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1. Quick Start

Out of the box the Launchpad is programmed with the LDC-SENT Bridge firmware.

As soon it is powered up by connecting it via Micro USB to any USB power source it will start
transmitting the LDC’s proximity and frequency data via SENT according to Chapter 5.
(Don’t care about USB drivers)

The SENT Signal is available at the jumpers on top of the Launchpad add-on board. (Refer to Figure 1)

If you want more in-deep explanations for LDC1000, LDC1000EVM, USB driver installation, SENT data
logging in MATLAB and firmware modifications... refer to the next Chapters of this Guide.

Figure 1 Out of the Box LDC SENT Bridge setup — arrow pointing to the SENT header

2. Needed Equipment

2.1 Hardware
- Launchpad MSP-EXP430F5529LP including Micro USB cable
- Add-on Board for Launchpad
- LDC1000EVM (prepared with connectors for Add-on Board connection)
- 10 pinribbon cable
- Inductive Sensing demonstrator

2.2 Software
The complete setup was created and tested with the following software setup:
- Windows 7 Professional Service Pack 1 — 64bit @4GB RAM
- MATLAB R2013a (8.1.0.604) 64bit (win64)
- Code Composer Studio 5.5.0.00077 with MSPware installed
(http://www.ti.com/tool/ccstudio)
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http://www.ti.com/tool/ccstudio

LDC1000EVM Software
(http://www.ti.com/tool/Ildc1000evm)
LDC1000 EVM Software GUI - http://www.ti.com/lit/zip/snac058
LDC1000 Firmware Library for the MSP430 - http://www.ti.com/lit/zip/snac059
(The used firmware is based on this library)
SENT_EXP430F5529LP.zip coming with this document containing:
o MATLAB scripts
o Firmware source code -
Including the COM Port Driver used for Lauchpad-MATLAB connection (Chapter 4)

During installation and working “Administrator Rights” are necessary (driver installation, Device
Manager Access)

2.3

2.4

3.

Recommended Documents
LDC1000 Datasheet - http://www.ti.com/lit/gpn/Idc1000
LDC1000 EVM User’s Guide - http://www.ti.com/lit/pdf/snaul50

Additional Documents

Interfacing LDC1000 with the MSP430 LaunchPad - http://www.ti.com/lit/pdf/snaa213
MSP-EXP430F5529LP LaunchPad Development Tool User's Guide -
http://www.ti.com/lit/pdf/slau533

MSP430F5529 Datasheet - http://www.ti.com/lit/gpn/msp430f5529

MSP430x5xx Family User’s Guide - http://www.ti.com/lit/pdf/slau208

In-deep MSP430 USB Information: http://www.ti.com/tool/msp430usbdevpack
SENT Specification (J2716 JAN2010)

Hardware Setup

There are two supported possibilities to use the LDC with this equipment:

3.1

LDC1000EVM/GUI Usage

The Hardware setup can be plugged together to provide full LDC1000EVM functionality (GULI...):

Figure 2 LDC board and MSP-USB board with Inductive Sensing Demonstrator
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Please double check polarity before powering up. (Take picture for reference — LDC board and MSP-USB
board both should have the components on the same side) Plugging in the LDC board the wrong way
around will cause malfunction and could damage both LDC and USB board.

- To use the hardware in this setup follow the instructions in LDC1000 EVM User’s Guide
(http://www.ti.com/lit/pdf/snaul50)

3.2 LDC-SENT-Bridge Configuration

The following setup provides a LDC — SENT bridge functionality with additional SENT raw data logging
feature via USB as long as the Launchpad is flashed with correct firmware.

The SENT output is available at the two pin header. (3.3V)

Refer to Figure 1 for how to plug the setup together.
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Figure 3 - Connection between LDC-Board and Launchpad,
adapted from Interfacing LDC1000 with the MSP430 LaunchPad page 7 (snaa213)

- Setup the hardware this way when working with the Chapters 4-7 of this document.

4. Launchpad Driver Installation
- When plugging in the Launchpad the first time some drivers need to be installed.

- Open the Windows Device Manager select and install the correct drivers.
= Device Manager

File Action View Help
ol ANl NENN 7 Bl N X

a -@ Other devices
¢ o[l FS529LP simpleUsbBackchannel

7 MSP Application UART
-+ |y MSP Debug Interface

Fp "? Pnr‘ts (COM & LP Update Driver Software...

