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About Micripm

Micripm provides high-quality embedded software components in the industry by way of engineer-friendly

source code, unsurpassed documentati on, -renownedaaalst omer s
time operating system, the Micrium pC/OS-Il, features the highest-quality source code available for

today's embedded market. Micrium delivers to the embedded marketplace a full portfolio of embedded

software components that complement pC/OS-1l. A TCP/IP stack, USB stack, CAN stack, File System

(FS), Graphical User Interface (GUI), as well as many other high quality embedded components.
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additional information on Micrium, please visit www.micrium.com.

About 1C/OS-II

Thank you for your interest in pC/OS-Il. uC/OS-Il is a preemptive, real-time, multitasking kernel.

HC/OS-Il has been ported to over 45 different CPU architectures and now, has been ported to the
Freescale Power Architecture MPC8349E CPU.

LC/OS-11 is small yet provides all the services you would expect from an RTOS: task management, time
and timer management, semaphore and mutex, message mailboxes and queues, event flags an much

more.

You will find that pC/OS-II delivers on all your expectations and you will be pleased by its ease of use.

Licensing

LC/OS-Il is provided in source form for FREE evaluation, for educational use or for peaceful research. If
you plan on using uC/OS-Il in a commercial product you need to contact Micrium to properly license its
use in your product. We provide ALL the source code with this application note for your convenience and
to help you experience LC/OS-Il. The fact that the source is provided DOES NOT mean that you can

use it without paying a licensing fee. Please help us continue to provide the Embedded community with
the finest software available. Your honesty is greatly appreciated.
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Manual Version

If any error is found in this document, please inform Micrium in order for the appropriate corrections to be
present in future releases.

Version Date By Description

V 1.00 2008/06/13 CM Initial version.

V1.01 2008/06/25 CM Updated the description of :
1 BSP.C

1 VECTORS.S

1 All files of the application code
Added the description of pC/Probe Graphical User
Interface

V 1.02 2009/09/18 FGK Chip brand corrections.

Software Versions

This document may or may not have been downloaded as part of an executable file containing the code
described herein or any additional application or board support code. If so, then the versions of the
Micrium software modules in the table below would be included. In either case, the software port
described in this document uses the module versions in the table below

Module Version Comment
pC/0s-ll V2.86
1IC/ Probe V2.00
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1.00 Introduction

This document describes the official Micrium port for pC/OS-ll to the Freescale MPC8349E on
CodeWarrior. Figure 1-1 shows a block diagram with the relationship between your application, uC/OS-
II', the port code and the BSP (Board Support Package). Relevant sections of this application note are
referenced on the figure.

Your Application

APP.C
) APP_CFG.H
Section 5 INCLUDES.H
OS_CFG.H

¢ A
LC/OS-II

OS_C®E.C
0OS_FLAG.C
0OS_MBOX.C
0OS_MEM.C
uC/0S-lI OS_MUTEX.C
Book oS Q.C
0OS_SEM.C
OS_TASK.C
OS_TIME.C
0OS_TMR.C
uCoS_IIL.H

A
\ 4

v

LC/OS-Il
section 3 | MPC8349E  Port BSP |
0OS CPU C.C BSP.C Section 4
OS_CPU_AS BSP.H
OS CPUH VECTORS.S

0S_DBG.C I_

Section2 | Freescale MPC8349E | Target Board

Figure 1-1, Relationship between modules.
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1.01 The Freescale MPC8349E

The Power Architecture e300c1 core in the MPC8349E, with its 32 Kbytes of instruction and 32 Kbytes of
data cache, implements the Power ISA user instruction set architecture and provides hardware and
software debugging support. In addition, the MPC8349E offers dual three-speed 10, 100, 1000 Mbps
Ethernet controllers, a DDR SDRAM memory controller, a flexible local bus controller, dual 32-bit / single
64-bit PCI controllers, a programmable interrupt controller, dual 12C controllers, a 4-channel DMA
controller, a general purpose I/O port, and a USB 2.0 host and device controller. The high level of
integration in the MPCB8349E helps simplify board design and offers significant bandwidth and
performance.

SDSEI‘EH DDR Memory Controller |, o Arbiter Bus
Monitor C

BOM «—| Local Bus Controller |e— ©300e1 Core

SDRaM
- w| P2-Kbyte L1 | 32-Kbyte
IRCs - ngrancﬂ:mablﬁ Interrupt L, ' Coherent System Bus Instruction L1 Data
ontrofler Cache Cache
SEC-—»=| Security Engine IR
L
Serial Peripheral «+—| B4/32b PCI Controller (= PCH
SPl =— Interface ol O
Sequencer < 0/32b PCI Controller [« P2
Serial DUART -— (10%5)
-— DMaA Cortroller
2
B0 - [<C Interfaces -—
L TSEC 1w amn, TB,

USBo <—»[  USE Hi-Speed 10/100/1Gb RTBI, RGMIl

USE1] — Host Device

| TSEC | mi, ami, T,

GPIO -—»| General Purpose 0 101001Ghb RTBI, RGMI

Figure 1-2, Freescale MPC8349E

The MPCB8349E-mITXE reference platform is ideal for hardware and software development for networking
applications. It |l everages Fr e e s c adessd shuilt han gRowey
Architectur eE t ec kedge éxtemal componentdd @ &-dort Bigabit Ethernet switch, four
high-speed USB ports, four serial ATA ports, one Peripheral Component Interconnect (PCI) slot, one
MiniPCI slot and one compact flash memory slot.

nt eg
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E MC9508QG8
E . MCU EE RTC [E:I\Dl'l':‘l
E FAN =
E ] | |
x16  Compact
=ie) Flash Flash
E [
E 12C1 PC2 |COP DDR1
DUART
Dual FC : Interrupt €300 Core  ppR |
Regulator || GPio | GEde  Security | Iterubt ere  Gompeller |LocalBus
1 1 1 GPI(;, SPI 3 t Dwmtlmm t t
3.3V, 2.5V, 1.2V It
3 1 1 0 Socket
UART UsB
Hi-Speed  10/1001000 10/100/1000
Host Devics ETSM 2m DMA PCI PCI PCI2
J ULPI RGMII | RGMII PCIH
PHY
I VSC7385 I VSCB8201
PHY HUB PHY Switch PHY SATA Controller
HOST Fel
oTG

Figure 1-3, Freescale MPC8349E-miTXE Evaluation Board
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2.00 LC/OS-Il Port for Freescale MPC8349E

The port for the Freescale MPC8349E processors assumes that a UC/OS-Il V2.86 or higher is being
used.

2.01 Directories and Files

The software described in this section of this application note is assumed to be placed in the following
directories:

\ Micrium \ Software \uCOS Il \ Ports \ MPC83498 MWERKS

Like all pC/OS-Il ports, the source code for the port is found in the following files:

OS _CPU.H Section 2.02
OS_CPU_C.C Section 2.03
OS_CPU_AS Section 2.04
OS DBG.C Section 2.05

Test code and configuration files are found in their appropriate directories and are described later.
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2.02 OS_CPU.H

OS_CPU.H contains processor- and implementation-specific #defines constants, macros, and
typedefs

20201 0OS_CPU. H, macros for o6external

OS_CPU_GLOBAL%Nd OS_CPU_EXTallow to declare global variables that are specific to this port.
However, this port does not contain any global variables but the declarations have been included for future
use.

#ifdef OS_CPU_GLOBALS
#define OS_CPU_EXT

#else

#define OS_CPU_EXT extern
#endif

Listing 2-1, OS_CPU.H, Globals and Externs

2.02.02 OS_CPU.H, Data Types

All data types used on the uC/OS-II port are referenced from the 1C/CPU . This allows a coherent data
type scheme between CPU- and OS-specific code sections. LC/CPU port files are described later.

typedef CPU_BOOLEAN BOOLEAN;
typedef CPU_INTO8U INT8U;
typedef CPU_INTO8S INT8S;
typedef CPU_INT16U  INT16U;
typedef CPU_INT16S INT16S;
typedef CPU_INT32U INT32U;
typedef CPU_INT32S INT32S;
typedef CPU_FP32 FP32;

typedef CPU_FP64 FP64;

typedef CPU_STK OS_STK;
typedef CPU_SR Os C PU_SR;

Listing 2-2, OS_CPU.H, Data Types

10
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2.02.03 OS_CPU.H, Critical Sections

HC/OS-Il, as with all real-time kernels, needs to disable interrupts in order to access critical sections of
code and re-enable interrupts when done. LC/OS-Il defines two macros to disable and enable interrupts:
OS_ENTER_CRITICAL() and OS_EXIT_CRITICAL() , respectively. pC/OS-Il defines three ways to
disable interrupts. The book (MicroC/OS-II, The Real-Time Kernel) describes the three different methods.

The one to choose depends on the processor and compiler. In most cases, the preferred method is
OS_CRITICAL_METHODB3 and is the one chosen for the MPC8349E.

OS_CRITICAL_METHOD#3 implements OS_ENTER_CRITICAL() by writing a function that will save the
status register of the CPU in a variable and forces a global interrupt disable. OS_EXIT_CRITICAL()
invokes another function to restore the status register with its previous value before disabling interrupts.
LC/OS-Il uses the critical section implementation from the pC/CPU port, which are described later.

#define OS_CRITICAL_METHOD CPU_CRITICAL_METHOD

#define OS_ENTER_CRITICAL() (CPU_CRITICAL_ENTER())
#define OS_EXIT_CRITICAL() (CPU_CRITICAL_EXIT()

Listing 2-3, 0S_CPU.H, OS_ENTER_CRITICAL() and OS_EXIT_CRITICAL()

Note that if the application code uses these macros, and OS_CRITICAL_METHODs #3, a local variable
called cpu_sr MUST be declared and initialized to 0, as shown in listing 2-4:

#if OS_CRITICAL_METHOD == 3 /* Allocate storage for CPU st atus register */
OS_CPU_SR cpu_sr =0;
#endif

Listing 2-4, Local storage for Critical Method #3

11
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2.02.04 OS_CPU.H, Task Level Context Switch

Task level context switches are performed when pC/OS-Il invokes the macro OS_TASK_SW() Because
context switching is processor specific, OS_TASK_SW() needs to halt the CPU execution flow; detect if
any higher priority task is waiting to be executed; if so, switch to the higher priority task; and, reestablish
CPU execution flow. In this case, a supervisor call (SO instruction is used to create an exception. The
benefit of using a SCis that it does not alter the CPU registers when OS_TASK_SW()is called. More
information on exception handling is available in the section Handling Exceptions and Interrupts.

#define OS_TASK_SW asm (" sc")

Listing 2-5b, OS_CPU.H, Task Level Context Switch (MWERKS)

2.02.05 OS_CPU.H, Stack growth

The stack on the MPC8349E grows from high memory to low memory and thus, OS_STK_GROWTikl set
to 1 to indicate this to pC/OS-II .

#define OS_STK_GROWTH 1

Listing 2-6, OS_CPU.H, Stack Growth

2.02.06 OS_CPU.H, Reserved Stack Size

According to the application binary interface (ABI) for the Power ISA, a small stack area at the beginning
of the stack must be reserved. This is done by the OSTaskStklnit() function. The size of this reserved
space is specified by OS_STK_RSVDSIZE .

[ #define OS_STK_  RSVD_SIZE 8

Listing 2-7, OS_CPU.H, Reserved Stack Size

12
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2.02.07 OS_CPU.H, Function Prototypes

As of V277, the prototypes for OSCtxSw(), OSIntCtxSw() |, OSExtIntISR () and
OSStartHighRdy() need to be placed in OS_CPU.H since these are all port specific files. All these
functions are declared in OS_CPU_A.S

void OSCtxSw(void);

void OSIntCtxSw (void);
void OSStartHighRdy (void);
void OSEXxtIntISR  (void);

Listing 2-8, OS_CPU.H, Function Prototypes

The function OSExtIntISR () is responsible for handling the External Interrupt exceptions, respectively.

