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Using the MSP430 Launchpad as a Standalone 12C Host

Derek Xie and Dafydd Roche

ABSTRACT

for Audio Products

Audio and Imaging Products (AIP)

This document and its associated files (MSP430 Audio Boot Code - SLAC640) give a foundation for
customers to use the MSP430 Launchpad as a tool to evaluate and demonstrate Tl Audio products,
without the need to be connected to a computer.

This application code will take header files exported from Tl Audio development tools and create

standalone, bootable demo’s — using the MSP430 as a host.
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Introduction
For many, moving from an evaluation board and software to a standalone platform is a daunting task.

Getting a self-booting demonstration requires significant time and effort to generate the correct 12C script
and generate the code for the microcontroller that will eventually boot your device.

This project removes many of those barriers by providing a framework that simple wakes up, and boots
over 12C. This framework is designed to work on the MSP430 Launchpad, a $9.99 easy-to-use
development tool.

Connection between the launchpad and the target hardware (your own hardware, or an evaluation board)
is simple. You only need to connect the three wires and plug in the power. The framework also allows for
a serial port terminal to be used to send additional 12C instructions after bootup, another useful debug
point.

MSP430 Booting Demo Overview

The Audio Boot Platform requires two pieces of hardware. The MSP430 Launchpad
(www.ti.com/Isds/ti/microcontroller/16-bit_msp430/overview.page) and the device under configuration
(must be 12C controllable).

The code provides two kinds of the 12C configuration code. One is the GPIO_12C (12C over GPIO pins),
the other is the USCI_I2C (12C using the USCG peripheral).

The hardware connection only needs three wires, SCL, SDA and GND. The software development
environment used is Code Composer Studio™.

The software project (downloaded from www.ti.com/tool/ccstudio-msp430) only has two files. One is the
Main.c file, the other is the I2CBoot.h file.

Once your code is downloaded to the Launchpad, the LaunchPAD can self boot the demo through the
I2C. You can also use the USB Serial port and the onboard Launchpad buttons to do additional debug
and demos. Figure 1 gives a visual overview of the platform from both a hardware and software point of
view.

Launch Pad

UART MSP-EXP430G2 - MSP430 ScL
UART Tools | — LaunchPad Value Line SDA
P Development kit
Button & Availability: In Stock GND
e Demo Board

] Code

| Main.c, — -

Code Composer

Studio

iZCboot.ﬁ —

Figure 1. MSP430 Booting Demo Architecture
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2.1 Main.c file

All the functions are defined in the Main.c file, like the 12C and UART.

I12C is driven either by GPIO Pins or by using the USCI peripheral integrated on the device. The 12C

method is decided by the Parameter GPIO. (A variable in the code).

If the GPIO is 1, the 12C Init() is initialized by the GPIO_12C function. If the GPIO is not 1, the 12C Init() is

initialized by the USCI_I2C function.

NOTE: Using the USB Serial UART for additional debugging requires configuring the device to use
GPIO mode for 12C.
Stop Watch Dog
Oscillator Init
: 12C Init()
Main() - ‘
Devices Init
NonAl
AIC_In | i
it() —)
Figure 2. Main.c File Function Flow

Figure 2 shows the Main.c file function flow. There are two different kinds of 12C write available in this

implementation.

The non-miniDSP based devices that just require a simple register configuration, (for example, TAS5717

or PCM9211, and so forth) can use the NonAIC_lInit(). It simply takes an array for data and downloads it

via 12C.

The miniDSP based devices (such as AIC3254, PCM514x and so forth) use multiple registers for

peripherals and others for coefficients and instruction memory. Some additional logic is required to decode

the 12C addresses into additional delay instructions to allow configuration to take place.
SLAAG605A—0October 2013—Revised October 2013 Using the MSP430 Launchpad as a Standalone 12C Host for Audio Products 3

Submit Documentation Feedback

Copyright © 2013, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAA605A

13 TEXAS
INSTRUMENTS

How to Connect the Hardware www.ti.com

2.2 12Cboot.h File

The 12Cboot.h file contains the register and register’s value. When the MSP430 is booting, the 12C
command will use the 12Cboot.h's content to configure the demo board.

