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The current uVision release at the time of writing this
application note is v4.23. The uVision IDE, offered by KEIL,
is strictly ANSI C99 and CMSIS compliant. This can in turn
cause compatibility issues with Freescale’s sample code (or
your code) as it is not CMSIS compliant.

2 Overview of the KEIL
Compiler

KEIL uVision is an integrated development environment that
combines project management, make facilities, source code
editing, program debugging, and complete simulation in one
powerful environment. KEIL uVision is a tool developed by
ARM and has been supporting Freescale Kinetis products
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vummon uVision Errors and Pitfalls

since 2010. Because KEIL has close ties to ARM, KEIL is completely CMSIS compliant. More information about uVision
can be found at http://www keil.com/uvision/.

3 Common uVision Errors and Pitfalls

The following is a list of common errors that have been encountered by this group in the course of creating uVision projects.

* uVision strictly adheres to the C99 (ISO/IEC 9899) standard. Therefore, main must return a parameter of type int. In
the current sample code base, main has a void return. uVision will not allow this and the definition of main must be
changed to return an integer value.

» Keil does support inline assembly code. Setting up this function in uVision is difficult and not recommended. Many of
the inline assembly functions throughout the sample code base must be changed to the CMSIS compliant intrinsic
functions defined on Keil’s website.

 If a variable or function is declared as an extern, it must be explicitly defined elsewhere in the code. If it is not, the
uVision compiler will not be able to find the variable and errors will occur during the compilation.

* uVision by default does not allow anonymous union declarations, like those used in the current device specific header
files. To enable the use of anonymous unions, you must use the instruction #pragma anon_unions to indicate to uVision
that you will be using anonymous union declarations.

e The __main function of uVision initializes the stack and heap, as well as initializing variables. While you can call
functions in the *.s file before calling __main, you cannot have a function that jumps to another function (the stack is
not setup). Also, you cannot depend on variables being set to a value in a function that was called before __main,
because __main may clear this variable.

4 Creating a new Keil project from the Kinetis Sample Code

Currently, no Keil projects exist in the Kinetis sample code package. Therefore, you will need to create a folder, named Keil,
under the KINETIS512_SC\build folder. Next, you will need to create subfolders for your projects (the location for these
folders will be KINETIS512_SC\build\Keil\<project name>). After you have manually created your new project folder(s) in
the location specified above, follow the step by step instructions to create your new uVision project.
1. Navigate to Project->New uVision Project....
2. Point the dialog box to the project folder you just created and save your new project there.
3. Select the appropriate Freescale MCU from the Generic CPU database (MK60N512VMD100 for this example). Do not
be concerned that you can only select one part. There will be a chance to add other parts (or change the current part)
later.

When prompted to copy the recommended startup_<device>.s file to the Project Folder and add the file to the project, click
no. We will add our own *.s file to the project later.

4.1 Creating new targets and groups

Now you must add the project files to your project. But first, correctly setup the groups to organize your workspace. Follow
these instructions to setup the workspace.
1. Click the Files, Extensions, Books, and Environments... dialog button.
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Creating a new Keil project from the Kinetis Sample Code

@_C:\Tgmp\KlNETISH 2_SC\build\Keil\Keil_ex1\Keil_ex1.uvproj - pVision4

File Edit View Project Flash Debug Peripherals Tools SVYCS Window Help
e & | ¥ N e it ¢ T ¢+ = = JE IR

P S o SR LoAD s ﬁ F: Files, Extensions, Books and
l_] |_§ - L ’4 Targe‘ 1 > g#& Enviroments...dialog button

2. A dialog box opens. Here you can add or modify targets and groups, as well as add or remove files to or from the
groups. For convenience and organization, rename Target 1 to MK60N512 — Flash. Do this by double-clicking Target
1.

Components, Environment and Books

Project Components ‘ Folders/Extensions | Be

Double-Click

Project T argets:
MKBON512 - Flash

3. Rename Source Group 1 to Project, the same way that Target 1 was renamed. Before adding files to the groups, add all
of the appropriate groups. The groups added are as follows:
* common
e drivers
* cpu
* platforms
4. Create a new project target (named MK60N512 — RAM) by clicking the “New (Insert)” button and name the newly
created target appropriately. After the new target is created, it is necessary to perform the target setup actions described
in Memory configuration for a RAM target for this target.
5. Click Ok to exit the Components, Environment and Books dialog box.

Porting Your Code to the uVision Environment, Rev. 0, 10/2012
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Components, Environment and Books

Project Components | Folders/Extensions | Ba

New (Insert) button

e

Project Targets: |13 | X 4 | ¥ |Gn

MKBONS12 - Flash |_

4.2 Memory configuration for a Flash target

1. Navigate to the Linker tab of the Target Options dialog box
2. Select Use Memory Layout from Target Dialog check box.

\uq-

% Options for Target "MK60N512 - Flash'

Devicei Ta;get' Dutput' Listing | User ] Eﬂ:-H-I Asm  Linker |Dehug1 Utilities |

- Use Memory Layout from Target
Iv Use Memory Layout from Target Dialog [<€———— Dialog check box

| Make R'W Sections Position Independent R/0 Base:
[ Make RO Sections Position Independent
ake ections Position Indepen RAW Base
[ Don't Search Standard Libraries
disable Warmings:

v Report 'might fail' Conditions as Emors

3. Select the Target tab. Ensure that the setup is the desired setup. For a Flash target, the flash memory addresses must be
located in the IROM1 text boxes and the RAM memory locations must be entered in the IRAM1 and IRAM?2 text
boxes as displayed below.