13
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2.03 OS_CPU_C.C

A uC/OS-II port requires ten fairly simple C functions:

OSlInitHookBegin()
OSlInitHookENd()
OSTaskCreateHook()
OSTaskDelHook()
OSTaskldleHook()
OSTaskStatHook()
OSTaskStkInit()
OSTaskSwHook()
OSTCBInitHook()
OSTimeTickHook()

Typically, pC/OS-1l only requires OSTaskStkInit() . The other functions allow the functionality of the
OS to be extended with user-defined functions. The highlighted functions are discussed in this section.

IMPORTANT

In order for the compiler to use the functions declared in this file, the #define constant
OS_CPU_HOOKS Hi¢eds to be setto 1 in OS_CFG.H

2.03.01 OS_CPU_C.C, OSInitHookBegin()

This function is called by pC/OS-Il 6 OSInit() at the very beginning of OSInit() . It gives the
opportunity to add additional initialization code specific to the port. In this case, the global variable (global
to OS_CPU_C.G OSTmrCtr is initialized (which is used by the OS_TMR.Cmodule, if OS_TMR_ENk set to
1).

void  OSInitHookBegin (void)

{

#if (OS_VERSION >= 281) && (OS_TMR_EN > 0)
OSTmrCtr = 0;

#endif

}

Listing 2-9, OS_CPU_C.C, OSInitHookEnd()

14
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2.03.02 OS_CPU_C.C, OSTaskCreateHook()

This function is called by pC/OS-Il 6 OSTaskCreate() or OSTaskCreateExt() when a task is
created. OSTaskCreateHook()  gives the opportunity to add code specific to the port when a task is
created. In this case, the application hook, App_TaskCreateHook() may be called if the #define
OS_APP_HOOKS_EN is included in the OS_CFG.Hof the application. The application hooks are often
used by optional modules, such as pC/Probe (a Real-Time Embedded Monitoring tool, see
www.Micrium.com for details) and pC/OS-View (an optional module available for pC/OS-II which
performs task profiling at run-time, see www.Micrium.com for details).

Note that if OS APP_HOOKS_ENs 0, the ptcb is not actually used and it is added in the body of the
function (i.e. (void)ptcb) ) to avoid a compiler warning.

void OSTaskCreateHook (OS_TCB *ptch)

{
#if OS_APP_HOOKS_EN >0
App_TaskCreateHook (ptcb);
#else
(void)ptcb;
#endif
}

Listing 2-10, OS_CPU_C.C, OSTaskCreateHook()

2.03.03 OS_CPU_C.C, OSTaskStklInit()

A task is declared as shown in listing 2-11.

void MyTask (void *p_arg)
{

/' * Do something with o6p_arg6, optional */
whil e (1) {

/* Task body */
}

Listing 2-11, uC/OS-Il Task

The code in listing 2-12 initializes the stack frame for the task being created. The task received an
opti onal paarggbufoethmstarciitecture,® arg 6 i s p &3whendhe task is created. The
initial value of most of the CPU registers are not important, thus they are initialized to values
corresponding to their register number. This makes it convenient when debugging and examining stacks
in RAM. The initial values are useful when the task is first created but, the register values will change as
the task code is executed.

The 6Task bodyd MUST aGSa??Rend@ ifundtiens or @BTeanelyf furctons. In
other words, a task MUST always be waiting for an event to occur. An event can be the reception of a
signal or a message from another task or ISR, or simply be a wait for the passage of time. If the task body
does not perform any of these function calls, the OS will never have an opportunity to switch between
different tasks.

15
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OS_STK * OSTaskStklInit (void (*task)(void *pd), void *p_arg, OS_STK *ptos, INT16U opt)

{
STK *stkp;
OS_CPU_SR msr;
OS_CPU_SR sirl;
(void)opt;
msr = CPU_SR_Rd();
srrl = (msr | 0x8000);
ptos -= OS_STK_RSVD_SIZE;
stkp = ( STK *)((INT32U) ptos & (INT32U) OXFFFFFFFO);
stkp -- ; /*  set structure within stack space */
stkp - >R31 = Ox31L; *R 31%
stkp - >R30 = 0x30L; /* R30 */
stkp - >R29 = 0x29L; /* R29 */
{é}
stkp - >R14 = 0x14L; /*R14 */
stkp - >R13 = (INT32U)&_ SDA_BASE_; [* R13 %/
stkp - >R12 = 0x12L; /*R12 */
{é}
stkp - >R04 = 0x04L; /* R4 */
stk p- >R03 = (INT32U)p_arg; /*R3*/
stkp - >R02 = (INT32U)&_SDA2_BASE_; *R2 %
stkp - >R00 = 0x00L; /* RO */
#ifdef OS_SAVE_CONT EXT_WITH_FPRS /* Push 64 - bit register in to stack =)
stkp - >FPSCR = FPSCR_INIT;
stkp - >F31 =0; /*F31 %
stkp ->F30=0; /*F30 */
stkp - >F29 = 0; [* F29 */
{e}
stkp - >F04 = 0; [* F4 %/
stkp - >F03 = 0; / *F3 %/
stkp - >F02 = 0; [*F2*
stkp - >F01 =0; [*F1*
stkp - >F00 = 0O; /*FO */
{é}
#endif
stkp - >LR_ = (INT32U)task; LR *
stkp - >BLK =0; /* BLANK for 0xA8 size */
stkp - >SRRO_ = (INT32U)task; /* SRRO */
stkp - >SRR1_ = (INT32U)srrl; /* SRR1 */
stkp - >R01 = (INT32U)ptos; *R1*
return  (OS_STK*) (stkp);
}

Listing 2-12, OS_CPU_C.C, OSTaskStkInit()

IMPORTANT

In order to enable/disable FPU support, the #define OS_SAVE_CONTEXT_WITH_FPRS
MUST be changed accordingly both in OS_CPU.Hand in OS_CPU_A.INC, in order to
change all parts of FPU register saving and restoring.

16
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Figure 2-1 shows the stack frame initialization previously of each taskd s

ptos —»

pbos >

For OSTaskCreateExt

When the task is created, the final value of ptos
function that calls OSTaskStkInit()

Low Memory Address

R1 (ptos)
BLK
RO
R2 (_SDA2_BASE )
R3 (pdata)
R4

R13 (_SDA_BASE )
R29
R30
R31
FO

F1
F2

F29
F30
F31
CSRRO
CSRR1
CR
SRRO (task addr.)
SRR1
CTR
XER
LR (task addr.)

17

(i.e. OSTaskCreate()
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cr.eati on

0S_TCB

High Memory Address

Figure 2-1, The Initial Stack Frame for each Task.

is placed in the OS_TCBof that task by the nC/OS-II
or OSTaskCreateExt() ).
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2.03.04 OS_CPU_C.C, OSTaskSwHook()

OSTaskSwHook() is called when a context switch occurs. This function allows the port code to be
extended to perform measures of the execution time of a task, output a pulse on a port pin when a context
switch occurs, etc. In this case, the application task switch hook, App_TaskSwHook() , is called. This
assumes the #define OS_APP_HOOKS EN 1 s included in the OS_CFG.Hof the application..

void OSTaskSwHook (voi d)

{

#if OS_APP_HOOKS_EN >0
App_TaskSwHook();

#endif

Listing 2-13, OS_CPU_C.C, OSTaskSwHook()

2.03.05 OS_CPU_C.C, OSTimeTickHook()

OSTimeTickHook() is called at the very beginning of OSTimeTick() . This function allows the port
code to be extended by allowing a application time tick hook, App_TimeTickHook() , to be called. This
assumes the #define OS_APP_HOOKS_EN 1 is included in the OS_CFG.Hof the application..

OSTimeTickHook() also determines whether it is time to update the uC/OS-II timers. This is done by
signaling the timer task.

void  OSTimeTickHook (void)

{

#if OS_APP_HOOKS_EN >0
App_TimeTickHook();

#endif

#if (OS_VERSION >= 281) && (OS_TMR_EN > 0)
OSTmrCtr++;
if (OSTmrCtr >= (OS_TICKS_PER_SEC / OS_TMR_CFG_TICKS_PER_SEC) ){
OSTmrCtr = 0;
OSTmrSignal();

}
#endif
}

Listing 2-14, OS_CPU_C.C, OSTimeTickHook()

18




Micripm LC/OS-II for the MPC8349E

204 OS_CPUAS

A pC/OS-Il port requires that you write three assembly language functions for context switch and one
assembly language functions for interrupt support. These functions are needed because saving and
restoring registers from C functions are not possible. These functions are:

OSCitxSw()

O9nt Cix Sw()
OSStartHighRdy 0
OSEXxtIntISR ()

2.04.01 OS_CPU_A.S, OSCtxSw()

A task level context switch occurs when a task is no longer able to run. For example, if the code calls
OSTimeDly(10) , then the current task needs to be suspended until 10 clock ticks expire. Since the task
can no longer run, uC/OS-Il needs to find the next most important task ready to run and resume
execution of that task. The flow of code is as follows:

The task calls OSTimeDIy(10) ;
OSTimeDly() calls OS_Sched() ;

OS_Sched() disables interrupts;

OS_Sched() finds the highest priority task that is ready to run;

OS_Sdhed() calls invokes OS_TASK_SW(macro which performs a system call (SO);
SCvectors to OSCtxSw() ;
OSCtxSw() performs the context switch;
Execution resumes in the new task;

OSCtxSw() simply consist of saving the CPU registers on stack of the task to suspend and restoring the
CPU registers of the new task to resume from its stack. The pseudo-code for this is shown in listing 2-17.

void OSCtxSw (void)
Save processor registers;

OSTCBCur >OSTCBStkPtr = SP;

OSTaskSwHook();

OSTCEur = OSTCBHighRdy;

OSPrioCur = OSPrioHighRdy;

SP = OSTCBHighRdy - >OSTCBStkPtr;

Restore processor registers;
Return from supervisor call;

Listing 2-15, OCitxSw() pseudo-code
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The codetoperf orm a O6task | evel 6 distimgt2d& OSCx3n()t. cCOBCtSw() Bh o wn
called when a higher priority task is made ready to run by another task or, when the current task can no
longer execute (when it calls OSTimeDly() , OSSemPend() and the semaphore is not available, etc.).

OSCtxSw: ; 1)
prologue ; 2)
lis rl1, OSTCBCu@ha 7 (3)
lwz  rl1, OSTCBCu@I(r11)
stw rl, 0(r11)
bl OSTaskSwHook )]
lis rll, OSTCBHighRdy@ha i (5)
lwz  rl1, OSTCBHighRdy@I(r11)
lis rl2, OSTCBCu@ha
stw  rll, OSTCBCu@I(r12)
lis rl2, OSPrioHighRdy @ha ; (6)
Ibz  r10, OSPrioHighRdy @I(r12)
lis rl2, OSPrioCur @ha
stb  rl0, OSPrioCur @I(r12)
lwz 1, O(r1l) ()
epilogue 7 (8)
rfi 7 (9)

Listing 2-16, OS_CPU_A.S, OSCtxSw()

L2-16(1) System Call (SO vectors to OSCtxSw() .

L2-16(2) Processor registers are saved on prologue macro, defined on OS_CPU_A.INC.
L2-16(3) Stack pointer is saved on OSTCBCurt

L2-16(4) Call to the user defined context switch hook, OSTaskSwHook() , is performed
L2-16(5) OSTCBCuris overwritten by OSTCBHighRdy.