*

4 * Created on: 2013-5-1
s * Author: adz19z99
6 %/

S#ifndef AIC_H_
Sftdefine AIC_H_
10

11

1istatic const reg wvalue REG_Section_program[] = {

13

14 ¢ o,0x00},|

15 /7 # reg[ 0][ 1] = 0x01 ; Initialize the device through software reset
16 { 1,0x01},

17 {254, 0x04},

18] { 0,0x01},

19 /7 # reg[ 1][ 1] = 0Ox08 : Power up AVDD LDO: Disable weak AVDD to DVDD cc
0 { 1,0x08},

21// # reg[ 1][ 2] = 0Ox00 ; Enable Master Ainalog Power Contral

2z { 2,0x00},

2347 # reg[ 11[ 71] = 0Ox3Z : Set the input power-up time to 3.1ms

24 { 71,0x32},

L # reg[ 1][123] = 0x01 ; Ser REF charging time to 40ms (automatic)

26 {123,0x01},
2 {255,0x00},
{255,0%01},

29 { 0,0x00},
007 # reg[ O][ 60] = 0Ox0D0 ; DAC prog Mode: winiDSP_A and winiDSP_D NOT pe¢
i1 { 60,0x00},

Figure 3. I2Cboot.h Example

3 How to Connect the Hardware

The MSP430 booting demo’s hardware connection is very easy. You only need to connect three wires,
including SCL, SDA, and GND.

Figure 4 shows a typical setup, an MSP430 Launchpad board booting a TLV320AIC3254 codec. The only
interface between both boards are the 12C pins (SDA, SCL) and GND.

SI:\)A SCL

GND

Figure 4. Hardware Connection
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4 [2CBoot.h file Create and Modify

In this section, the 12Cboot.h file is illustrated with an example, using the AIC3254 device (miniDSP
device) and the TAS5717 (non-miniDSP device).

4.1 MiniDSP Device

The majority of miniDSP devices use a development tool called PurePath™ Studio. PurePath Studio
(PPS) has the ability to export header files that can be integrated into an embedded system.

Exporting the header file and importing it correctly into your code composer studio project is done with the
following steps:

Step 1: PurePath Studio—Tools—Option—Build—Generate Device Driver Interface

PurePath Studio (Portable Audio) MiniDSP GDE (Edit Mode)
File Edit W¥ew Build | Tools | Help

0DaEd & & Q {Ty Component Interface Overview B I U===A X x
<153 12C Command File...
B3 Frameworks = ol il i P
-] ADC3x01 12C Memory Tool...
AIC31XK . . .
B AIC3253 Overlay and Configuration Editor
B AIC3254 I3C Logging
& AIC3256 Switch Framework... T
8- AIC3262
-] AIC36 Options pSxdx_1
-0 DAC3TXX 5 =
m-1] TsC2117
[—]!:j InputOutput E
ADC_copy E
+ DAC_copy
Declxin =5
Dec2xin B
Dec4xAGCIn
Dbt ] Dec4xIn_SP_A_DSP_D Iht8xOut_1
Decdxin 4
Lol Nerddinlin
Options @
| Display Target|
AIC Assembler
.cfg file burst writes
Optimization

(® Dptimize Instruction Memory

O Optimize Coefficient Memory

Additional Options

Port Wamings
Unconnected input ports: Display warning message %
Unconnected output ports: Display waming message %

Code Generation
Generate Device Driver Interface

Set TargetProcessor based on component location
Multiple Configurations and Sample Rates
(®) Generate complete applications

O Generate application patches

[ oK ][ Cancel ]

Figure 5. Configure the Option in the PPS
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Step 2: Build—Generate Code

The base_main_Rate44_pps_driver.h file is found in the project folder.

& C:\Documents and Settings\a0219299\Desktop\ProcessFlow1

File Edit View Favorites Tools Help

w 2> l’ /jﬂ‘Search | Folders ‘$ Lj- x n . { f i‘

Address I Ci\Documents and Settings\a0219299\DesktopProcessFlowl

Mame Size  Type Date Modified
|_J)base_main_Rated4 File Folder 2013-4-30 14:14
| ~ProcessFlow1 pfw 277KB PurePath Studio Gr..,  2013-4-30 14:14

=| base_main_Rate44.cfg 99 KB Text Document 2013-4-30 14:14

[H}base_main_Rate44_pps_driver.h 56 KB HFile 2013-4-30 14:14

" |ProcessFlow1 .pfw 277KB PurePath Studio Gr...  2013-4-30 14:14

Figure 6. Generate the Configure File Through PPS
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Step 3: Modify the base_main_Rate44_pps_driver.h file:

Remove the definition except the three definitions and the lengths.

