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Introduction

SigmaStudio software and any standalone application software developed by Analog
Devices Inc (ADI), under the Digital Audio Unit (DAU) software group supervision, can drive any
SigmaDSP family of audio specific processors. SigmaStudio and its standalone applications
software share the same highly intuitive user interface for audio system development and
tuning. Hence, most of the tools and tools menus are similar and execute similar tasks. This
document is intended to illustrate as clear as possible the integration process of ADI user
interface software into a micro controller system. For simplicity reasons, the examples used in
this document refer to a specific microcontroller and microcontroller graphical environment to
show a proof of concept. All the procedures and methodologies described in this manual are
applicable to any kind of microcontroller and their graphical environment.
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SigmaStudio and Standalone Application
Overview

While using SigmaStudio and the project created is ready to be ported to the
microcontroller (for details, please refer to the Microcontroller Implementation section), there

are few steps we must consider:

1. Locate and press the “Link Compile Download” button

ol File Edit View Tools Format Action Window Help
B S o ol @l E[E]E e m S de ] e &l & e s x| 38

a | o B g B . ™
33 g e B o oo oo MBS Rt ! Link Compile Downlcad |
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2. After pressing the button, the “Export System Files” button will be enabled

b5 File Edit View Tools Format Action Window Help '
ENE e, a o AN E[EELe o S ek & ] &l e 8 T

33 & e B 4 oF oo Y =T e - ‘ - Export System Files \.j

3. Inasimilar fashion, if using any standalone application, locate the “Export System Files”

or “Export to uC” button

File | Tools | Options|[ &)

Power Open Data Capture I

T Open Sequencer
S ReadWrite Window |
) Epottouc |

Prinase

4. Pressing the “Export System Files” or “Export to uC” button will prompt a dialog box that
will allow the user to choose a folder where all the files would be saved. It is always

good practice to give a meaningful name.



Analog Devices Inc

Date medified Type
This folder is empty.

Favorite Links

‘E—-._ﬂ Recent Places

More »»

Folders
; DMA_ADI
J EXTI
, FLASH
, GPIO
g I2C
1. ADAUL3E1 Expo il

File name:

Save as type: | All files (*.7)

= Hide Folders

Output Files

The following is a list of all files that are automatically generated, where the ‘*’ represents
the given name:

e *.hex
o This file is the Param Data of the System
e * params

o Gives detailed information of Cell Name, Parameter Name, Address, Value,
and Data. For example:

= CellName =Tonel

= Parameter Name =sin_lookupAlg19401mask
= Parameter Address = 8

= Parameter Value =255

= Parameter Data:

0X00, 0X00, 0X00, OXFF,
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e *h

o Thisfile contains all the information needed to access the IC registers,

program data, and param data using a method named “default_download()”
(where applicable). The “default_download()” method calls all the registers
and commands exactly as they appear on the capture window. For any
SigmaDSP that has no engine (i.e. CODECs, ADCs, DACs, etc) only the register
information will be displayed, and a method should be manually

implemented under the user’s needs.

o

: Capture i

| % m- <
Mode Time Cell Name Parameter Name  Address  Value Data Bytes i
Block Write 10:16:38 - 334ms  q ——— IC L.Start Pulse 16619 0x0A
Block Write 10:16:38 - 379ms 2 —— IC 1L.50und Eng... 16630 0x00 1
Block Write 10:16:38 -400ms 3 ——p IC L.Clock Cont.. 16384 0x0E 1
Block Write 10:16:38 - 401ms o IC1.Regulator... 16385 0x00 1 ’

Block Write 10:16:38 - 403ms - IC 1.PLL Contro... 16386 0x00, 0x80, 0x00, Ox00, G i

DELAY 10:16:38 - 405ms - IC 1.Delay 0x00, Ox64 2 t
Read Request  10:16:38 - 426ms IC 1.PLL Control 16386 b ,’
Block Write 10:16:38 - 447ms IC 1.Microphon... 16392 0x00 1 ;

