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» Session Introduction - FXLC95000L

- Motion Sensing Platform: The FXLC95000L extends 3-axis
accelerometer functionality with a programmable core and
on-chip memory (128K Flash, 16K RAM) to enable
advance motion sensing capability.

- Decision Engine: The FXLC95000L is a highly flexible and
configurable sensor decision engine that enables complex
calculations and local decision making.

“freescale"



Session Introduction — Objective

- Understand the target markets of the FXLC95000L
- Build an FXLC95000LCodeWarrior application

Utilize the FXLC95000L subsystems to create simple
sensor based applications
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« FXLC95000L Preview

- Designing with the FXLC95000L Platform
- Development Hardware and Software Overview <Lab 1>

- MQX Based Coding Structure <N/A >

- FXLC95000 Module: GPIO and TPM <Lab 2>

- FXLC95000 Module: AFE <Lab 3>

- FXLC95000 Module: AFE Motion Detection <Lab 4>

- FXLC95000 Module: 12C Slave <Lab 5>

- FXLC95000 Module: I2C Master <Demo>
- Summary
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PR
/ Agenda - Lab

- Setup up the lab environment and demo project
- Lab 1: Import, build and download demo project
- Lab 2 — Lab 5: Modify the MQX based code
-Lab 2: Toggle LED using the RGPIOs
- Lab 3: Acquire AFE data
- Lab 4: Toggle LED based on Gesture Recognition
- Lab 5: Communicate with FXLC95000L via slave 12C ports

« Demo: Use FXLC95000L as a sensor hub
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Class rules

- Please be courteous to your fellow classmate
- Questions? Raise your hand

- Lab? Find your lab assistances

o
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« FXLC95000L Preview

- Designing with the FXLC95000L Platform
- Development Hardware and Software Overview <Lab 1>

- MQX Based Coding Structure <N/A >

- FXLC95000 Module: GPIO and TPM <Lab 2>

- FXLC95000 Module: AFE <Lab 3>

- FXLC95000 Module: AFE Motion Detection <Lab 4>

- FXLC95000 Module: 12C Slave <Lab 5>

- FXLC95000 Module: I2C Master <Demo>
- Summary
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FXLC95000 Preview
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Typical Applications

- Activity monitor

- Remote control

- Handheld scanner
- Tablet

- Smart Phone

- Health Monitor
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High Level FXLC95000L

ColdFire V1
32-Bit Processor

Power

Connectivity:
Management Y

12C/SPI

Inertial Sensor
(Accelerometer)

7z

Gyro Pressure| Touch ' Magnetics
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FXLC95000L Block Diagram
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Platform as a Slave - 12C Interface Selected
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Platform as a Slave — SPI Interface Selected
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Platform as a Sensor Hub (I12C)
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Platform as a Sensor Hub - (SPI)
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« FXLC95000L Preview

- Designing with the FXLC95000L Platform
- Development Hardware and Software Overview <Lab 1>

- MQX Based Coding Structure <N/A >

- FXLC95000 Module: GPIO and TPM <Lab 2>

- FXLC95000 Module: AFE <Lab 3>

- FXLC95000 Module: AFE Motion Detection <Lab 4>

- FXLC95000 Module: 12C Slave <Lab 5>

- FXLC95000 Module: I2C Master <Demo>
- Summary
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Designing with the FXLC95000L Platform

- Objective

- Gain an overview of the FXLC95000L AFE, System Clock, GPIO,
Timer and 12C modules

- Learn the basics on how to create custom FXLC95000L smart
sensing solutions project in CodeWarrior 10.1

- Create a custom application and program the FXLC95000L smart
sensor platform to toggle an LED based on a various gesture
recognition

- Pre-requisites

- A basic understanding of micro-controllers and inertial sensors is
needed to maximize the utility of this “Designing with the
FXLC95000L" training module

® £
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FXLC95000L Block Diagram
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« FXLC95000L Preview

- Designing with the FXLC95000L Platform
- Development Hardware and Software Overview <Lab 1>

- MQX Based Coding Structure <N/A >

- FXLC95000 Module: GPIO and TPM <Lab 2>

- FXLC95000 Module: AFE <Lab 3>

- FXLC95000 Module: AFE Motion Detection <Lab 4>

- FXLC95000 Module: 12C Slave <Lab 5>

- FXLC95000 Module: I2C Master <Demo>
- Summary
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Development Hardware and Software Overview

- Device Programming Hardware

- BDM programmer:
= P&E USB Multilink or Cyclone Pro

- FXLC95000L Evaluation Kit
= Programming platform
= (In this lab) Program evaluation tool

USB-to-12C or USB-to-SPI,
and BDM connectivity
between a PC and the
FXLC95000L device

® £
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onnections

USB

GUI
CW

USB
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Connect Hardware

Connect Multi-link to PC

Connect Multi-link to FXLC95000L programming board
Connect FXLC95000L board to PC for power

Turn on SW1 to power the FXLC95000L board

Multi-link

L £
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Development Hardware and Software Overview

- Computer Hardware / Software
- Windows XP or newer
- Code Warrior v10.1
- CodeWarrior10.1 FXLC95000L service pack
- MQX 3.7
- MQX FXLC95000L service patch
- FTDI driver

L £
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File Needed for the Lab Exercises

- FxIc95000 Mgx_Template Multithread.zip
- FTF _fxlc95000 demo_solution.zip

- These files are in the folder on Desktop -2 FTF-ENT-F0091

L £
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Lab 1: Import, Build and Download Demo Project

- Object:
1. Verify CW 10.1 development environment
2. Import, build and download demo project
3. Observe: All LEDs toggle when SW1 is at ON position

L £
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Lab1: CW Setup

- Open - setup workspace

CodeWarrior

Workspace Launcher

Select a workspace

Choose a workspace folder ko use Far this session,

Codew'arrior Development Studio stores vour projects in a Folder called a workspace,

/

Workspace: | D\Freescalelow_workspace)FTF

)v| [ Erowse, ..

\

[ ]Use this as the default and do not ask again

(a4 ] [ Cancel
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Lab1: CW Setup

- Choose Go to Workbench on the welcome page

Mie Tdt Refactor Mawigate  Search Propsct Ron MK Tooks  Frofler
2

Processr Epest Wi Heln

T
CodeWarrior
Development Studio
\’ New Project Wizard What's New FProduct Release Note
9% Example Projects & Web Resources Service P
[“) Tutorials
-~ Go to Workbench > ‘fr eefmfma.‘!s

LT A Y S T
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Lab1: Unzip the Project

- Go to project directory FTF-ENT-F0091, unzip demo file
Fx1c95000 Mqgx_Template Multithread.zip

& D:\Profiles\B32599\Deskiop\FTF-ENT-FO091

File Edit Wiew Favaorites  Tools  Help

\_;J \_/J l.@ pSearch [{ Folders v

! Address |E} Dv\Profiles\B32599)Deskkop|\FTF-ENT-FO091

V|Gu

M MName
File and Folder Tasks r 95000_Mgx_Template_[¥ o =in
o B Mailboz Tool.exe Open with WinZip
I@ Rename this File )
- Prink
ﬁ Move this File Explore

Copy this File

&N Publish this File to the
Web

(=) E-mail this File
Qﬂ Prink this File
¢ Delete this file

Srcan for Yiruses, ..

Y TortoiseSvN

£+ MagicIso

T WinZip

Cpen With
D TextPad
Other Places Send To
@ Dieskkop Cuk
Copy

@ [y Dacuments
:i B32599 on B32299-12

Ll ml

Create Shorkouk

AT Delete

Fename

Propetties

k| CJ Extract ko here

Date Modified

413002012 §:37 &AM
412512012 G:44 AM

Size | Type
132 KB WinZip File

72 KB Application

) Extract ta,..

ct bo Folder D:iPro.. 5, «_Template_Multithread
3 Extract ko Folder 3
3 E-Mail Fxlc95000_Magx_Template_Multithread. zip
3 Encrypt
3 Create Self-Extractor ((Exe)
3 Configure
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Lab1: Import Project

- In the CodeWarrior Projects window, right click = select
Import Project

CiC++ - CodeWarrior Development Studio

File Edit Refactor Mawvigate Search Project Run MOX Tools  Profiler Processor Expert  Window  Help

il e 8, F--R- a6 @ B -0 Q- E %5 Debug |0 cic++ |
3 al 3 3 = " -
3 @ s S L=l =

%Code‘u\u‘arrior Projects &3 =0 =0 EE Qutline 23 (@) Make Targets| — O

2 T =

File Mame An outline is not available,

i

B_\ Prablems E,Tasks El consale 22 = Properties JERemote Syskems =0
C-Build [FxIe95000_Max_Template_Multithread_Dema] 11 ¢ |§:>| e B

e
K4

L

L £
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Lab1: Import Project

- Choose Existing Projects into Workspace

Select

Create new projecks from an archive file aor direckory, I g - 5 I

Seleck an impork source;

| kvpe Filker kexk |

== zeneral
@; &rchive File
IR E istinig
[, File System
L Preferences

= CiC++

[= CodetWarrior

= vs

== RunDebug

[= Team

[= Other
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Lab1: Import Project