L2-16(6) OSPrioCur is overwritten by OSPrioHighRdy .

L2-16(7) Stack pointer is restored from OSTCBHighRdy- >OSTCBStkPtr .

L2-16(8) Processor registers are restored on epilogue  macro, defined on OS_CPU_A.INC.
L2-16(9) Task ready to run becomes active.
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2.04.02 OS_CPU_A.S, OSIntCtxSw()

When an ISR completes, OSIntExit() is called to determine whether a more important task than the
interrupted task needs to execute. If that is the case, OSIntEXxit() determines which task to run next
and calls OSIntCtxSw() . At this point, the ISR would have saved the CPU registers of the interrupted
task and thus, all that is left to do is restore the CPU registers of the new task.

O3nt CtxSw:

bl OSTaskSwHook 7 (1)

lis rll, OSTCBHighRdy @ha ; (2)

lwz  rl1, OSTCBHighRdy@I(r11)

lis r12, OSTCBCu@ha

stw  rll, OSTCBCu@I(r12)

lis rl2, OSPrioHighRdy @ha (3)

Ibz  r10, OSPrioHighRdy @I(r12)

lis rl2, OSPrioCur @ha

stb  rl0, OSPrioCur @I(r12)

lwz 1, 0(r11) ; (4)

epilogue ; (5)

rfi ; (6)

Listing 2-17, OS_CPU_C.C, OSIntCtxSw()

L2-17(1) Call to the user defined context switch hook, OSTaskSwHook() , is performed
L2-17(2) OSTCBCuris overwritten by OSTCBHighRdy.
L2-17(3) OSPrioCur is overwritten by OSPrioHighRdy .
L2-17(4) Stack pointer is restored from OSTCBHighRdy- >OSTCBStkPtr .
L2-17(5) Processor registers are restored on epilogue  macro, defined on OS_CPU_A.INC.
L2-17(6) Task ready to run becomes active.
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2.04.03 OS_CPU_A.S, OSStartHighRdy()

OSStartHighRdy() is called by OSStart() to start running the highest priority task that was created
before calling OSStart() . OSStart() sets OSTCBHighRdy to point to the OS_TCBof the highest
priority task.

OSStartHighRdy
bl OSTaskSwHook ;o (1)
i ro,1 ; @
lis rl1, OSRunning @ha
stb 1O, OSRunning @I(r11)
lis rll, OSTCBHighRdy@a ; 3)
lwz  rl1, OSTCBHighRdy@I(r11)
Iwz rl, 0(r11) ; (4)
epilogue ; (5)
rfi ] (6)
Listing 2-18, OS_CPU_C.C, OSStartHighRdy()
L2-18(1) Call OSTaskSwHook() . The hook knows that a full context switch is NOT occurring by
examining the value of OSRunning which is setto OS_FALSE
L2-18(2) Once OSTaskSwHook() is returned, OSRunning is set to OS_TRUEBEwhich indicates that
now the RTOS will be running.
L2-18(3) OSTCBCuris overwritten by OSTCBHighRdy.
L2-18(4) Stack pointer is restored from OSTCBHighRdy- >OSTCBStkPtr .
L2-18(5) Processor registers are restored on epilogue  macro, defined on OS_CPU_A.INC.
L2-18(6) Task ready to run becomes active.
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2.05 Handling Exceptions and Interrupts

The Power Architecture e300c1l interrupt mechanism allows the processor to change to supervisor state
as a result of external signals, errors, or unusual conditions arising in the execution of instructions. When
interrupts occur, information about the state of the processor is saved to certain registers and the
processor begins execution at an address (interrupt vector) predetermined for each interrupt. Processing
of interrupts occurs in supervisor mode.

Note that interrupts can occur while an interrupt handler routine is executing, and multiple interrupts can
become nested.

Unless a catastrophic condition causes a system reset or machine check interrupt, only one interrupt is
handled at a time. If, for example, a single instruction encounters multiple interrupt conditions, those
conditions are handled sequentially.

The Power Architecture supports four types of interrupts:

A Synchronous, precised These are caused by instructions.

A Synchronous, imprecised The Power Architecture defines two imprecise floating-point exception
modes: recoverable and non-recoverable.

A Asynchronous, maskabled The external interrupt (int), system management interrupt (smi),
decrementer interrupt, and critical interrupt (cint) are maskable asynchronous interrupts.

A Asynchronous, non-maskabled There are two non-maskable asynchronous interrupts: system
reset and the machine check interrupt.

The MPCB8349E has an exception handling scheme that impose the exception vector table to be placed at
the beginning of the Internal Memory Mapped Registers (IMMR). All of the memory mapped registers in
the MPC8349E are contained within a 1-Mbyte address region. To allow for flexibility, the base address of
the memory mapped registers is relocatable in the local address space. The local address map location of

this register bl ock i s controll ed by the internal

(IMMRBAR).

Among all the exceptions, the port uses :

A The External Interrupt vector (offset 0x500) : to handle the interrupts emitted by some devices
attached to the Integrated Programmable Interrupt Controller (IPIC). The most important devices
are the Programmable Interval Timer (PIT) which emits the periodic tick for pC/OS-Il and the
DUART.

A The System Call vector (offset 0xC00) : to handle the sc instruction exception which permits the
switch context between two tasks (OSCtxSw() ) .

2.05.01 OS_CPU_A.S, Exception Handlers

OS_CPU_A.S has the definitions for two exception handlers used on the MPC8349E port. The port utilizes
the External Input Interrupt and System Call Interrupt. The External Interrupt points to OSExtIntISR ()
function and the System Call Interrupt.

2.05.02 OS_CPU_A.S, OSExtIntISR()

The MPCB8349E has an interrupt controller (IPIC) which allows the CPU to vector directly to the
appropriate interrupt service routine (ISR). The MPCB8349E maintains a vector table which can
accommodate 127 different interrupt source vectors.
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Prior to use any interrupt service, it is necessary to initialize the interrupt controller in the MPC8349E. This
is accomplished by calling the function BSP_I PIC _Init() . Then, every interrupt service request can be
register to be handled by a user-defined handler with the function BSP_IPIC _IntReg() . These functions
are described in detail in the Board Support Package section.

For uC/0OS-Il, EVERY ISR must be written as shown in the pseudo-code in listing 2-19.

My_ISR() (1)
Disable ALL interrupts; 2)
Save ALL registers; ?3)
OSIntNesting++; 4)
if (OSIntNesting == 1) { 5)

OSTCBCur >OSTCBStkPtr = SP; (6)

}
(7
My_ISR_Handler(); (8)
OSIntEXit(); 9)
Restore ALL registers (20)
Return from Exception; (11)

Listing 2-19, Pseudo-code for all ISRs under pC/OS-II

L2-19(1) Branch to the ISR have occurred.

L2-19(2) Interrupts must be disabled because the code that follows must not be interrupted. This
is done because the preemption for higher priority interrupts may happen due to the
nested interrupt capabilities of the MPC8349E. Thus, for this point on, the code is
guaranteed to be in a critical section.

L2-19(3) Al | CPU registers are saved onto the interrupte

L2-19(4) Then, the interrupt nesting counter is incremented. OSIntNesting needs to be

L2-19(5)-(6)

L2-19(7)

L2-19(8)

L2-19(9)

L2-19(10)

L2-19(11)

incremented by the ISR because OSIntEXxit() checks the value of this counter to
determine whether it will return to task level code or, the next nested ISR.

If this is the first nested ISR, thent he t as k 6 s is daeed dénto the TOB {Task
Control Block) of the interrupted task.

At this point, interrupts can be re-enabled to allow higher-priority interrupts to be nested.

Then call a user-defined C-level interrupt handler for the specific ISR. In other words, it is
NOT necessary to have ALL the ISR code in assembly language, only what is not
possible to do in C. Note also that the interrupt device must be cleared in the user-
defined interrupt handlertopr eve-enht érengdé the interrupt

The call to OSIntExit()  allows pC/OS-Il to determine whether the ISR (or any nested
ISRs) made a more important task (than the interrupted task) ready-to-run. If the
interrupted task is still the most important task then OSIntEXxit() will return to this ISR.

If OSIntEXxit() returns here, it means that the interrupted task is still the most important
task. Then, all the registers arerestoredf r om t he i nterrupted t

The last step is to execute a return from exception instruction which causes the
interrupted task to be resumed.
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The process described above is shown graphically in Figure 2-2.

Task Code High
Gets Priority
Interrupted Task !
Suspended |
: My ISR: N
' 1) Disable higher priority interrupts; ) !
' Save ALL registers; (3) !
) OSIntNesting++ 4) |
' if (OSIntNesting==1  ){ (5) !
: ) OSTCBCur >OSTCBStkPtr = SP; (6) 1'
' 1
, . (8 :
' My_ISR_Handler( ); _Lp My_ISR_Handler () !
: Service interr upting device; :
| Task Code Return; |
1 Suspended ) '
! OSIntExit. () ; 9) < i There '
: Restore ALLoregisters; (10) h Current Task OS|I’]tEXIt() Is
< RETE (11) Still Most A
Important More
Important
Task
to
Run
Interrupted High ‘
Task Code Priority
Resumed Task
Resumed

Figure 2-2, Servicing Interrupts
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The External Input Interrupt handler is responsible for branching to the user-defined interrupt handler. The
INTC_IACKR register points to the user-defined interrupt handler address in the interrupt vector table. The
source code for the External Input Interrupt handler is shown in listing 2-20.

OSEXxtIntISR : (@)
prologue :(2-3)
lis rl1, OSiIntNesting @ha ; 4)
bz r3, OSiIntNesting @I(r11)
addi r0,r3,1
stb r0, OSIntNesting @I(r11)
cmpwi 10, 1 ; 5)
bne OSExtIntISR _NotSaveSP
lis rl1, OSTCBCu@ha ; (6)
lwz  rl1, OSTCBCu@I(r11)

stw rl, 0(r11)

OSExtIntISR _NotSaveSP:

bl BSP_ProcessorlSR ; (8
bl OSIntExit N C)!
epilogue ; (10)

rfi ; (1)

Listing 2-20, OS_CPU_A.S, OSExtIntISR ()

L2-20(1-11) The exception handler follows the pseudo-code on listing 2-19. Refer to its comments for
details. Figure 2-2 describes graphically the functionality of the exception handler.

2.06 OS_DBG.C

os_dbg.c is a file that has been added in uC/OS-Il V2.62 to allow Kernel Aware debuggers to extract

information about LC/OS-Il and its configuration. Specifically, os_dbg.c contains a number of constants
that are placed in ROM (code space) which the debugger can read and display. If a debugger is not used,
this file can be omitted from the project build.

26




Micripm LC/OS-II for the MPC8349E

3.00 LC/CPU Port for Freescale MPC8349E

This port holds CPU-specific definitions for the Freescale MPC8349E architecture.