Porting Your Code to the uVision Environment, Rev. 0, 10/2012
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Creating a new Keil project from the Kinetis Sample Code

W. Options for Target "MK60ON512 - Flash’

Device Target | Qutput | Listing | User | C/C++ | Asm | Linker | Debug | Utilties |

Freescale Semiconductor MKEONS12¢vMD100

Ktal (MHz} ]

:_j [ Use Cross-Module Optimization

Code Generation

Operating system: |Hone

SystemViewer File (Sl [ Use MicroLIB pa i
SFD\Freescale\KEOMKED.sfr J
Memory Setup for Flash Configuration
Read/Only Memory Areas A Readw/rite Memory Areas
default off-chip Start Size Startup | default off-chip Start Size Molnit
™ ROMI: | i » ™ RAMI: | | u
I~ RAOMZ | [ s ™ RaM2 | | ~
™ ROM3: | ] - ™ RaM3 | | =
on-chip on-chip
¥ IROMI: |0x0 |0+80000 5 [~ |RAM1: [OxIFFFO000  |0x440 =
™ IROMZ | ] ® ¥ IRAM2 [O<IFFF0440  [0x1FBCO -
OK Cancel Defaults Help
NOTE

This memory configuration does not divide the RAM memory into two equal
sections as described in the reference manual. If you need to maintain this structure
or just need a third RAM section in general, consult the section on creating your
own scatter loading file in this application note.

4. Change the name of the executable produced when the project is compiled. This is executed mainly for convenience.
Select the Output tab in the dialog box. In the Name of Executable text box, enter the name of the project followed by
_<Target>, where <Target> is the particular target type (that is, Flash or RAM). An example is shown in the following

figure.

Porting Your Code to the uVision Environment, Rev. 0, 10/2012
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W. Options for Target "MK60N512 - Flash’

Select Folder for Objects. .. |

+ Create Executable: \Keil_ex1_Flash
Iv Debug Information
™ Cieate HEX File
¥ Browse Information

" Create Library: \Keil_ex1_Flash.LIB

5. Click Ok to exit the Target Options dialog box.

Device | Target Output I Listing | User | C/C++| Asm | Linker | Debug| Utiities |

Mame of Executable: |KELEH1_F|ESH

_

Executable Name text box

4.3 Memory configuration for a RAM target

1. If you wish to run out of RAM, then you will need to modify these text boxes to the desired program RAM space
entered in IROM1 and the other RAM memory locations are in IRAMI1. For example, if you want to run this code from
the lower half of RAM, the memory setup boxes need to be modified as follows.

[™ Create Batch File

Porting Your Code to the uVision Environment, Rev. 0, 10/2012
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Creating a new Keil project from the Kinetis Sample Code

V. Options for Target "MK6ON512 - RAM' X

Device Target | Qutput | Listing | User | C/C++ | Asm | Linker | Debug | Utilties |
Freescale Semiconductor MKB0DX256xxx10 o
eneration
¥tal (MHz) [12.0
Operating system: |Hone :._J [7 Use Cross-Module Optimization
SystemViewer File (Sl [ Use MicroLIB ja
SFD\Freescale\Kinetis\MKGODZ10.sfr J
Read/Only Memory Areas MemorySetaporR A Coﬁﬁegafami«?ﬁte Memory Areas
default  off-chip Start Size Etastup default off-chip Start Size Malnit
™ ROMI: | i » ™ RAMI: | | u
I~ RAOMZ | [ s ™ RaM2 | | ~
™ ROM3: | ] - ™ RaM3 | | =
on-chip \ on-chip
N jcmrrmmn ]0:-:440 s v IRAMI: luuzuunuuuu 010000 r
[ IROM2 |0xIFFF0440  |0xFBCO g ™ IRAMZ | | r
oK Cancel |  Defauts | Help

2. Change the name of the executable produced when the project is compiled. This is executed mainly for convenience.
Select the Output tab in the dialog box. For the Name of Executable text box, enter the name of the project followed
“_<Target>", where <Target> is the particular target type (that is, Flash or RAM). An example is shown below.

W. Options for Target "MK60ON512 - RAM'

Device | Target Output | Listing | User | C/C++| Asm | Linker | Debug | Utilities |

Select Folder for Objects... J Mame of Executable: lKﬁﬂ_EHLHM

7

Executable Name text box

* Create Executable: \Keil_ex1_RAM
¥ Debug Information
[~ Cieate HEX File
¥ Browse Information

" Create Library: M\Keil_ex1_RAM.LIB

3. Click Ok to exit the Target Options dialog box.

I™ Create Batch File

Porting Your Code to the uVision Environment, Rev. 0, 10/2012
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4.4 Adding files and include paths

Now that the groups are correctly setup, add the appropriate files to the groups.

Follow these instructions:
1. Right click on the group folder icon (listed in the group column of Table 1 below) in the Project pane and click the Add
Files to Group '<folder name'... button.
2. Then browse to the appropriate folder in the Add Files to Group dialog box, select the files in that folder, and click the

Add button.
NOTE
By default, uVision is set to find only source files, and finds header files
automatically. Therefore, you will not need to add the header files, though you may
want to add some header files manually if the file is modified often. The following
table lists all of the files that are located in the sample project folder structure. Not
all of these files will be used for every project and it is recommended that only
necessary files be added to a project (the unnecessary files for the hello_world
example are in italics in the table).
Table 1. Project file
groupings
Group Files
Project hello_world.c
common uif.c

alloc.c

assert.c

io.c

memtest.c

printf.c

queue.c

startup.c

stdlib.c

Table continues on the next page...

