your project requirements. Be sure to choose a PIC that will suit your needs. |
suggest PIC 18f4620 sinceit has loads of RAM & program memory. There are 2 FAT32 libraries to choose from.
Here'salist of features the libraries currently have:

Features FAT32 FAT32 SMALL

RAM (Minimum) 1500 bytes 256 bytes
Program Memory (Minimum) 20k 5k
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use external memory)

Features FAT32 FAT32 SMALL
Max Files: Dependant on RAM available(Can 1

use external memory)
List files YES YES
Createfiles YES NO
Read & Writeto files YES YES
Read long file names YES YES
Write long file names NO NO
Max Partitions 4 primary, 0 extended 1 primary
Read/Write fragmented files & YES NO
directories
Max file fragments Dependant on RAM available(Can 1

use external memory)
Max directory fragments Dependant on RAM available(Can 1

Thistutorial will concentrate on the normal FAT32 library. There will be a separate tutorial for FAT32 SMALL

whenever | find time!

Note: Always get the newest library and sample. | suggest you download the newest Jallib Bee package from http://

justanotherlanguage.org/downloads

Choose a storage device

SD cards - SD cards are popular thanks to their small size. They are quite easy to connect to your circuit. The hookup
will cost you 4 PIC pins via SPI port. They are slower then hard disks due to serial datatransfer via SPI port. Most

SD Cards also have an endurance of 100,000 write cycles. They run on 3.3v.

Hard Disk - Hard drives are fast but large. The main sizes of hard disks are 3.5", 2.5" and 1.8". Connecting them to
your circuit is simple, but will require 21 pins. | did actualy fit sd card + hard disk in one circuit on 18f4620. Hard
drives have an unlimited number of write cycles. They run at 5v TTL levels, but will accept 3.3v on it'sinputs. You

can run your PIC at 3.3v or 5v.
Suggested Tutorials

Getting Started

Blink aled

Serial Communication

SD Card OR PATA Hard DIsk
23k256

oW

Benefits of ICSP

O N O MLWDNPE

Y ou may program your PIC whileit isin your breadboard circuit

Y ou may program your PIC whileit is on a soldered circuit board

Y ou will save time programming so you can write more code faster

Y ou can reset your circuit from your PC

Y ou can program surface mount PIC's that are on soldered circuit board
Y ou won't bend or break any pins

Y ou won't damage your PIC by placing it in your breadboard wrong
With aremote desktop software like VNC, you can program your PIC from anywhere around the world.


http://justanotherlanguage.org/downloads
http://justanotherlanguage.org/downloads
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9. | can program my PIC in my living room on my laptop while | watch tv with my wife! (I keep my messin my
office)

The Schematic

Y our schematic will be the same as either the hard disk or sd card tutorial. If you wish to use external memory, you
can add a 23k256. I'll explain external memory later on. Although the schematics show 16f877, you can replace it
with 18f4620. 16F877 is not large enough.
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Run a sample

If you've already done a previous sd card or hard disk tutorial, you know you have aworking circuit. | suggest you try
one of the following samples:

18f4620_fat32_pata hard_disk.jal
18f4620_fat32_sd_card jal

Start by formatting your storage device in windows. Then put afew files and a directory on it. In thisexample | put 4
files and one directory.

Set your serial port to 115200 baud. If al is good, you should get a directory listing on your serial port software:
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UOL_ID [RLF
Hello YWorld.txtlilr

AARA [RLF
i DATA - THTIRF
3088526 Music File.mp

Display | Port | Capture | Pins | Serd | EchoPort| 120 | 1202 | 120Misc | Mise | An| Clear| Freeze| _|

Qispla_l,l{-\s ™ Half Duplex Statuz
? ﬁrs_g:' [ newline mode | Disconnect
" Hexfspace] | | lrvert Data _ | R=D (2]
(f: H_e:-:8+ Azci | ¥ | THED (3
5 :':-:pé D ata Frames _ICTS 3
T Hex Tl — _|Dbco 1)
T intlB EI_},"te.s | DSR (6]
" uintlB [~ Single _ Guip | e
" Asci _|Ring (9]
? Binary Rows Cals |EREAE
&L Teminal Fort| [20 2] [80 %] I Scrolback UiES
‘o can use Activer autormation to conkrol me! Char Count: 1444 CP5:0 Pork: 3 115200 M1 Mane

While we have this sample running, let's try it out!

Each fileisidentified by a number. Thefirst one"0" isthe volumeid. The partition loaded is named "VOL_ID". You
will also see 3 files and one directory. The directory is named "AAAA" (number2). Y ou can identify directories by
their attributes "00010000".

Now just send a number via Realterm’'s "Send" tab. If you send the number O, you will list the same root directory
again. If you send the number of afile, It's contents will be displayed. If you send the number of a directory, you will
gointo that directory and it's contents will be listed. Hereswhat | get when | send the number "1".

Y ou will notice some junk at the end of the file. Usually you'll get abunch of 0's. They are there because fat32 reads
& writesin 512 byte chunks, and the file is only 415 bytes long. Y ou can fix your software to stop at the correct byte
at the end of thefile.
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~ RealTerm: Serial Capture Prugram 2.0.0.57

5} AAAA
638088 DATA THTrLr
3888526 Music File.mp3/(ilF

Helln lUorld?* Hello YWorld?! Hello YWorld?! Hello World? Hello UWorld?! Helleo UWorldt He
110 World? Hello World? Hello YWorld?! Hello World?! Hello World? Hello World?! Hell
o Yorld! Hello World* Hello World? Hello World?* Hello YWorld! Hello World?! Hello
orld* Hello World?! Hello Yorld? Hello World? Hello World? Hello World?! Hello Yo
+1d* Hello World* Hello World? Hello VUWorld?! Hello World? Hellu HuPld"‘ Hellu Hm‘l
El' HE]—}PH uDl"ld' nuL:“L:uLnuL:“L"uLn“LuLnuLn"LuLnuLn“LuLnuLn“LnuLn“L LnuLn"LuLuL“LuLuLuLuL“LuLuL"LuLuL“LuL“LuLuL“L LuL"L LuLuLuL“LuLuL"LuLuL L L“LuL

4 I'ILuL“LI'ILuL“LI'ILuLl'ILuL“LI'ILuL“L Ay Byt B B B B

Display | Port | Captue | Pins ~ Send | EchoPort| 120 | 120:2 | 12CMise | Miss | An| Clear| Freeze| |
EOL e

I v ||5endumberd  SendASCI ||— +CR _ | Disconnect
[~ +LF — A _|R=D (2]
| +] send Ngmber$| Serd A5CII |F - L THD (3)

= 3 —
[ - - = | _|ETS ()
ﬂ ﬂﬂ Repeats |1 %] [ Literal | Strip Spaces [ +ore) | <] |DCD (1]
Dump File to Part = DSF (6]
|c:'\temp'~.capture.tﬁt ﬂ J Send File | X Stop ‘ Delays |U ﬂ[ﬂ = _|Ring [3)
........... _|BREAK
Bepeats I'I—:,_[ |D i—l | Erar
Yo can use Ackives automation to control me! Char Count:4030 CP3:0 Paort: 5 115200 M1 Mone
The Code

Alright then, we're ready to get our hands dirty. Let's take alook
Required Includes

Thefirst part of the sampleisjust a bunch of includes, I'm not going to cover the first includes to much since they are
covered in other tutorials. When we get to the fat32 include, I'll give more detail.

-- Title: FAT32 library for reading fat32 fil esystem

-- Author: Matthew Schinkel, copyright (c) 2009, all rights reserved.
-- Adapt ed- by:

-- Conpiler: >=2. 4k

-- This file is part of jallib (http://jallib.googl ecode.com
-- Rel eased under the BSD |icense (http://ww. opensource.org/licenses/bsd-1icense. php)

-- Description: this exanple reads files & folders froma fat32 formatted sd card
== using the fat32 library.