3.01 Directories and Files

The software described in this section of this application note is assumed to be placed in the following
directory:

\ Micrium \ Software \ uC- CPU\\ MPC8349E
The section for each source code file is found as follows:

CPU.H Section 3.02
CPU AS Section 3.03

27




Micripm

LC/OS-Il for the MPC8349E

3.02

CPU.H

CPU.H contains processor-specific #defines constants, macros, and typedefs

3.02.01 CPU.H, Data Types

All data types used on the uC/OS-Il port are referenced from the uC/CPU . This allows a coherent data
type scheme between CPU- and OS-specific code sections. The complete data types list is shown in

listing 3-1.
typedef void CPU_VOID;
typedef unsigned char CPU_CHAR; /* 8 - bit character */
typedef unsigned char CPU_BOOLEAN; /* 8 - bit boolean or logical */
typedef unsigned char CPU_INTO8U; /* 8 - bit unsigned integer */
typedef sig ned char CPU_INTOS8S; /* 8 - bit signed integer */
typedef unsigned short CPU_INT16U; /*16 - bit unsigned integer */
typedef signed short CPU_INT16S; /*16 - bit signed integer */
typedef unsigned long  CPU_INT32U; /%32 - bit unsigned integer */
typedef signed long CPU_INT32S; /* 32 - bit signed integer */
typedef float CPU_FP32; /*32 - bit floating point */
type def double CPU_FP64; /* 64 - bit floating point */
typedef void (*CPU_FNCT_VOID)(void); /* Note 1 */
typedef void (*CPU_FNCT_PTR )(void *); /* Note 2 */
Listing 3-1, CPU.H, Data Types
L3-1(2) Data type defined to replace commonly-used cast(s) for function pointers. Pointer to a
function which returns void and has no arguments.
L3-1(2) Data type defined to replace commonly-used cast(s) for function pointers. Pointer to a

function which returns void and has a void pointer argument.
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3.02.02 CPU.H, Critical Sections

HC/CPU port defines two macros to enter and exit critical sections: CPU CRITICAL ENTER) and
CPU CRITICAL_ EXIT() , respectively. The book (MicroC/OS-Il, The Real-Time Kernel) describes the
three different methods for dealing with critical sections. The one to choose depends on the processor
and compiler. The pnC/CPU port implements only the critical method #3.

The other critical method are not implemented and if selected as a critical method type, an error will abort
the compilation of the project.

typedef volatile CPU_INT32U CPU_SR; /* Note 1 */
#define CPU_CFG_CRITICAL_METHOD CPU_ CRITICAL_METHOD_STATUS_LOCAL /* Note 2 */
#define CPU_CRITICAL_ENTER() {cpu_sr = CPU_SR_Save(); } * Note 3 */
#define CPU_CRITICAL_EXIT() { CPU_SR_Restore(cpu_sr); } /* Note 4 */

Listing 3-2, CPU.H, CPU_CRITICAL_ENTER() and CPU_CRITICAL_EXIT()

L3-2(1) Defines CPU status register size.

L3-2(2) Configure CPU critical method.

L3-2(3) Call CPU SR_Save() to enterin a critical section.
L3-2(4) Call CPU SR _Restore () to exit a critical section.
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3.02.03 CPU.H, Function Prototypes

The prototypes in listing 3-3 are for CPU-specific assembly functions required from C-level.

CPU_SR CPU_SR_Savdvoid);

void CPU_SR_Restore (CPU_SR cpu_sr);

CPU_SR CPU_SR_R{void);

void CPU_IntDis (void);

void CPU_IntEn (void);

CPU_INT32U CPU_TBL_Get (void);
CPU_INT32U CPU_TBU_Get (void);

void CPU_TBL_Set (CPU_INT32U val);
void CPU_TBU_Set (CPU_INT32U val);

Listing 3-3, CPU.H, Function Prototypes

3.03 CPU AS

CPU_A.S contains five assembly language functions for extending access to CPU registers to C-level.
These functions are:

CPU SR_Save()
CPU SR_Restore ()

CPU_SR_Rd()

CPU_IntDis ()
CPU_IntEn ()

CPU_TBL_Get()
CPUTBU_Get()
CPU_TBL_Set()
CPU_TBU_Set()
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3.03.01 CPU_A.S, Critical Sections

CPU_A.S contains the assembly language functions for entering and exiting critical sections. The

PC/CPU port implements only the critical method #3. In Critical method #3, the status register of the

CPU is saved in a local variable and all interrupts are disabled when a critical section is entered. To leave

a critical section, the status register previously saved in the local variable is restored. By restoring the
previousvalueof t he CPUOGs st at us r e gmnablddd they weérsnenabledrjustppefse ar e onl
entering the critical section. This guarantees nested critical sections to work properly.

CPU_SR_Save:

mfmsr r3 ;@

mfmsr 5

andi. r5,r5,0x7fff 1 (2)

mtmsr 15

bir ; (3)

Listing 3-4, CPU_A.S, CPU SR_Save()
L3-4(1) Retrieve machine state register (MSR).
L3-4(2) Disables interrupt by clearing EE bit in MSR.
L3-4(3) Returns from subroutine. Note that this function returns R3 with the previous value of the
MSR.

CPU SR_Restore :

mtmsr r3 ;@)

bir ; (2)

Listing 3-5, CPU_A.S, CPU SR_Restore ()

L3-5(1) Restore MSR with its previous value .
L3-5(2) Returns from subroutine.
CPU_SR_Rd

mfmsr 3 (D

bir ; (2)

Listing 3-6, CPU_A.S, CPU SR_RI()
L3-6(1) Retrieve machine state register (MSR).
L3-6(2) Returns from subroutine. Note that this function returns R3 with the current value of the
MSR.

31



Micripm LC/OS-II for the MPC8349E

3.03.02 CPU_A.S, Disabling and Enabling Interrupts

Interrupts can be disabled and enabled using the CPU_IntDis() and CPU_IntEn() functions. The code
for these functions are shown in listing 3-6 and listing 3-7, respectively.

CPU IntDis
mfmsr 5
andi. r5,r5,0x7fff 7 (1)
mtmsr r5
bir ; (2)

Listing 3-7, CPU_A.S, CPU IntDis ()

L3-7(1) Disables interrupt by clearing EE bit in MSR.

L3-7(2) Returns from subroutine.

CPU_Int En:
mfmsr 5
ori r5,r5, 0x8000 ; (1)
mtmsr 5
blr ; (2)

Listing 3-8, CPU_A.S, CPU IntEn ()

L3-8(1) Enables interrupt by setting EE bit in MSR.

L3-8(2) Returns from subroutine.

3.03.03 CPU_A.S, Interrupt Vector Offset Registers

The MPCB8349E has defined registers for different interrupt types. These registers are referenced by
Interrupt Vector Offset Registers (IVOR). A list of functions is provided to access these registers from C-
level. Listing 3-9 shows a generic code for writing to a IVOR.

CPU IVORxx_Set : ;@
mIVOR xx r3 ; (2)
bir ; (3)

Listing 3-9, CPU_A.S, CPU IVORxx_Set ()

L3-9(2) The xx reflects the interrupt vector offset register number on each function.
L3-9(2) Write value into IVOR number defined by xx.
L3-9(3) Returns from subroutine.
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3.03.04 CPU_A.S, Special-Purpose Registers

The MPCB8349E has several special-purposes registers (SPR) that need to be accessed for different
reasons during the execution or initialization of the board. The following functions provide C-level access
for reading from and writing to these registers. A generic code for reading from a SPR is shown in listing
3-10. Listing 3-11 shows a generic code for writing to a SPR.

CPU_SPR Get: (@
mfspr r3, SPR 7 (2)
blr ;o (3)

Listing 3-10, CPU_A.S, CPU SPR Get ()

L3-10(2) The SPR reflects the special-purpose register name in each function.
L3-10(2) Retrieve SPR value from special-purpose register number defined by SPR.
L3-10(3) Returns from subroutine.
CPU SPR Set : @

mt spr SPR r3 ; (2)

bir ; (3)

Listing 3-11, CPU_A.S, CPU SPR Set ()

L3-11(2) The SPR reflects the special-purpose register name in each function.
L3-11(2) Write special-purpose register defined by SPR with a new value.
L3-11(3) Returns from subroutine.

For example, the registers TBL and TBU (Time Base Upper and Lower) are used to provide an interval
timer for uC/Probe target plug-in. A small piece of target code which has been developed to make readily
available to uC/Probe CPU usage and task stack usage statistics for tasks managed by 1 C/OS-II .
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4.00 BSP (Board Support Package) for Freescale MPC8349E

It is often convenient to create a Board Support Package (BSP) for the target hardware. A BSP allows the
encapsulation of commonly used functionality which eases the application port, since the functions
provided can be freely used by the application. A BSP can usually supports the following functionality:

Configuration of CPU and peripheral clock frequencies;
Determine CPU and peripheral clock frequencies;
Configure the LED 1/Os;

Configuration and handling of the pC/OS-Il tick timer;
Interrupt handling for the uC/OS-Il tick timer;
Initialization of the serial communication channel;
Configuration and handling of timers;

Interrupt handling for serial data transfers;
Configuration of the interrupt services;

General I/0O access functions.

The BSP consist of 2 files: BSP.C and BSP.H.

4.01 Directories and Files

The software described in this section of this application note is assumed to be placed in the following
directory:

\ Micrium \ Software \ EvalBoards \ Freescale \ MPC8349B MWERKSP

The section for each source code file is found as follows:

BSP.H, BSP.C Section 4.02
VECTORSS Section 4.03
Header Files Section 4.04
Initialization Files Section 4.05
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4.02 BSP.H & BSP.C

The BSP implements several global functions to give the application access to important services
available in the target board. Also, several local functions are defined to perform some atomic duty, such
as clock setup, initialization of the interrupt controller, UART, uC/OS-Il tick timer, amount others. The
discussion of the BSP will be limited to the global functions that might be called from the application code.

4.02.01 BSP, BSP_lInit()

The application code must call BSP_Init() to initialize the BSP. BSP_Init() is responsible for the
initialization of the services provided by the BSP.

void BSP_Init  (void)

BSP_IPIC _lInit(); e (1) */
#if (UC_PROBE_COM_MODULE > 0)

BSP_INTC_IntReg(& BSP_DUART_RxTxISR, BSP_IP IC_DUART_ID); /* (2) */
#endif

BSP_Tmrlnit(); I* (3) */
}

Listing 4-1, BSP.C, BSP_lInit()
L4-1(1) Initialize Interrupt support.
L4-1(2) If uC/Probe is part of the project build (uC_PROBE_COM_MODUisfset to 1 in the
OS_CFG.H, then register serial data transfer interrupt handler.

L4-1(3) Initialize pC/OS-II timer tick service.
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4.02.0

2 BSP, BSP_IPIC_Init()

This function initializes the interrupt controller with all interrupts using the unhandled interrupt user-

handler.
interrupt

Therefore, if a non-registered interrupt becomes active, it will be caught by the unhandled
user-handler.

static void

{

BSP_IPIC_Init  (void)

CPU_INT32U i;

for (i

}

=0;i<BSP_INTC_IRQS; i++) { ;@)
BSP_INTC_Handlers[i] = BSP_INTC_IntUnhandled;

BSP_IPIC->SICFR = BSP_IPIC_CONFIG; 1)
BSP_IPIC - >SIMSR_L = BSP_IPIC_ENABLE_INT; 1 (3)
BSP_IPIC_IntReg (BSP_TmrTickISR, BSP_IPIC_PIT_ID); (4

CPU_IntEn(); ; (5)

L4-2(1)
L4-2(2)

L4-2(3)

L4-2(4)

L4-2(5)

Listing 4-2, BSP.C, BSP_INTC Ini t()

Loop thru all interrupt source and define the unhandled interrupt user-handler.
Highest Priority Interrupt = PIT, PIT interrupt generates INT signal for e300c1 core.

Enable PIT interrupt. BSP_IPIC_ENABLE_INT in BSP.H, can be changed if others
interrupts need to be enabled.

Register PIT handler.