- |dentify project root directory = click OK - click Finish
= Import |:,E

Import Projects
15, Mo wvalid projects in this directory
=
(%) Select root directory: | | |
Browse For Folder,
(" 5elect archive file: | |
Projects: Select root directory of the projects to impork
I FTF ~
= [C5) FTF-EMT-FOO91
S000_Ma:_Template_Multithread
I=) . setkings
=) Fxlcos000_Int_Flash
I Project_Settings
[ Sources B
I3 Trace_Profile_Results =
Q:uw projects into workspace — T - ==
Falder: | Fxlc95000_Mgx_Template_Multithread |
[ tMake Mew Folder ] (04 ] [ Cancel ]
@ Mext = Fimish ————— I
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Lab1: Import Finish

CIC++ - CodeWarrior Development 5tudio

File Edit Refactor Mawigate Search Project Run MR Tools
— &
i : e k. F

o B Feleos5000_Magx_Templake_Mulkithread : Fxlc95000_Int_Flasn
f analysis_cfvl_setup_Fxlc25000_Mgx_Template_Mulkithread F
f:? Binaries

[ap!) Includes

(= Fxlc95000_Ink_Flash
= Praoject_Settings

[=- Sources

[= Trace_Profile_Results

EEEER

£ |

:‘1} JFxlc35000_Max_Template_Multithread

|

Prafiler

RS RN AR T

(2 Problems |+ Tasks | B Console 52
C-Build [Fxhc95000_Mag:_Template_Mulkitbread]

Processor Expert  Window Help

(C A %' B 121 ﬁDebug |E|C,|‘C++|

=0 (®) Make Targets =08

=

0= Cutline 53

&n outline is not available,

B Propettie jﬁRemnteS =0

L8 BeG 2B 9-

= | F ' @

L £
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Lab1: Clean and Build Project

- Right click on the project name,
- select Clean Project in the draw down menu
- Then select Build Project

C/C++ - CodeWarrio Mew

File Edit Refactor Mavigs ler Processor Expert  Window  Help
o Into
=4 - = i@ R ®- i %5 Debug | 0E cice+ |

Open in New Window

3 i 3
5O Q8 s -
F) Codetwarrior Projects 532 = O || 5= outline &2 (&) Make Targets| O

e

Inde:x 4 An outling is nok available,

Make targets
Build Project

= Project SBmings /

[ Sources
[== Trace_Profile_Re

HEBEEEB
=
H

¥ Delete

Mave...
B_l. Problems \Z, Tasks | & console 2 £l Propettie JE Remote s | O

C-Build [Fadc95000 _Mgx_Templake_fulkithread]

" . = _

g2y Impar... $ (B EOE B9

7 Export...
Add Files, ..

Rename. ..

¥ Refresh F5

Close Project

Run As 4
o® [Fxlcosonn_md  Debug As r o | R @

Trrmuark T
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Lab1: Project Clean/Built Status

- Default C++ perspective bottom window - Console

CIC++ - CodeWarrior Development Studio

File Edit Refactor Mavigate Search Project Run MO¥ Tools  Profiler Processar Expert  Window  Help
Wi ai Wy . F-N-R & /- Ef %% Debug | B cic++ |
Q- ™Y B igl-H %o
M) CodeMiarrior Projects 53 =8 = 0| 5= outline &2 (@) Make Targets| — O
I 5P = =
File Mame An outline is not available,
- emplate_Multithread : F 000_Ink_Flash
ﬁ? analysis_cfvl_setup_ Fxlc9s000_Mgx_Template_Multithread
ﬁf;b Binaries
i Includes
(== Fxlc95000_Int_Flash
(= Project_Settings
[ Sources
T Profile_Result:
s e T REs [3_\, Prablerms »E.Tas Remote Systen =8
0_Mm=_Template_Multithread]
U T I =
(e T Lo ) T e T e e
'Invoking: ColdFire Linker!
"C:/Program Files/Freeacale/CW MNCU
w10, 1/MCT/ColdFire Tools/Comwand Line Tools/mwldmcf"”
BE"Fx1095000 Mogx Template Multitchread.args™ -o
"Fxlc25000 Mgx Template Multithread.elf”
'Finished building target:
X 1c35000 Mogx Template Multithread.elf'
< | 3|
i [FxIc95000_Magx_Template_Multithread

B[=1/3
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Lab1: Setup Download Options

- Find the bug icon on Tool bar. Click the arrow to find Debug

Configuration

CI/C++ - CodeWarrior Development Studio

Ready Play, SafeAssure, the SafeAssure logo, SMARTMOS, TurboLink, Vybrid and Xtrinsic are trademarks of Freescale Semiconductor, Inc. All

File Edit Refactor Mavigate Search Project Run MOX Tools  Profiler Processor Expert Wi
| (mif ! R % F-Ni-M et [ ; sbug | B Cjc++ |
N W ARE =R SR RO
%Codew‘arrior Projects &4 =0 argets |
5l - o @B Pl 7 =
Filz Marne
B [=% Fxlc95000_Mgx_Template_Multithread : Fxlc95000_Int_Flash
ﬁ analvsis_cfvl_setup_Fxlc2S000_Mgx_Template_Multithread
ﬁb Binaries
[ Inchudes
(= Fxlc9s000_Int_Flash
= Project_Settings
= Sources
= Trace_Profile_Results
[E_-, Problems ;_—‘. Tasks | B Cansale &3 E Properties ,ﬁﬁ Remote Systems =08
-Bui i & = = - .
C-Build [FxIc95000_Mg:x_Template _Multithread] @ .ﬁ |§| '—E &-' EN = W
'Building target: FxlcS5000_ Mgx_ Template_Multithread.elf' A5
'Inwoking: ColdFire Linker!
"C:/Program Files/Freescale/CW MCU
w10.1/MCU/ColdFire Tools/Command Line Tools/mwwldmof"
BA"Fx1c95000_Mgx Tewplate Multithread.args" -o
"Fxlc95000_ Mox Template Mulcithread.elf™
'Finished building target: FxleS95000 Mgx_Template Multithread.elf!
"
3 > v
o® D E W@
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Lab1: Setup Download Options

- Double click the CodeWarrior Download to create a new
profile

- Change the right side window accordingly

* Debug Configurations

Create, manage, and run configurations

Download an application ko a karget, then debug or run the application.

2

ke 3v -
2 8 B S Manla: |DemD_DDWI'I|DEIE| |

| Main . ()= Arguments fg: Debugger E,y source | g Ervironment | =] Cammnan ﬁ? Trace and Prafile

= E Codestarrior tkach

[c] Attach 1 CAprrpptien
IE-M,; N Praiect: | Fxlc95000_Magx_Template_Multithread | [ Browse, .. l
= E%dnelhﬂarriur Eﬂwnlflad Application: |FxIu:'I-JSIIIEIEI_Int_FIash,l'F><Ic95EIEID_qu_TempIate_MuItithrf| [Searcll F'ru:uject...] [ Brpwse, .. ] [ Yariables. .. l
= IIzliu'u:h G_roup i 4
F. sl 5
Sydtem: | =f= Fxlc9500x_demo_FXLC9S000_Inkternal_Flash_PnE U-MulkiLink w |k e,
|Edit khe selected systemh
[ Apply ] [ Rewert ]
Filtet matched & of & ikems
(7 [ Debug ] [ Close l
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Lab1: Setup Download Options

- Fill the system setting as below

Properties for, fxlc9500x_demo_FXLC95000_Internal Flash_PnE U-Multilink

| | System hd

RSE system type: Hardware or Simulator
Parent profile: B3Z599-12

Connection name: | Faelc2500x_demo FXL(Z_'I-JSIZIDD Internal Flash PRE U-MultiLink 2
Description: | Generated From pre-RSE Launch Configuration |

Systembype; | FRLCI5000 v|[ Ede. | 3
Connection bype: |P&E CaoldFire W1 MultilinkiMulkilink UniversaliCyclone ProyOSEDM A |I 4

Connection | System | Advanced |

[JEnable logging
Interface: | USE Multiink, Embedded OSBOM - USB Port | [mefresh|

Compatible Hardware
IEorI:: IUndetected, DisconnectfConnect USE cable, Click Refresh List w | [FAQ #29

Specify iz Specify Metwork Card 3
Cyclone Pro Power Caontrol (Yoltage -- = Power-Out Jack)

Provide power ko target I:I

Power off target upon software exit I:I

ol

@ OK l Cancel 7
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Lab1: Setup Download Options

- Click on Apply to adapt all changes
- Click Debug to start to download the program to FLASH

* Debug Configurations

Create, manage, and run configurations

Download an application to a target, then debug or run the application.