-- Sources:

-- http://ww. m crosoft.conm whdc/ systeni platform firmare/fatgen. nspx
-- http://ww pjrc.conftech/8051/ide/fat32. htmn

-- http://en.w ki pedi a. org/w ki/File_Allocation_Tabl e

-- include chip

i ncl ude 18f 4620 -- target picmcro
-- this program assunes a 20 nmhz resonator or crystal
-- is connected to pins oscl and osc2.

pragma target osc | NTOSC_NOCLKOUT -- hs crystal or resonator
;pragna target osc hs -- hs crystal or resonator

;pragnma target cl ock 20_000_000 -- oscillator frequency

pragnme target clock 32_000_000 -- oscillator frequency

pragma target wdt disabl ed
pragna target |vp disabled
pragna target MCLR external -- reset externally
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: OSCOON_| RCF = 0b110 -- set int osc to 4nmhz

OSCCON_| RCF = 0b111 -- set internal osc to 8nhz

OSCTUNE_PLLEN = true -- multiply internal osc by 4
énable_digital_io() -- make all pins digital 1/0
_usec_del ay(100_000) -- wait for power to settle

i ncl ude del ay

-- setup uart for conmunication

const serial _hw baudrate = 115200 -- set the baudrate

i ncl ude serial _hardware

serial _hw_init()

-- some aliases so it is easy to change fromserial hwto serial sw.
alias serial_wite is serial_hwwite

alias serial _read is serial_hw read

alias serial _data is serial_hw data

alias serial_data_available is serial_hw data_avail abl e

i ncl ude print

i ncl ude spi _naster_hw -- includes the spi library

-- define spi inputs/outputs

pi n_sdi _direction = input -- spi input

pi n_sdo_direction = out put -- spi output

pi n_sck_direction = out put -- spi clock

spi _init(SPI_MODE 11, SPI _RATE FOSC 4) -- init spi, choose node and speed

alias spi_master is spi_master_hw

-- setup 23k256 for external nenory

-- setup chip select pin

ALI AS sram 23k256_chi p_sel ect is pin_al

ALI AS sram 23k256_chi p_sel ect _direction is pin_al_direction
-- initial settings

sram 23k256_chi p_sel ect _directi on = out put -- chip select/slave select pin

sram 23k256_chi p_sel ect = high -- start chip slect high (chip disabled)

-- initalize 23k256 in byte node

al i as sram 23k256_force_spi _node is spi_master_hw set_npde_00 -- always set spi node to 0,0
i ncl ude sram 23k256 -- setup M crochip 23k256 sram

sram 23k256_i ni t (SRAM 23K256_SEQUENTI AL_MODE, SRAM 23K256_HOLD DI SABLE) -- init 23k256 in

sequential node

-- setup the sd card pins

alias sd_chip_select is pin_SS

alias sd_chip_select_direction is pin_SS direction
sd_chi p_sel ect = high

sd_chi p_sel ect _direction = out put

-- setup the sd card library

alias sd_force_spi_node is spi_master_hw set _npbde_11 -- always set spi node to 1,1
;const bit SD _EXTRA SPEED = TRUE

const bit SD_ALWAYS_SET_SPI _MODE = TRUE

const bit SD DELAY_AFTER WRI TE = TRUE

i ncl ude sd_card -- include the sd card ide hard disk library
sd_init() -- initialize startup settings

Includethe FAT32 library

Now for the fat32 include. Y ou will need to modify some of the constants to fit your need. Here's along description
of each constant so you have someidea of what to usein your project.

FAT32 WRITE _LONG_FILE NAMES - Enables writing of long file names. Thisis not currently implemented.
Keep it FALSE for now.

FAT32 FILES MAX - The maximum number of files per directory. Each file will take up 2 bytes of ram. Y ou can
use external memory for this. I'll explain more about external memory soon.

FAT32 FILE NAME_SIZE - The maximum size of afile name. larger sized file names take more RAM space. If a
file name is larger then this constant, some of it's characters will get cut off during listing of a directory.
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FAT32 DIR_FRAGMENTS TO_ALLOW - The number of fragments a directory may have. Requires 6 bytes of
RAM space per fragment allowed. Thiswill use PIC's internal memory at the moment. I'll probably change this so
you can use an external memory source.

FAT32 FILE_ FRAGMENTS TO_ALLOW - The number of fragments afile may have. Requires 8 bytes of RAM
space per fragment allowed. Thiswill use PIC'sinternal memory at the moment. I'll probably change this so you can
use an external memory source.

FAT32 ENTRIES MAX - highest file entry address can be 65535. Changing thisis only for advanced users. I'll

have to give a better description of this sometime. Basically each file entry (not file name) is 32 byteslong. FAT32

lib reads all entries and stores important entry locations into RAM. The important entries are entries that are the
beginning of afile name. When afile number is called, the library will go to the entry address to read the file name,
size, cluster address etc. This way the entire file name list does not need to be stored in RAM. Only the location of the
file name gets stored.

FAT32 USE INTERNAL_MEMORY - Choose where to store FAT32's file location table (internal memory or
external memory). Thisisrelated to FAT32_FILES MAX. If you have 50 files max, each file will take 2 bytes
of ram, so 100 bytes ram. Choose weather you want this 100 bytes of ram to be used internally or on an external
memory device. For external memory, | very much suggest external RAM or something fast and with a high
endurance (write cycles) like 23k256. Thiswill of course affect the "if" statement that follows this constant.

Within the FAT32_USE_INTERNAL_MEMORY "if" statement, you will need to define an array named
"fat32_entry_location". Thisarray can be area array, alarge array (through the large array lib) or a pseudo array. If
you look in the 23k256 lib, you will see that sram_23k256_word[] is a pseudo (fake) array. For external memory we
simply alias a pseudo array "aliasfat32_entry location is sram_23k256_word"

And of course, hereisasample block for including fat32. Y ou can keep the defaults for now and mess around with
them later. | kept the values low to save RAM space.

- setup fat32 --

- include the required files

;include pic_data_eeprom

- change these vaues to save nenory

const bit FAT32_WRI TE_LONG FI LE_NAMES = FALSE -- support witing of long file nanes

const word FAT32_FILES MAX = 20 -- the max nunber of files allowed in a directory
const byte FAT32_FILE NAME_SI ZE = 80 -- choose max file_nanme size. if a file_nane is
I onger the this, beginning chars will be cut. short file_nanmes are 12 bytes
const FAT32_DI R_FRAGVENTS TO ALLOW = 5 - uses 6 bytes nenory per fragnent allowed (0 not
al | owed)
-- -- windows defrag does not defragment directories.
const FAT32_FI LE FRAGMVENTS TO ALLOW = 5 -- uses 8 bytes nenory per fragnent allowed (0 not
al | owed)
- experts may change the follow ng val ues
;const byte FAT32_ENTRIES _MAX = 1 -- highest file entry address can be 256
const byte FAT32_ENTRI ES MAX = 2 -- highest file entry address can be 65535

- choose a nmenory source for the file |ist
const bit FAT32_USE | NTERNAL_MEMORY = TRUE -- Use internal nmenory for file location |ist
| F FAT32_USE_| NTERNAL_MEMORY == TRUE THEN
- Setup a large array for storing sector data, This is where file_nane |ocations are stored

const dword LARGE_ARRAY_2_SI ZE = FAT32_FI LES MAX -- choose nunmber of array
vari abl es

const dword LARGE_ARRAY_2 VARI ABLE_SI ZE = FAT32_ENTRI ES_MAX -- choose bytes size of
vari abl es

include | arge_array_2 -- include the array library

ALI AS fat32_entry_location is large_array_2
el si f FAT32_USE_| NTERNAL_MEMORY == FALSE THEN
- put your own code here if you wish to allow nmassive anpbunts of files per directory

- exanpl e usage of 23k256 for external menory

- alias the 23k256 device word array

;alias entry_location is sram 23k256_byte -- highest file entry address can be 256

alias fat32_entry_location is sram 23k256_word -- highest file entry address can be 65535
END | F

i ncl ude fat 32 -- include fat32 library -- include fat32
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Y ou may want to filter out some files such as hidden or system files which you may not need in your project.

- CHOOSE FI LE ATTRI BUTES TO FI LTER OUT

fat32_filter_is_read_only = FALSE
fat32_filter_is_hidden = FALSE
fat32_filter_is_system = FALSE
fat32_filter_is_volune_id = FALSE
fat32_filter_is directory = FALSE
fat32 filter_is_archive = FALSE

Themain program
Well then, your ready for the main program. First we have afew inital settings.

| have created a simple seperator procedure to send aline "'----------- " viaserial port.

