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About this Document

This document assumes that you already have background knowledge of the
following:

e The software tools used for building your application, mainly the compiler and
linker

e The C Programming language
e The processor

If you feel that your knowledge of C is not sufficient, we recommend The C
Programming Language by Kernighan and Richie (ISBN 0-13-1103628), which
describes the standard in C-programming and, in newer editions, covers the ANSI
C standard.

The Q-Kernel™ Reference Guide is available to learn the APl and the Q=Kernel™
User Guide to learn how to use Q=Kernel™.,

How to Use this Manual

The intention of this manual is to give you a detailed description for the
PIC24/dsPIC
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1. Introduction to PIC24 and dsPIC

Q-Kernel™ is a Tick-Less Dual-Mode Real Time Operating System (RTOS)
sometimes referred to as a kernel. Q=Kernel™ is specially created for the modern
processors like the PIC24 and dsPIC and fully exploits the power of these
processors.

Q=Kernel™ supports all 16-bit PIC microprocessors including the dsPICs. The
minimum system requirements are 2kb RAM and 32Kb Flash. Q=Kernel™ supports
the following compilers:

e MPLAB-X Version 1.8 or higher

e XC16 Compiler Version 1.1 or higher.

e C30 compiler version 3.31 or higher

e MPLABS8.x is supported but project files are not included.
The system is tested with MPLAB-X 2.00.

1.1. Differences between MCU'’s

Not all version of the PIC24 and dsPIC are the same. The EP models have a slightly
different instruction set and op-code. The other models can be separated how they
address the upper 32kB address space.

1.1.1 Upper 32Kb Data Space Window

The 16-bit PIC micro controllers divide their data address space in two 32 Kb
windows. The lower window maps the Special Function Registers (SFR’s) and the
RAM. The second window mapping depends on the type of processor.

Most of the controllers map flash memory for constant data. This process is called
program space Vvisibility because part of the program space is visible in data
memory and the register PSVPAG specifies where in flash the 32Kb is mapped. This
is limited to 32Kb. If there is more than 32Kb of constant data the PSVPAG must
be maintained. The user is responsible that the PSVPAG is maintained and pointers
into the PSV space cannot be used by more than one thread without special
facilities. Pointers in RAM don’t have that problem because they always point to
the lower 32 Kb for all threads and fibers. Please read the XC16 or C30 user manual
that describes this process and all options.

Newer controllers implement Extended Data Space. This feature can map flash or
ram in the window. The system uses separate registers for read and writes.
(DSRPAG/DSWPAG)

The system will persist PSVPAG or DSRPAG/DSWPAG in the context of the thread
and fibers. The Q=Kernel™ interrupts qISR() and gISR_FAST() also persist this
information. The developer is responsible for saving and restoring the information
in native interrupts.

1.1.2 Table Page (TBLPAG)

The 16-bit PIC micro controllers have the ability to access any flash in the controller
by its 24-bit address. The TBLPAG register and some special instructions are used
facilitate this. This register has to be saved during context switches if multiple
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1.1.3

1.2.

1.2.1

1.2.2

1.2.3

threads use the TBLPAG. As described above the TBLPAG register is persisted
together with the PSVPAG register on controllers that have a PSVPAG register.

Controllers with Extended Data Space don’t have to use the TBLPAG but can use
the far superior Extended Data Space feature instead. Using the TBLPAG in multiple
threads and fibers is still possible by using it within a critical section. The TBLPAG
can be used in interrupts on those controllers but the developer is responsible for
saving and restoring the TBLPAG register in both Q-Kernel™ interrupts and native
interrupts.

DSP Unit

The DSP unit is only available in the dsPIC30 and dsPIC33. The DSP functionality
can only be used in fibers and not in threads. This is the developers’ responsibility
and the system will and cannot check this.