Disable
Uninstall

Scan for hardware changes

Properties
Figure 4 Device Manager with Launchpad connected the first time
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http://www.ti.com/lit/pdf/snau150

If the Launchpad is not flashed with the LDC-SENT-Bridge Firmware the device “F5529LP
simpleUsbBackchannel” will not appear — skip the steps on the first run and load the needed
firmware according Chapter 7 after installing the other Launchpad’s drivers.
Right Click on each device:

o Update Driver Software... - a new window pops up

o “Browse my computer for driver software”

o For MSP Application UART and MSP Debug Interface:

Browse for driver software on your computer

Search for driver software in this location:

Cihtilecsvs -

[#] Include subfolders
Figure 5 Browse for drivers
= The drivers are in the installation folder of Code Composer Studio
= Tick Include subfolders
= (typically C:\ti\ccsv5)
=  Click on next — searching takes time...
= The drivers of these devices will be installed
o For F5529LP simpleUsbBackchannel:

Search for driver software in this location:

[¥]Include subfolders
Figure 6 Browse for drivers

=  Extract the folder LDC1000_F5529LP_SENT_USBLOGGING from the
SENT_EXP430F5529LP.zip coming with this document
= The drivers are in this folder
= Tick Include subfolders
= Click on next
= A new window will pop up
= Click on Install this driver software anyway
= The drivers of this device will be installed
Now all these devices should appear in the Device Manager category Ports like this. (COM

numbers may differ from picture)
45 Ports (COM & LPT)

? F5529LP simpleUsbBackchannel (COM21)
7' MSP Application UARTL (COM20)
? MSP Debug Interface (COMLY9)

Figure 7 Device Manager with Launchpad installed

SENT Output

The MSP430 is powered with 3.3V —The SENT max. output level is therefore 3.3V, too.

To use the SENT Output the hardware should be setup like in Chapter 3.2.

According to Configuration Shorthand (7. in SENT specification) the Launchpad’s output is:

SENT2010-03.0us-6dn-npp-nsp-ns
o CRC calculation according to SENT2010
Clock tick length 3ps
6 data nibbles
No pause pulse
No serial protocol
Sensor type not specified in spec (but close to A.1 in SENT specification)

O O O O O
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- The transferred data frame is close to A.1 in SENT specification:
// STATUS : ©
// DATA1l : PROXDATA MSN
// DATA2 : PROXDATA MidN
// DATA3 : PROXDATA LSN
// DATA4 : FREQDATA LSN
// DATA5 : FREQDATA MidN
// DATA6 : FREQDATA MSN
// followed by crc generated automatically

- The transferred data can be suited to the actual needs by modifying the Launchpad’s firmware.
The mapping of the LDC’s 16bit PROXDATA to the SENT data nibbles 1-3 can be changed, for
example. (See sent.c)

- Aslong as no LDC data are available (during startup) all data nibbles transferred will be 0x0.

- If the LDC can’t provide any new data (LC-tank’s damping too high, out of range, connection
failures...) the last valid values will be transferred.

6. MATLAB Logging Script

The MATLAB Logging Script is able to log all the data which are transferred via the SENT interface
utilizing the virtual COM port of the Launchpad. When running the script with the correct port setup, all
data will be logged. During logging a automatically refreshing plot will show the current values. After
finishing the logging by pressing any key (while having the plot window selected) all received data will be
plotted again and is available in the MATLAB workspace in the sent_packet struct for further processing.
(Please keep in mind, that the data transferred by the SENT interface is logged only. If you want to have
all LDC data — at a higher sampling rate please use the LDC1000EVM with the GUI or dedicated MATLAB/
Labview environments)

Extract the SENT_Matlab folder from SENT_EXP430F5529LP.zip coming with this document.

- Make sure that the Launchpad is properly connected to the PC.

Open MATLAB and change the current folder to the extracted SENT_Matlab folder.