1. Add “static const” before the arrays;

2. After modification, the base_main_Rate44 pps_driver.h is as illustrated in Figure 7:

12 static const reg_value REG Section program[] = {
13
14 { 0,0x00},
157/ # reg[ 0J[ 1] = Ox01 ; Initialize
16 { 1,0x01;,
17 {254,0x04},
18 { 0,0x01},
19 // # regl 11 11 = 0Ox03 ; Power up ALV
20 { 1,0x08},
a1/ # reg[ 1][ 2] = 0Ox00 ; Enable Mast
22 {  2.0x00%.
®
*
®
167 static const reg value miniDSP_A reg values[] = {
168 { 0,0x08},
169 { ©8,0x00},
170 { 9,0xB7}:,
171 { 10,0x98},
172 { 11,0x00},
L
L
L
1590 #define miniDSP_A reg values COEFF_START ]
1591 #define miniD3P_A reg walues COEFF_SIZE 590
1522 #define miniDSP_A reg wvalues INST START 590
15935 #define miniD3P_ A reg values INST SIZE 831
1554
1595 static const reg value miniDSP_D reg values[] = {
1596 { 0,0xz2C},
1597 { 8,0xFF},
1598 { 9,0xFF},
1599 { 10,0xFF},
1600 { 11,0x00},
1601 { 12,0x80},
®
*
{102 ,0xFF},
{103 ,0x00},
31i5#define miniD3P D reg values COEFF_S3TART 0
3140 #define miniDSP_D reg values COEFF_SIZE 356
3141 f#define miniD3P D reg wvalues INST START 356
3142 f#define miniD3P_D reg wvalues INST SIZE 1186
Figure 7. miniDSP Device 12Cboot.h File Example
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4.2

Non-MiniDSP Device

For non-miniDSP devices, the header file can include a much simpler array. The import flow is as follows:

Step 1: Generate a new header file. The header file name can be the device name. For example:
Tas5717.h.

¥ CCS Edit - Demo/Tas5717.h - Code Composer Studio

File Edit View MNavigate Project Run Scripts Window Help

- Q - g; - ¥ - =104
L) Project Explorer 3 - 5 7 7 O id main.c [€] main.c [B] Tass717.h 52
1 AIC3254EYM-K_MSP430F2274 1/%
255 ais Debuo 2 * Tas5717.h
=3 ¢ I - rroject...
& 1| -
- [ A2 SOy Chri+C [% File
+- [ £ “ File from Template
#-[ 2 Ir 3K Delete Delete (% Folder
#-lel g Source »| [& Target Configuration File
a-m 1
=[BT Rename... F2 ¥ CCs Project 717ConfigureFile[] = {
i
£ 23 Import... & Class
#- [k t| g Export... I8 Header File
TN ¢’ Source File

Show Build Settings...
Rebuild Project

e
#-5=> Dem¢
=

4 &Y Source Folder
# = laung

® 2 uscr  BuidProject [E C Project
Clean Project 5] C++ Project
2| Refresh FS

Close Project [ Other... Chrl+M
i >

Slul:lCTonflg:vatlons , ¢ Ox26, 0x073 ,
lake Targets

Index i’ { 0Ox26,0xDF},

Add Files...

Debug As N { 0Ox26,0x9E},

Team 4

Compare With > { 0Oxz26,0x00},

Restore from Local History... ¢ 0x26,0x07}
. .,

Refactor >
Source >
Properties Alt+Enter nsole 22

Mo consoles to display at this time.

Figure 8. Generate the I12Cboot.h File in CCS

Step 2: Write an array with a format like the following:
Tas5717ConfigureFile is the name which is used in the main function.

If the device you are writing to uses multibyte registers, the same register should be written to many times.
Each write moves the position of that particular write within that register.
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For example, the register 0x07 is two bytes in the TAS5717 device. You should write twice. Figure 9
shows the array to write a multi-byte register.

static const reg valus TasS5717ConfigureFile(] = {
{ Ox1B,0x00},
{ 0x05,0x00},
{ 0x07,0x00;},
{ 0x07,0x30;},
{ 0x26,0x00},
{ 0x26,0x07},
{ 0x26,0xDF},
{ 0x26,0xS9E},

Figure 9. Non-miniDSP Device 12Cboot.h File Example

Step 3: Include "Tas5717.h" at the main function.