B
L

X O3~

i

Mame: | Demo_Download

= E Codedivarrior Atkach
[c] Attach
E Codedivarrior Conneck:
= E Codebiarrior Download
[ ] Mew_configuratian
@ Launch Group

Iain

C/iC++ application

()= Arguments ﬁ Debugger E,y Source E Environment | E5] Comman ﬁ Trarce and Praofile

Project: |FxICQSDDD_qu_Template_Multithread |[ Browse, .. ]

Application: |FxIc':'JSDIIIEI_Int_FIash,l'FxIu:'SISIIIIIIEI_qu_TempIate_MuItithrf| [SearcIJPru:uject...] [ Browse, .. ] [ Variables. .. ]

Remote svstem

Syshem: ‘_&_ Fxlc9500x_demn_FXLCSS000_Internal_Flash_PrE U-MultiLink V| [ Edit.. | [ Mew...

Edit the selected system

1 Revert

Filter matched 6 of & ikems

2

\2) [ Debug ]

Close
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Lab1: Download Finish

- When the FLASH is programmed, the Debug window shows
- Click red square button to finish the download

Debug - C:\Program Files\F reescale\Freescale MOX 3. 7\mgx\sourcelbspifxlc95000evalimgx_main.c - CodeWarrior Development Studio
File Edit Refactor Mavigate Search Project Run RTCS MOX  MQ¥ Tools  Profiler  PEMicro - Processor Expert  indow  Help

il i - -0 Q- i ® BRI R R R 5 | %5 pebug | By cioe+
ﬁDebug &3 = O || 69= variables | 9 Breakpoint | [J Cache | M3} Registers £3 &4 Expressio | =4 Modules| — &

% @§3 Wl om- - *E = ﬁ - | o g -
= [C] Dema_Do Mame Yalue |

i mac Reqisters

S Queusd Serial Peripheral Interface (QSPI) L3
&3 Pin Control 0 (PCO)

&9 Pin Control 1 (PCL)

m? General Purpose Regiskers

=-p® Thread [1D: 0x
= EEn

1 _start() D:\workspace! ColdFirel ColdFire_Build_Toolsyewl|EWL_RuntimelRuntime_

bl Dn\Fresscalelow_workspace\FTFYF:Ica5000_Max_Template_Mulkithread\fxc95000_Ink_Fla

mﬂ Supervisor Regiskers
B8 rldfis Nakin Madils (OFT NERIG W

i EEEEE®
®

|

< Ed
%8 mgw_main.c 2 = O || 22 Disassembly 52 o= outline Enter location here
e main: ad
extern const MOX INITIALIZATION STRUCT MOX initc ® 0000zZ420: lea [AsmSection) (0Ox27ec),al —
0000Z426:  jsr _mgx (Ox1514) : Ox00001514
At Start ML s/ 53 return 0;
_mupe (| (MOQE TNITIALIZATION STRUCT PTR) &MQX init 0000242 clr.l d0
return 0; = 55 } /% Endbody */
s’ OO00zaze. L b
< | B < | 3
Bl conscle 52 J{ﬁRemote Systems <J@Target Tasks |_—z$ Problems Q Executables U Memary Browser ﬂ Mernory X % G 5@'@'@” = = - |_=€j - =08
ColdFire, Fxlc95000_Mgx_Template_Mulkithread. elf
0° z (2 =@
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Lab1: Setup (15 minutes)

- All LEDs (LED5-8) refresh together every 1/4 sec when
- programmed correctly
- AND SW1 button is at ON position

Refer to slides: 29- 44
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« FXLC95000L Preview

- Designing with the FXLC95000L Platform
- Development Hardware and Software Overview <Lab 1>

- MQX Based Coding Structure <N/A >

- FXLC95000 Module: GPIO and TPM <Lab 2>

- FXLC95000 Module: AFE <Lab 3>

- FXLC95000 Module: AFE Motion Detection <Lab 4>

- FXLC95000 Module: 12C Slave <Lab 5>

- FXLC95000 Module: I2C Master <Demo>
- Summary
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Operating Systems

L £
L 4

The term “operating system” can
be used to describe the collection
of software that manages a
system’s hardware resources

This software might include a file
system module, a GUI and other Application
components

Often times, a “kernel” is understood
to be a subset of such a collection

Operating System

Characteristics
- Resource management HARDWARE

- Interface between application and hardware
- Library of functions for the application
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Real Time Operating Systems

- A real-time operating system (RTOS) manages the time of
a microprocessor or microcontroller

- Features of an RTOS:
- Allows multi-tasking
- Scheduling of the tasks with priorities
- Synchronization of the resource access
- Inter-task communication
- Time predictable
- Interrupt handling

® £
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MQX Task States

- Ataskisin one of these logical states:

- blocked
= the task is blocked and therefore not ready
= it’s waiting for a condition to be true

- active
= the task is ready and is running because it's the highest-priority ready task

- ready

= the task is ready, but it's not running because it isn’t the highest-priority ready
task

- terminated
= the task has finished all its work, or was explicitly destroyed
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Task State Diagram

Task Finishes
Explicit

Dt Blocking
Termination

Call

Higher-priority Task
becomes Ready
Time Slice Expires

Terminated Interrupt comes in Blocked

Context Switch

Object
Available
Ready Timeout Expires

Task
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MQX - Task Management Example

{INIT_TASK, init_task, 100,
11, "init",
MQX_AUTO_START TAS
K, 0, 0},

{TASK_A,

Task A, 100, 10, “Task A",
0,

0, 0},

{TASK_B,

Task_B, 100, 9, “Task B",
0,

0, 0},

void init_task(void){
_task create(0,TASK_A,0);

_task ready(Task B);

void Task_B(void)
{

_task_abort(TASK_B);

}

L 2
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FXLC95000L Code Structure Quick View
1. Build the MQX task list

TASK_TEMPLATE_STRUCT MQX_template_list[] =

{

[* Task number, Entry point, Stack, Pri, String, Auto? */
{MAIN_TASK, Main_task, 512, 7, "main", MQX_AUTO_START_TASK},
{AFE_TASK, Afe task, 1024, 8, “afe", MQX AUTO_START_TASK},
{SP_TASK, Sp task, 512, 10, “sp", MQX AUTO_START_TASK},
{TPM_TASK, Tpm task, 512, 9, “tpm", MQX AUTO_START_TASK},

L £
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MQX Interrupts

- Embedded systems are based on ISR
- Usually an ISR is used for signal an event
- The most common actions on an ISR are:
- Post a semaphore
- Send a message
- Set an event
- Clear an error condition
- Important: ISRs are not tasks

- Remember: ISR should be short and must not use blocking
functions

® £
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MQX Interrupts

- MQX kernel ISR manages all the user interruptions

- MQX kernel ISR performs:

- Context saving of the current
task _int_kernel_isr) Resmmsd

_int_kernel_isr() Aamsmmmmd MV_timer ISR

BN CHE R ¢—

- Switches to interrupt stack

- Calls the user ISR

- Passes a parameter to the ISR
- Restores the context of the

_int_kernel_isr) R

IR CHE R ¢—)

_int_kernel_isr) Aammmmmmd MY _ADC_ISR

_int_kernel isr() R

next task to run
(depends on the scheduler)

L £
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FXLC95000L Interrupt EVENT set up

2. Link the hardware interrupts to ISRs in initialization
(use _init_install _isr)

/I Install isr for Timer Overflow

If (_int_install isr(VectorNumber_Vtpm1lovf, (void
(_ CODE_PTR_)(pointer))tpm_isr, NULL) == NULL)

return;
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FXLC95000L Interrupt EVENT set up

3. Link the hardware interrupts to an EVENT variable

void tpm_isr(void *pDummy)

TPMSC_TOF = 0; /[ Clear interrupt source

_Iwevent_set(&gEvent_irq, EVENT _IRQ_TPM_OVERFLOW);

" ﬁfiﬁ?e'? gwoewperreqets”cgg \ggo, AAAAAAA 3 ;}5, %odeg)séj rrrrrrrrr ) czmppu}rg Cyo\d;nret gware mde EneLgy fEmcuemsl oooooooo s Iogdo‘ KKKKKKKK
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FXLC95000L Interrupt EVENT set up

4. Configure Event Tasks to be blocked until
- Initialization is completed
- EVENT is true

void Afe_task(uint32 initial_data)
{

// Wait for system init to be done.
_lwevent_wait_for(&gEvent_sys, EVENT_SYS_INIT_DONE, FALSE, 0);

while(1)
{

// Block until AFE conversion is completed.
_lwevent_wait_for(&gEvent_irq, EVENT_IRQ_AFE_CONV_COMPLETE, FALSE, 0);
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« FXLC95000L Preview

- Designing with the FXLC95000L Platform
- Development Hardware and Software Overview <Lab 1>

- MQX Based Coding Structure <N/A >

- FXLC95000 Module: GPIO and TPM <Lab 2>

- FXLC95000 Module: AFE <Lab 3>

- FXLC95000 Module: AFE Motion Detection <Lab 4>

- FXLC95000 Module: 12C Slave <Lab 5>

- FXLC95000 Module: I2C Master <Demo>
- Summary
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FXLC95000L Module: GPIO and TPM