Grouping the different MCU’s

Q-=Kernel™ comes in source code and as an object library. Because different MCU’s
use different memory mapping methods and not all instructions are supported by
all MCU’s Microchip has divided the MCU is 3 device groups. See
Readme_XC16.html in the doc directory. The following groups are defined:

e Generic core devices
e Generic “DA” devices

e Generic “EP” devices

The simplest way to check to which group your device belongs is to answer he
follow questions:

1. If the device is a PIC24EP or dsPIC33EP it belongs to the GenericEP group.
2. If the device has a PSVPAG register it belongs to the Generic group
3. All other devices belong to the GenericDA group

Generic group

These are MCU’s with a PSVPAG register to address the top 32KB of the address
space. All older smaller MCU fall in this category. Examples of those MCU’s are
PIC24FJ128GA010 and dsPIC33FJ64GP204.

GenericDA group

These are MCU’s with a DSWPAG and DSRPAG registers to address the top 32KB
of the address space. Most of the newer larger MCU'’s fall in this category. Examples
of those MCU'’s are PIC24FJ256DA210 and PIC24FJ64GA310.

GenericEP group

These are MCU’s with a DSWPAG and DSRPAG registers to address the top 32KB
of the address space. Their instruction set and op-code is different than the
previous groups. These are the MCU’s with EP in their name like PIC24EP256GU810
and dsPIC33EP64MC202.
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1.3. Pre-build libraries

This port comes with 4 prebuild libraries. Generic, GenericDA, GenericEP and
ThreadMetric. The first 3 are for the different MCU groups and are compiled with
parameter checking and the small code (-s) optimization. ThreadMetric is compiled
with the fastest code optimization (-3) and no parameter checking.
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2. Installation

Q-Kernel™ is distributed as a zip file with the name gKernelV3353.zip. The version
contains all versions of Q-Kernel™ in that build. The last 4 digits in the name is the
build number. Extract the file into a main directory like C:\gKernelFree, but it can
be any drive or name because all references are relative. An example of the
directory structure is specified below.

V3353
----- Documentation

——————————— Pic24_ MPLAB.X (P1C24 /dsPIC port)

________________ Blinky.X (Test program)

--------------------- dist

___________________________ default
--------------------------------- production
_____________________ nbproject

________________ dist (Distribution for the Q=Kernel™ libraries)
--------------------- default

___________________________ production (Library Pic24_MPLAB.X.a)
--------------------- Generic

___________________________ production (Library Pic24_MPLAB.X.a)
_____________________ GenericDA

___________________________ production (Library Pic24_MPLAB.X.a)
_____________________ GenericEP

___________________________ production (Library Pic24_MPLAB.X.a)
_____________________ ThreadMetric

........................... production (Library Pic24_MPLAB.X.a)
---------------- nbproject

................ ThreadMetric.X

___________________________ default
--------------------------------- production
--------------------- nbproject

___________________________ private

----------- Pic32_MPLAB.X (PIC32 port)

________________ Blinky.X (Test program)

————————————————————— dist

___________________________ default
_________________________________ production
_____________________ nbproject

................ dist (Distribution for the Q-Kernel™ libraries)
--------------------- default

___________________________ production (Library Pic24_MPLAB.X.a)
--------------------- Generic

___________________________ production (Library Pic24_MPLAB.X.a)
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3.

3.1.

3.2.

3.3.

Adding Q=Kernel™ to your application

Q-Kernel™ can be included as a project library or as an object library. We
recommend to use the object library because this prevents building the library
every time.

Your application need to include “gKernel.h” in all source files in your project. The
best way to do that is to add the path to this file in the “C include dirs.” of the
compiler. Select your project properties, select xc16-gcc and select option category
“PreProcessing and messages” Then add the path to “C include dirs.”. You can also
just specify the full path.

Using an object library

As described above you can add Q-Kernel™ as an object library. Include one of the
standard configurations that is included in the distribution. The libraries are in the
Generic, GenericDA or GenericEP directories. The libraries are compiled with -s as
optimization level, kernel timer is TMR4/TMR5 and the full parameter checking.