- procedure for sending 80 "----------------- " via serial port
procedure separator() is

serial _data = 13

serial _data = 10

const byte str3[] =

print_string(serial _data, str3)
print_crlf(serial_data)
end procedure

- start of main program
separator()-- send " -

We can now initialize the library. The input to fat32_init is the partition number, which will usually be the first
(partition 1).

fat32_init(1) -- initialize fat32, go to 1st primary partition's root dir "\"
Now some good coding stuff, let's print adirectory to the serial port. Thefirst dir listing isthe root dir. There are
some options we can choose for the print dir procedure.
FAT32 PRINT_LONG_FILE NAME - print the file name
FAT32 PRINT_NUMBER - print the file number
FAT32 PRINT_SIZE - print thefile size
FAT32 PRINT_CLUSTER - print thefile's cluster address
FAT32 PRINT_TABLE - print atable around everything
FAT32 PRINT_DATE - print thefile date
FAT32 PRINT_ATTRIBUTES - print the files attributes (such as read only, hidden, etc).
Thefile attributes are "ADV SHR" (you will see this on your serial port software), and each can be true or false.
A - IsArchive
D - Isadirectory
V - Isavolume|D
S-Isasystemfile
H - Isahidden file
R - Isread only

fat32_print_directory(serial _data, FAT32_PRINT_ALL) -- sends dir listing via serial port

Of course, you could just print one file name at atime instead. This could be useful on an LCD where you can only
view a certain number of files at atime, and scrolling is needed.

- read 3rd file's nanme, location, size, attributes into nenory
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fat32_read_file_info(3)
- now send the filenanme via the serial port (file nunber and file nane)
fat32_print_file_info(serial _data, FAT32_PRI NT_NUVBER + FAT32_PRI NT_LONG FI LE_NAME)
Declare some variables we're going to use, then start our main loop

var byte data

var dword stepl

var word step2

var byte file_nunber = 0

forever |oop
separator() -- send "----- " then loop and wait for user input

This exampleis auser program, so we will wait for the user. The user can send data to the device via seria port to
select afile number. So, let'swait for data.
Note that the seria software library does not contain aserial_data_available variable.

When we get data from the user, it will be placed into our variable file_number.
file_nunmber = serial_data

Now we can either check the file's attributes to seeif it isafile or directory (see fat32_file attribin fat32.jal), or we
can simply try to go into the directory. If wefail to go into the directory, it must be afile.

If we do go into the directory, we will print the new directory to the screen.

- choose a file for reading or dir for opening
if fat32_cd(file_nunber) then -- if change directory is successfu
fat32_print_directory(serial _data, FAT32_PRINT_ALL) -- print dir listing

Otherwise (if it is not adirectory), we will open the file.
elsif fat32_file_open(file_nunber) then -- if gointo file is successfu

Calculatethe number of sectorsin afile

The fastest way to read files is by reading them sector by sector. We'll need to cal culate how many sectors are in the
file so we can use afor loop later on.

- calcul ate nunmber of sectors in file
var dword sectors_avail abl e
if (fat32_file_size) == (fat32_file_size / 512) * 512 then
sectors_available = (fat32_file_size / 512)
el se
sectors_available = (fat32_file_size / 512) + 1
end if

Reading & writing
While writing the FAT32 library, | wanted to give some different ways for the code writer to read & writeto afile.
1. Read any byte from afile at any address.

a. fat32 read file byte address(address) - function that returns a byte from any byte addressin the file.

2. A faster way to read byte by byte. Still slower then sector reads. It is not so user friendly since you must call afew
procedures. Only reads starting at the beginning of afile. If you are using an sd card and have other SPI devices
connected, do not use them until you do stop_file read.

a. fat32 start file read() - start reading afile from the beginning
b. fat32 _read file byte() - read one byte
c. fat32 stop file read - stop reading
3. Avery fast & user friendly way to read and write to afile at any sector address of thefile.

a. fat32 sector_buffer[] - a512 byte array that stores data to be read or written
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b. fat32_read file sector_number(address) - Call thisto read data into the buffer from any address.
c. fat32 write file_sector_number(address) - Call thisto write sector buffer to media at any address.

4, Thefast way to read and writeto afile. A little bit faster then #3. Not as user friendly. Y ou must start reading or
writing at the beginning of the file. Read and write sector by sector by filling fat32_sector_buffer[]

fat32_sector_buffer[] - a512 byte array that stores data to be read or written
fat32_start file write() - start writing to afile, starting at the beginning of thefile.
fat32_stop file write() - stop writing to afile

fat32_start_file read() - start reading from afile, starting at the beginning of the file.
e. fat32 stop file read() - stop reading from afile

a0 oy

WEéll, as you can see you have alot of options. Our sample uses #3 (fast and user friendly). It really depends on your
application. If you are recording sound, you may want #4 since you'll be starting at the beginning of the file. If you
are jumping around in the file, you may want #3. Of course #3 would be perfectly sufficient for recording sound.
You'l just have to try them out!

I'll give abit more explanation of #3. Y ou will obviously either read from the storage device or write to the storage
device.

For writing, you will first fill the sector buffer with data, then when you call
fat32_write file_sector_number(address), the library will transfer the data from the buffer onto the storage device.

- EXAMPLE 3 WRITE (fast and user friendly)
- Read fromany sector nunber in the file, in any order you w sh.
for sectors_avail abl e using stepl | oop

- set the data to be witten
for 512 using step2 | oop
fat32_sector_buffer[step2] = "E'
end | oop

- wite one sector to the disk
fat32_wite_fil e_sector_nunber(stepl)
end | oop

For reading, you will first choose the sector to read from, then call fat32_read file sector_number(address), the
library will transfer data from the storage device into the sector buffer. After the dataisin the sector buffer array, you
can do what you like with it.

- EXAMPLE 3 READ (fast and user friendly)
- Read fromany sector nunber in the file, in any order you w sh.
for sectors_avail abl e using stepl | oop
- read one sector fromthe disk
fat32_read_fil e_sector_nunber(stepl)
- send the sector via serial port
for 512 using step2 | oop
serial _data = fat32_sector_buffer[step2]
end | oop
end | oop

WEell, that was awsome, let's wrap this up! Y ou should close the file when your done with it, just to ensure your
storage device goes ready. On a hard disk, you will see the disk LED go off.

fat32_file_cl ose()
end if
end | oop

What's that now? Y ou want to see an example of thisworking? | guessit'stime for a'Y outube Video! Y ou can see me
easily moving around in files & directories, and even transferring an MP3 to my PC via Realterm!

http:/mww.youtube.com/watch?v=ar7DKTPriNk

Have fun!


http://www.youtube.com/watch?v=ar7DkTPriNk
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Large Array

Introduction
JAL support to type of arrays:

e Arrayswith constant data. Datais stored in program memory of the PIC
* Arrayswith variable data. Datais stored in data memory of the PIC

The maximum size of the constant data arrays depends on the size of the program memory of the PIC and can at most
be 64 kbytes. For an array with variable data there are limitation caused by how a PIC is organized. Data memory in
the PIC is stored in banks which are limited in size:

* For PIC12F and PIC16F, banks are 80 bytes
» For PIC18F banks are 256 bytes

The total data memory of aPIC isatotal of all banks that are present in the PIC.

Working with large data arrays

In applications that need arrays with the size larger than the bank size of the PIC alibrary is available. Thislarge
array library supports the following:

« For controllers with PIC14 core (Iabeled PIC16(1)f... or PIC12(I)f...)

« Supports byte array with up to 4800 entries
» Supports word array with up to 2400 entries
» Supports dword array with up to 1200 entries

» For controllers with PIC16 core (labeled PIC18(1)f...)
* Supports byte array with up to 14848 entries
e Supportsword array with up to 7424 entries
e Supports dword array with up to 3712 entries

Thetotal size of alarge array cannot be larger than the available - remaining - data memory. The JAL compiler will
generate an error when the program runs out of data memory.

Defining the large array library

There are four large array libraries present in Jallib so at most four large arrays can be used in one application. The
type of array (byte, word, dword) and size are defined using constants. If, for example, library 'large array_1.ja'is
used, the following needs to be defined before including the library:

e const LARGE_ARRAY_1_SI ZE defining the number of entriesin the array
e const LARGE_ARRAY_1_ VARI ABLE_SI ZE defining the type of array, where:

e Avalueof 1givesabyte array
e Avaueof 2 givesaword array
e A valueof 3 givesadword array

Unlike the standard arraysin JAL, there is no range checking available for large arrays. This means that when an
entry iswritten which lies outside of the maximum size of the array, the user is not warned. So the user hasto be extra
careful to make sure this does not happen since it may result in unwanted side effects.

Using a large array in your application

The following - part of a- sample program shows how to include the array in your application. Usage of the array is
the same as the use of a standard array of the JAL programming language. In this example we skip the include of the



devicefile the pragmas and other libraries. Instead we focus only on the definition and use of the large array. Here we
use large array 4.