- Object:
1. Introduce the RGPIO peripheral functions
2. Configure the pins to be RGPIO inputs / outputs
3. Read / Write RGPIO pins

4. Lab:
= Observe LED7-10 toggles when SW1 is ON
= Toggle LED8 by Switches SW2 when SW1 and SW4 are OFF
= Toggle LED9 by Switches SW3 when SW4 and SW4 are OFF
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FXLC95000L Block Diagram

INT_|

BKGD/MS

Interrupt controller ——=

16 KB
A

Analog Front End
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Dirive circuit
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bus
interface

55B —»
SCLK —»
MOSI —
MISD -—

=PI slave
interface

SDAD --—p

I°C slave
interface

SCLD ——=

ColdFire  |e— 16 KB
Vi ROM
Reduced
product 128 KB
platform Flash

Flazh
controller

IEG master

SFI master

System « .Wﬁ'ﬂ_
Integration
Module 16 Frogrammable
Delay Block
B 8 [ Two-channel
- TPM

2 x & Port control

SP_SCR[PS]
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GPIO pin functionalities needs to selected

1RGPIO12 f MISO1

1 Vasa

RGPIO14 / SCL1|.
RGPIO15/ SDA1 |-

1d

Vssio [+
Vooio [

Voo |-
BKGD / MS / RGPIO9 |
RESETB

L/RGPIO8 /| PDB B

E

=|RGPIO13 / SSB1

“ & |RGPIO11/MOSI
~:{RGPIO10/SCLK1

H
=1Vsg

et et o o |RGPIO4 [ INT I

L £
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SCLO/RGPIOO / SCLK [ i iz

SDAO / RGPIO1 / MOSI -

RGPIO2 / SCL1 / MISO -
RGPIO3 / SDA1 [ SSB—-

RGPIO | Default

Functionality
-+|RGPIO7 / AN1+/ TPMCH1 () SCLO

-----

T RGPIOG | ANO-/ TPMCHO
“IRGPIO5/PDB_A/INT. O 1 SDAO

2-9 RGPIO
10 -15 Auto Selected
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Configure GPIO Pins

° RGPIO 0'9 PMCRD 5IM_BASE + OxA

. ) ) 7 B 5 4 3 2 1 0
- Configure the pin functione =« [ | = Y v RESER| A4
W VED

PMCRO/PMCR1/PMCR! e v v v v ¢ 7 7 3

Figure 14-16 5IM Pin Mux Contrel Register 0

- RGPIO 10-15

PMCR SIM BASE + 0xB
: : : . 7 B a 4 3 2 1 1]
- Automatic pin selection be: - - - -
Wy
Reset 0 0 0 i 0 0 0 0
Figure 14-17 SIM Pin Mux Control Register 1
PMCRZ SIM BASE +0xC
7 4 8 4 a 2 1 0
R RESERVED AA
Wy
Reset 0 ] 0 i 0 0 0 0

Figure 14-18 SIM Pin Mux Contrel Register 2
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FXLC95000L RGPIO Configurations and Functions

- The FXLC95000L RGPIOs can be configured as below

- RGPIO_DIR: Configures the corresponding RGPIO pin as inputs or outputs
- RGPIO_ENB: Enables the corresponding device pins as RGPIOs

- Write / Read with below
- RGPIO_CLR: Clears the corresponding RGPIO pin
- RGPIO_SET: Sets the corresponding RGPIO pin
- RGPIO_TOG: Toggles the corresponding RGPIO pin

- RGPIO_DATA: Specifies the write data for the corresponding RGPIO
output pin or the read data value for the corresponding RGPIO input pin

® £

Z “freescale" o4




PR
Configure the RGPIO and Use its Functions

- LED / Switch connected pins are mapped in header file
demo _io.h

Read from RGPIO to get switch settings using this code
gpio_in = RGPIO_DATA;

Write to RGPIO to change LED using this code

Toggle LED1: RGPIO_TOG = (uint16) LED1;
Toggle LED1 and LED3: RGPIO_TOG = (uint16) LED1 | LED2;
Turn on LED1: RGPIO_CLR = (uint16) (~LED1);
Turn off LED1: RGPIO_SET = (uint16) LED1;

L £
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TPM Timer

- FXLC95000L has internal TPM (Timer/PWM) module
- 16 bit timer
- TPMSC : External and Internal clock (~MQX timer)
- TPMMOQOD : set the period by setting up
- Hardware interrupts: including TPM Timer overflow

- Use Timer to schedule the switch read and LED writes

- ¥4 sec period
- Internal clock

® £
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Write Code in Event Tasks

- Find the Event tasks to plug in code

void Tpm_task(uint32 initial_data)
{

uintl6 gpio_in = 0;

// Wait for system init to be done.
_lwevent_wait_for(&gEvent_sys, EVENT_SYS_INIT_DONE, FALSE, 0);

while(1)
{

// Block until timer interrupt event occurs.
_lwevent_wait_for(&gEvent_irq, EVENT_IRQ_TPM_OVERFLOW, FALSE, 0);

< plug in your code >

L £
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LEDs Connected to RGPIOs

RGPIO pin LED on Board |LED in code

GPIOS5 D7 LED1

3 3 33 3
GPIOG6 D8 LED?Z2
GPIO7 D9 LED3 I
o7 D& [ 10
GPIOS8 D10 LED4 Yy ¥ ¥ ¥
LED RED|™LED RED|™LED RED|™LED RED| ™
L) _ ] ]
VDDIO_ 3.3V VDD _1.8v
J1 J2
M 120 CLK 1 1
M 20 DAT 7l B GPIOA
5 9 L R34 RIS % R3E R37
] . .—_%\ GRIO13 2 [=ta]] 2 GED é Ga0 2 Ga0
5 : : g GPI01?2
EKGD E e e’ GO
RESETE 7 7 GPIOT0
5 12C SCL ] : = g GPIO7
CH - GPIOE _
5 120 SDA I 4 - GPIOS/INT O
5 5P 500 e -
S 5P S5h 2o - o INT
| HDR_IX12 HDR_1X12 _|_
&
0 mb\GITP'weQU\C‘C‘Pg o Eg CQ‘\QQS Cdswc CSymp} cm i trademarks of Freescale eonlio(:‘\( fcfénr‘ell:c'.
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Switches Connected to RGPIOs

RGPIO pin

GPI1010
GPIO11
GPIO12
GPIO13

SW1
SW2
SW3
SW4

»—

= | |02 | =F (WD

TH ﬂ H H H I ' ! -

2 iy )
SOHBWOSF R2E ¥ R29 ¥ RID P R3

= 10K 10K 10K 10K

VODIO_3.3v VoD _1 .8y
J1 J2
M_12C CLK i i
M _12C_DAT 7. - GPIOR
e [ &
4 = r_% GPIO13
‘e o GPIO12
B kGO 5 H H B GPID11
RESETE e - GPIO1D
5 12C BCL B B GPIOT
o [ @ & GPIOB
® ®
S_12C_SDA -4 L T O
5_SPl_SD0 11 11
. 4 L =
=3 [
5 5P| 55B 7 o 4 2 INT
. HDR_1%12 HDR_1X12
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Lab 2: Tasks (15 minutes)

- Find demo_io.h

- Find TPM task()

- Find LED update section

- Program and Observe
- LED7-10 toggles when SW1 is ON
Refer to slides: 59- 70
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10 minutes Class Break
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« FXLC95000L Preview

- Designing with the FXLC95000L Platform
- Development Hardware and Software Overview <Lab 1>

- MQX Based Coding Structure <N/A >

- FXLC95000 Module: GPIO and TPM <Lab 2>

- FXLC95000 Module: AFE <Lab 3>

- FXLC95000 Module: AFE Motion Detection <Lab 4>

- FXLC95000 Module: 12C Slave <Lab 5>

- FXLC95000 Module: I2C Master <Demo>
- Summary
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FXLC95000 Module: AFE

Object:

1. Introduce the Accelerometer’s general setting, reading and
data usage

2. Setup Accelerometer and acquire data

3. Lab:
= Set accelerometer sampling bits, rate, g-range
- Sampling bit = 16 bits
- Sampling range = 2g
- Sampling rate = 1Hz
= Toggle LED4 (D10) when a new accelerometer data is acquired

L £

cale, the \\gl c0|scaw 1, ColdFi cm
mb\GTPweQU\CCP Ep Q\QQ sc Syp»

ons logo, Kinetis
ri trademarks of Freescale Semiconductor, Inc
' L 4 f ™ 74 Reg. U.S. Pat. & T OU 1 oreNeL Flexis, gnivV, M>< Pauor ackage, Qorl onverge, QUI! Engine,
reesca e R dy Play, S f A the S f A | g SMARTMOS Turbolin k \/yb rid ai dx are trademarks of Freescale Semiconductor, Inc.
' er produc vice nam h ; operty of their respective owners. © 2012 F cale Semiconductor, Inc.