Porting Your Code to the uVision Environment, Rev. 0, 10/2012
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Creating a new Keil project from the Kinetis Sample Code

Table 1. Project file groupings
(continued)

Group Files

drivers adci16.c
nbuf.c
enet.c
eth_phy.c
mii.c
Iptmr.c
mcg.c
pmc.c
rtc.c
uart.c

wdog.c

cpu arm_cmé4.c
start.c
sysinit.c

vectors.c

platforms k60_tower.h
k40_tower.h
k53_tower.h

3. In addition, you will need to copy Retarget.c and Serial.c to the UART driver folder (found at <Sample Code Root
Directory>\src\drivers\uart) and add these files to your project. These files are necessary for the hardware UART to
work correctly. Retarget.c is included with your uVision download and can be found at <Keil Installation Directory>
\v4_23\ARM\Startup. Serial.c is included with this application note.

4. After groups are created and the appropriate files have been added, setup the Include Paths, so that uVision is able to
find all of the appropriate files, by typing the project relative paths into the Include Paths box (in a semicolon delimited
list) in the C/C++ tab of the target options dialog box.

Porting Your Code to the uVision Environment, Rev. 0, 10/2012

Freescale Semiconductor, Inc. 9



\
4

(

|
ureating a new Keil project from the Kinetis Sample Code

W. Options for Target "MK60N512 - Flash’

Dew'ce[ Tatgetl I'Jutput] Lis!'rlg] User C/C++ |Asm | Linker | Debug] UtiEiesl

Preprocessor Symbols

Define: |_Keil TWR_KBONS12

Undefine: | Include Path text box
Language / Code Generation
[ Stict ANSIC W arnings:
Optimization: |Level 0(-00) | ™ Enum Container always int | <unspecified> |
I~ Optimize for Time [~ Plain Char is Signed
[~ Spiit Load and Store Multiple I Read-Only Position Independent
[~ One ELF Section per Function I Read‘Wiite Position Independent
|”g£§ |.,"aplatinwn:,.'\.."n...\src"-.currrnon;.."n...‘u..‘-.src\::pu;..‘-...‘a..‘asfc:"-.r:pu"aheaders;.."a..'\.."tsu:"u:lrhfers'*.adc'lE;..'\... J
Misc |
Controls
Compiler |- ~cpu Cortex-M4 -g -00 -apcssintenwork -1, \platinurn .5\ Ssrchcommon -5 A vsichcpu A
control |4\ A Msrcheputheaders LA\ Asreh\drivershade B - N srehdriversimeg -\ Asrc\platforms
string bl

oK Cancel Defaults Help

This setting will need to be added on a per target basis. The include paths that should be added are as follows:
..\<project_name>;

.\ \src\common;

\\\sre\epu;

..\ \src\cputheaders;

.\ .\ \src\drivers\adc16;

-\ \.\src\drivers\meg;
.\.\.\src\platforms;
.\.\.\src\projects\<project_name>;
.\ \sre\drivers\uart;
\\\sre\drivers\wdog;

A\ \sre\drivers\pmc;

.\ .\ \src\drivers\enet;

-\ \\sre\drivers\meg;

S\ \sre\drivers\rtc;

..\ \src\drivers\adc16;

Porting Your Code to the uVision Environment, Rev. 0, 10/2012
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-\ A\sre\drivers\iptmr
Tip
Here are the paths as an in-line list for easy copying into the include paths text box:
AKeil_ex1;..\.\..\src\common;..\.\..\src\cpu;..\..\. \src\cpu\headers;..\..\.\src\drivers\adc16;..\..\..\src\drivers\mcg;..\..\..\src

\platforms;..\..\..\src\projects\hello_world;..\..\.\src\drivers\uart;..\..\.\src\drivers\wdog;..\..\..\src\drivers\pmc;..\..\. \src\drivers
\Iptmr

NOTE
These file paths can be quickly added to your project by copying and pasting each of
these into the target options or by copying and pasting the links from the example project
included in this application note.

4.5 Creating a scatter file

Scatter files are used by the uVision environment to know where to place sections of code and variables. The scatter file is
analogous to the linker file for other IDEs. These files can be generated automatically (as already shown here) or you can
designate a custom scatter file for use by the IDE. If you have a scatter file you would like to use, go to the linker tab of the
target options dialog box, uncheck “Use Memory Layout from Target Dialog and point uVision to the desired scatter file by
clicking the “...” and browsing to the location of your scatter file.

Note that when your own custom scatter file, you must also ensure that the R/O Base address and the R/W Base address are
correct.

Porting Your Code to the uVision Environment, Rev. 0, 10/2012

Freescale Semiconductor, Inc. 11



ureating a new Keil project from the Kinetis Sample Code

V. Options for Target "MK60ON512 - RAM' X]

Device | Taget | Output | Listing| User | C/Co+ | Asm  Linker | Debug | Utiites |
[ Use Memory Layout from T arget Dialog R/O Base Add&
™ Make RW Sections Position Independent R/0 Base: iUuDUDIIIIJUI]
[ Make RO Sections Position Independent AAW Base !”“1 FFFOD00
[ Don't Search Standard Libraries
¥ Report 'might fail' Conditions as Erors disablo Warrings: i
R/W Base Address
Custom Scatter File text box
Scatter  [Keil exl sct
i | eil_exl.sc J Edit...
Misc
controls
Linker |-cpu Cortex-M4 *.0 --strct --scatter "Keill_ex1.sct" A
control  |-summary_stder --info summarysizes --map --xref --callgraph --symbaols
string v
oK Cancel Defaults Help

For more information on creating your own scatter file, consult the uVision help files. An example of a three region scatter
file written for an MK60X256 Flash target is shown below and provided with this application note.