Your MATLAB Window should look like this now:

HOME

= d}' - L] Find Files. & t'}! L Hew Variable Lig dach 2= Coce E {

[} open variable Ji7 Run and Time

New New Open |1=) Compare Import Save
Script w - Data Workspace L Clear Workspace ~ |7 Clear Commands ~+ -

FILE VARIABLE CODE ENVI

G EE L N S:NT_EXP430FSS29LP b SENT_Matlab
@

Current Folder

Name T >> |
] CRC_SAEm
| legalibet
) Local_KeyPressFen.m
‘j SENT_Logger_Test.m

Figure 8 SENT_Matlab folder
- Before running any MATLAB script, find out which COM Port the Launchpad is assigned to. (like
in Chapter 4 — Device Manager — COM Port of the F55529LP simpleUsbBackchannel)
- COM21 in this document (might defer)

417 Ports (COM & LPT)

‘? F5529LP simpleUsbBackchannel (COM21)
T MSP Application UARTL (COM20)
‘? MSP Debug Interface (COM19)

Figure 9 Device Manager Ports
- Openthe SENT_Logger_Test.m file in MATLAB Editor (e.g. by double clicking on it) and change
the COM Port in about line 52 according the information taken from your Device Manager.

6/12



EDITOR

PUBLISH

- Find Files Insert G| - . b L@ .

'}‘ ::' i | E [‘?“l msert & fx . <4 E 04 [=] Run section
|5l compare ~  Comment % ‘gz ¥ gfGeTow e

New Open Save — K Breakpoints Runand Runand |5l Advance

>~ v > =Pt v Indent 3| o o (| Find - Time  Advance

FILE EDIT NAVIGATE | BREAKFOINTS RUN

SENT Logger Testm =

46 — delete(h(l:length(h)});
pause (5) ;|

end

% put in

pads CDC Comport
sport = serial( 5

¥i

Figure 10 MATLAB Editor

%assigns the object s to serial port

Now save the script and either run it out of the editor (press the green run button or F5) or close
the editor and run it from the MATLAB Command Window by just typing in the filename without

extension and pressing enter.

If the Launchpad is connected properly and the correct COM Port is selected a plot window will
open up, which is showing the latest proximity and frequency data transferred via the SENT

interface.

"B Figure 1
—

[E=RTE e

File Edit View Insert Tools Desktop Window Help
Odde | kAR OUBDEL- (S |0E a0

Press any key to stop logging

4000 F
3000 B
2000

]

1
0 100

Proxdata

1000

0

L L L
300 400 500
Samples

1
200

4000 F T T T T T 3

3000 B

2000 B

Fregdata

1000 - B

500

0 n n
300 400
Samples

1 1
0 100 200 600

~

Figure 11 self-refreshing MATLAB plot showing the last SENT samples

This plot window will refresh automatically as soon new data are received from the virtual COM

port.
Stop the logging by pressing any key with window focus on this plot.
A new plot will pop up showing all the data during the logging.
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B Figure 2 J— = | 5 |
File Edit View Inset Tools Desktop Window Help k]
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Figure 12 Example Log, showing the LDC's coil being pushed around between two fingers randomly
- The logging is done and all data are available in the sent_packet struct for further processing in
MATLAB in the workspace.
- Before starting a new logging session make sure you save all needed data from the workspace.
- For starting a new logging session run the SENT_Logger_Test script again.

7. MSP430 Code Composer Studio Firmware flashing

If the Launchpad is not flashed with the LDC-SENT-Bridge firmware or the firmware is modified the
original source code is available in the SENT_EXP430F5529LP.zip coming with this document in the
subfolder LDC1000_F5529LP_SENT_USBLOGGING.

This folder contains a Code Composer Studio project which can be imported into any Code Composer
Studio workspace for further work. The Launchpad has an eZ-FET lite on board capable of flashing and
debugging the Launchpad’s MSP.

After flashing/ loading the firmware of the MSP (for debugging) it stays in the MSP and will be executed
as soon appropriate power is available. Therefore Code Composer Studio is needed for modifications,
initial flashing and debugging (only).

This Chapter will show how to import the LDC-SENT-Bridge firmware to Code Composer Studio and flash
it to the Launchpad.

- Extract the SENT_EXP430F5529LP.zip.

- Open Code Composer Studio (CCS) — the Workspace Launcher will appear, select a new folder to
be the used workspace and press OK.
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Select a workspace

Code Composer Studio stores your projects in a folder called a workspace.
Choose a workspace folder to use for this session.