-- Setup the large array

const LARGE_ARRAY_4_SI ZE = 400 -- choose nunber of array variabl es
const LARGE _ARRAY_4_VARI ABLE SI ZE = 4 -- choose size of variables (byte*4)
include |large_array_4 -- include the array library

alias test is large_array_4 -- renane/alias the array to test

Now we store some data and print it the computer.

-- store sone val ues
test[50] = 0x1111 1111
test[200] = 0x2222_ 2222

test[26] = 0x3333_3333
test[27] = 0x4444_4444
test[00] = 0x5555_5555 -- This is the first byte of the array.
test[57] = 0x6666_6666

test[300] = Ox7777_7777
test[ LARGE_ARRAY 4 _SIZE - 1] = 0x8888.8888 -- This is the last byte of the array.

-- read sone values and print them
print_dword_hex(serial, test[50])
print_dword_hex(serial, test[200])
print_dword_hex(serial, test[26])
print_dword_hex(serial, test[27])
print_dword_hex(serial, test[00])
print_dword_hex(serial, test[57])
print_dword_hex(serial, test[300])
print_dword_hex(serial, test[LARGE ARRAY_4_SI|ZE - 1])

There output printed to the serial port should look something like this:

€D Termite 3.4 (by CompuPhase) — >

q COM1 115200 bps, 8N1, RISICTS | | Settings || Clear About Close

T 222222283333333344444 4445555500500 006RR 7777777 700055005

[«]

There are many large array sample filesin the Jallib sample directory.
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Appendix

Materials, tools and other additional how-tos

Building a serial port board with the max232 device

In thistutorial, we're going to build a seria port that can connect your PIC's TX and RX pinsto your pc or other
hardware using a max232 chip.

Many circuits will require some serial port communication, you may buy yourself ars232 to TTL adapter off the net
for aslittle as $10, or you can build one yourself. The max232 is a very popular chip. It converts your 5v circuit to the
12v required for serial communication to things like your PC. Many microcontrollers have RX and TX output pins.
Here isaimage of the max232 adapter | purchased. It hasinput pinsfor RX, TX, CT, RT aswell as GND and 5v. The
RX and TX pins can be directly connected to your PIC.

F

[
Now, lets build our own!

First get yourself a RS232 port, you can cut up one of your serial port cords, or buy a port from the store for adollar
or two.

| am going to use a cut serial port cord since it already has leads on it, and islong enough to reach my pc. Use your
multi-meter to find the pin numbers, and touch up the wires with solder so they’ll go into your breadboard easily.
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Now build the circuit, Asyou can see, you will need the max232 chip from your local electronics store and afew 1uf
capacitors.

—.@rén:

2lce
f?uF
END 1uF
(L&
MAX23E ~ T
}i' 1
|_..: B |:'"| E_: |u_ 2
it 3 (7 > \b
v LB
M2 oo "':.'“G
E‘ 5 cz SO D‘BE
) e
{ .
T Cr—— i T TiouT | 2lf 315
a1 T TZ0UT £ 3 ¢ -
i —OUT S AN 12 iy 5 1
2l peour © pan e Sﬁﬂﬁ
A R232F o
= ENo
GHD

Great job, now connect the RX and TX pinsto your circuit, and plug the rs232 port directly your pc, or to a usb-to-
serial adapter, or even to a bluetooth-to-serial adapter for short range wireless.
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| strongly suggest you make this on a PCB with pins that will plug to your breadboard. you'll useit alot!

In thisimage, | did not complete my PIC circuit, but | think you get the idea:

You can use serial_hardware lib or serial_software lib to transmit data to your pc, check for it in the other jalib
projects. | suggest the software realterm for sending/receiving data to your PIC

Open Source REALTERM http://realterm.sourceforge.net/
It can be downloaded for free from http://sourceforge.net/projects/realterm/files/
Open the software, click “Port”, choose your speed and port number and press “open”

Hex output
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*_ RealTerm: Serial Capture Prugram 2.0.0.57
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ASCII output

¢ RealTerm: Serial Capture Program 2.0.0.57
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In Circuit Programming

Thistutorial introduces in-circuit serial programming (ICSP) for PIC microcontrollers and explains how to integrate it
into your hardware.

What is ICSP?

In-Circuit Serial Programming (ICSP) lets you load firmware onto a PIC while it remainsin the circuit. The
programmer communicates through a small header, so there is no need to remove the device from the board each time
you make a change.

For Microchip's formal definition of the protocol, see Microchip's |CSP Programming Specification.

Benefits of ICSP
| CSP streamlines devel opment by letting you:

Program your PIC while it remains on a breadboard circuit

Program your PIC after it is soldered into afinished board

Load new firmware quickly so you can iterate on code faster

Reset the circuit directly from your development PC

Work with surface-mount PIC devices without removing them

Avoid bending or breaking pins from repeated insertion

Prevent damage caused by misaligning the PIC in a socket or breadboard
Program a remote project using tools such as VNC

Stay comfortable while developing - my favorite setup is programming from the couch while the hardware stays
inthelab

© o NSO AN

Intro to ICSP & in-circuit programming

When | first started working with microcontrollers and JAL, | chose a programmer at random from an online auction
site. It supported many PIC devices, which seemed good enough at the time.

For years | removed a PIC16F877 from my breadboard, programmed it, and then placed it back into the circuit. That
routine bent pins and cost alot of development time. | eventually noticed the programmer had an |CSP output - the
front panel even said "ICSP" - but | till did not understand how to useiit.

After hearing more about ICSP, | examined the six-pin header on the programmer. The connections were poorly
labeled, so | used a multimeter, alogic probe, and occasionally an oscilloscope to watch each pin while programming.
Pin 3 was clearly ground, and pin 6 appeared unused. If you already know your programmer's | CSP pinout, feel free
to skip ahead to the circuit diagrams.

Because | CSP pin assignments vary by programmer, | measured the signals while a chip was idle and again during
programming. The readings looked like this:

PIN # Whileldle While Programming

1 Ov 12v

2 Ov 5v

3 Ov Ov

4 5v Pulsing Ov to 5v (random)

5 Ov Pulsing Ov to 5v (square wave)

6 not connected Ov - can see no connection on PCB



http://ww1.microchip.com/downloads/en/DeviceDoc/30277d.pdf
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Get the pin names

Thetypical ICSP signals are VPP (program enable), VDD (target power), GND, PGD (data), PGC (clock), and an
optional AUX or PGM pin. Matching these names to the voltages above reveals which signal each physical pin
carries

Pin 6 staysat 0V, so it must be the unused AUX/PGM pin.
Pin 3isthe ground reference.

Pin 1 risesto about 12 V during programming, indicating V PP.
Pin 2 provides5 V to thetarget, soitisVDD.

Pins 4 and 5 pulse while programming; they correspond to PGD (data) and PGC (clock). If al you haveisa
multimeter, you may need to guess which iswhich and confirm with a data sheet.

Most six-pin ICSP connectors follow this mapping:

PIN # PIN NAME Whileidle While Programming

1 VPP Ov 12v

2 VDD Ov 5v

3 GND Ov Ov

4 PGD 5v Pulsing Ov to 5v (random)

5 PGC Ov Pulsing Ov to 5v (square
wave)

6 AUX/PGM not connected not connected

Build a circuit with ICSP

You can tiethe ICSP VDD pin to your circuit's 5V rail, as shown in the ssmplified schematic below. Some
programmers supply power on this pin while others expect the target to provide its own supply. If your programmer
does not require VDD, disconnect the wire once everything is working.

| rarely rely on power-off programming because my projects draw too much current when the supply is removed.
Instead, | keep the circuit powered and let the programmer share the same ground.

GND must always connect to the project ground. Follow one of the schematics below to wire the header:

Note: Thissimplified schematic omits the reset button; the detailed version below includesit.
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You're ready to go - apply power to the circuit and try programming your PIC.

Using Visual Studio Code with JAL

Introduction

Asexplainedinthe Getting Started section, any text editor can be used to develop JAL programs. To make
life easier JAL Edit can be used, which supports syntax highlighting and much more. This editor, however, only
works for Windows.

A good editor helps writing good programs and syntax highlighting makes life easier. In order to support more than
only the Windows platform, Microsoft Visual Studio Code can be used, which runs on Windows, Linux and MacOS.
Visual Studio Code can be downl oaded for free. A JAL Visua Studio Code extension is available to support
programming in JAL.

This section describes how to install the Visual Studio Code JAL extension and how to use Visual Studio Code for
your JAL development.

Downloading the JAL Visual Studio Code extension

After having installed Visual Studio Code you can download the VS Code JAL extension from the VS Code
extension market place. The steps are as follows.