Porting Your Code to the uVision Environment, Rev. 0, 10/2012
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m

02

03

04

05 LB IRON1 0x00000000 0x00040000
06 ER_IRCHL 0x00000000 Ox00040000
a7 *. o [RESET, +First)

i} *[InRFooti§{Sections)

m JANY (RO

0 )

1 R¥ IRAML OxiFFFS440 Ox00007EFD
12 JANY (+RE +ZT)

13 meg.o (#RO +ZI +RU)

14 i

15 E¥W IRAM3 Ox20000000 Ox00008000
15 JANY [+RE +ZI)

17 )

18 RY_IRAMZ 0x1FFFE000 Dx00000440
19 LANY (+II +RW)

20 ¥

2 )

22

23 LR_IRONZ 0x10000000 0x00040000
24 ER_IROHZ Ox10000000 O0x00040000
5 LANY  (+RO)

26 )

27 )

5 File Modifications

{

{

i

{

» #is Scattar-Loading Description File geparatad by ulVision ###+

*» load region sSize region
S load addreszs = ayacubion sddress
s RW data

load address = execution address

5.1 Device header file modifications

The current header file in this sample code base is not compatible with the uVision compiler. The uVision compiler does not
by default allow the use of anonymous unions. Therefore, a #pragma statement is required to allow the compiler to use the
anonymous unions located throughout the header files. Therefore, in the part header file (MKXXDZ10.h), some
modifications are be required and these modifications are noted in the table below.

Table 2. Device Header file modifications

File Modifications

Line Number

Statements to add

248 #elif defined (__Keil)
#pragma push
#pragma anon_unions
15566 #elif defined (__Keil)

#pragma pop

With these modifications, lines 241-253 should be written as shown below.

Porting Your Code to the uVision Environment, Rev. 0, 10/2012
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12

117 "

MZ3E #* Start of saction using AnonymoUs unions
e I

00240

00241 Fif defined(_ CWCC_ )

00242 Hpragma push

00243 fipragma cpp excensions on

00244 Helif defined [__GHOC__ )

0245 £ aponymous unions are anabled by defauwlt *F
00246 Helif defined(_ TAR_SYSTEMS_ICC_ )
D047 Fpragma language=extended

00248 Felif defined [__Keil)

00248 Fpragma push

00250 Hpragma anon_unions

00251 Helze

oSz flerror Not supported compiler cype
00253 Hendif

And lines 15560-15570 should be written as shown below.

12000

15558 '+

15557 ## End of section using Anonymous unions
15558 +/

15585

15560 #if defined(_ CWCC_ )

15561 Fpragma pop

15562 #elif defined(_ GNUC_ )

15563 A% laave anonymous unions anablad *f
15564 Helif defined(_ IAR_SYSTEMS_ICC_ )

15565 fpragma language=default

15566 #Helif defined ([ Keil)

15587 fpragma pop

15568 Helse

15563 #error Not supported compiler cype
15570 #Hendif

1851

15572 /##

15573 @

15574 s J4 and of group Peripheral defines #*/
18575

15576

1865TT /% —m e m e e e
15578 == Backward Compatibility

QIGTAIN — == e e i
155N

5.2 CPU folder file modifications

The CPU files include vectors.c, arm_cm4.c, start.c, crtQ.s, and sysinit.c. Begin with the modifications to start.c.

5.2.1 Start.c

Porting Your Code to the uVision Environment, Rev. 0, 10/2012
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File Modifications

The call to __main in uVision copies non-root (RO and RW) execution regions from their load addresses to their execution
addresses, uncompresses necessary data sections, zeroes ZI regions, and then branches to __rt_entry (which sets up the stack
and heap). Therefore, most of the common_startup() function is already in process and this function can be skipped using an
#ifndef statement. However, __main does not copy the interrupt vectors, so you will need to add this function to start().
Therefore, lines 24-37 must now be as follows:

022 woid start (void)

{
#ifndef _ Keil
A* Dizable the watchdoy timer =/
welog_disable():

St Copy any vector or date sections that need to be 2n RAN #F
Ccommon_startup () ;

fendif

#ifdef _ Keil

Relocate ISR=():

#endif

SR5EE85E888RERE

The Relocate_ISRs() function can be defined as a local function to start.c. The function is written as follows (and should be
added to the end of start.c) and remember to add the function declaration to start.h.

a3

34 woid Relocate ISHs (void)

s |

306

w7 extern uine3d2  vector table[]:

a8

g 1] extern winei2 _ VECTOR_RAM[] :

o uineldé n;

m

nz2 '/ Copy the vactor table to RAM

N3 if [_ VECTOR_RAN '= _ weccor_table)
4 i

1 L] for(n = 0; n < 0x1049; n++)

ki [ __VECTOR_RAM[n] = _ wector_table[n];
nr

ne }

na A# Point the VIOR to the new copy of the wector table
320 SCB_VTOR = ((uinc3iZ) VECTOR_RAH) :
eyl

22 1

23

In addition, skip to the call to main(). Skipping the call to main() will require some project file modifications. To skip the call
to main() in the start file, modify start.c as shown in the following:

066

067 #ifndef _ Keil

068 S Jump to main process */
069 main () :

070

1

072 /* No actions to perform after this so wait forever #/
073 while (1) :

074

075 flendif

oe 3

D?? l'fJ-J-J-J-J-J-J-J-J-J-J-J-J-J-J-J-J-J-J-J-J-J-J-J-J-J-J-J-J-J-J-J-J-J-J-““““““““““““

Porting Your Code to the uVision Environment, Rev. 0, 10/2012
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5.2.2 arm_cmd.c