Workspace: C:\User;-Desktnp\SENT_TESTS -

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

[ ok ][ canca

Figure 13 CCS Workspace Launcher

CCS will open up, go to Project -> Import Existing CCS Eclipse Project

= CCS Edit - 11 Resou
File Edit View Mavigate |Project | Run  Scripts Window Help
ff - - B4  NewCCS Project
— CCS Example Projects I
1) TI Resource Explorer
s Build Al Curl+B
r[\j Packages: | Welcome Build Cenfigurations 3
Build Working Set 3
Address: T
Build Automatically
“ Show Build Settings... I
You  addFies.. [
3 Import Existing CCS Eclipse Project
'[ 2 Import Legacy CCSv3.3 Project C
Properties A
P ——

Figure 14 CCS Project Import 1

A new window will pop up: Import CCS Eclipse Project
o Select search-directory: Browse to the location where the SENT_EXP430F5529LP.zip was
unpacked to
o Discovered Projects: tick the ...USBLOGGING Project
Place a tick at Copy projects into workspace
o Press Finish

O

«# Import CCS Eclipse Projects

Select Existing CCS Eclipse Project
Select a directory to search for existing CCS Eclipse projects.

1

© Select search-directory:  SENT_EXP430FS529LP\SENT_EXP430FSSLP | Browse.. | '
() Select archive file:
Discovered projects:

[T 127 LDC1000_SENT_only [C:\Usy EMNT_EXP4 Select All
' LDC1000_F5529LP_SENT_USBLOGGING [C:\L

Deselect All

4 n | 3 Refresh

Bopy projects into workspace
£ Alﬁm atically import referenced projects

Open the Resource Explorer and browse available example projects...

; 4
@ Crmn

Figure 15 CCS Project Import 2
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CCS will now import the project and look like this:
+» CCS Edit - TI Resource Explorer - Code ComposerStutﬂ? e an

.
File Edit View Mavigate Project Run Scripts Window Help

g~ > idsvy A B x - -
[Fe] Project Explorer &% = 4:5 ¥ = O (/] Tl Resource Explorer 1

DC1000_F5529LP_SENT_USBLOGGING

O |

Address:

Welcor

Figure 16 CCS initial view after importing the project

Expand and select the project by double clicking on it in the Project Explorer.

(Open main.c, sent.c and sent.h to check through the source code to get familiar with it and
make some adjustments.)

(use CTRL+B to build inbetween while coding.)

Connect the Launchpad to the PC if not done already.

Click on the green bug/ hit F11 to compile and start debugging.

File Edit View Mavigate Project Run Scripts Window Help

i |- F~ B ivE-D-
[ Project Explarer 13 = % 7 T O g maine 53| [ sentc k] sent.h
4 ;= LDC1000_F5529LP_SENT_USBLOGGING [Acti|| 162 extern uintd_t sent_buffery_full;
> q‘;b' Binaries 163 . . .
. Includes 164 extern uintd t buffer_logging active;
) 165 extern uintl6_t buffer_pos;
» (= Debug 166 extern uint8_t buffer_used;
> (&= driverlib
> (= library VOID main(VOID) {
> (= USB_API uintd_t dummyByte;
» USE a uintl6_t dummybord;
-3PP WDTCTL = WDTPW + WDTHOLD;
> (= USB_config
> [€ hale // MSP438 USE requires a Vggre sett
> |8 halh /I for 24MHz MCLK, below.
. [@ inite PMM_setVCore (PMM_BASE, PMM_CORE_LEV
o, " gi3013529.cmd initPorts(); // Config al
> kgl main.c initClocks(24@00008); // Config cl

o @ sent.c
[R) senth
WoUF5529, coxml [Active/Default]

[/ initialize LDC1@@@ (default thre
// change this in LDCl@e@_evm.c to
__enable_interrupt(); [/ enab
evm_init(); // Outp

Figure 17 CCS Edit view

The firmware will be loaded into the MSP and the CCS perspective will change to debug mode.
Either start the execution of the code with the green arrow (you can place breakpoints by
double clicking at the white space to the right of the line numbers) or press the red square to
stop the debugging session.

€CS Debug - |
File Edit View Project Tools Run Scripts Window Help

il [ @D e- P [ (%5 CCSDebug | ¢~
%5 Debug 2 B2, 2 2. % | <@~ 5| 8 7 = O/t Variables 52 |6 Expressions | %8 Registers o 5] & |t ¥ =0
.a K% LDC1000_F5529LP_SENT_USBLOGGING [®¥8e Colfpiser Studio - Device Debugging] Name Type Value Location