FXLC95000L Block Diagram

S5 @ —
SCLK =PI slave

MOSI —a|interface
MISD --—

SDAD <—»I°C slave
scL0 ——sinterface
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Vi ROM
16 KB . . Reduced
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accelerometer
transducer

Temp sensor

Drive circuit

c2v

controller
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bus I“C master

interface

SPI master
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AFE = Analog Front End Module

- Resolution: 16, 14, 12, 10 and 8-hit

- g-range: +/-2qg, +/-4g, and +/-8¢g
1g = 9.8m/s?

- Inputs:
- Acceleration
- Temperature
- External analog input

- Sampling Rate: 0.24 — 7.8KHz in steps

L £

Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, ColdFire+, C-Ware, the Energy Efficient Solutions logo, Kinetis,
mobileGT, PowerQUICC, Processor Expert, QorlQ, Qorivva, StarCore, Symphony and VortiQa are trademarks of Freescale Semiconductor, Inc.,

76 Reg. U.S. Pat. & Tm. Off. Airfast, BeeKit, BeeStack, CoreNet, Flexis, MagniV, MXC, Platform in a Package, QorlQ Qonverge, QUICC Engine,

X
reesca e ™ Ready Play, SafeAssure, the SafeAssure logo, SMARTMOS, TurboLink, Vybrid and Xtrinsic are trademarks of Freescale Semiconductor, Inc. All
L 4 other product or service names are the property of their respective owners. © 2012 Freescale Semiconductor, Inc




Analog Frontend Block Diagram

Demultiplexor,

AAF_X |

Accelerometer Stage2
Transducer Amplifier

- AAF_Y |
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AAF_Z

Result
ADC Reqgisters

Temperature
Sensor

External Analog Input —p»

State
Machine
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AFE Setting

- AFE_CSR (AFE Control & Status) register

- provides the control interface and status of the AFE subsystem
- Set resolution

- Set full scale g-range

- Freescale provides a C-based function that abstracts away the

intricacies of configuring AFE and converting the accelerometer
readings to acceleration.

fxIc9500x_afe csr_set((afe_csr_options_t)

(AFE_CSR_GRANGE_2G | AFE_CSR_C4MODE_NONE |
AFE_CSR CMODE_16BIT)):

fxIc9500x_framerate _set(FRAMERATE_30HZ2);
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AFE Sampling Rate - “FIC”?

- FIC = Frame Interval Counter

- Automatically initiate a software triggered activity:
- Toggling a GPIO
- Performing an AFE acquisition
- Etc.

- Can be configured to generate an interrupt
- whenever the user programmed counter limit is reached

- Clocked by the FXLC95000L on-chip oscillator
-16 MHz / 62.5 KHz

® £
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Frame Interval Rates

- The FLE value is set in the CK_OSCTRL N Vax Framee | MAXFast

— (Oscillator Control Register) PR BT | O | persecona | SRS
4 16 1.28E-4 78125 2,048

5 32 | 2.56E-04 J908.25 4,096

- Provide the system clock setting 6| &4 s12E04 1353.13 8,152
. ] . i 128 | 1.02E-03 976.56 16,384

- Provide the AFE sampling rate setting e | 256 | 205E03 25828 12768
8 512 | 4.10E-03 24414 65,536

10 1024 | 8.12E-03 122.07 131,072

11 2048 | 1.64E-02 61.04 262144

12 4096 | 3.28E-02 30.52 524,288

13 8192 | 6.55E-02 15.26 1,048,576

14 16384 | 1.31E-01 7.63 2,097,152

15 92768 | 2.82E-01 3.81 4,194,304

16 65536 | 5.24E-01 1.91 8,388,608

17 | 131072 | 1.05E+00 0.95 16,777.216

18 | 262144 | 2.10E+00 0.48 33,554,432

19 | 524288 | 4.19E+00 0.24 67,108,864
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A
AFE Acceleration Data Reading

- The acceleration readings in the AFE registers are
represented as raw ADC counts and they need to be
processed

- Scaled to align with the user configured g range
- Corrected to provide accurate reading

fxIc9500x_afe trimmed_sensor _data_ get(afe data.data);
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Understand the Acceleration Data

- The post alignment acceleration readings can converted to
g’s (9)

Example: Convert 16 bit acceleration data to g’s
16 bit data counts = -32768 to 32767 (65535)

g-acceleration = Acceleration Reading * (sensitivity)

Full Counts /g Sensitivity
scale (16 bit data) (ug/ count)
29 16384 61

49 8192 122
89 4096 244
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Lab 3: Task (15 minutes)

- Find afe_task ()
- This task is triggered when new AFE data is ready

- Find tpm_task()

- Program
- Uncomment the AFE data reading code

- Program:
= Read X, Y, Z axis data into local variables
= Set flag = 0 at the end of reading to toggle LED for indication

Refer to slides: 73- 82

® £

Z “freescale"




Z " freescale’

Turboli
I other product or

FTF | FOWERING INNOVATION
FXLC95000 Module:

Motion Detection
FTF-ENT-F0091




« FXLC95000L Preview

- Designing with the FXLC95000L Platform
- Development Hardware and Software Overview <Lab 1>

- MQX Based Coding Structure <N/A >

- FXLC95000 Module: GPIO and TPM <Lab 2>

- FXLC95000 Module: AFE <Lab 3>

- FXLC95000 Module: AFE Motion Detection <Lab 4>

- FXLC95000 Module: 12C Slave <Lab 5>

- FXLC95000 Module: I2C Master <Demo>
- Summary
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AFE Motion Detection

Object:

1. Introduce the understand of motions and use g-acceleration
reading to identify them

2. Use the lab boards and set up the following functions
= Freefall
= Left / Right / Top / Bottom bump
= Observe LEDs to toggle with movements
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FXLC95000L Block Diagram

INT I BKGD/MS

Interrupt controller —|  ColdFire  |[=— 16 KB
V1 ROM
16 KB . . Reduced
RAM product - 128 KB
platform Flash

Analog Front End

Flash
controllar

Temp sensor FEriphEral

3-axis
accelerometer
transducer

bus

Drive circuit ,
interface

IEC master

SPI master

o C2v

2 x 8 Port control

TE-Bit madulo

System - - -
TB —= Integration
Stk __wiBPlslave Module 16 _ [Programmable |
MOS| —|interface I ’ Delay Block
Mo ° 8 8 [ Two-channel

TEM

Clock module
{16 MHz)

SDAD <—={I°C slave
SCL0 ——minterface

reqisk

Internal

RGPIO[15:0]

SP_SCR[PS]

Damain

Diomaln
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Motions & their Signatures

- Portrait / Landscape Orientation
- Tilt

- Freefall

- Tap / Double tap

- Shake

- Etc.
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Motion movements can be identify with acceleration data
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Example 1: Orientation Change Graphics

- A Orientation Change (on X/Y) creates
- An alternative g-acceleration on X and Y axis
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Example 2: Freefall

- A Freefall creates
-averylowgonall X, Y, Zaxis
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Example3: Jolt on Y axis

- A light jolt on Y axis creates
-amediumgonY axis
- X, Z g-acceleration remains the same
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XYZ Axes Direction on Programming Boar

-Z +Z
(up) (down
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Lab 3: Tasks

- Find afe_task ()
- This task is triggered when new AFE data is ready

- Find tpm task()

- Use below variables:
- AFE data : X axis — afe_data.data[0]
Y axis — afe_data.data[1]
Z axis — afe_data.data[2]
- Flag: int flag

- Program
- Convert the threshold g-values to accelerometer counts

- Compare the acceleration readings with the thresholds to Identify the
motions

- Output results on LEDs
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x_.1b3: Identify these Motions and Output w/ LEDs (15
minutes)
- ldentify motions, refer to code example
- Set flag
- Toggle LED as table below using the existing code
Refer to slides: 85- 94

Gesture LED display Event flag Detection
b7 D8 D9 DIO o
ON OFF ON OFF

Board slide to left 1 1 sec
Board slide to right OFF ON OFF ON 2 1 sec
Board slide to upper ON ON OFF OFF 3 1 sec
Board slide to lower OFF OFF ON ON 4 1 sec
Board freefall OFF OFF OFF OFF 5 1 sec
Board flat on board ON ON ON ON 0 0

Other ON OFF ON OFF 10 0
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« FXLC95000L Preview

- Designing with the FXLC95000L Platform
- Development Hardware and Software Overview <Lab 1>

- MQX Based Coding Structure <N/A >

- FXLC95000 Module: GPIO and TPM <Lab 2>

- FXLC95000 Module: AFE <Lab 3>

- FXLC95000 Module: AFE Motion Detection <Lab 4>

- FXLC95000 Module: 12C Slave <Lab 5>

- FXLC95000 Module: I2C Master <Demo>
- Summary
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FXLC95000 Module: I2C Slave

- Object:

1. Introduce serial communication port (12C / SPI), and the
Mailbox registers associated to the slave mode ports

2. Introduce the concept of the Demo GUI

3. Configure the slave 12C mode

4. Read / Write mailbox

5. Use a Demo GUI to communicate with FXLC95000L

= Observe the AFE data using a demo GUI on slave 12C bus
= Establish the command that asks for Device ID