N N N T T N T T T T T s T N T N N T N N T T T S s STe e e N T e & f

; Include
IR SRR ER SRS REARERE R SR RS RS REREEE SRS EEEEE RS EESREREEEEEEESEEEREEEEEEAREEEEE RS E RS EE R LR

#include "rspdI0ge S5, ket
#include TLIC . h
#include ftype.h"
|ﬂinclude "TasS717.h" ]

Figure 10. Non-miniDSP Device Head File

Step 4: Define the device address.
If using GPIO_I2C, use the data sheet address (0x30). If using USCI_12C, modify the address (right-shift).

0x30—0x18

#define DIR PZDIR

#idefine  OUTP P20OUT

#define IN P2IN /{For IzcC

#define  SCL BIT1 //Bit 1 (SCL)
f#idefine SDA BITO S4Bt 0 (3DA)
f#idefine AIC3254 0x30 Sfaddress

f#idefine Tas5717 0x54 S uddress

Figure 11. Non-miniDSP Device I12C Address
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Step 5: Modify the function:
NonAIC_Init(Tas5717ConfigureFile,sizeof(Tas5717ConfigureFile)/2,Tas5717);
Where:

Tas5717ConfigureFile is the array’s name.
Sizeof(Tas5717ConfigureFile)/2 is the array’s length.
Tas5717 is the device’'s name.

Figure 12 shows an example of the main() function used to boot both an AIC3254 miniDSP and a
TAS5717 digital amplifier from the same microcontroller.

4 ko e o e o o e i o i o o e o o e o i e o i o o o e i o e e o i ]

Svoid main (void) {

B
7 WDTCTL = WDTFW + WDTHOLD: A4 Btop WDT

I2C_METHOD = GPIO;
S If the I2C_METHOD i= 1, the code will use the GPIO IZC mode. And if the IZC 1

oo

o if (I2C_METHOD == 1)
1 {
2 BCSCTL1 = CALBC1_1MHZ;
3 DCOCTL = CALDCO 1MHZ;
4 GPIO I2C_Init():
5 Delay ms(10);
3 AIC Init (AIC3254);
7 NonAIC Init (Tas5717ConfigureFile,sizeof (Tas5717ConfigureFile) /2, Tass5717) ;
8 Delay ms(20);
Figure 12. Non-miniDSP Device NonAIC_Init
5 Summary
This hardware and software platform provides a quick and easy process to demonstrate and debug your
project, in a system or on a standalone demonstration board. Developers can go from a system that
sounds good on the EVM and PC development tools, to a standalone booting platform in a matter of
minutes.
Both common 12C devices, and miniDSP-based devices are supported on the demo hardware, as well as
the ability to boot using USCI or using GPIO’s on the MSP430. Buttons on the launchpad can be used to
do things like “audio effect on, audio effect off”, making demonstration and debugging easy and effective.
For technical questions and discussions, visit the audio amplifiers forum at e2e.ti.com
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Appendix A miniDSP Device Head File

A.l miniDSP Head File Structure

reg_value REG_Section program(] = (
( 0,0x00},
1,0x01},
{ 60,0x80},
4,0x03},
5,0x91},
{ 6,0x08},
//Reg Section
struct reg value
REG_Section program[] = - PLL, POWER, ROUTING Regsite
{reg_off, reg val}..... reg_value miniDSP_A_reg values(] = |
( 0,0x08},
//miniDSP A Code —
struct reg value
Arrays in Head File - miniDSP A reg values[] =
{reg_off, reg val}.....
- miniDSP Coeff and Instruction
//miniDSP D Code
struct reg value
miniDSP_D_reg_values[] Z reg_value miniDSP D reg values[] = {
{reg off, reg val}..... { 0,0x2C),

Figure 13. miniDSP Head File Structure
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A.2  miniDSP Device Flow Chart for Reg_Section

=

A4

Read Addrand
Data from Array

Yes | Delay X ms
'l X isData Value

Addr= 2547

Jump to DONE

miniDSP A

Data =0?

Next

DONE

Data=17?

\d

Jump to miniDSP Burst Wnite Code

Figure 14. Decoder for Reg Section

Decoder for Reg Section:

If reg = 254 : Command for delay. The delay time is the value of data (ms).
If reg = 255 , data=0 : command for jump to miniDSP-A programming.

If reg = 255 , data=1 : command for jump to miniDSP-D programming.
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Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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