The files arm_cm4.h and arm_cmé4.c also require modification. The main function of our sample code is defined in
arm_cm4-.h. This has been defined as a function that returns nothing and accepts no arguments. However, uVision requires
that main return an integer. Therefore, this definition will have to be changed in the declaration of main and lines 83-87 of
arm_cm4.h should now be as follows:

g0 typedef volatile uint3Zz wuint32; /+ 32 bats =/
g1

82 // Ffunctien prototyre Ffor main function

83 #ifdef FKeil

84 imnt mainivoid) ;

g5 #Helze
g6 wvoid main(veoid):
g7 #Hendif

e

In addition, change the Enablelnterrupts definition and DisableInterrupts definition (which are defined in arm_cm4.h at lines
27 and 30) when using uVision. These macros must be changed because uVision does not implement inline assembly in the
same manner as most IDEs in the market today. uVision uses a set of intrinsic functions defined in the CMSIS standard for
implementing the inline assembly instructions that are typically used throughout the sample code. Modifying the macro
defined in arm_cm4.h saves valuable time and frustration when compiling the sample code in uVision. Therefore, the new
macro definitions must look as follows:

L4

(1] ok g o o R g o o b R g o R g o o o b ot o o o gE o o o o o o R o o R o o o o b o o o o o R o ot R o o o o o o R o o o o ot o
026 i Macre to enable all interrupts. #/f

027 #Hifdef _ FKeil

028 #Hdefine Enablelncterrupts _ enable irg():

029 #Helse

030 #Hdefine Enablelnterrupts asm(™ CPSIE i™):
031 #endif

032

033 i Macro to disable all irnterrupts. */

034 #ifdef  Feil
035 #Hdefine Disablelntecrupts _dlsah].e_].rqq] H

036 #Helse

037 #Hdefine DisableInterrupts asm(" CFSID i"):

038 #Hendirf

lm fJa.a..ia.a..-.da.-.Ja.a..-.Ja.-.Ja.a..-.J.n.-.Ja.a..-..ia..-.da.a..-.Ja..-.Ja.a..-Ja..-.Ja.a.J.-a..-.Ja..n.Ja.a..-.J.n.-.Ja.a..-..ia.-.Ja.l__'
fun

5.2.3 arm_cm4.c

The file arm_cm4.c currently defines the stop() and wait() functions. These functions use inline assembly instructions which
as previously described, are not allowed in the uVision environment. Therefore, you need to modify those function calls to
use the CMSIS defined intrinsic functions. The modified stop() function will now appear as follows:

Porting Your Code to the uVision Environment, Rev. 0, 10/2012
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022 woid stop (void)

023 (

024 S * Zat the SLEEPDEEP bit to apable deep sleéap mode (STOP) =
025 SCE _SCR |= SCE_SCR SLEEPDEEP MASK:

026

027 /% WFI instruction will start entry into STOP mode +/
028 Hifdef _ FKeil

0zs _wiif);

030 Helse

a3 s (FUFIY) -

032 Hendif

033

And the wait() function will now appear as follows:

s
M6 woid wait (void)

(12

048 £ Claar the SLEEPDEEP bit to make sure we go into WAIT
45 # of deap slaap,

050 *

051 SCE_SCR ¢= ~5CB_3CR_SLEEPDEEF_MASK:

052

053 F* WFT ipatruction will start antry into WAIT modae =/
054 Hifdef _ Feil

055 __wLi();

056 Helse

57 mam | “WFI") ;

058 Hendif

(1.7 I

(] /oedddidbdsdbdddbdddbbdddddddd b i bbb bbb AR A A p SR b A b B bbb bbb

5.2.4 crt0.s

Copy the current crt0.s file, rename it crtO_keil.s and add the newly created crt0.s file to the project. This file will need to be
modified for the uVision environment. Firstly, uVision uses the semicolon (;) to denote that an entire line is a comment. This

will be the first change you will want to make.

The current crt0.s file simply initializes the general purpose core registers to ‘0’ and then calls the start function. In the
uVision environment, the symbols Stack_Mem and Heap_Mem must be defined. The compiler looks for these symbols, by
default in the startup assembly file. Therefore, you will need to define these symbols in your crt0.s file.

In addition, you will want to define __initial_sp and assign it to a known value. This variable tells the uVision environment
where to start the stack. By default, the stack will grow down, so this variable should be assigned to the end of the RAM
memory space minus eight. To do this, insert the following code at the beginning of the crt0.s file.
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M5 - <h> Stack Configuration

me - <ox> Stack Size (in Bytes) <0x0-0xFFFFFFFF:5>
mr - </ ke

g

M3 Srack Size EQU Dx 00000400

AREA STACK, NOINIT, READWRITE, ALIGH=3
Frack_Mem SPACE  Jrack_Size
__imnitial ap EQU OxZ000FFFS

5 <h> Heap Configuration
F] <or Haap Sizre [(in Bytes) <0x0-0xFFFFFFFF: 8>

F oS
Heap_Size EQU Ox00000200
AREA HEAF, NOINIT, READWRITE, ALIGN=3
__heap base
Heap Hem SPACE Heap Size

__heap limit

PRESERVES
THUME

BESHSEEREEEERRREEREER

e

Before defining the reset procedure, setup the reset area and let the compiler know about the interrupt vector table by
importing the vector table from vectors.c (Note — vectors.c does require modifications for this to work). Insert the following
code into the crt0.s file.