' T,
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FXLC95000L Block Diagram

INT I BKGD/MS

Interrupt controller —=|  ColdFire  |[=—j 16 KB
L' ROM
16 KB Reduced
RAM product 128 KB
platform Flash

Analog Front End Elash
controller

. Temp sensor Peripheral [ 20 vnctar |
3-axis — bus I"C master
accelerometer Drive circuit interface

SPI master
transducer Cov

System -2 1b-blil :ﬂrumu
HGETE  —= Integration e
SPl slave Module 16 Programmanble

interface Delay Block
B Two-channel
TEM

L §

2
! C slave . | Clock module
interface {16 MHz)

SP_SCR[PS] LLEImE Internal RGPIO[15:0]

Damain

Damain
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} {_.lb 5: Mailbox and Slave Communication Ports
(I2C/SPI)

- Bidirectional, read/write access by both CPU and Sensor
master

Interrupt
Control

V)
SDAO < > = MB2
Host Savelzc €7—>
Controll SCLO <— %) MB3
er o MB4
| 0
SSB — X .
" o .
,\S,I%LSIT " Slavespl €7 —
> T
MISO <+— = MB31
MB32

Z “freescale"




PR
Read / Write Mailbox Registers w/ CPU

- To Write mailbox, simply use code formatted below

SP_MB5 = (uint8)frame_ctr; // MB4
mb_ptr = &SP_MB3_word,
*(mb_ptr)++ = (uint1l6) data_x; // MB6
*(mb_ptr)++ = (uintl6) data_vy; // MBS
*(mb_ptr)++ = (uintl6) data_z; // MB10

- To Read mailbox, simply use code

flag = SP_MB12;
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Setup Slave Port

- FXLC95000L enables interrupt tracking mailbox read / write via
slave port

- Set up in SP_SCR register (Slave Port Status & Control Register)

/I Configure slave port interrupts at the end of writes

SP_SCR = (SP_SCR & (SP_SCR_EN_MASK | SP_SCR_PS_MASK)) |
SP_SCR_ACTIVE_CSR_MASK |
SP_SCR_STOP_EN_MASK |
SP_SCR_WIE_MASK | SP_SCR_RIE_MASK;

SP_SCR SP_BASE + 0x23
7 & b 4 3 2 1 0
R EN PS5 ACTIVE | STOP_ RIE WIE WUP
CSR EN
Reset 0 ] 0 0 0 0 0 0

L £
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Mailbox has Read/Write Status Register

- Write Status Registers SP_WSTO0,1,2,3
- Read Status Registers SP_RSTO0,1,2,3

SP_WSTS3 SP_BASE + 0x27
T 6 5 4 3 2 1 0
R D7 D& D& D4 D3 D2 D1 Do
W
Reset 0 0 0 0 0 0 0 0
SP_RSTS3 SP_BASE + 0x2B
T i ] 4 3 2 1 0
R D7 D& D5 04 D3 D2 D1 i
W
Reset 0 0 0 0 0 0 0 0
:f
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Detect a Mailbox is Written/Read

- To detect a mailbox is written, below need to be set
- SP_SCR_WIE_MASK set
- SP_SCR_RIE_MASK set

- To detect a mailbox is written, check
- A Slave port interrupt is set
- ITS corresponding SP_WSTO0,1,2,3 register bit is set

If (sp_writes & 0x03) {

/[ ID Code = OxFO 0x00

if (SP_MBO_word == 0xF000) {
mb8_ptr = &SP_MB14;
for (ints=0; ints<4; ints++)

*(mb8_ptr)++ = ((uint8*)(&device_info))[ints];

SP_MB1 = 0x80;

}

}

or, ColdFire, ColdFire+, C-Ware, the Energy Efficient Solutions logo, Kinetis,
miconductor, Inc.,

UICC Engine,

Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarri
mobileGT, PowerQUICC, Pro ert i

< orlQ, Qorivva, ) hony an
& L 4 f ™ 103 Reg. U.S. Pat. & Tm. Off. Airf: ack, CoreNet, agni ai
reesca e Ready Play, SafeAssure, the SafeAssur rinsic lemarks of
' other product or service names are the property of their respective owners. © 2012 Freescale .

reescale Semiconductor, Inc. All




ardware Connections

USB

GUI
CW

USB
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USB-I2C GUI

- Step 1: establish communication

Bridge Comm Port

Open Comm

Device ID

Bytes to Write:

Quick MB Access
Mailbox Address: No. of Bytes to Read (20 | | MB Wiite | | MB Read | [ MB wiite / Read |

|m 00

[Eleal] [ Save Results ]

Lead oo 0o 00 oo

IIC READ TRANSACTION
Lead oo oo oo oo

WMrite FoO 0o

IIC READ TRANSACTION
Read FO S0 00 00

ITIC REAT TRANSACTION ::

IIC WRITE TRANSACTION ::

IIC WRITE TRANSACTION ::

Error reading firmware wersion code

Starting MB = 00, No.

oo 0% FE FE FF 3E 45 EE

Starting MEB = 00

Starting ME = 00, No.

00 Ei FE BA FF Fi 40 8¢

Starting MEB = 00

Starting MB = 00, No.

oo 07 FE ES FF 86 44 57

read = 3F
oo 0o o0 oo

bytes to
oo ao oo

bytes to
oo oo oo

read = 3Z
oo ao oo oo

read = 32E
oo 0l 5z 0o

bytes to
oo ao oo

oo 00 o0 o0 00 00 00 00 00 oo oo oo oo

00 00 00 00 00 00 00 00 00 00 00 00 0o

oo 00 o0 o0 00 00 00 00 00 oo oo oo oo

et Yersion Failed - error reading firmware version code
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USB-I2C GUI

- Step 2: Read Mailbox Registers
- Starting address, No. of Bytes to Read, MB Read

Mailbox Tool v0.1

Bridge Comm Port

Open Comm

IIC Address

Device ID

I/F |12C

Uuick MBE Access

Mailbox Address: No. of Bytes to Read (20 | | MBWiite | | MB Read || MB Wiite 7 Read |

Bytes to Write: |H] [1]1]

[Elear] [ Save Aesults ]

WMrite : FO 00

Error reading firmware wersion code

IIC READ TRANSACTION :: Starting ME = 00, No. bytes
Bead - 00 00 00 00 00 0% FE FE FF 9E 45 &E 00 00

IIC WRITE TRANSACTION :: Starting ME = 00

IIC READ TRANSACTION :: Starting ME = 00, No. bytes
Bead - 00 00 00 00 00 Ei FE EL FF Fi 40 2& 00 00

IIC WRITE TRANSACTION :: Starting ME = 00

ITIC READ TRANSACTION :: Starting ME = 00, No. bytes
Bead - FO 80 00 00 00 07 FE EE FF 26 44 57 00 00

to
ao

to
ao

to
uln]

read = 22
00 00 00 00 00 d0 00 00 00 00 00 00 00 00 0o 00 ao

read = 22
00 00 00 00 00 d0 00 00 00 00 00 00 00 00 0o 00 ao

read = 3Z
oo 01l 52 00 00 Q0 OO0 00 00 00 OO0 00 00 OO0 0o oo ao

et version Failed - error reading Firmware version code
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USB-I2C GUI

- Step 3: Write Mailbox Registers and Read

- Bytes to Write, MB Write + MB Read

- Bytes to Write, MB Write / Read

Mailbox Toal w0.1

Bridge Comm Port

Open Comm

IIC Address

Device ID

I/F | 12C

Mailbox Address:

Bytes to Write:

Mo. of Bytes to Read |20 [ MB Write ] L ME Read J [HB Write / Head]

|fl] 00

ﬁ |_ Save

Results ]

Bead

Bead
Mrite

FoO 0o

Bead

IIC REAT TRANSACTION ::

IIC WRITE TRANSACTION ::

IIC REAT TRANSACTION ::

IIC WRITE TRANSACTION ::

IIC REAT TRANSACTION ::

Starting MEB =
00 o 0o a0 0o 0% FE FE FF 2E 45 &E

Starting MB =
00 0o 00 0o 00 EA FE BA FF Fi 40 8¢

Starting MB =
FO 80 00 0o oo a7 FE EE FF 86 44 E7

Error reading firmware wersion code

00, MNao.