From View --> Extensions open the extensions bar. which will appear bar on the left side of the screen.


https://code.visualstudio.com/
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View Go Run Terminal Help

Command Palette... Ctrl+Shift+pP

Open View...

Appearance

Editor Layout

Explorer Ctrl+Shift+E
Search

SCM Cirl+Shift+G
Run Cirl+Shift+D

Extensions h Cirl+Shift+X

Problems Ctrl +Shift +M
Output Ctrl+Shift+U
Debug Console Ctrl+Shift+Y

Terminal Ctrl+"

Toggle Word Wrap Alt+Z
* Show Minimap
* Show Breadcrumbs
* Render Whitespace

Render Control Characters

Jal 2021413
Just Another Language for PIC microc...
Sunish Issac 83

Now install the extension.

Installing a task to run the compiler
Select Terminal --> Configure Tasks...
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Terminal Help

MNew Terminal Ctrl+shift+"

Split Terminal Ctrl+Shift+5

Run Task...
Run Build Task... Ctrl+Shift+B
Run Active File

Run Selected Text

Configure Tasks...

Configure Default Build 1ask...

You can create adefault t asks. j son from atemplate. You can download thet asks. j son from the GitHub or
you replace the example by the following:

"isBuildCommand™ :
"tasks™: |

"label™:

"type":

"command”:

al.paths.LibPath}”

"presentation”: {

reveal”: "a
"panel”: "n

X

"problemMatcher”: [],

“group”: {
"kind": "build",
"isDefault™:



https://github.com/jallib/jallib/blob/master/tools/vscode/

Y ou can download this piece of code from G t Hub or copy-paste the code below inthet asks. j son.

{
/1 See https://go.mcrosoft.con fwink/?Li nkl d=733558
/1 for the docunmentati on about the tasks.json format
Il prefilled tasks.json for conpiling a JAL file
"version": "2.0.0",
"i sBui | dCommand": true,
"tasks": [
{
"label": "Conpile JAL File",
"type": "process",
"command": "${config:jal.paths.exePath}",
"args": [
"${file}",
nogn
"${config:jal.paths. Li bPath}"
1.
"presentation": {
"reveal ": "al ways",
"panel ": "new'
},
"probl emvat cher": [],
"group": {
"kind": "build",
"isDefault": true
}
}
]
}

Configuring the JAL extension

On theinstalled plug-in click on the ‘manage’ (or the configuration) wheel.

~ INSTALLED

Jal 1413

Just Another Language for PIC microc...

Sunish Issac

Select Extension Settings.
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https://github.com/jallib/jallib/tree/master/tools/vscode/
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Disable

Uninstall

Copy

Copy Extension Id

Extension Settings

)

Set the paths to the JAL documentation, the JAL compiler, the JAL libraries and programmer (if present). The
example below on the left isfor Windows, the example below on the right is for Linux:

ths: Document Path

ument path of jal.

Jal » Paths: Exe Path
E>

Library

cyjallib\lib

Jal > Paths: Programmer Path

Programmer Path Jal» Paths: Programmer Path

P ammer Fath

The final result

When done, your JAL blink-a-led program could look like this:
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include 12f617

enable digital io()

is pin_A8
pin_AB8 direction =
~ loop
(100_06a)

delay(406_pee)

Y ou can select your own theme to suit your needs.

Activating the compiler

Y ou can set the default build task to run the compiler under Terminal --> Configure Default Build Task ...
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erminal Help

MNew Terminal Ctrl +5Shift+

Split Terminal Ctrl+Shift+5

Run Task...
Run Build Task... Ctrl+5hift+B
Run Active File

Run Selected Text

Configure Tasks...

Configure Default Build Task...

The compiler can be activated by:

e Terminal --> Run Task ... and selecting the task Compile JAL File
e Termina --> Run Buld Task ...
e Usingtheshortcutctrl -shift-b

Note: If you have more files open in your editor, always activate the compiler form the main program.

The compiler output appears at the bottom of the screen in aterminal window and may look like this:

jal jalv2srS (compiled Apr 5 2821)
generating p 3
1597 tokens, 18 chars lines; 13 files
generating PIC code pass 1
generating PIC code pass 2
405 branches checked, @ errors
} data accesses checked, @ erraors
skips checked, 8 errors
writing result
Code area: 4162 of 8192 used (words)
Data area: of 1024 used
Software stack available: 88 bytes
Hardware stack depth 5 of 16
@ errors, @ warnings

If acompiler error occurs you can jump to that error in the editor by pressingctrl - cl i ck.

n_m
.

not defined
unexpected token: x

2 errors, @ warnings

Changing highlighted keywords

The Visua Studio Code extension for JAL comes with a default highlighting keywords. If you want to change
thisyou can edit thefilej al . t nLanguage. j son which you can find in ahidden folder under . vscode
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\ ext ensi ons\ suni sh. vscode-j al - 2021. 4. 13\ synt axes. An updated version of this syntax file can
also be found on GitHub.

JAL VS Code extension features
Features that work well:

» Syntax Highlighting

» Fast opening and saving of filesirrespective of the size

e Linux and Windows support Code folding

« Auto completion (More work needs to be done to have functions/procedures included from include files)
« Code Snippets (Only very few are added, but not very difficult to add)
e Compiling to Hex file

» Citrl-Click to go to error line (It doesn't go automatically)

»  Searching/Replacing any word within files and across folder
 Direct Github Push/Pull/Diff other commands

e Side by side View and file comparison

* Theme selection/switching

» Folder/explorer view

Some of the main features not in the extension:

« Code Explorer for include files,procedures,functions,variabl es,constants,aliases

e Opening include files with Ctrl-Enter

« Auto Backup with time stamp/compilation

» Backup project as zip file

* Goto eror line after compilation

* Running programmer on successful build

e Seria Termina

» Compile/Program buttons/keys

» Detecting PIC name from code and passing it as variable to Programmer executable
» SetfileasActive JAL file and compile that irrespective of file you are editing

Making a Tutorial

Introduction

Thistutorial gives abrief instruction on how to create a new tutorial for the Tutorial Book. It will not explain the
elements used within atutorial since that is already explained in detail inthefilet enpl at e. xni that can be used as
astarting point.

Before starting with a new tutorial you can have alook at the existing tutorials to see how they are built up. When you
start, you can make a copy of the previously mentioned template file or make a copy of atutorial that has more or less
the format and layout that you want to use. Rename the xml that you copied file to the subject of your tutorial. The
format of such atutorial xml fileist ut ori al _my_subj ect . xm where the filenameis only using small caps. It
is recommended to use alogical name for the subject that matches the subject of your tutorial.

Required tooling

Itisnot very easy to write xml documents so we will be using atool for writing our tutorial. A nice XML editing
tool that is available for Windows, MacOS and Linux is XMLmind which can be downloaded and used for free for
personal use or for open source development. Before writing your tutorial openthet enpl at e. xm fileto see
which features can be used like creating sections, paragraphs, unsorted lists, etc.


https://github.com/jallib/jallib/blob/master/tools/vscode/
https://www.xmlmind.com/xmleditor/download.shtml
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Writing your tutorial

When writing atutorial make use of references (external and internal), pictures and videos where possible. A picture
says more than athousand words. Keep the 'instructions' in mind as given in the template. For example external
references should havethescope ext er nal and pictures should havethe ot her pr ops cl i ckabl e. Of
course the clickable featureis only available in the HTML version of the Tutorial Book on the JAL site.

Adding your tutorial to the Tutorial Book

Once you completed your tutorial it has to become part of the Tutorial Book. Depending on the topic it can be in the
section about PIC internals, external parts or another section. In order to add your tutorial to the Tutorial Book you
have to perform the following steps:

e Openthefiletutorial s. ditamap

e Insertanewt opi cref

» Fill inthe name of your tutorial xml file in section hr ef
» Savethisfile

After having done all the work you should upload both your new tutorial xml fileand thet ut ori al s. di t anap
file to GitHub. If you where using pictures, make sure that you also upload them to thei mages directory. When a
new Tutorial Book is recreated, your part will beinit.

Updating the change log

At the end of the Tutorial Book, the change log can be found which is stored in the file
tutorial _changel og. xm . You should add an extra entry in the most recent table and write what you did, e.g.
adding a new tutorial or updating an existing tutorial.

Note: Whilethe Tutorial Book is updated, it remains adraft until it is released. When released, the release date is
completed and the Tutorial Book gets a new version number.

Note: The version number and the release date are also mentioned in the booknet a on the first page of the Tutorial
Book inthefilet ut ori al s. di t anmap. Before releasing, this data should be updated too.