Enable interrupts in the MSR (Machine Status Register)
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4.02.03 BSP, BSP_IPIC_IntUnhandled()

The BSP_IPIC _IntUnhandled() is an infinite loop that halts the execution of the code. Under proper

registration and activation of an interrupt service, BSP_I PIC _IntUnhandled() is never executed, since
BSP_IPIC IntReg() loads the user-defined handler for the specific interrupt service. The existence of
BSP_IPIC _IntUnhandled() is for the case that an interrupt service has been activated but not
registered with BSP_IPIC IntReg() . In this case, the execution is trapped by the
BSP_IPIC _IntUnhandled() instead of branching to an unknown address in memory.

static void BSP_INTC_IntUnhandled  (void)

while (1) {
y

Listing 4-3, BSP.C, BSP_INTC_Int Unhandled ()

This function is related only to the external interrupt sources from the Integrated Programmable Interrupt
Controller (IPIC) and forwarded to the Power Architecture e300c1 core. The complete list of all possible
external interrupts is in section 8.1 of MPC8349 reference manual (MPC8349RMdf available from
www.freescale.com).

4.02.04 BSP, BSP_PPCCore_IntUnhandled() and
BSP_DefaultExceptionHandler()

The BSP_PPCCore_IntUnhandled() is an infinite loop that halts the execution of the code. The Power
Architecture e300cl core defines several interrupts generated by different conditions. There are 19
specific interrupts and others possible interrupts. The complete list can be found in section 5.1 and the
description of all possible interrupts in the section 5.5 of e300coreRM.pdf (available from
www.freescale.com).

LC/OS-1l uses only two interrupts of the Power Architecture core to function : External interrupt (offset
0x500) and System Call (offset 0xC00). When the condition to generate these interrupts occurs, their
respective handler is called. The External Interrupt source calls OSExtIintISR() and the System Call
interrupt source calls OSCtxSw() .

All other interrupts are vectored to BSP_DefaultExcep tionHandler() which identifies the interrupt
type and calls BSP_PPCCore_IntUnhandled() . If the application uses certain interrupt of the e300c1
core, the proper handler can must replace BSP_PPCCore_IntUnhandled() in the function
BSP_DefaultExceptionHan dler()

static void BSP_PPCCore_IntUnhandled (void)
while (1) {
}

Listing 4-4, BSP.C, BSP_PPCCore Int Unhandled ()
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void BSP_DefaultExceptionHandler (long ExceptionCause )

{
switch(ExceptionCause) { (1)

case 0x200: BSP_PPCCore_IntUnhandled(); break; /* Machine check */
case 0x300: BSP_PPCCore_IntUnhandled(); break; /* DSI */

case 0x400: BSP_PPCCore_IntUnhandled(); break; /*ISI*/

case 0x600: BSP_PPCCore_  IntUnhandled(); break; /* Alignment */
case 0x700: BSP_PPCCore_IntUnhandled(); break; /* Program */
case 0x800: BSP_PPCCore_IntUnhandled(); break; /* FPU unavailable */

case 0x900: BSP_PPCCore_IntUnhandled(); break; /* Decrementer */

case OXA00: BSP_PPCCore_IntUnhandled(); break; /* Critical interrupt */

case 0xD0O: BSP_PPCCore_IntUnhandled(); break; /* Trace */

case OXEOO: BSP_PPCCore_IntUnhandled(); break; /* Floatint - point assist */
case 0xF00: BSP_PPCCore_IntUnhandled(); break; /* Performance monitor */

case 0x1000: BSP_PPCCore_IntUnhandled(); break; /* Instruction trans . miss */
case 0x1100: BSP_PPCCore_IntUnhandled(); break; /* Data load trans . miss */
case 0x1200: BSP_PPCCore_IntUnhandled(); break; /* Data store trans . miss */
case 0x1300: BSP_PPCCore_IntUnhandled(); break; /* Instruction address bkpt */
case 0x1400: BSP_PPCCore_Int Unhandled(); break; /* System manag. interrupt */
default: BSP_PPCCore_IntUnhandled();
}
}
Listing 4-5, BSP.C, BSP_DefaultExceptionHandler 0
L4-5(1) Identify the source of the interrupt.
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4.02.05 BSP, BSP_IPIC_IntReg()

Once the interrupt support has been initialized by BSP_IPIC _Init () , the application can freely register
user-defined interrupt handlers for any interrupt request. User-defined interrupt handlers are registered to
an interrupt request by BSP_IPIC _IntReg()

CPU_INT32U BSP_IPIC IntReg (CPU_FNCT_PTR handler, CPU_INT32U irq)
{

if(irqg >= BSP_INTC_IRQS) { ;@
return (BSP_INTC_ERR_INVALID_IRQ);

}

BSP_IPI C_Handlers[irg] = handler; 7 (2)

return (BSP_INTC_ERR _NONE);

Listing 4-6, BSP.C, BSP_INTC_IntReg()

L4-6(1) Return an error if interrupt is out of the range.

L4-6(2) Store interrupt handler in the interrupt handl e
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4.02.05 BSP, BSP_ExtIntAck()

IMPORTANT

Every handler for an external interrupt must ACKNOWLEDGE the device that generated
the interrupt. This action must happen as soon as the interrupt handler executes to
prevent additional interrupts from being generated.

The function BSP_ExtIntAck () is used to acknowledge the interrupt source.

void BSP_ExtIntAck(void)

switch(interrupt_ID) { ;D)
case BSP_IPIC_PIT_ID:
BSP_PIT- >PTEVR = BSP_PIT_ACK_INT; i (2)
break;
HE)
default:

return;

L4-6(1)

L4-6(2)

L4-6(3)

Listing 4-6, BSP.C, BSP_ExtIntAck ()

Identify the interrupt source from the IPIC. The interrupt_ID is set first by the handler
of the interrupt pin int of the e300c1, BSP_ProcessorISR()

Acknowledge the interrupt by writing into the event register of the interrupt source device.

Placeholder for additional interrupts ID.

Some devices have alternative methods to acknowledge the interrupt source. For example, a receive
interrupt from DUART is acknowledged by reading the receive FIFO. See the documentation of the device
for proper way to acknowledge different the interrupt sources.
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4.02.06 BSP, DUART service functions

To use the DUART, the user can use 11 functions.

void BSP_DUART_Init(CPU_INTO8U com, CPU_INT32U baud_rate
CPU_BOOLEAN enable_interrupt , eDuartintMode int_mode ); ; (1)
void BSP_DUART_ByteWr(CPU_INTO8U com, CPU_INTO08U byteToSend); ;7 (2)
CPU_BOOLEAN BSP_DUART_ByteRd(CPU_INTO8U com, CPU_INTO8U *dataRead); 7 (3)
void BSP_DUART_NByteWr(CPU_INTO8U com, CPU_INTO8U *write_buffer,
CPU_INT32U nbOfBytesToSend); 5 (4)
CPU_BOOLER BSP_DUART_NByteRd(CPU_INTO8U com, CPU_INTO08U *read_buffer,
CPU_INT32U nbOfBytesToRead); ; (5)
void BSP_DUAR_StrWr(CPU_INTO8U com, CPU_CHAR *s); ; (6)
void BSP_DUART_RXxTxISR(void); (7))
void BSP_DUART_RxISRHandler(void); ;(8)
void BSP_DUART_TxISRHandler(void); ;9 )
void BSP_DUART_IntEn(CPU_INT0O8U com, CPU_INT32U mask); ; (10 )
void BSP_DUART_IntDis(CPU_INT08U com, CPU_INT32U mask); ;A1 )

(1) Initialize the DUART with the appropriate baud rate, data formatting and enable or not the interrupt
mode.

(2) Writes a single byte to a serial port. Note, this function also blocks until room is available in the DUART
for the byte to be sent

(3) Reads a byte from a serial port. This call blocks until a character appears on the port.

(4) Write N bytes to a serial port.

(5) Read N bytes from a serial port.

(6) Write a string of characters to a serial port.

(7) Handler for the interrupt mode of the UART.

(8) Handler for the received data available interrupt of the UART.

(9) Handler for the holding register empty interrupt of the UART.

(10) Enable one or more specific DUART interrupts (DUART can generate 4 different interrupts).

(11) Disable one or more specific DUART interrupts (DUART can generate 4 different interrupts).

BSP_DUART_RxISRHandler() and BSP_DUART_TxISRHandler() MUST not be used
because IC/Probe target resident code has its own defined Rx and Tx handlers to
communicate with uC/Probe user interface.

@ When L C/Probe target resident code is active and used with the RS232 communication,
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Initialization

void BSP_DUART Init (CPU_INTO8U com, CPU_INT32U baud_rate, CPU_BOOLEAN enable_interrupt ,
eDuartIntMode int_mode)
{

CPU_INT32U divisor_value;

CPU_INTO8U most_significant_byte;

CPU_INTO8U least_significant_byte;

struct DUART_module* duart;

switch (com) {
case 1:
BSP_DUARTi>UIER_UDMB =0;
BSP_DUART1>UIIR_UFCR_UAFR = BSP_DUART1_UFCR;

BSP_DUARTi>ULCR =BSP_DUART1_ULCR i (03)
duart =BSP_DU ART1,;
break;

case 2:
BSP_DUART2>UIER_UDMB =0; T (D
BSP_DUART2>UIIR_UFCR_UAFR = BSP_DUART2_UFCR :(2)
BSP_DJART2 >ULCR =BSP_DUART2_ULCR ;(03)
duart = BSP_DUART];
break;

default:

return;

}

divisor_value =BUS_CLK_FREQ(); ;
divisor_value /= 16; ;(5)
divisor_value /= baud_rate; ;
least_signi ficant_byte = (CPU_INTO08U)divisor_value;

most_significant_byte = (CPU_INTO08U)(divisor_value >> 8);

duart - >ULCR |= BSP_DUART_ULCR_DLAB;
duart ->URBR_UTHR_UDLB =least_sig nificant_byte; ; (6)
duart - >UIER_UDMB = most_sign ificant_byte; ; (6)
duart ->ULCR &= ~BSP_DUART_ULCR_DLAB;
if(enable_interrupt) { (N
ifcom == 1)
BSP_IPIC - >SIMSR_H |=BSP_IPI C_DUART1_MASK; 2 8)
else if(com == 2)
BSP_IPIC - >SIMSR_H |= BSP_IPIC_DUART2_MASK; (9

/* DUART interrupt mode */
if(int_mode == RX)

duart - >UIER_UDMB = BSP_DUART_UIER_ERDAI_MASK; ;(10)
else if(int_ mode == TX)
duart - >UIER_UDMB = BSP_DUART_UIER_ETHREI_MASK; ; (0 11)

else if(int_mode == RXTX)
duart - >UIER_UDMB = (BSP_DUART_UIER_ERDAI_MASK | BSP_DUART_UIER_ETHREI_MASK); ; (12)
}

}
Listing 4-7, BSP.C, BSP_DUART _Init ()
L4-7(1) Disable all interrupts.
L4-7(2) Set control register (number of byte for triggering an interrupt, DUART mode).
L4-7(3) Set line register (parity, stop bit, data length in bits).
L4-7(4) Set baud rate according to this formula :

Baud rate = (1/16) x (system clock frequency/divisor value)
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L4-7(5) Code for the previous baud rate generator formula.

L4-7(6) Loading the divisor latches. The divisor value is determined by the following two 8-bit

registers to form a 16-bit binary number:
1 UART divisor most significant byte register (UDMB)
1 UART divisor least significant byte register (UDLB)

L4-7(7) If DUART is used in interrupt mode, set the IPIC and DUART.

L4-7(8) DUART1 interrupt enabled into the SIMSR_H register of the IPIC.

L4-7(9) DUART?2 interrupt enabled into the SIMSR_H register of the IPIC.