Starting MEB = 00

00, Mo,

Starting MEB = 00

00, Mo,

bytes
oo ao

bytes
oo ao

bytes
oo ao

to
ao

to
ao

to
ao

read = 3E
oo o0 ao ao

read = 3E
oo o0 ao ao

read = 3E
oo 0l EZ 0o

oo 00 o0 00 a0 00 00 00 00 OO0 00 00 00

oo 00 o0 00 a0 00 00 00 00 OO0 00 00 00

oo 00 o0 00 a0 00 00 00 00 OO0 00 00 00

et Mersion Failed - error reading Firmware version code
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Lab 5: Tasks

- Find the sp_task()

- Program to write mailboxes with content on

S

6,7

8,9

10,11

12
13,14,15,16
1

Read/write
Read/write
Read/write
Read/write
Read/write
Write

Write, after Dev ID is
loaded

Frame counter
X axis data

Y axis data

Z axis data

Flag

4 byte Device ID
0x80

- Use Demo GUI to communicate via slave [2C port and observe
Refer to slides: 96- 108
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« FXLC95000L Preview

- Designing with the FXLC95000L Platform
- Development Hardware and Software Overview <Lab 1>

- MQX Based Coding Structure <N/A >

- FXLC95000 Module: GPIO and TPM <Lab 2>

- FXLC95000 Module: AFE <Lab 3>

- FXLC95000 Module: AFE Motion Detection <Lab 4>

- FXLC95000 Module: 12C Slave <Lab 5>

- FXLC95000 Module: 12C Master <Demo>
- Summary

.
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FXLC95000 Module: 12C / SPI Master

« FXLC95000L has 12C / SPI Slave + Master

-> set as a sensor hub

L £
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FXLC95000L Block Diagram

INT I BKGD/MS

Interrupt controller —|  ColdFire  [«+—] 16 KB
V1 ROM
16 KB Reduced
RAM product 128 KB
platform Flash

Analog Front End Flash
controller

. Temp sensor Peripheral [ 2 et |
J-axis . — bus I“C master
accelerometer Drive circuit interface

SPI master
transducer Cov

System - 1f:--t:-lil :nruulu
T Integration (=]
SP! slave Module 16 Frogrammanle
-
interface Delav Block
B 8 [ Two-channel

- TPM

]
! C slave | Clock module
interface (16 MHz}

SP_SC H[PS] I Internal RGP'G[1 5'{]]

Domai “ Domain
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Platform as a Sensor Hub (I12C)

1.8V
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s 5 ¢
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— ] RGPIO"IUSCH% RGPICA1/MOSIH
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4 (Voo RGRIOBIANDTPMCHO [18
R6 _ 5 |Veo 5 WP I05/PDE_AINT_D['5 [ >INT_OUT
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Demo: Use FXLC95000 Module as a Sensor Master

- Demo: FXLC95000 communicate with MAG3110 magnetometer

- Observe
- More LEDs lit up with stronger magnetic field
- Less LEDs lit up with weaker magnetic field

- Hardware
- FXLC95000L Evaluation Kit
- FXLC95000L with MAG3110 Magnetometer DIP board

L £
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Available Resources

- Setups <find in solution file>:
- Configure the FXLC95000L master port
- Configure the MAG3110 on board as the slave device.
- See task pi_task() to read Magnetometer data

L £
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FXLC95000L Sensor Hub Schematic

- 12C lines: SDA1, SCL1

VDDIO 3.3V VDD_1.8V L1 VDD_1.8V
! g -4 1~ 2
o I Sk VOD_24V  VDDIO 33V VODIO_3.3v
1.0UF c2 _T
c3 0.1uF cs
1.0UF c4 1.0UF ca c7 __|_ __L
0 1uF = = I | 0.1uF 0.uF ca ORI PR
b _l el 0.1uF 47K T 4TK
« o o B
) < g o
g 8 B 53
M I2C DAT 1 = 7 M_I2C_CLK
SDA1RGPIOIS [ Ve ok 3| CARA SCLig W2 DAT
SCLIRGPIO4 [ =T CAF R SDA
SSURGPIO13 (5 012 3 g INT
] e ot by opn S e
T u c10 58
| SCLKURGPIO10 [ ———— =10 BKGD 0.1uF g 2
Cor- : BKGDMSRGPIOZ ' u oo
RESETE 7y resET e - I — = =
RGPIOTIANUTPMCH! [5———=108 - s MAG311D
RGPICG/ANOTPMCHD [[f—————————— INT O
RGPIOSIPDB_AINT_O 13 INT
RGPIO4/INT 77 5 oPSo0 =
RGPIOYSDASS 17 = 55 500
RGPI02/SCL1/SDO 10 S 12C ShA
. SDAORGPIONSDI g [ R Mag consumes about 0.55mA
SCLORGPIONSCLK -
o 4 WDD at 40Hz sampling
? @ @ gt e WDDIO 12C worst case 1.4mA
> > > o g
Ut 2 o I
FXLC25000CL
= ACCELEROMETER
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consumes about 3.1mA VDD
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Session Summary

- Understand the FXLC95000L device on the high level

- The FXLC95000L platform consists of a family of feature rich embedded
solutions.

- Gain an overview of the FXLC95000L AFE, System Clock, GPIO, and 12C
modules

- Developing a simple application using the FXLC95000L platform

- Learn the basics on how to create custom FXLC95000L smart sensing
solutions project in CodeWarrior 10.1

- Create a custom application and program the FXLC95000L smart sensor
platform to toggle an LED based on a various gesture recognition

- Communicate with the device via I12C ports

Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, ColdFire+, C.
mobileGT, Po rl orivV: d
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For Further Information

- Contact information
- Local FAE / Sales
- Jeannette Wilson (Prod. Line Manager)
- jeannette.wilson@freescale.com

- Supporting Docs, References, Hardware kit etc.
- www.freescale.com/xtrinsic

- www.freescale.com/sensingplatform

Facebook.com/Freescale Tweeting? '
Tag yourself in photos Please use hashtag =
and upload your own! #FTF2012 &

Session materials will be posted @ www.freescale.com/FTE
Look for announcements in the FTF Group on LinkedIn or follow Freescale on Twitter
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http://www.freescale.com/FTF
mailto:jeannette.wilson@freescale.com
http://www.freescale.com/xtrinsic
http://www.freescale.com/sensingplatform

Xtrinsic Sensor Classes at FTF

Tuesday
12:45 pm - FTF-ENT-F0137: Lunch and Learn: Xtrinsic Sensor Fusion, Part 1: Terms, Trends, Challenges and Advantages

2:00 pm - FTF-ENT-F0226: Xtrinsic Sensor Fusion, Part 2: Alignment to Sensor Framework for Windows 8, Android and
Other Operating Systems

5:15 pm - FTF-CSD-F0225: Xtrinsic Sensing: Introduction, Part 1

Wednesday

10:30 am - FTF-CSD-F0224: Xtrinsic Sensing, Part 4: Applications for Pressure Sensors in Home Appliances and Health
Care Solutions

12:45 pm - FTF-ENT-F0123: Lunch and Learn: Augmented Reality: New Applications and the Role of Hardware
12:45 pm - FTF-ENT-F0138: Lunch and Learn: Xtrinsic Sensor Fusion, Part 4: Designing eCompass Solutions
2:00 pm - FTF-IND-F0223: Xtrinsic Sensing, Part 2: Applications for Industrial Automation
4:15 pm - FTF-SEG-F0221: Xtrinsic Sensing, Part 3: Application of Tamper Detection for Smart Metering

5:15 pm - FTF-CSD-F0222: Xtrinsic Sensing, Part 5: Application of Location Based Services: GPS Enhancement
and Indoor Navigation

Thursday
9:30 am - FTF-ENT-F0067: Hands-on Workshop: Implementing Xtrinsic Touch Sensing (Reserved Seating Required)

9:30 am - FTF-ENT-F0091: Hands-on Workshop: Xtrinsic Sensor Fusion, Part 3: Start Programming with the Xtrinsic
Sensor Platform (Reserved Seat Required)

<compiled by Paul Gan>
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Summary AND Q&A

- By now, you should be able to:

- Describe, at a high level, the FXLC95000L platform and how it
is used in customers’ designs.

- Discuss the key components used when designing products
leveraging the FXLC95000L solution

- Apply the knowledge gained in this presentation to begin or
refine your design efforts.

Facebook.com/Freescale Tweeting?
Tag yourself in photos Please use hashtag 2
and upload your own! #FTF2012

Session materials will be posted @ www.freescale.com/FTE
Look for announcements in the FTF Group on LinkedIn or follow Freescale on Twitter

“freescale"
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Thank You!

Facebook.com/Freescale
Tag yourself in photos
and upload your own!

Tweeting?
Please use hashtag
#FTF2012

Session materials will be posted @ www.freescale.com/FTE
Look for announcements in the FTF Group on LinkedIn or follow Freescale on Twitter

Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, ColdFire+, C-Ware, the Energy Efficient Solutions logo, Kinetis,
mobileGT, PowerQUICC, Processor Expert, QorlQ, Qorivva, StarCore, Symphony and VortiQa are trademarks of Freescale Semiconductor, Inc:y

12 Reg. U.S. Pat. & Tm. Off. Airfast, BeeKit, BeeStack, CoreNet, Flexis, MagniV, MXC, Platform in a Package, QorlQ Qonverge, QUICC Engine;
Ready Play, SafeAssure, the SafeAssure logo, SMARTMOS, TurboLink, Vybrid and Xtrinsic are trademarks of Freescale Semiconductor;
other product or service names are the property of their respective owners. © 2012 Freescale Semiconductor, Inc.. =



http://www.freescale.com/FTF

&
FREESCALE TECHNOLOGY FORUM
Z " freescale FTF | S00ERNG INNOVATION

nstall Service Pac =

, Tul
other product o




y
A

Install FXLC95000 CW Service Pack

1. Open CW MCU 10.1

2. Download all service pack
= CW 10.1 compiler update
= CW 10.1 update

= CWFXLC95000 service pack
com.freescale.mculO_1.FXLC95000.win.vl 0 0.zip 10.1

3. Go to Menu > Help-> Install New software
4. When the install dialog is display, choose “Add” next to
“--All Avallable Sites—" menu.