41

M2 s Vector Table Mapped to Address 0 at Reset

043

044 AREA RESET, DATA, READCHNLY
45 INPORT _ wvector_table

ME

a7

048 AREL | .text|, CODE, READOMLY
049

050

B  Pefine the location of the interrupt vectors in RAM space
__VECTOR_RAN EQU Ox1£££0000

Now the Reset handler must be defined. uVision will setup the code such that the program begins at the Reset handler upon a
reset. The current code in crt0.s can be used to insert the following into your crtO_keil.s file.
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054 - Reseat Handler

055

056 FResec Handler PROC

057 INFORT wdog disable

058 IMPORT main

054 EXPORT _ initial sp

&0 EXPORT _ VECTOR_RAN

081 EXPORT Reset Handler [WEAK]
062 EXPORT _ startup

063 _ =tartup

064 MOV rld, #0 r Initialize the GPRs
065 HOw rl, #0

066 MOV rl, #0

067 MOV r3, #0

U= 1] Mo rd, H#0D

0Eg MoV rf, #0

07 MOV 6, #0

iy | MoV 7, #0

072 MOV rl@, #0

0r3 MOV 9, 50

074 MOV ¥10, §0

075 MOV rll, #0

076 MOV S

77 CPEIE i * Unmask interrupts
ore LDR RO, =wdog disable
079 BLX RO

080 LDE RO, = main

oen BX RO

0g2 ENDP

083

084

085 LLIGHN

noc

Notice that the code from the original crt0.s is in the reset handler routine. The reset handler makes itself, the boot stack
address, and the startup sequence (initialization of the general purpose registers) available to other parts of the program. Then
it calls the watchdog disable function located in wdog.c. Then it will branch back to this file, where __main will be called.
__main is the entry point of a uVision program performs the important following functions:

1.

2.
3.

Copies non-root (RO and RW) execution regions from their load addresses to their execution addresses. Also, if any
data sections are compressed, they are decompressed from the load address to the execution address.

Zeroes ZI regions

Branches to __rt_entry

__rt_entry performs the following actions:

1.

2.

3.
4.

Sets up the stack and the heap by one of a number of means that include calling __user_setup_stackheap(), calling
__rt_stackheap_init(), or loading the absolute addresses of scatter-loaded regions.

Calls __rt_lib_init() to initialize referenced library functions, initialize the locale and, if necessary, setup arc and argv
for main() (user defined main). For C++, calls the constructors for any top-level objects by way of
__cpp_initialize_aeabi_.

Calls main(), the user-level root of the application.

Calls exit() with the value returned by main().

Finally, the assembly file ends with special instructions if you are using the Microlib library. The section of code to perform
this setup must be located at the end of this file.
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FEEEREREREREEEER!

5.2.

r User Initial Stack & Heap
IF :DEF:_ MICROLIB
EXPORT __ inicial_sp
EXPORT _ heap base
EXFORT _ heap limit
ELSE
IHPORT _ use two_reglon emory
EXPORT _ wser initial stackheap
__wuser_initial stackheap
LDR RO, = Heap_ Hem
LDR R1l, =(Stack Mem + Stack Size)
LDR R2, = ([Heap Mem 4+ Heap Sizs)
LDR R}, = Stack Hem
BX LR
ALIGN
ENDIF
END

5 vectors.c

Now that the assembly startup file is written (and references vectors.c), modify vectors.c for operation in the uVision
environment. Modify the #if statement to include a uVision option defining the vector table array and indicate to the linker

where

o1
mz
m3
i 4
ms
e
m?
me
ms

iGEERREREREE

to put this array. To do this, insert the following code into the #if statement of vectors.c found at line 16.

* Vactor Table

A

typedef void (*wveceo C_=nery) [wodd) ;

#i1f defined|IAR)
Hpragma location = ®,intvec®
conat VECTOI_entEy _ vector_table[] = /S0 Y.imtrec”T =
Helif defined(CW)
Wpragma define _section wvectortabls ®.veccortable® ".wvectortable® ".vectortable”™ far_sbs B
Fdefine VECTOR _ declspec|vectortable)

const VECTOR wvecto L_entry _v\ectul:_tab la[] = J/7@ " igpiwas® =
Helif [defined] Feil))
const vector _entry _ attribute_ ((section(".ARM.  at Ox00"))) _ wvector table(] = //# ".ant
Hendif
f
UE‘CTCIR_EIBD, S% ITmitial 5P L
VECTOR_0D1, F* Tnitiad BC L4

URETAR M

For more information on the __attribute_ command, refer to the uVision help files.

5.2.

6 vectors.h

The first two vectors in the vector table need to point to the initial stack pointer and the Reset_Handler. Therefore, you will
need to modify vectors.h as follows:
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022

023 extern void _ startup (void) ;

024 extern void Reset Handler (void):

025

026 extern unsigned long  BOOT STACK ADDRESS(]) :
027 extern unsigned long _ inivial sp[]:

0d8 extern void __ iar program Start (void)

029

030 #ifdef _ Feil

031 #define VECTOR 000 (pointer™)  initial sap

032 #define VECTOR 001 Feser Handler

033 #Helse

034 A4 Address Vecktor IRQD
038 #define VECTOR_ 000 (pointer®) BOOT ZTACK ADDRESS //

036 #define VECTOR 001 ___atarcup AF 0x0000_0004 1 - ARM
037 #endif

03 #Hdefine VE CTOR_DO2 default_isrc Af 0x00Q0_0008 2 -

039 #define VECTOR_003 default_isrc AF 0x0000_000C 3 -

5.3 Common folder file modifications

The common files include uif.c, uif.h, alloc.c, assert.c, io.c, i0.h, memtest.c, memtest.h, printf.c, queue.c, queue.h, startup.c,
stdlib.c, and stdlib.h. We will begin with the modifications to alloc.c.