L4-7(10) Enable received data available interrupt (DUART).

L4-7(11) Enable transmitter holding register empty interrupt (DUART).

L4-7(12) (ESSZISTr)eceived data available and transmitter holding register empty interrupts

Byte(s) handling

void

{

BSP_DUART_ByteWr (CPU_INT08U com, CPU_INTO8U byteToSend)
struct DUART_mo dule* duart;

switch (com) {

case 1:
duart = BSP_DUART]Z,
break;
case 2:
duart = BSP_DUART1Z,
break;
default:
return;
}
if (duart - >UIER_UDMB & BSP_DUART UIER_ETHREI_MASK)==0) { 1 (1)
while ((duart - >ULSR & BSP_DUART ULSR_TEMT_MASK) == 0) { 1 (2)
OSTimeDly(2);
}
}
duart - >URBR_UTHR_UDLB = byteToSend; ; (3)
}
Listing 4-8, BSP.C, BSP_DUAR_ByteWr ()
L4-8(1) Look if the DUART is polling mode. If yes, wait for space to send the byte. If no, just send
the byte.
L4-8(2) Wait for room

1 inthe UTHR and internal transmitter shift register (if bit TEMT (register ULSR) set to
®6 )
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1 in the transmitter FIFO and the internal transmitter shift register (if bit TEMT (register
ULSR)set to 061606)

L4-8(3) Send the byte into the UART Transmitting Holding Register (UTHR).

cPU_BOOLEANBSP_DUART_ByteRd (CPU_INT08U com, CPU_INTO8U *dataRead)
struct D UART_module* duart;

switch (com) {

case 1:
duart = BSP_DUART1;
break;
case 2:
duart = BSP_DUART1;
break;
default:
return;
}
if ((duart - >UIER_UDMB & BSP_DUART_UIER_ERDAIMASK) == 0) { ()
while ((duart - >ULSR & BSP_DUART_ULSR_DR_MASK)==0) { ;(2)
OSTimeDly(2);
}
}
*dataRead = (CPU_INTO8U)(duart - >URBRUTHR_UDLB); ;1 (3)
return (1);
}
Listing 4-9, BSP.C, BSP_DUART_ByteRd)
L4-9(1) Look if the DUART is polling mode. If yes, wait for a received byte. If no, just read the
byte.
L4-9(2) Wait for a byte into the UART Receiver Buffer Registers (URBR).
L4-9(3) Read the character from:

1 the URBR (if bit DR (register ULSR)s et t o 6006)
1 the receiver FIFO (if bit DR (register ULSR)s et t o 6 16)

The functions BSP_DUART_ByteWr() and BSP_DUART_ByteRd() are reference functions for other
functions. They permit to send or read multiple bytes and to send a string of characters.

BSP_DUART_NByteWr() BSP_DUART_ByteWr()
BSP_DUART_NByteRd() BSP_DUART_ByteRd()
BSP DUART StrWr() BSP_DUART ByteWr()

Table 4-1 : Multiple bytes handling for UART communication
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Interrupt

The function BSP_DUART_RXxTxISR() is used to handle all interrupts generated by the DUART if several
interrupts has been enabled in the DUART.

void BSP_DUART_RXTXISR (void)

struct DUART_module* duart;
CPU_INTO8U event;

#if (DUART_RS232_COMM_SEL == 1) || (PROBE_RS232_COMM_SEL == PROBE_RS232_UART_0))
duart = BSP_DUART];

#elif (DUART_RS232_COMM_SEL == 2) || (PROBE_RS232_COMM_SEL == PROBE_RS232_UART_1))
duart = BSP_DUARTZ2;

#endif
event = duart ->ULSR; (D)
if ((event & BSP_DUART_ULSR_DR_MASK) = 0) { 1 (2)

#if uC_PROBE_COM_MODULE == 1
ProbeRS232_RxISRHandler();
#else
BSP_DUART_RxISRHandler();
#endif
}

if ((event & BSP_D UART _ULSR_THRE_MASK)1=0){ ;(3)
#if uC_PROBE_COM_MODULE == 1
ProbeRS232_TxISRHandler();

#else
BSP_DUART_TxISRHandler();
#endif
}

}

Listing 4-10, BSP.C, BSP_DUART_RXTxISKR)

L4-10(1) Retrieve the value of the Line Status Register (ULSR).

L4-10(2) Call Rx handler if a data has been received in the receiver FIFO. If uC/Probe is active,
The Rx handler specific to pC/Probe is called. Otherwise, call the user Rx handler
BSP_DUART_RxISRHandler()

L4-10(3) Call Tx handler if the transmitter FIFO is empty . If uC/Probe is active, The Tx handler

specific to pC/Probe is called. Otherwise, call the wuser Tx handler
BSP_DUART_TxISRHandler()

The handlers BSP_DUART_RxISRHandler() and BSP_DUART_TxISRHandler( ) are customizable by
the user to do the appropriate processing. These handlers, if used, should be defined in the file app.c .
Moreover, the function BSP_DUART_RxTxISR) is automatically employed when using uC/Probe. It could
be discarded if the DUART is configured in Rx interrupt mode or Tx interrupt mode only. In this case, the
proper handler is registered with BSP_IPIC_IntReg () and for example, if the DUART is in Rx interrupt
mode, when the interrupt is generated, BSP_DUART_RxISRHandler() is directly called.

Here is an example of the Rx processing in BSP_DUART_RxISRHandler() : read the data in the receiver
FIFO and put the read data into a software FIFO to wake up a task. The handler could only wake up a
task. And the latter will read the receiver FIFO.
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void BSP_DUART_RxISRHandler (void)

{
CPU_CHAR data;
if (BSP_DUART_ByteRd(DUARTY, &da  ta)) { /* Read the received data. */
OSQPost(pFifo_Rx, &data); /* Wake up the task pending for data */
}
}

Listing 4-11, BSP.C, BSP_DUART_RXTXISR)

Enabling and disabling interrupt

It is possible to enable or to disable the DUART interrupt using BSP_DUART IntEn() or
BSP_DUART _IntDis () .

void BSP_DUART IntEn (CPU_INTO8U com, CPU_INT32U mask)
struct DUART_module* duart;

switch (com) {

case 1:
duart = BSP_DUART];
break;
case 2:
duart = BSP_DUART];
break;
default:
return;
}
duart - >UIER_UDMB |= mask; i (D)

}
void BSP_DUART IntDis (CPU_INTO8U com, CPU_INT32U mask)

struct DUART_module* duart;

switch (com) {

case 1:
duart = BSP_DUARTZ;
break;
case 2:
duart = BSP_DUARTZ;
break;
default:
retur n;
}
duart - >UIER_UDMB &= ~(mask); ;(2)
Listing 4-12, BSP.C, BSP_DUART_RXTXISR)
L4-12(1) Enable the interrupt(s) in the UART Interrupt Enable Register (UIER) with the correct
mask.
L4-12(2) Disable the interrupt(s) in the UART Interrupt Enable Register (UIER) with the correct
mask.
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4.02.07 BSP, OS Timer functions

The puC/OS-Il clock tick ISR handler and its initialization function have been encapsulated in the BSP.

This makes it easier to adapt the uC/OS-Il port to different target hardware since these functions can be
changed to select whichever timer or interrupt source for the clock tick that the application requires.

The MPC8349E have a Programmable Interval Timer module which generates periodic interrupts for a
real-time operating system tick source. The PIT consists of a 32-bit down-counter which is decremented
by a clock derived from a Coherent System Bus clock (CSB : 266 MHz). The 32-bit counter decrements to
zero when loaded with a initial value from the periodic interval timer load register (PTLDR). The periodic
interval timer control register (PTCTR) is used to enable or disable the various timer functions. The
periodic interval timer event register (PTEVR) is used to report the interrupt source.

To initialize the OS tick source, BSP_Tmrlnit() must be called by the application code. Listing 4-9
shows the function source code.

static void BSP_Tmrlnit  (void)

CPU_INT32U cycles;

cycles=(  BUS CLK_FREQ()/ OS_TICKS_PER_SEC); ;@)
BSP_PIT- >PTPSR = BSP_PIT_PRESCALER; )
BSP_PIT- >PTLDR = cycles; )]
BSP_PIT->PTCNR = BSP_PIT_CTRL_REG; ;@)

Listing 4-13, BSP.C, BSP_Tmrlnit()

L4-13(1) Compute number of CPU cycles for every OS tick. The clock source of the PIT is the bus
clock.

L4-13(2) The prescaler from the PIT divides the CSB clock input by 1.

L4-13(3) Load timer load value.

L4-13(4) Configure and start PIT operation.

PTCNR[CLEN] ='1' : enable counter
PTCNR[CLIN] ='0" : system clock internal
PTCNR[PIM] ='1": interrupt enabled
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The BSP_TmrTickISR() is responsible for signaling a clock tick to the OS. This function is called by the
External Interrupt handler, BSP_ProcessorISR () (called by OSExtIintISR defined in
0s_cpu_a.s) . The source code for BSP_TmrTickISR() is shown in listing 4-10.

void BSP_TmrTickISR (void)

BSP_ExtIntAck(); /* (1) */
OSTimeTick() ; * (2) */

Listing 4-14, BSP.C, BSP_TmrTickISR()

L4-14(1) Acknowledge the PIT interrupt.

L4-14(2) Signal a clock tick to the OS.
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4.03 VECTORS.S, Exception Vectors & Initialization

The VECTORS.S contains the vector table which corresponds to the 19 possible exceptions of the Power
Architecture e300c1 core. The complete list of the exceptions can be found in section 5.1 of the
e300coreRM.pdf (available on www.freescale.com). For each exception, the vector table branches the
interrupt to the proper handler to process the interrupt.

glnterruptVectorTable:

.org 0x100 (1)
reset:
lis rd, reset@h ;(2)
ori rd,r4, reset@l
mtlr rd4
blr
{e}
.org 0x500 7 (3)
b OSExtIntISR (4
{e}
.org 0x700 ;6 )
Pro logue ; (6)
l r3,0x0700 1)
lis r4,BSP_DefaultExceptionHandler@h
ori r4,r4,BSP_DefaultExceptionHandler@|
mtlr r4
blrl
b Exception_Epilogue (8
{e}
.org 0xC00 ;(9)
b OSCtxSw ; (10)
{e}
Listing 4-15, VECTORS.S, ginterruptVectorTable
L4-15(1) Changes the location-counter value, relative to the base of the current section. Thus, the
code exception will always begin to the offset specified by the e300 core reference
manual. Here, the Reset exception begins at offset 0x100.
L4-15(2) For the Reset exception, call the _ reset() function (defined in
8349ITX _revl init.c ) which jumps to the program entry point, i.e. __start()
L4-15(3) Changes the location-counter value, relative to the base of the current section. The
External Interrupt exception begins at offset 0x500.
L4-15(4) For the External Interrupt exception, call the OSExtIntISR() handler (defined in
0s_cpu_a.s ) which processes the external interrupt received.
L4-15(5) Changes the location-counter value, relative to the base of the current section. the
Program exception begins at offset 0x700.
L4-15(6-8) For every exceptions not related to 1 C/OS-II, BSP_DefaultExceptionHandler() is

called.
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L4-15(6) Every exception calls a prologue macro (defined in os_cpu_a.inc ) which saves the
necessary registers of the processor.

L4-15(7) Branch to BSP_defaultExceptionHandler() passing the offset of the exception as a
parameter to identify the source of the exception.

L4-15(8) Every exception calls an epilogue (Exception_Epilogue, defined in os_cpu_a.s ) which
restores the necessary registers of the processor. A macro is not used to avoid exception
handler to have more than 256 of code space.