Using a project library

You create your application and include Q=Kernel™ as a library project. You go to
properties of your project and click libraries. There you click “Add library Project”
and select gKernel.X. In this case the source will be included and MPLAB will
compile the source if required. You have to specify the configuration, for things like
MCU, optimization level, etc.

Q=Kernel™ consists of many files so only the code that is required will be in flash.
This makes building slow and even if a full build executes sporadic it is advisable
to use the full computer potential. You can improve the build time by selecting
Options from the main menu, then Embedded and select the tab “Project Options”
Select the option “Use parallel make” to speed up the build. It will use all your
cores of your processors.

Improve the compile speed by selecting the
option “Use parallel make” and use all the
available cores

You can use all other compile and build options, like memory model, optimization
levels, etc. for your project or Q=-Kernel™ so it is very flexible.
Using your own object library

First create a configuration within the Q=Kernel™ distribution and set your compile
options. Build the system and include the created object library in your application.
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3.4. Creating a new application

This example creates a simple application with a . While it looks complicated the
whole thing is very simple. See the following screen shots.

Start a new project

=)
‘ . L U p—

rx MNew Project

Steps Choose Project
1. (Choose Project Categories: Projects:
2 . w[ ) Microchip Embedded [=]5tandalone Project
)\ Other Embedded Q Existing MPLAE IDE v& Project
)\ Samples {d Prebuilt (Hex, Loadable Image) Project
) [ User Makefile Project
ﬁ Library Project

Description:

Creates a new standalone application project. It uses an IDE-generated makefile to build your

project.

o

< Back Einish Cancel ” Help
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Select the processor

-
x MNew Project -

— R — — - g —

)

PIC24F1128GA310

Steps Select Device
1. Choose Project
2. Select Device
3. Select Header Family: All Families -
4, Select Tool
5. Select Plugin Board )
5 Select Compiler Device: TC24F]1128GA310 -
7. Select Project Mame and PIC24F1128GA106
Folder PIC24F1128GA108
PIC24F]1123GA110
PIC24F1128GA202
PIC24F1128GA204 —
PIC24F1123GA306
PIC24F1128GA308

< Back ][ Mext =

Finish

Cancel ] [

Help

Select the debugging tool (ICD3)

-
x MNew Project -

— R — — - g —

Steps

Select Tool

1. Choose Project
2. Select Device
3.

¥ Hardware Tools
=00 ICD 3

[S¥CN: JIT113710108

@@ PICKit2
- PICKit3
- PM3

-2 Real ICE
-0 Simulator

| Microchip Starter Kits

@ MCHV

@ MICROSTICK
-@ SKDE 33 AUDIO
- @ SKDE Memary
-@ SKDE PIC18F]
-@ SKDE PIC24F 1

il SKTIF PTC24H SFMSOR

»

m

< Back ” MNext =

Einish

Cancel ] [

Help
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Select a compiler

.
3 New Project -

— e

~
- - - —-— M

Steps

Select Compiler

Choose Project
Select Device
Select Header

Select Plugin Board
Select Compiler
Select Project Name and
Folder

A

2

3.

4. Select Tool
5

6.

7

£1-ASM30

24 {Mone

, Compiler Toolchains

2 ASM30 (v3_31) [C:\Program Files (x8a)Microchipmplabc30w 3. 31bin]
-2 ASM30 (v3_30b) [C:\Program Files (x8a6)Wicrochipimplabc30iw 3. 30cbin]

C30 (v3_31) [C:'\Program Files (x86) Wicrochip'mplabc30w3. 31bin]
< C30 (v3_30b) [C:\Program Files (x86) WMicrochipimplabc304w 3. 30c\bin]

found)

< Back ][ Mext = Finish Cancel H Help

And the project name and folder (See that we use the D: drive)

-
xNemeject - — O —

=)
——

Steps

Select Project Name and Folder

Choose Project
Select Device
Select Header

Select Plugin Board

Select Compiler

Select Project Name and
Folder

I
2,
3
4. Select Tool
5
B
7.