5.3.1 common.h

The header file common.h contains a selection statement that selects a compiler specific header file based on the compiler
being used. To eliminate the warning when using the uVision IDE, a modification to this code is necessary. At line 61, insert
the following code.

what

LT I
55 # Include any toolchain specfic header files
L5 LF

87 Hif (defined(CW))

Ltz #Hinclude "cw.h"

89 #Helif (defined(IAR))

B0 #include "iar.h"

61 #elif (defined(_ Keil))

g2 #Helse

B3 #ﬂ&!hihg "Ho toolchain specific header ineluded”
B4 #Hendif

B5

5.3.2 alloc.c

In alloc.c, there are compiler specific #if statements that define variables necessary for the malloc function. The variables
__HEAP_START and __ HEAP_END are populated from linker symbols. To populate these in uVision, use of the uVision
specific linker symbols are needed. Therefore, insert the following code at line 85 such that lines 80-91 are as follows:
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o079

A% Get addresses for the HEAP start and end */
020 #if (defined (CW))
081 extern char __ HEALP START:
oaz extern char _ HEAP END[]:
083 fielif ([defined(IAR))
024 char®  HEAP START = _ section begin ("HEAF"™):
085 char®  HEAP END =  section end("HELF") :
086 Helif i_'-:iefim!dn:_KeilH
0ar extern uint32 t HEAP{iBase;
0ag extern uinciz t HEAPSSLimir:
029 uine3zZ_t _ HEAP START = (uint3Z_t) £HEAP§§Base:
[1:]1] uinc32_t _ HEAP END = (uinc32 t) £HEAP§§Limic:
09 Hendif
{14

5.4 Driver file modifications

The only driver files that need modification are the mcg.h and mcg.c files. These files have IDE specific declarations for the
set_sys_dividers subroutine because this subroutine needs to be placed in RAM memory due to an errata (Errata e2448) on
the Kinetis family OM33Z mask set. Placing this function in RAM memory allows the code base to be compatible with all
Kinetis family revisions. (Specifying the code location of functions are discussed in the next section.) For now, the focus is
on the changes to the code in the driver files.

5.4.1 mcg.h

To make these files uVision compatible, add an #if statement to define the function when using uVision. In the header file,
mcg.h, lines 40-47 must be written as follows:

ELESEELEEE BLESGEELEEY

Wif [deficed(IAR) )
_ eamfunc vold set_sys_dividers (uintd? cutdivi, wintdZ outdivi, wincid owtdivd, wincid owcdivd):
Helif [defined(CW)}
_L'E]I:'ﬂ'ﬂ:d‘_ﬂﬁd.t_
void =er sys dividers(uinc32 oucdiwl, wincd? ocucdivE, uwinti?2 oucdivid, wint3Zz oucdivd) :
Helif (defined{ Keil))
void 5E:_5y;:d1v1der:|u:n:32 outdivl, uwintdZ outdivE, uintd2 oucdivd, uwintdZ outdivd):
Handif

Wi [defiped(IAR))
_ eamfunt vold set_ays_dividers (uint32 oundivi, uine32 outdivy, uinedd ouedivd, winedd owucdivd):
Helif (defimed(CW))
_re]nn—nl:e_end.t_
void sec_sys dividers [oiec3Z outdivl, winc3? pucdivE, wincd? oucdivi, wint3Z oucdivd) !
Helif (defined(_ Keil))
void 5ec_=y;:d1v1der:|u:nc32 ouwtdivl, uintd2 outdivi,; uwintd2 oucdivd, wintdZ outdivd) s
Hendif

5.4.2 mcg.c

In the source file, mcg.c, lines 141-148 must be written as follows:
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T SEL R R LS

140 *,

141 #Fif (defined (IAR) )

142 _ eamfuns vold sec_ays dividers|uint3Z outdivi, wine3? ourtdive, wine3l ourdivd, wing3Z oucdivd)
143 Selif (defined(CW))

144 _ relocate code

145 vold zet_ava dividers{uintdl ouedivi, wintdl ouedivi, aintdl outdivd, uintdl outdivd)

145 Felif (defined(  Keil))

147 void set_sys dividers (uintd2 outdivl, uwintd2 outdivi, uintdI2 outdivd, uintd2 ocurdivd)
148 FHenpdif
43

In addition to these changes, the source file declares variables drs_val and dmx32_val as externs, and they have not been
explicitly defined elsewhere in the program. As mentioned previously, the uVision environment does not allow this coding
practice. Therefore, at line 23, the word extern must be removed from the statement and the code should now be written as
follows:

L

020 exterm int core_clk_khz:
021 extermn int core_clk mwhz:
022 extern int periph clk khz:
023 char des_wval, dmx3Z_wval:
024

5.4.3 enet.c

The Ethernet driver files use an inline assembly instruction call to implement a wait function. However, as previously
mentioned, the uVision environment does not accommodate these instructions. Therefore, you will need to modify the
enet_reset function at line 134 in enet.c to the following:

132 -

133 woid

134 enet_reset (int ch)

135 |

136 imt 1;

137

138 /* Sat the Reasat bit apd clear the Enable bit */
11 ENET ECR/#(ch)*/ = ENET ECR_RESET MASH:

140

141 JS* a3k At laaat § clock cycléas #y
142 for (i=0:; i<10; ++i]

143 {

144 #ifdel _ Feil

145 __NCP:

146 fimlae

147 Az "NOP™ ) :

148 flendif

149 H

150 3

s

5.5 Specifying memory locations for code and variables

It is beneficial to be able to specify where specific functions and variables reside in memory. For example, one errata against
the Kinetis part requires that certain functions within the MCG driver be placed in RAM memory. uVision does not allow
specific functions to be placed in specific locations in memory. However, it does allow you to place entire files or variables
into specific places in memory. If you are allowing uVision to create your scatter file, then you can place an entire file in
RAM memory by right clicking on the file (try this with mcg.c) and selecting Options. In the Options dialog box for the file,
select the desired location for the Code/Const parameter in the Memory Assignment section (shown below). In this particular
case, you want to select IRAM?2, this is the location of our internal RAM memory.
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W. Options for File 'mcg.c’ @