L4-15(9) Changes the location-counter value, relative to the base of the current section. the
System Call exception begins at offset OxCOO.

L4-15(10) For the System Call exception, call the OSCtxSw() handler (defined in os_cpu_a.s )
which processes the switching between tasks.
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4.04 Header Files

This port for the MPC8349E uses a specific header file, 8349ITX_registers.h , which provides the
definitions of the different registers handled by the port. The 8349ITX_registers.h files contain the
complete set of registers for the MPC8349E peripherals.

The MPCB8349E Header files are assumed to be placed in the following directories:

\ Micrium \ Software \ EvalBoards \ Freescale \ MPC8349E MWERKEBSP

4.05 Initialization Files

This port for the MPC8349E uses the MPC8349 Initialization files provided by Freescale. The initialization
files provide startup and configuration of the MPC8349E. The MPC8349 Initialization files can be found in
the installation directory of CodeWarrior v8.8 for Power Architecture, professional Edition. The files are
located in the following directories:

<install_directory> \ PowerPC_EABI_Support \ Runtime \ Src

<install_directory> \ Templates \ PowerPC_EABI\ Sources \ 8349ITX_revl \ Common
<install_directory> \ PowerPC_EABI_Support \ Runtime \ Lib

<install_directory> \ PowerPC_EAB_Support \ Initialization_Files \ PQ2

The files necessary for the initialization procedure are the following:
___ppc_eabi_init.c
8349ITX_revl_init.c

8349ITX revl init.cfg
Runtime.PPCEABI.H.UC.a

These MPC8349 Initialization files are assumed to be placed in the following directories:

\ Micrium \ Software \ EvalBoards \ Freescale \ MPC834%F\ MWERKSP Init

The file 8349ITX_revl_init.cfg is use by the CodeWarrior Debugger to configure some of the
MPCB8349E peripherals.
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5.00 Application Code

The sample application code makes use of the port presented in this application note as described in this

section.

5.01 Directories and Files

The software described in this section of this application note is assumed to be placed in the following

directory:

\ Micrium \ Soft ware \ EvalBoards \ Freescale \ MPC93498 MWERKSDS

The section for each source code file is found as follows:

APP. C

APP_CFG H
INCLUDES H
OS_CFG H
PROBECOM_CFGH

Section 5.02
Section 5.03
Section 5.04
Section 5.05
Section 5.06
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5.02 APP.C

The sample application code is placed in the file called APP.C. An application can contain many more
files. APP.C is where the main() is placed but, it could be placed in any other file in a final application.

APP.C is a standard test file for uC/OS-Il examples. The two important functions are main() (listing 5-
1) and AppTask Start () (listing 5-2).

int main (void)

{

INT8U err;

CPU_IntDis ();

OSInit (); I* 1) *

OSTaskCreateExt (AppTask Start , I* ) */
(void )0,
(0S_STK *)&AppTask Start Stk[APP_TASK_START_STK_SIZE 2 1],

APP_TASK_START_PRIO,
APP_TASK_START_PRIO,

(OS_STK *)& AppTaskStartStk  [0],
APP_TASK_START_STK_SIZE,
(void *)0,
0OS_TASK_OPT_STK_CHK [ 0OS_TASK_OPT_STK_CLR);
#if (OS_TASK_NAME_SIZE >7) && (OS_TA  SK_STAT_EN > 0)
OSTaskNameSet(APP_TASK_START_PRIO, (INT8U *)"Startup”, &err); * (3) */
#endif
OSsStart (); * (4 */
return (0);

Listing 5-1, APP.C, main()

L5-1(2) As with all pC/OS-Il based applications, the OS needs to be initialized by calling OSlInit()

L5-1(2) At least one task needs to be created. In this case, a task is created using the extended task
create call. This allows uC/OS-Il to have more information about the task.

L5-1(3) Tasks can be given a name and it can be displayed by the Kernel Aware debuggers.

L5-1(4) Call OSStart()  to start multitasking. Note that OSStart()  does not return from this call.
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static void AppTask Start (void *p_arg)
INT8U i;
(void)p_arg; * Q) */
BSP_lInit (); * (2 */
#if OS_TASK_STAT_EN >0
OSsStatlnit ~ (); I (3) */
#endif
#if (WC_PROBE_OS_PLUGIN > 0) || (uC_PROBE_COM_MODULE > 0)
AppProbelnit(); * (4) */
#endif
AppTaskCreate (); * (5) */
while (1) { /* (6) */
OSTimeDly(OS_TICKS _PER_SEC);
}
}
Listing 5-2, APP.C, AppTask Start ()
L5-2(1) Prevent compiler warning.

L5-2(2) Initializes the BSP (see Board Support Package section) for the target board.

L5-2(3) If task statistics is enable (OS_TASK_STAT_ENs set to 1 in the OS CFG.H) then, the task
statistics needs to be initialized. Note that the uC/OS-II clock tick needs to be enabled and

initialized because OSStatlnit() assumes the presence of clock ticks. In other words, if
the tick ISR is not active when OSStatlnit() is called, the application will end up in
pC/os-llé6s i dle task and not be able to run any other

L5-2(4) If pC/Probe is enable (uC_PROBE_OS_PLUGINr uC_PROBE_COM_MODUIsEset to 1 in
the APP_CFG.H) then, the nC/Probe module needs to be initialized.

L5-2(5) At this point, additional tasks can be created. All task initialization is placed in one function
called AppTaskCreate()

L5-2(6) Additional function can be performed by this task. Note that in order to switch between tasks,
the task MUST call either one of the OS???Pend() functions or OSTimedly???() functions.
In other words, a task MUST always be waiting for an event to occur. An event can be the
reception of a signal or a message from another task or ISR, or simply be a wait for the
passage of time. If the task does not perform any of these function calls, the OS will never
have an opportunity to switch between different tasks.
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The test application is modular in order to test different configurations. The modularity is done thanks to
preprocessing directives. Particularly, in the APP.C and BSP.C, these preprocessing directives allow to
compile the necessary code. According to the chosen configuration, the number of application tasks
created will not be the same.

The Table 5-2 shows the different configurations, their meaning and their implication for creating the
tasks.

Nb of

Preprocessing directives (app_cfg.h ) Meaning Tasks
created"

uC_PROBE_COM_MODULE DUART_CODE_WARRIO DUART_POLLING
R

Writing to the serial link
uses the drivers from the

DUART library
CodeWarrior UART1 8349 MDS.UC.a
provided by CodeWarrior.

Writing/reading  to/from
the serial link uses the
drivers from the BSP with
a poling method (i.e.
0 0 1 tasks active waiting to 2
send or receive a byte).
Could involve CPU
overhead.

DUART
polling

Writing/reading  to/from
the serial link uses the
drivers from the BSP with
an interrupt method. The
DUART emits an interrupt
0 0 0 if a data is received in the 1
receiver FIFO or if the
transmitter FIFO is
empty. Avoid CPU
overhead.

DUART
interrupt

Communicating with the
C/Probe graphical user
DUART H
1 0 r interface uses the 1
DUART in interrupt
mode.

probe

Table 5-2 : application configurations

The test application of uC/OS-II consists in 3 tasks (AppTaskl , AppTask2 and AppTask 3) created by
AppTask Start () . Each task will demonstrate the use of the serial communication of the MPC8349E-
MITXE board. The serial communication is done through the Dual Universal Asynchronous Receiver-
Transmitter (DUART1 and/or DUART2). The Table 5-3 shows the application tasks according to the
configuration and which functions they use.

! This number of tasks refers to the application task. It d o e sintlde the system tasks such as OSTaskldle, OSTaskStat , etc.
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Configuration Task name Function for DUART
DUART CodeWarrior AppTaskl printf()
AppTask2 printf()
DUART polling AppTaskl BSP_DUART_ByteWr()

BSP_DUART_NByteWr()
BSP_DUART_NByteRd()

AppTask2 BSP_DUART_ByteWr()
DUART interrupt AppTask3 BSP_DUART_StrWwr()
DUART probe AppTask3 ProbeCom_TxStr()

Table 5-3 : application configurations and tasks

AppTaskl uses the function printf() or BSP_DUART_ByteWr() / BSP_DUARTNByteWr() to send
some characters on the serial link. The task read N characters received by the DUART with
BSP_DUARTNByteRd() . BSP_DUART_NByteWr() is also used to echo the received character.

AppTask2 uses the function printf() or BSP_DUART_ByteWr() to send some characters on the
serial link.

AppTask 3 uses the function BSP_DUART_ByteWr() or ProbeCom_TxStr() to send some
characters on the serial link. In the DUART interrupt configuration, AppTask 3 works with the Rx handler,
BSP_DUART_RxISRHandler . This handler reads the received character in the receiver FIFO when the
DUART emits a Rx interrupt and wakes up AppTask 3 by writing the received character into a software
FIFO. AppTask 3 blocks until a data is written in the software FIFO.

When the DUART CodeWarrior, DUART polling or DUART interrupt configuration is selected, the bytes
sent to the DUART could be displayed in the HyperTerminal under Windows environment. The
HyperTerminal could be also used to send byte to the DUART and AppTaskl or
BSP_DUART_RxISRHandler will be use to read these data. A predefined HyperTerminal settings
MPC8349E_57600.ht is available in :

\ Micrium \ Software \ EvalBoards \ Freescale \ MPC9349E MWERKSDS

When the DUART probe is selected, the bytes sent to the DUART are displayed into the Target Output of
LC/Probe Graphical User Interface (GUI) as shown in Figure 5-1.

El Target Output

Welcome to AppTask3tart!
[AppTaski] runhing...

Figure 5-1: Target Ouput of pC/Probe GUI
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5.03 APP_CFG.H

APP_CFGH contains configuration options for the sample application code, such as #define constants,
macros, prototypes, etc. that are specific to the application.

#define APP_TASK_START_STK_SIZE 256 ) *

#define OS_PROBE_TASK_STK_SIZE 256 I (2) *

Listing 5-3, Stack sizes

L5-3(1) Depth of the stack for the sample application task. Note that the depth of the stack is in
number of 32-hit registers it can hold.

L5-3(2) Depth of the stack for the uC/Probe OS plug-in application task.

#define APP_TASK _START_PRIO 0 * ) *
#define OS_PROBE_TASK_PRIO 8 I* @) */
#define OS_TASK_TMR_PRIO (OS_LOWEST_PRIO -2y (3) *

Listing 5-4, Task priorities

L5-4(1) Priority for the sample application task. Note that the lower the priority number, the higher the
priority of the task.

L5-4(2) Priority for the uC/Probe OS plug-in application task.

L5-4(3) Priority for the OS Timer Management task. It is set based on the lowest priority available on
the OS.

#define DUART_DRIVER_CODE_WARRIOR 0 ~o@1) T

#define DUART_POLLING 1 *o2) g

#define DUART_BAUD_RATE 57600 [ (3) /|

#define DUART1 1

#define DUART2 2

#define NUMBER_OF_CHARACTERS 10 *o4) g

#define DUART_RS232_COMM_SEL 1 * (5) ]

Listing 5-5, Task delay

L5-5(1) In the code application, there are some preproce:
provided by CodeWarrior or from the Board Support Package (BSP.C).
T Set to '1' means that we wuse the UART's drivers from CodeWarrior
(UART1_8349 MDS.UC.a library). printf() are directed to DUART1.
1 Setto '0' means that we use the UART's drivers from BSP.C

L5-5(2) In the code application, there are some preprocessor directives to use the DUART with a

polling method or an interrupt method. This #define is used in conjunction with
DUART_DRIVER_CODE_WARRIOR
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T Set to '1' means that the DUART is in polling mode. Note : When
DUART_DRIVER_CODE_WARRIGRL' or uC_PROBE_COM_MODUtEL', this define has
no effect.