Making sure your tutorial is published on the JAL Website

In the ditafolder on GitHub you find afile called TOPUBLI SH. Thisisaplain text file and you should add your
tutorial to thisfilein the format that it is described in the file. It indicates which tutorials should be published as
HTML to the JAL Website.

Jallib Style Guide

Why a style guide?

The Jallib Style Guide (JSG) defines the standards used to write Jalv2 code. It is recipe to write a standard jalv2
library.

There are many ways to write code, whatever the programming language is. Each language has its preferences. For
instance, java prefers Camel Case whereas python prefers underscore |owercase.

While this seems areal constraint, not necessarily needed, it actually helps alot while sharing code with everyone: it
improves readability, and readability isimportant because code is read much more often than it iswritten.

Finally, more than a how to write code, this guide is here to help you not forget things like author(s), licence, and
remind you of some basic principles.


http://justanotherlanguage.org/content/tutorial_book
https://github.com/jallib/jallib/tree/master/doc/dita
http://justanotherlanguage.org/
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Headers in a library

Every ja file published on this repository must have the following headers (comments), as the very beginning of the
file:

-- Title: [very small description if needed]

-- Author: [author's nane], Copyright (c) YEAR .YEAR, all rights reserved.
-- Adapt ed-by: [adapter author's nane, conma separ at ed]

-- Compiler: [which version of conpiler is needed. Ex: >=2.4g, 2.5]

-- This file is part of jallib (https://github.comjallib/jallib)
-- Rel eased under the ZLIB license (http://ww. opensource.org/licenses/zlib-license.htm)

-- Description: [describe what is the functional purpose of this |lib]
-- Sources: [if relevant, specify which sources you used: website, specifications, etc...]

-- Notes: [put here information not related to functional description]

[code starts here...]

The author isthe original author's name. The library may have been modified and adapted by adapters. The
compiler helps readers to know which compiler version is needed to use thisfile (no space between operator and
version: >=2.5r6). Description, sour ces and notes fields must be followed by an empty line (just --) to declare the
end of thefield content. As a consequence, those fields cannot have empty lines within them.

JSG Header example:

-- Title: Library for the DS3231 Real Tinme Cock |IC

-- Author: Rob Jansen, Copyright (c) 2021..2022, all rights reserved.
-- Adapt ed- by:

-- Conpiler: 2.5r6

-- This file is part of jallib (https://github.comjallib/jallib)
-- Rel eased under the ZLIB license (http://ww. opensource.org/licenses/zlib-license.htnl)

-- Description: Library for controlling the SD3231 Real Tinme dock IC

-- The chip uses an IICinterface. The library provides all

-- functions and procedures to support the rtc_common.jal library and
-- i ncludes extra functions and procedures specific for the DS3231.

-- For all common rtc procedures and functions see rtc_common.jal .

-- Sources: Maxi mdatasheet rtc. 19-5170; Rev 10; 3/15

-- Notes: This library supports the control of the DS3231 via IIC.

-- The default is hardware |1 C control but this can be overrul ed using
-- software |1 C control by defining the follow ng constant:

-- -) const RTC SOFTWARE |1 C = TRUE

-- The foll owi ng pins nust be defined by the main program before
-- including this library. Common pins for using IIC
-- -) alias rtc_sck -- 11Cto sck of rtc
-- -) alias rtc_sck_direction
-) alias rtc_sdo -- IICto sda of rtc
-- -) alias rtc_sdo_direction

Note: if you need to create a new paragraph within amultiline field, use the "--" special chars. See example in Notes
field: "Thefollowing pins..." is part of the Notes field, but visually separated from the beginning of the field content.

Inthe/ t ool s directory on G t Hub you'll findj al I i b. py andj al | i b3. py for Python version 3 and higher.
Among many things, you can run the "validate" action, and check lots of JSG requirements. Y ou can (must) useit to
make sure that all your jal files are JSG compliant. This script will help you to identify problems:

Example:

bash$ python jallib.py validate ny_file.jal

File: ny_file.jal
4 errors found
ERROR: Cannot find field Title (searched for '~-- Title:\s**(.**)")


https://github.com/jallib/jallib
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ERROR: Cannot find field Author (searched for '~-- Author:\s**(.**)")
ERROR: Cannot find field Conpiler (searched for '~-- Conpiler:\s**(.**)")
ERROR: Cannot find field Description (searched for '~-- Description:\s**(.**)")

0 warni ngs found

Filenames naming convention
A library must be named as:

o <function>_<inpl ement ati on| ot her>. j al for PIC-specific libraries (peripherals). f unct i on gives
clues about what the library is about. Theni npl enent at i on or ot her ishereto differentiate libraries, and
is more about implementations (ser i al _har dwar e. j al ,seri al _sof twar e. j al ), things specific to the
function (pwm ccpl. j al ,pwm ccp2.jal,..).

e <device-fam|y> <devi ce>.jal forexternd libraries. devi ce- f am | y describes the device family
(...), and is often the directory name wherethelib is. devi ce precisely setsthepart (I cd_hd44780_4.j al ,
rtc_ds1302.jal,co2_t6603.jal.).

Variables, constants and procedures naming convention

All external names (of global variables, constants, procedures and functions available to application programs)
must start with a prefix unique to the library. Names of other global entities (not supposed being used by application
programs) should use this prefix and use an additional underscore at the beginning.

Variables, constants, procedures and functions must be named as:

* <devi ce>*<what ever > if you want to avoid name space collision
* <devi ce-fam | y>*<what ever > if you want to have acommon API

For example, co2_t 6603. j al library have all its procedures starting witht 6603__ (and *t 6603* for
internal names). This makes all these procedures very specific to thislibrary. If you have another CO2 sensor,
you'll be able to use both at the same time, because they'll be no name space collision. Thisis the purpose of the
<devi ce>* <what ever > naming convention.

Another example: the names of the procedures in the LCD libaries start with “lcd*™ (and “*Icd* " for internal
names). There are many different LCD types, but all implements the same API, because procedures, variables,
etc... are named according to the device-family, not the device itself. Thisisthe purpose of the <devi ce-
fam | y>_<what ever > naming convention.

Now, how do you know which to follow? Ask and we will discuss.

Note: Following the same principle, naming const/var/procedure/function in a Pl C-specific libraries (peripherals)
can include the function and/or the implementation. This depends whether you want to have more than one function
within asame PIC.

Example: There are two implementations of i2c and serial: hardware and software. Having both i2c
implementation within a same PIC is not useful, since i2c is addressable. Thus, all const/var/... are prefixed by
i 2c_<what ever >. j al . On the contrary, it can be useful to have two serial implementation within a same
PIC (eg. onetalking a PIC, another talking to a external device). Thus, serial libs' const/var/... are prefixed by
seri al _hw _<what ever>.jal orserial _sw <whatever>.jal.

Pin names naming convention
The pins are named as;

e <devi ce>_ <ext ernal _pi n_nane> if you want to avoid names pace collision
e <device-fam | y> <external _pin_nane> if youwant to have acommon API

Thisisamost the same as for variables, contants, ... except the <what ever > part now corresponds the pin name

of the external device (usually found in datasheets). Using the <devi ce- f am | y>_<ext er nal _pi n_nane>
convention to build acommon APl may cause problems, if pin names aren't named the same in all supported devices.
In that case, the pin name should be as explicit as possible.
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Important: See also the very important rules about pin names within alibrary: "Don't use port and pin names".

Samples and test naming convention

Testsarenamed ast est _<what ever >. j al . That is, they should starts with the prefix t est _. That is, samples
must not start witht est _.

Board filesare named asboar d_<pi c>* <what ever>.j al .

Samples are named as<pi c>* <what ever >. j al . <what ever > can be whatever, but should give users hints
about what the sampleis(e.g. 16f 88_seri al _hardware. jal).

Why such a pain?

The main purpose of thisisto control the naming conflicts between libraries and application code. Bear in mind that
thisis about source-level libraries which are combined by the compiler to form a single application program.

Having naming convention is also a great optimize process, saving time, by scripting and generating code. Thisis
good.

Don't use port and pin names

Don't use port and pin nameslike por t A or pi n_a5 inyour great library, because someone may (will) want to
use your library on another port or pin. It aso helps to make your great library PIC independent.

Name your pinsaccording to the context, to what your library is doing. Client code, i.e. users, will have to define
those variables before actually include your grest library.