Project Mame:

Project Location:

Project Folder:

Overwrite existing project.

Also delete sources.

[] Use project location as the project folder

Encoding: I50-8859-1

Test

D:\Temp'Test. X

Mext = [ Einish H Cancel H Help
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Add an object library directory (We use GenericEDS because that’s our processor)

— _—)

r -
3 ~dd Library/Object File

Look in: | . production v; ?‘ * [T~
a Local Disk (C:) -
P .| gKernelfree
o B | v3343 I
Recent Items | Source =
. Pic24_MPLAB.X |
- | dist
- .. GenericEDS
Desktop ' production -
F
My Documents
Store path as:
By ) Auto
A o
Computer @ Relative
(71 Absolute

= N
| W File name: Pic24_MPLAB.X.a
Network  Fies of type: [ Al Files -

And select the file itself by pressing the Add button

- — L B e e — h
3¢ Add Library/Object File - (s
Look in: [ | . production - ? ¥ [T~
. || Pic24 MPLAB.X.a
-
Recent Items
Desktop
g
My Documents
Store path as:
A o i
o
Compuler @ Relative
() Absolute
=
| W File name: Pic24_MPLAE.X.3
Network  Fiec of type: | all Fies -
b

© 2008-2015 Quasarsoft Ltd. gkernelPic24dsPIC.docx V6.0-3353 page 13



Q-Kernel™ Pic24/dsPIC Porting Guide

Now create a main c file and add some code like this example (See blinky)

1] #include <stdio.hs>

2 tinclude <=stdlib.h>

3

9

5| void Threadl (void* Dummy) {
[ while (1} {

7 ffmeaele 1led here
(=
g

gThr5leep (300000} ;

12 | woid Thread2 (void* Dummy) {
13 while (1} {

14 Toggle (another) led here

19 [ unsigned gErrMNotify(unsigned Error) {
20 if (Exrror==0) {

21 return 0;

22 i

23 gErnError (Error);

24 return Error;

28 ] int main(int argc, char** argwv) {
28 CLEDIVbits .RCDIV = 0;

30 S/ Initialize the register for the 2 le

31 pEER err = gErnInit (16000000, &4, 200,

35 r

36 if (exx) {

=) BREERFPOINT;
38 Nopdl):

33 Nopdl):

40 Nop({);

41 }

42 gThrCreate ("ThreadZ", Thread2, 0, 236,
43 qThrCreate ("Threadl™, Threadl, 0, 236,
44 gErnStart () ;

45 return 0;

4} ;

~ #include "C:\gEernelfree\V3343\Source'\PicZ4 MPLAE.X¥\gFernel.h

and trigger breakpoin
cpeed up MO to 1EMIES
Freq = 1e000000H=

Error occured Look into
Thread 1 has lowest pri
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During typing you can use <ctrl><space> to find the function name.

F B
u main.c - Editor ey ¢~ E@g
] mainc | EID|E3]E)
IE M- Iﬁ%ﬁ.lﬁ?%D |et|o @& =

CLEDIVELITS.RCDIV = U; Speed up to IeHIFS -m
30 // Imitialize the register for the 2 led's
31 pERE err = gRrnInit (16000000, &4, 200, 4);
32|
=5
34
35 F
36 if (err) {
37 BREREPCOINT; I
38 Nop();
39 Wop () ;
40 Nop();
41 3
437 gThrCreate ("ThreadZ", ThreadZ, 0, 236, 120);
43 gThrCreate ("Threadl™, Threadl, 0, 2536, 110);// Thread 1 has lowest priority
[T} gThrCrel
45 () gqThrCreate (char* pName, void(*) (void%) pFun, void¥ Par, unsigned StackSize, uintf...
46 ® gqThrCreateEds (char% plame, void(¥*) (void%) Thread, wvoid* pParam, unsigned StackSi=z... pTICE
47 =} @ gThrCreateSuspendEds (char* pName, void(%) (void%) Thread, wvoid* pParam, unsigned = pTICB
48 ® gThrCreateSuspended (char* pName, woid (%) (void*) pFun, wvoid¥ Par, unsigned StackSi... pTICE
23| mamm | :