1 Setto '0' means that the DUART is in interrupt mode.

L5-5(3) DUART settings: baud rate and which DUART to use.
Note: the data formatting is 8 bits data, 1 bit stop, no parity, no flow control.

L5-5(4) Chose the number of characters that AppTask2 can read before waking up AppTask 1.

L5-5(5) Used for DUART in interrupt mode. 1 = DUART1, 2 = DUART2.

#define OS_PROBE_TASK 1 * @
#define OS_PROBE_HOOKS_EN 1 I 2 *
#define OS_PRO BE_TMR_32_BITS 1 I (3) *
#define OS_PROBE_USE_FP 1 I* @
#define ~ PROBE_BAUD_RATE 57600 I (B) *
#define uC_PROBE_COM_MODULE DEF_DISABLED  /*(6)*/

#define uC_PROBE_OS_PLUGIN DEF_DISABLED  /*(7)*

Listing 5-6, Task delay

L5-6(1) Task will be created for L C/Probe OS Plug-In.
L5-6(2) Hooks to update OS_TCB profiling members will be included.
L5-6(3) [LC/Probe OS Plug-In timer is a 32-bit timer.

L5-6(4) Enables use of floating-point computation for statistics on pC/Probe . nC/Probe does not
use floating-point variables.

L5-6(5) RS-232 baud rate used by 1 C/Probe .
L5-6(6) Enable (DEF_ENABLEDor disable (DEF_DISABLED pC/Probe module.

L5-6(7) Enable (DEF_ENABLEDor disable (DEF_DISABLED p.C/Probe Plug-in.
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5.04 INCLUDES.H

INCLUDES.H is a master include file and it is found at the top of all .C files. INCLUDES.H allows every
.C file in the project to be written without concern about which header file is actually needed. The only
drawbacks to having a master include file are that INCLUDES.H may include header files that are not
pertinent to the actual .C file being compiled and the compilation process may take longer. These
inconveniences are offset by code portability. The INCLUDES.H can be edited to include additional
header files, but any addition should be added at the end of the list. Listing 5-6 shows the typical contents
of INCLUDES.H for a uC/OS-Il project with uC/Probe .

#include  <stdarg.h>

#include  <cpu.h>
#include  <app_cfg.h>
#include <ucos_ii.h>

#include " 8349ITX_registers
#include  <bsp.h>

#if WC_PROBE_OS_PLUGIN > 0)
#include <os_probe.h>
#endif

#if (WC_PROBE_COM_MODULE > 0)
#include <probe_com.h>

#if (PROBE_COM_METHOD_RS232 > 0)
#include <probe_rs232.h>

#endif

#endif

h

Listing 5-6, INCLUDES.H

5.05 OS_CFG.H

This is the uC/OS-II configuration file for the project. The book (MicroC/OS-Il, The Real-Time Kernel)
describes the configuration elements for the nC/OS-II .

#define OS_TICKS_PER_SEC 10

0 * (1) %

Listing 5-7, OS_CFG.H

L5-7(1) Number of OS time ticks occurring in one second. This value can be changed as needed
but it is typically set between 10 and 1000 Hz. The higher the tick rate, the more

overhead pC/OS-II will impose on the application. However, a higher tick rate has a
better tick granularity.
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5.06 PROBE_COM_CFG.H

The configuration file, PROBE_COM_CFG,Hheeds to be in a project include path. This file determines
what requests the target will respond to, the size of the targe
capability is supported), the size of the string buffer. The following configurations should be made from
this file:

1. Choose Communication Method. PROBE_COM_METHOD_RSZ3®uld be set to DEF_TRUE

2. Configure General Communication Parameters. This set of #defines configures the general
communication module.

a. PROBE_COM_RX_MAX_SIZE set to 2048 bytes for the receive buffer. This is the
number of bytes in the data section of the longest packet that can be received.

b. PROBE_COM_TX_MAX_SIZI5 set to 2048 bytes for the transmit buffer. This is the
number of bytes in the data section of the longest packet that can be transmitted. If the
Windows program requests the target to send a packet longer than then, then an error
packet will be sent in response.

c. PROBE_COM_SUPPORT_WRset to DEF_FALSE since the current version does not
currently support write commands.

d. PROBE_COM_SUPPORT_SiRset to DEF_TRUEto support a queue for transmission
strings from the using ProbeCom_TxStr()

e. PROBE_COM_STR BUF_SIZE set to 512 bytes for the string buffer.

3. Configure Statistics and Counters. PROBE_COM_STAT_HbIset to DEF_TRUEto allow packet
and byte counters be maintained in the general communication module.

4. Configure RS-232 Specific Parameters. This group of parameters configures the RS-232
communication module.

a. PROBE_RS232_PARSE_TASK set to DEF_TRUEto handle parsing on a task level. If an
RTOS is not used (or a port for the RTOS used is not available), this must be set to
DEF_FALSE

b. PROBE_RS232_TASK_PRICand PROBE_RS232_TASK_STK_SIZEare set to 10 and
256, assigning the task priority and task stack size, respectively.

c. PROBE_RS232_RX_ BUF_SIZHEnust be set to the desired size of the receive buffer. This
must be the same as PROBE_COM_RX_MAX_SIZE

d. PROBE_RS232 RX BUF_SIZEmust be set to the desired size of the transmit buffer.
This must be the same as PROBE_COM_TX_ MAX_SIZE

e. PROBE_RS232_COMM_SHd assigned to UART 0.
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6.00

Opening and Loading the Project

The files located in the executable zip file named Micrium-Freescale-uCOS-1I-MPC8349.exe are
organized in the directory structure shown in Figure 6-1.

= 153 Micrium

Licensing agreements
(If uC/OS-Il is used
commercially)
Contact
www.Micrium.com
for pricing

= L) Apphotes
= L) ANLxxx-RTOS

AN-1056

I3 AM10S6-0C0S5-11-Freescale-MPCES49E

I Catalog

Licensing

= IC5) Software

= |25 EvalBoards
= I5) Freescale

CodeWarrior
Example Project

= 15 MPCa349E
= L) MWERKS
I3 BSP

I3 Documentation

MPC8349E
pnC/CPU port

e

I>=a-u“:‘:| uC-CPLU

uc/LIB
function for memory
and string handling

|5 MPCES49E
I>—@ uC-LIB

pLC/ oS-Il
documentation

PC/OS-Il processor
independent
source code

I3 Doc

= T3 Target

= L3 Communication
= 155 Generic
) Fg
= os

= I5) RS-232

=hos

= 153 Ports
= C3) Freescale
I3 MPCE349E

I Source

[ﬁ Source
=) Plugins

|5 Workspaces
Figure 6-1, Directory Structure
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Projects are included for Freescale CodeWarrior. A CodeWarrior project file named OS.mcp is located in
the CodeWarriorpr oj ect 6s f ol der in the directory:

\ Micrium \ Software \ EvalBoards \ Freescale \ MPC83498B MWERKSDS

To view this example project, start an instance of CodeWarrior for MPC8349E, and open the project file

OS.mcp. To do this, select the AOpenod me mbjectsafigpeand und
i Pr oj e cand nfaik the mofect file after navigating to the project directory. In addition, the project file

could also be opened by double-clicking on the file in a Windows Explorer window.

6.01 The Freescale CodeWarrior Compiler

This uC/OS-Il port was tested using the Freescale CodeWarrior for MPC8349 V8.8 compiler. The
CodeWarrior IDE holds source files and libraries, manages dependencies and stores compiler, linker and
other settings. The CodeWarrior for MPC8349 is also provide debugging capabilities.

Bel ow are screen shots of some of the toolchainbds settdi

{ @ MPC8349E -Debug Settings [0S.mcp]
|ﬂ T arget Settings Panelz |ﬂ T arget Seftings

= Target =
Target Mame: |MPE834EIE-DEI:|ug
- Access Paths

- Build Extraz Linker: |PDWE[PE EABI ﬂ
- Runtime Settings F're-linker:|N.:.ne ﬂ
" Conea e Fostinker None -l
- [SEK. Spsgen Output Directony:
- EPPC Target Chooze. ..
= Language Settings {Project0utput
- CAC++ Language e Clear I
-« CAC++ Preprocessar : : ) ) Must specify this Linker
o C/C++ Warnings | Save project entries using relative paths
- EPPC Agzsembler

-1 Code Generation

- [Global Optimizations

- EPPC Processor

-~ EPPC Dizazzembler v|

Factory Settings Import Panel... | Export Panel... |

] | Cancel | |
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i@ MPCB349F -Debug Settings [0S.mcp]

HC/OS-Il for the MPC8349E

B Target Settings Panels § Access Paths
- fl athsz + |szer Paths v Always Search ser Paths
+ Build Extras " Spstern Paths v Source relative includes
- Runtirme Settings § e Path —
: - ser Paths
. ;ﬂe Maprlngs B Fropct M UST
D;LEEESPLZ?; v B {Project). \BSP Select both checkboxes.
- EPFC T arget I8 Project) 4% 4 5 SUCOS NS ource
—. Lanquane Settings W IR {Projecth. b\ S S UCO S NParkssPowerPCAWWMPCE349E \MWERKS
e v B {Frojeot). 4.4 A\ WE-CPUNMPCE349E
o F_E'”E'”E'E'E v B {Project). b5\ AC-CPU
++ Preprocessor v B HProject b5 4 4 AUC-Proben T arget PlugingtuC0 51
w L/L4+ Wiarhings = {Project}. b M A SuC-Probeh T argetsCormmunications G enenchS ounce
- BFFC Assembler v 1B UProject}. 4.5, b 4. MIC-Probet T arget\Communication' G enerich 0 S4C0 54
=+ Code GE”Efat!D’? _ IR {Project}. M M SUC-Probeh T argetCormmunication G enench P 5-23255 ource
- Global Optimizations v 1B Prgject) b5 4 SUC-ProbetT arget\CommunicationtG enerchR S -2325PartshFre
- EPPC Processor v I U Praject) % AUC-Probet T arget\ Communicationt G enerchR 5 -23240 50! +
- EPPC Dizaszemnbler 1 | 4
=+ Linker } \
- EPP Linker . HostFlags o] _Add. | | |
Factory Settings | | \ Header files search path
] | Cancel | | ‘

: m MPCB349E-Debug Settings [05.mcp]

B Target Settings Panels N EPPC Target M U ST \
= Target _ = Project Type | s pplication Select DWARF2
- Target Settings _ debug information.
- Bocess Paths File: M ame |u:|e|:uug.e|f
. Bu'ld_EHtraS . Byte Ordering [ Disable Cw Extendjons
- Runtime Settings
-+ File Mappings f* Big Endian £ Little Endian DWARF|DWARF 2%\ |
- Source Trees
- DSEK Syzgen Code Model |.-'1'-.I:|$|:|Iute Addreszing j ABl |EABI -
ol EPFC Target i
L S mall Dt Iiﬂ [ [Ture Relocations
-« CiC++ Languange li
-« CAC++ Preprocessor smal Dataz |3
- CAC+H+ Warnings Heap Size [k] |32 M U ST
- EPPC Azzembler Select EABI.
=+~ Code Generation Stack Size [k] |32
- [3lobal Optimizations
- EPPC Proceszor
- EPPC Dizaszembler
Factory Settings | | Import Panel... | Export Panel... |
] | Cancel | |
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— Must specify alignment of

8-bytes for functions

Select Floating Point and Vector
support

You can sel e
optimization level