Let theuser set the pin directions, except if thelibrary is supposed to modify direction during execution.
Example: how to use your library (doing amazing things with the GP2D02 IR ranger):

- declare in/fout pins for the ranger
alias ranger_pin_in is pin_A0
al i as ranger_pi n_out is pin_Al

and make sure the pins work as required:

- specify the direction of the pins

- Since directions won't change during execution, this is

- done here, during the setup, before including the library
pi n_AO0_direction = input

pin_Al_direction = out put

and now include the library:

- now include the library which uses ranger_pin_in and ranger_pi n_out
i ncl ude gp2d02 -- ranger library

Exception: If your library uses aspecial PIC feature, it may use the name defined in the device files / datasheet. Not
so much an exception, as you'll use the pin name given the context (feature, peripheral).

Note: Syntax"var ... is ..." isnowdeprecatedinfavorof"alias ... is ..." andmust not be used
anymore. The" al i as" keyword is more powerful asit allows to create synonyms for any type of names (variables,
constants, procedures, functions, pseudo-variables).

Example: Ani2c hardware library (using built-in PIC i2¢) may refer to "SCK™ and "SDA". Those pin names are set
into the device include file (prefixed with the portname!).

Let the user initialize the library

Most of the time, alibrary needs to be configured (you define variables/constants before including the file), then
initialized (you cal <I i bname>_i ni t () ). While having theinit step automatically called when thelibrary is
called can be convenient, thisresultsin alack of flexibility. Indeed, you may want to initialize one library or the
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other, or initialization step can take quite along time, so you want to have control about when you can "waste" such
time.

So, alibrary must never call its own init procedures, the user will. And theinit procedure must be named either as
<devi ce>_init or<function>_init,whether you want to avoid names pace collision, or on the contrary, if
you want to have different implementation for the same API (see rules about naming convention above).

Avoid weird default values in library

Don't put default valuesin your library, someone may (will) have a different opinion about what's a default value .
Even if it's tempting because it can save time writing the same value again and again. Remember, your library isto be
shared, nasty default value can be areal obstacle using it. If for some reason default values have to be used, make sure
that you provide a means for the user to overrule oror change them.

Write examples

Write examples to show the world how to use your great library. Without it, people may (will) not use your library,
because it's too complicated and too time-consuming reading code to actually discover what it does. Also remember
writing examples can help you to design a usable, simple and clear API.

Assembler

Avoid the use of inline Assembler. If you cannot do without it use standard asm opcodes and avoid nasty Assembler
statements. So:

Good
bt fsc STATUS Z
Bad

skpnz

Warnings are errors

Don't be tempted to ignore warnings. Consider warnings as errors, until you've completely understand why there
should be awarning (or not). Warnings can mask more relevant warnings and errors, so track them and try to avoid
them. A library should compile without any warnings... if possible but it must compile without any errors.

Code layout

Indent your code. It helps following the code structure (flows). Code must be indented using 3 spaces (no tab). You
canusepython jallib3.py reindent <file.jal>forthis.

Good

var byte char
forever |oop
if serial_hwread(char) then
echo(char)
end if
end | oop

Bad

var byte char

forever |oop

if serial_hwread(char) then
echo(char)

end if

end | oop



Use lower_case_with_underscores ...
Good

var byte this_is_a_variable
var byte anot her_one

Bad

var byte ThislsAVariable
var byte Anot her_One

... except for constants

Jallib | Appendix | 150

Uppercase variables should be used for constants, internal PIC function registers or for external PIN names, if they

are uppercase in the datasheet as well.
Good

const RESET _CHAR = "*"
const SSPCON1_CKP = 1

Bad

const reset CHAR = "*"
const sspCON1_Ckp = 1

Be explicit when calling procedures and functions

When a procedure (or a function) does not take any parameters, be explicit and help your readers: put parenthesis so
everyone knows it's a call. Same when defining the function/procedures. Also note no space is allowed between the
procedure/function name and the opening parenthesis. Finally, pseudo-variable must be defined with parenthesis, but

not when used (heh, these are functions/procedures behaving like variables!).

Good
-- Defining
procedure do_it_please() is

-- | will do it
end procedure

-- Calling

do_it_please()

-- pseudo- var

function ny_pseudo_var'get() return byte is
-- | promise I'll do it

end function

var byte what = ny_pseudo_var
Bad

procedure do_it_again is
-- this is bad
end procedure

do_it_again
function ny_pseudo_var'get () return byte is

-- this is bad, too because there's a space
end procedure

Filenames are lower cased, include statements too

All jal files must be lowercased. So:
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Good

$ 1s 16f88.jal
Bad

$ I's 16F88.j al

Being consistent, include statements are lower cased, too:
Good

i ncl ude 16f 88
Bad

i ncl ude 16F88

Inform readers what should be considered private

Functions, procedures, variables, etc... starting with an underscore is awarning to users saying "you shouldn't use me,
I'm for interna use only". Play carefully with this, remember users are quite curious and may want them anyway :).

Comment your code

It helps readers to understand what's going on. The comment should describe why your code does its thing, not what
isdoes. That should be obvious from the code itself.

External data

When developing alibrary, you may need to collect and organize external / 3rd party data. For instance, the relation
between a datasheet reference and the PICs described in this datasheet is what we call external data: it's not jal code,
but often used to generate some, and always a source of information everyone can refer too.

External data must storein astructured format so everyone potentially is able to use it. Before we, developers,
are aso (kind of) humans, we want this format to be readable, and even writable, but also structured enough so a
computer can also use and exploit it. That's why thisformat is JSON (and not XML), which is available in many
languages. Thisisaway to share information, among the many scripts used to deal jal code base.

Making a Library

Introduction

In addition to the Jallib style guide this tutorial gives some additional information on how to create a JAL library.
The purpose of aJAL library isto makeit easy for the user to use JAL or to use a specific hardware devicein an
easy way. A library normally converts al kind of - sometimes complex - hardware register settings into easy to use
procedures or functions. There are also pure software libraries that, for example alibrary that generates a random
number.

Mandatory library requirements

The most important requirement of a JAL library isthat it complies with the Jallib style guide and that it compiles
without any warnings and errors. As mentioned in the style guide this can verified by running the validate function of
jalib3.py.There may be no warnings or errors when running this validation.

As mentioned in the style guide, the user has to define the pins - and the pin direction - used by the library using
diases. If alibrary uses an interface, e.g. the SPI interface, the initialization of this interface has to be done by the
user and not by the library. The library has to described the settings it needs for this interface.


http://www.json.org/
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Support as many PICs as possible

It isimportant that alibrary is easy to use, easy to maintain and can be used by avariety of PICs. The following
sections describe some ways how you can obtain that.

Various PICs have different registers for the same on-board hardware like a Timer. In order to support as many PICs
as possible check if certain registers are present and use aliases to cover the variants, for example:

-- Support for newer PICs (based on 16f15325).
i f defined(T1CLK) then

alias stopwatch_cs is TICLK CS -- tiner clock source bit

alias stopwatch_ie is PIE4A_TMRLIE -- interrupt enable

alias stopwatch_if is PIRA_TMRLIF -- interrupt overflow bit
el se

alias stopwatch_cs is TICON TMRICS -- timer clock source bit

alias stopwatch_ie is PIE1I_TMRLIE -- interrupt enable

alias stopwatch_if is PIRL_TMRLIF -- interrupt overflow bit
end if

Write clean code

Thisin not only valid for libraries but for all code that you write. Writing clean code makes it easier to read and
maintain the library. My favorite book on how to write clean code is the Clean Code book written by Robert C.
Martin. Some clean code practices are:

» Uselogical namesfor constants, variables, procedures and functions that explain what the constant or variable
means or what the procedure or function does.

e A procedure or function does only one thing. Do not pass for example a boolean variable to control the
functionality of the procedure or function.

e Limit the size of aprocedure or function. There is no strict rule on this but use common sense. If a procedure or
function becomes too big, split-it up in several smaller procedures or functions.

*  Only use comments when needed. Code should be simple, self explanatory and easy to understand without the
need for additional comments.

Separate the definition of the API from the implementation

When using alibrary, it can be quite problematic to get a complete overview of al provided functionality. In order
to improve thisyou can define al public procedures and functions at the start of the library. | cal this section the
Public API of the library and should contain only the functions and procedures that are relevant for the user of the
library. This overview can be obtained by using f unct i on pr ot ot ypes (which isthe definition of a procedure
or function without thei s). Always include in the definition what the procedure or function does, for example:

- Intialize the RDA5807M The device is initialized for Europe as foll ows:
- -) Set the band to RDA5807M BAND_US EURCPE

-) Set the spacing to RDA5807M SPACI NG 100_KHzZ

-) Set the de-enphasis to RDA5807M DEEMPHASI S 50_US
- The device is reset and powered up.