Properties \ C/C++ ]

Path: ..‘s...'-\.."-.$rc'\¢ir'-.-'efs'\rnc g\mcg.c

File Type: | C Source file =l 7 Include in Target Buid
Size: [25883 Bytes [7 Always Build
last change: |Wa:| Mov 07 13:50:43 2002 [¥ Generate Assembler SRC File
Stop on Exit Code: [Not specified ~| bl SRCRE
Custom Arguments: [

Code / Const parameter

Memory Assignment:
Code / Const | ||RAM2 [Ox1FFFO440-0x2000FFFF] |
Zero Initialized Data: |<def-ault> LJ
Other Data: |<defauit> E]

oK Cancel Defaults Help

If you have created your own scatter file, you can specify where in memory to place that file by listing the associated *.o file
in the desired section of code. Consider mcg.c again. To place this file in RAM memory when using a predefined scatter file,
just list mcg.o in the desired RAM location. The following figure shows an example of this.

5.6 Using the Hardware UART

The uVision environment provides semi-hosting support and is configured for this by default. For the printf() function to
send data to the hardware UART (and not the debugger console), the Keil provided retarget.c, Serial.h, and Serial.c must be
used. These files disable semi-hosting and retarget the library functions that use semi-hosting.

5.6.1 Retarget.c

Retarget.c is found in <root>\Keil\'vXXX\ARM\Startup\Retarget.c, where vXXX is your uVision version number. Keep in
mind that it must be copied into your local folder structure when adding it to the project. This file is where semi-hosting is
disabled and where most of the retargeting is performed. Minor modifications are required for proper operation. The
functions fputc() and _ttywrch() should return SER_PutChar() instead of their default return values. These functions are
found in Serial.c, so you must include Serial.h at the top of Retarget.c. The necessary modifications should result in the
following code:
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28
29
30
31
32
33

45
46
47
48
43
50
51

int fputc(int ch, FILE *f)
fAreturn (sendcharick)).
return (3SER PutcChar(ch)):

H

void ttywrchiint ch) |
f/sendchar (ch).:
SER_PutChar (ch);

H

File Modifications

The function, fgetc(), should return SER_GetChar() instead of its default return value. This function is found in Serial.c and
the appropriate header should be included at the top of Retarget.c. The necessary modifications to this function should result
in the following:

S

39
40
41

A2

5.6.

int fgete (FILE *£) {
Jlreturn fogetkevi) )
return (SER GetChar()):

}

2 Serial.c

Serial.c is provided with this application note and implements the SER_PutChar subroutine and SER_GetChar subroutines
while still providing support for semi-hosting if desired. It is important to note that it implements a polled UART and the
particular UART used is the UART defined by TERM_PORT. The SER_PutChar and SER_GetChar subroutines are
displayed below.

BEEIAGEOLCEEEYENELSRE 2

o SER_PutChar: Write a character to the Serial Port
o o o . 21
int3Z_t SER_PutChar (int3Z_t ch) |
fifdef DBG ITH
int i:
ITH SendChar (ch & DxFF):
for (i = 10000; i: i==):
flzlae
Frf Wait untkil spacé is avazlabla in tha FIFQ 7/
while (!([UART_S1 REG(TERN FORT] & UART S1 TDRE_MASE] )
ik

£ Now Send the character [/

UART_D_REG(TERM_PORT) = (uint8)ch;
Hendif

return (ch £ OxFF);
H
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L9

SER GatChar Faad & charactar from tha Sarial Por
int3Z_t SER_GetChar (void) {
fifdef DBG_ITH
if (ITH_CheckChaz ()]

return ITH ReceiveChar () :

Helse
S Wait until character has baan reaceived //f
while (!(UART 31 REG(TERHM PORT) & UART 51 RDRF HASK)):

¢ Rebwurn the F=bil data from the receliver [/

return UART_D_REG (TERM_PORT) :
Hendif

H

EEDEREONIEERIRAEER

5.7 Project file modifications

Since the majority of the changes have been taken care of in the common files, there should be minimal changes to your
project files. In the interest of being brief, the necessary source file modifications for all of the sample code projects are not
covered here. With this in mind, the following bullet points should aid in porting your sample code to the uVision
environment.
* Since the declaration of main has been changed to be ANSI C99 compliant, you will also need to change the definition
of main to be C99 compliant in the source.
 The first action the main must take is to call start(). With the modifications made, the startup assembly file does not call
the start function, and therefore, the clocks and the UART will not be properly initialized unless this function is called.
» Some interrupt vectors may still be defined in a way that will not be accepted by the uVision environment. If your
compilation attempt returns errors due to an interrupt vector assignment, change the interrupt vector assignment so that
it first undefines the desired interrupt vector number, and then redefines this vector number as the name of the interrupt
routine you have written.
» The uVision console library does not automatically add a "\r' character when using the \n' character in print statements.
You may want pr need to add these characters to your print statements for formatting purposes.

6 Checking your newly compiled project

When developing a new application, it is often beneficial to check that the generated code is within your size and location
constraints. The uVision environment does not automatically update an output folder with the linker map, as is done in many
other IDEs. However, you can still view these files by navigating to the build folder and dragging the desired file into the
uVision environment.

7 Conclusion

This application note provides the basic concepts for porting your code to the uVision environment. It has shown how to
leverage uVision’s built in features to be able to easily configure a project for a different target.

The examples provided are specifically aimed at the Kinetis MK60NS512 part but the concepts could be easily implemented
on other parts as well.
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