4 ® TIMSP430 USB1/MSPA30 (Suspended - HW Breakpoint)

il 00- ush_start_byte_received  unsigned char . 0:0034C6 |
Samaing) atmain o168 (0E1C 09+ dummyByte unsigned char . 0:0043FC
= _c.int00_noeit( st boot.ci183 0:004808 (the entry point was reached) - dummyWord unsigned int 0 OUFE
> ® currentPos unsigned char * 0x0000 "2\320\360" Register R9
- bytesinBuf unsigned char Register R10 i
< - m - - |
I¢] main.c &3 | [£] sent.c [0 senth =8
extern uints_t sent_buffery_fulls
extern uints_t buffer_logging_active; //flag to select if logging is active
extern uintl6_t buffer_pos;
extern uints_t buffer_used; [factive buffer selection

>" VOID main(VOID) {

uints_t dummyByte; // dummy byte
uintls_t dummyllord; /! dummy word

WDTCTL = WDTPW + WDTHOLD; // Stop Watchdog Timer

// MSP438 USB requires a Yggre setting of at least 2. 3 is the highest setting

// for 24MHz MCLK, below.
PMM setVCore(PMM BASE. PMM CORE LEVEL 3):

Figure 18 CCS Debug view
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- After closing the debugging session the MSP can be reset by pushing the RST (S3) button on the
Launchpad and will execute the firmware as soon/ as long appropriate power is applied.

8. LDCEVM Software/ RPmin-RPmax Configuration

Refer to the LDC1000 datasheet first, to get to know about the effects of changes in the RPmin and
RPmax registers.

Using the default LDC-SENT-Bridge Firmware the RPmin, RPmax registers are configured within certain
limits automatically at power up. If static settings or additional LDC register settings are necessary it is
recommended to test them first with the LDC EVM Hardware (Setup according to Chapter 3.1) and the
LDC1000 EVM GUL. All register settings can be tested here and copied later to the LDC-SENT-Bridge
Firmware.

Depending on the targets/ coil setups in use, the RPmin and RPmax settings are most interesting.

After carefully evaluating the setting with the EVM GUI the values can be looked up there and copied to
a section in the main.c of the source code.

Remove the comment // from the shown lines like in Figure 19.
Keep in mind, that RPmin and RPmax only can be modified if the LDC is in PWRCONFIG 0x00.
Later on the LDC needs to be put back in PWRCONFIG 0x01 mode and needs some settling time.

while(!spi_writeByte(NULL,LDC188@ CMD PURCONFIG,@x8@));

while(!spi_writeByte(NULE,
while(!spi_writeByte(NUS

LDC1008_Cr
LDC1086_CHMD
L, LDC1600_CHD

THRESLOMSE,
INTCONFIG, exea)); // this software is inten

.mileq Ispi_writeByte(NULL,LDC16@8_CMD_PWRCONFIG,@x81));

__delay_cycles(EWM_TIME_IMS * 2.5); // need this many cycles to settle

Figure 19 Enabling individual RP configuration in main.c

A wrong selection of RPmin and RPmax will cause the LDC1000 not to work as intended (no LC tank
oscillation — no output data)

9. Hints
- COM Port problems using the MATLAB script:

o If the script is not running properly (showing errors in the MATLAB Command Window)
disconnect the Launchpad from the PC and then reconnect it.

o Check the COM port number in the device manger. (it might have changed, might take
some time until it appears after connecting the Launchpad)

o Correct it if necessary in the script and don’t forget to save it.

o Now run the script again.

- Code Composer Studio problems with view — cannot find anything
o if you miss some subwindows in CCS which were initially at ... places — you might want
to restore the default perspective.
o go to Window -> Reset Perspective...
o After answering the question with yes, CCS should look like opened the first time.
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Code Composer Studio missing line numbers:
o Go to Window-> Preferences —a new window pops up
o General->Editors->Text Editors — place a tick at Show line numbers

=
w« Preferences

type filter text Text Editors

See 'Colors and Fonts' to configure the font.
> Appearance

Capabilities

Undo history size: 200
Compare/Patch
g pes Displayed tab width: 4
[]Insert spaces for tabs

[¥] Highlight current line
[] Show print margin

» Metwork Connections 80
Perspectives
Search
> Security [] Show whitespace characters {configure visibility

Startup and Shutdown ; -
Web Browser Show affordance in hover on how to make it sticky

> Workspace When mouse moved into hover: | Enrich after delay =

> GG+ ) [¥] Enable drag and drop of text
» Code Composer Studio [F1Warn hefore editing a derived file
Figure 20 Preferences - (re)enable line numbers
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