- Set the volme of the RDA5870M Vol ume nust be in range RDA5807M VOLUVE_M N
- to RDA5807M VOLUVE_MAX.

procedure rda5807_set_vol unme(byte in vol une)

When using global variablesin your library of which the value is also needed by the main program, use a procedure
to change that variable and where possible a function to return its value. So in fact you are hiding the implementation
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of your library from the user of the library. This can also help to keep the library backwards compatible in case you
want to change the implementation. For example:

procedure nec_rc_set_protocol _extended() is
_nec_rc_protocol _standard = FALSE
end procedure

- Returns TRUE when a valid Renpbte Control nessage was received.

function nec_rc_message_received() return bit is
return _nec_rc_avail able
end function

If, for example, the library changes, it could be that the implementation of the above function changes as follows:

- Returns TRUE when a valid Renpbte Control nessage was received.

function nec_rc_message_received() return bit is
return _nec_decoder _state == _NEC MESSAGE_AVAI LABLE
end function

Although the implementation of the library function changes, the interface of library the remains the same and so
there is no change for the user of the library.

Note: Asmentioned in the style guide, it is recommended to start library specific constants, variables, functions and
procedures with an underscore'_". These are meant for internal use and should not be used by the user of the library.
Instead, always use the public functions and procedures provided by the library.

Create a sample program

Each library must at least have one sample program. In this sample program try to use as much as possible the
functionality of the library you created. When you are done you can add your sample files and library to Jallib.

Changing the contents of a Jallib release

Introduction

When changing the contents of a Jallib release, the following files must be updated in the root directory of Jallib on
GitHub:

» Thefile TORELEASE describing which files are part of the Jallib release
« Thefile CHANGEL OG describing the changes of the Jallib release

Prerequisites

When adding libraries and/or sample filesto a Jalib release you must be sure that all files comply the Jallib style
guide and that all files compile without any warnings and errors. Compliance with the style guide can be verified by
running thej al | i b3. py Python script.

Y ou can check one file using the command pyt hon j al I i b3. py validate nyfile.jal orcheckall your
filesin the same directory using *. j al as parameter, asfollows:


https://github.com/jallib/jallib
https://github.com/jallib/jallib

Jallib | Appendix | 154

Command Prompt

hon jallib3.py wvalidate *.jal

rs found

found

Before you can add any filesto Jallib you need to install GitHub on your computer or you can use GitHub Desktop.
All' JAL sample files and libraries must be uploaded to Jallib on GitHub. There you find a directory structure. In most
cases the following directories are used:

« sanpl e for your samplefiles
e i ncl ude for your library files. There are sub directoriesin this directory. Seeif your library fitsin one of the
existing sub directories. If not, create a new sub directory for your library files.

Important: Before making any changes to GitHub make sure that you have fetched the latest Jallib files from
GitHub.

Updating the file TORELEASE

Not all filesthat are on GitHub are part of a Jallib release. In order to add your files to the upcoming Jallib release you
have to add all uploaded files from the previous section to the TORELEASE file. Thisis atext file in which you have
to add your new files using the correct file location used on GitHub. Make sure to add the files in al phabetic order.

Y ou can, or course, also remove files from the Jallib release but that will not happen very often.

Updating the file CHANGELOG

This text file describes the changes of each Jallib release. Changes can, for example, be new libraries, new sample
files, new devicefiles or changes to existing files like bug fixes or additions.

Creating a new Jallib build

After having added all your samplefiles, library files and updated the files TOREL EASE and CHANGEL OGyou can
commit your changes to GitHub. After your commit, a build will automatically be started on the Jallib server where
all samplefilesin the TORELEASE folder are validated and compiled. The result of the build is sent to the Jallib

Google Group5. When an error occurs in making anew build you have to fix the error as soon as possible and upload
your fixes.
If al goeswell you did agreat job and you made the next Jallib release richer!

Notice: Not every commit to GitHub resultsin anew release. Instead a bee-package of the latest build is created
every week. This bee-package can be downloaded from the JAL website and can be used for testing and/or for using
the latest JAL libraries. About once every year an official Jallib releaseis created

5> Make sure you are a member of the Jallib Google Group and the Jallist Google Group.


https://desktop.github.com/
https://github.com/jallib/jallib
https://groups.google.com/g/jallib
https://groups.google.com/g/jallib
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Changelog

Jallib Tutorial Book Changes & Updates

Table 3: Version 1.0 (Release date: 2024-08-11)

to reflect PIC Kit 2 pinouts. ICSP
schematic matches Microchip
Specification

Date Comments Author
2023/12/10 Added making alibrary and added Rob Jansen
changing the contents of a Jallib
release
2022/03/19 Added making atutorial Rob Jansen
2022/03/13 Added Visual Studio Code tutorial Rob Jansen
2022/03/12 Added PICKit2 and PICKit3 Rob Jansen
software to the getting started tutorial
Table 4: Version 0.5 (Release date: 2022/03/06)
Date Comments Author
2022/03/05 Added MPLABX IPE tothegetting  Rob Jansen
started tutorial
2022/03/05 Added style guide tutoria Rob Jansen
2022/02/26 Added USB tutorial and Large Array Rob Jansen
tutorial
2022/02/20 Updated tutorials of ADC, blink-a Rob Jansen
led
2022/02/19 Restored/Updated broken links Rob Jansen
2022/02/12 Added DFPlayer tutorial Rob Jansen
Table 5: Version 0.4 (Release date: 2011/05/23)
Date Comments Author
2011/05/23 Added print & format library Matthew Schinkel
2011/05/19 Added FAT32 tutorial Matthew Schinkel
2010/04/22 Fixed English and integrate Y outube Matthew Schinkel
flash object in HTML output
2010/04/06 Alphabetical TOC Matthew Schinkel
2010/04/05 Added RC servo & motor speed Matthew Schinkel
control tutorial
2010/04/01 Changed hard disk tutorial schematic Matthew Schinkel
2010/03/25 Updated |CSP schematic and tutorial  Matthew Schinkel
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Date

Comments

Author

2010/03/12

Updated SD Card schematic. Added
pull-up resistor on chip-select line,
changed resistor values for 5v-3v
conversion

Matthew Schinkel

Table 6: Version 0.3 (Release Date: 2010/03/12)

Date Comments Author

2010/01/27 Fixed 12C bus schematic and Sébastien Lelong
modified I2C titles

2010/01/21 Added ADC introduction, re- Sébastien Lelong
organized PWM tutorials and titles

2010/01/20 Better quality Images on Getting Matthew Schinkel
Started, serial board, blink aled
tutorials.

2010/01/19 Added serial & rs-232 tutorial Matthew Schinkel

2010/01/15 New |CSP Schematic Matthew Schinkel

Table 7: Version 0.2 (Release date: 2009/12/30)

Date Comments Author

2009/12/06 Added SD Card tutoria Matthew Schinkel
2009/12/06 Added PATA Hard Disk tutoria Matthew Schinkel
2009/12/06 Added ICSP tutorial Matthew Schinkel

Table 8: Version 0.1 (Release date: 2009/11/22)

Date Comments Author
2009/11/22 Initial Release Sébastien Lelong
License

We, the Jallib Group, want this book to be as open and free as possible, so we have decided to release it under the
Creative Commons Attribution-Noncommercial-ShareAlike 3.0 license.

©050

Basically (and repeating what's on the Creative Commons website), you are free to:

e Share- copy, distribute, and transmit the work

* Remix - adapt the work

Under the following conditions:

» Attribution - You must attribute the work in the manner specified by the author or licensor (but not in any way
that suggests that they endorse you or your use of the work).

« Noncommercial - You may not use thiswork for commercial purposes.

e ShareAlike- If you alter, transform, or build upon this work, you may distribute the resulting work only under the
same, similar or a compatible license.


http://justanotherlanguage.org/downloads
http://creativecommons.org/licenses/by-nc-sa/3.0/
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Thefull, legal text of the license can be found at: http://creativecommons.org/licenses/by-nc-sa/3.0/legal code

Thislicense applies to the book content itself, not to the code, libraries, examples, etc. found in the Jallib collection,
or whereit isexplicitly stated that a particular work is released under another license. For instance, most of the works
in the Jallib collection are released under either the BSD or ZLIB licenses, not under this Creative Commons license.
If you arein doubt about the license status of a particular file, please ask on the Jallib Google Group.


http://creativecommons.org/licenses/by-nc-sa/3.0/legalcode
http://groups.google.com/group/jallib
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