® £
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PR
Install FXLC95000 CW Service Pack

- 5. In the add site, choose “Archieve”.
- 6. Find the service pack that needs to be installed.

LX)

Available Software l
Select a site or enter the location of a site. 4

( \@‘-

Work with: | type or select a site v] L Add... ]

~h Find more software by working with the ‘Available Software Sites' preferences.

X
Name: | ][ Local... ] | Repository archive
Location: ]http:ﬂ ] [ Archive... ]

Look in: l (29 Cw/ 10.1 FXLCI5000L SP User

Qcom.freescale.mculﬂ_l FxIc95000. linux.v1_0_2.zip

[ 4 = com. freescale.mcut0_1.FxIc95000.win.wi_0_2.zip
My Recent

Documents

Details

Show only the latest versions of available software
[C] Group items by category iy Dosunsnis
Contact all update sites during install to find required software

B32599 on
B32593-12

File name: !com,fleescale.mcu1IJ_1.fxlcSSEllJIJ.win.v'l_El_Z. VJ [ Open J

My Network  Files of type: * jar”.zip v‘ [ Cancel ]
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Install FXLC95000 CW Service Pack

7. CodeWarrior
identifies and lists
the related data
packages that
need to be
Installed,
including the
MMAO955xL
service pack and
display the
details. Click on
the patch to view
more detalls.
Click “Next”.

“freescale"

Install Details

Review the items to be installed.

=10l x|

Mame Version | Id

Lt CW MCU 10,1 Update
= @ MCId 10,1 Service Pack For MMASSE0
% ColdFire Database

1ol
1.0z
1.0.1

Size: Unknown

com.freescale.mcul0_1. beekit, win.s. .,
com.freescale.moul0_1.mma9sso.mi,. .
com freescale.mou. coldfiredb. Featur. ..

Details

i

(7] < Back I Mext = I Einish Cancel
Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, ColdFire+, C-Ware, the Energy Efficient Solutions logo, Kinetis,
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Install FXLC95000 CW Service Pack

L £
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8. In the Review
Licenses dialog,
read through the
Freescale
licensing
agreement and
click “| agree the
terms of the
license
agreement”
option. Make
sure internet
connection is
valid. Click
“Finish” to begin
the service pack
installation.

® £
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Review Licenses

Licenses must be reviewed and accepted before the software can be installed, :)ITJ

—

Items with licenses:

License texk:

Marne

| Version

L CW MCU v10.1 Update
WML v10.1 Service Pack For MMA. .

1.0.1
1.0.2

FREESCALE SOFTWARE LICEMSE AGREEMENT ﬂ
This is a legal agreement between vou (either as an

individual

ar as an autharized representative of wour

employer) and Freescale Semiconductar, Inc,
(Bquot;Freescaledquot; ),

It

concerns your rights to use this file and

any accompanying writken materials (the

fquok; Saftwarefaquat; ],

This Agreement

does nok concern your rights For

software that has its own separate license agreement,

A lisk

of these license agreements is available at

e, Freescale, comjfcodewarrior Licensehotice and is
included with

this software as a readme file, In

consideration for Freescale allowing you ko access the j

* T accept the terms of the license agreements:

| LI £ 1 do not accept the terms of the license agreements

< Back, Mexk = | Einish I Cancel

128

Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, ColdFire+, C-Ware, the Energy Efficient Solutions logo, Kinetis,
mobileGT, PowerQUICC, Processor Expert, QorlQ, Qorivva, StarCore, Symphony and VortiQa are trademarks of Freescale Semiconductor, Inc.
Reg. U.S. Pat. & Tm. Off. Airfast, BeeKit, BeeStack, CoreNet, Flexis, MagniV, MXC, Platform in a Package, QorlQ Qonverge, QUICC Engine,
Ready Play, SafeAssure, the SafeAssure logo, SMARTMOS, TurboLink, Vybrid and Xtrinsic are trademarks of Freescale Semiconductor, Inc. All
other product or service names are the property of their respective owners. © 2012 Freescale Semiconductor, Inc.




h o
L |

Install FXLC95000 CW Service Pack

- 9. During the installation, Security warning messages below
might pop up. Click “OK" to continue installation.

! Security Warning o m |

Warning: You are installing software that contains unsigned content, The
! authenticity or walidity of this sofbware cannot be established. Do wou wank to
continue with the installation?

Cancel Details == |

#. peset Perspective? |

Changes toinstalled plug-ins have affected this perspective. Would wou like
- ko reset this perspective to accept these changes?

L £
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Install FXLC95000 CW Service Pack

- 10. At the end of installation, a Software Updates Message
Window pops up. Click “No”
11. Repeat the process to finish install all service packs.
12. At the end of installation, a Software Updates Message
Window pops up. Click “Yes” to restart CW for service packs to

take effect.

@ software Updates x|

y fou will need ko restart Codetwarrior Development Skudio for the changes to
\J\'/ kake effect, Would vou like to restart now?
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MQX FxIc95000 Patch Installation
¢

Hung Tran

Created 25 April 2012
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MQX FxIc95000 Patch Installation Instruction

- Instruction for installing “Freescale MQX 3.7 FxIc95000
patch.zip”

= Provides MQX RTOS support for FxIc95000 device.
= Installs FxIc95000 board & processor support packages.
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MQX Fxic95000 Patch Installation Instruction

= Step 1: Install Freescale MQX v3.7
- Download MQX file “FSLMQXOS_3 7 0.exe” from Freescale website and run.

- MQX should be installed in default directory.
- Win XP and Win7: C:\Program Files\Freescale\Freescale MQX 3.7.
- For Win7, DO NOT install in the C:\Program Files (x86)\ directory.

== <"

@vvl . %« Freescale » Freescale MQX3.7 » v | +y | l Search Fresscale MQX 3.7 yel ’
Organize ¥ Include in library v Share with v Burn New folder =~ [0 @
PerflLogs T Name v Date modified Type
Program Files ) . - .
| config 4/25/2012 3:06 PM File folder
AccuRev % E 7
demo 05 PM File folder
, Adobe ~ L )
: doc 4/25/2012 3:05PM  File folder
. Agilent T 2 > 2 <
. [ ) lib 4/25/20123:05PM  Filefolder
. Analog Devices = <
_ ¥ mfs 4/25/20123:04 PM  File folder
. Common Files ~ )
’ J max 4/25/2012 3:04 PM File folder
. CyberLink 5 =
) rtes 4/25/2012 3:04 PM File folder
, DVD Maker = v
shell 4/25/2012 3:04 PM File folder
. Freescale . )
| tools 4/25/2012 3:.06 PM  File folder
CWMCUv10.1 % 2 :
usb 4/25/2012 3:04 PM File folder
Freescale MQX 3.7
. InstallShield Installation Informatio
. Internet Explorer
, VI Foundation i) T ; )

’ 10 items

L £
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MQX Fxic95000 Patch Installation Instruction

= Step 2: Install patch file “Freescale MQX 3.7 FxIc95000 patch.zip”

- Copy the patch file to the MQX installed directory: C:\Program
Files\Freescale\Freescale MQX 3.7.

- Unzip the patch file.

- The zip program will ask whether to overwrite existing files, select YES to overwrite
existing files.

- The MQX FxIc95000 patch installation is now complete.

"WinZip - Confirm File Overwrite with file from: ...X 3.7 FxIc95000 patch.zip
= JJ The folder already contains this file.
@U" <« Program Files » Freescale » Freescale MQX3.7 » v | +y ’ | Search Freescale MQX 3.7 yel [
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= WinZip File Size: 3.68 MB
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Agenda (combined)

- FXLC95000L Overview
- Designing with the FXLC95000L Platform
- Development hardware and software overview <Lab 1>
= Lab 1: Import, build and download demo project
- MQX Coding Structure
- FXLC95000 Module: GPIO and TPM
= Lab 2: Toggle LED using the RGPIOs
- FXLC95000 Module: AFE
= Lab 3: Acquire AFE data
- FXLC95000 Module: AFE — Motion Detection
= Lab 4: Toggle LED based on Gesture Recognition
- FXLC95000 Module: 12C Slave
= Lab 5: Communicate with FXLC95000L via slave 12C ports
- FXLC95000 Module: 12C Master
= Demo: Use FXLC95000L as a sensor hub

- Summary
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