During typing MPLAB helps you with the parameters

r‘ main.c - Editor o‘w - E@g*
main.c ss| [*_l_*JEE]
|@@Elﬁ%$.l§> | gEi| @ B & 2 K

CLEDIVBits.RCDIV = U; Speed up MCU to IBHMIFS A5
30 S/ Imitialize the register for the 2 led's
31 pEER err = gRrnInit (16000000, &4, 200, 4);
32 [
a3
24
35|
36 if (err) {
37 BRELEFOINT; // Error occured Look into er
38 Nop() ;
39 Nop();
40 Nop () ;
41 1
42 gThrCreate ("ThreadZ", Thread2, 0, 2536, 120};
43 gThrCreate ("Th |char pMarne, yoid(*Nvoid*) pFun, void* Par, unsigned StackSize, uintf tF'r|c4 priori
44 gThrCreate ("", ) = I
ac P T FF bt the hemeenT =
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Some remarks:

1. The #include statement (line 3) in the program needs to find file gKernel.h
in the porting directory. In the Blinky.X example we use a relative
specification because both Q=Kernel™ and the project are on the C: drive.
Use the “preprocessing and messages” dialog and specify the “C include
dirs.”

2. Because this is a PIC24 with a DSRPAG and DSWPAG we use the GenericDA
configuration. (the picture uses the old name GenericEDS)

3. While it is possible to add Q-Kernel™ as a project we do not recommend
this because it will compile and build the library every time.

4. Even if Q=Kernel™ is included as an object library (versus a project) the
debugger will find all sources related to the object and the cursor (green
line) will show the Q-Kernel™ code.
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4.

4.1.1

4.1.2

4.1.3

Resources used by Q*Kernel™

Q-Kernel™ will use a 32-bit timer to control its timing. The default timer is
TMR4/TMR5 but this can be changed. The PIC24 timer interrupt is TMR5 is used in
32-bit mode and this will free-up TMR4 interrupt, which is used as kernel interrupt.

Specific Errors

The Q=Kernel™ code signals traps by calling the gErrNotify() function. The following
traps are included as Q=Kernel™ errors:

e OscillatorFail (0x1000)
e AddressError (0x1001)
e HardTrapError (0x1002)
e StackError (0x1003)

e MathError (0x1004)

e DMACError (0x1005)

e SoftTrapError (0x1006)

Stack Limiting Features

The stack limiting features of the PIC24/dsPIC architecture are used extensively.
Every individual thread and the interrupt stack keep track of its own stack-limit by
manipulating the SPLIM register. This feature does not prevent stack errors but
makes it simpler to detect them.

Interrupts

The Q=Kernel™ version for the PIC24/dsPIC will never disables interrupts and has
a fixed interrupt latency of 4 cycles (PIC24F and H). The EP versions have a fixed
or variable interrupt latency.

The qISR() function uses 6 byte on the thread stack (2 for WREGO and 4 for the
return address) and it needs 18 cycles to switch the stack and start execution of
the interrupt code. This is about 6 cycles more compared to native interrupt
handler. The difference is the switch to the interrupt stack. Without this all thread
has to add stack-space for the interrupts.

The qISR_FAST() function uses 4 byte on the thread stack (for the return address)
and it needs 15 cycles to switch the stack and start execution of the interrupt code.
This is about 6 cycles more compared to native interrupt handler. The difference is
the switch to the interrupt stack. Without this all thread has to add stack-space for
the interrupts.
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