B Eedfite L Ipisahotige e I@eeeed B 18903 e e 680 D00 00RO,

e * PARAM.h

o Contains the parameter definitions of each independent module. For

example:

=  /* Module Tonel - Sine Tone*/

= f#define MOD_TONE1_COUNT

= #define MOD_TONE1_DEVICE

= #define MOD_STATIC_TONE1_ALGO_MASK_ADDR

= #define MOD_STATIC_TONE1_ALGO_MASK_FIXPT

O0x00000O0FF

e * REG.h

3

llIClll

8

o Contains the Register definition for the SigmaDSP IC. Example:

= /* MCLK Pad Control - Registers (IC 1) */

= #define REG_MCLK_PAD_CONTROL_ADDR

= #define REG_MCLK_PAD_CONTROL_VALUE

0x4031

0x2
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e “SigmaStudioFW.h” is the only file that is not automatically generated

o ltislocated on [Program Files]\Analog Devices\Sigma Studio 3.x folder, or where the
executable file resides.

o It contains a template with pre defined macros. The user has to implement these
macros manually to better suit his needs on a specific microcontroller family.

o One macro that is very helpful is the command “SIGMA_WRITE_REGISTER_BLOCK
(int devAddress, int address, int length, ADI_REG_TYPE *pData ) ”, which contains
basic information such as device address, instruction address , length, and
instruction data.

Data Capture Window

The Data Capture Window is a tool that is basically used to see what has been written or
read over the USB communications link. It also serves as a log window where the user can grab
as much lines as desired and drop them into the Sequencer Window (explained later). It
contains the Parameter/Register name, address, data, number of bytes, etc. This window is
very useful for application development and debugging.

ECaptureNirlin a x
M-
Mode Time Cel Name: Parameter Mame | Address | Value Data Bytes )
7 Block Write 13:41:40 - 25ms IC 1.PLLCrIRegi... | 16386 0x00, 0x00, 0x00, 0x01 [}
4 Block Write 13:41:40 - 182ms IC LPLLCrIReqi... 16386 0x00, 0x00, 0x00, 0x01 [
% Block Write 13:41:40 - 182ms IC 1.PLLCrIRegi... 16386 0x00, 0x00, 0x00, 0x01 [
% RegisterRead | 13:41:40 - 182ms IC LPLLCrReqi... 16386 0x00, 0x00, 0x00, 0x01 6
Block Write 13:41:40 - 182ms IC 1.Clock Cont... 16384 Ox0F 1
Block Write 13:41:40 - 182ms IC 1.Regulator... | 16385 0x00 1
3 Block Write 13:41:40 - 182ms IC 1.PLL Contro...| 16386 0x00, 0x00, 0x00, Ox01 [

Sequencer Window

The Sequencer window is a powerful tool that creates sets of instructions for a specific
task. To get access to it from SigmaStudio, simply open the Data Capture window (Ctrl + 5) and
click on the upper right double arrow button.

i Capture

g a x
|i§|[ﬂ1v («

Mode Time Cell Name Parameter Name Address Value Data Bytes

Display Sequence Window

Then, the Sequencer Window will appear as part of the Data Capture
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i Capture o x
| % |m- » |0 E H| &

Mode Time Cell Mame Parameter Name  Address  Value ] Mode Address Bytes Data

T

For standalone applications look into the main menu, under “Tools” and select “Open
Sequencer”. Notice that the Data Capture Window is a separate window.

File | Tools Gptinnsl'.!;]l

Power Open Data Capture ]
M}'-."| Open Sequencer |
ReadWrite Window
Swv
I.-‘} Export to uC I
Prowtrrs 5

Suppose that we have the following Sigma Studio schematic:

Music Input
oA
-
D |
i |
& L e
B &
O
[l e
O White Noise

Our goal is to compile this SigmaStudio schematic or project and port it to a
microcontroller.

At this point we are able to create sequences. Using the Data Capture window as a tool,
we can start populating the sequencer window with data. For example, we want to switch
between internal generated sine tones, external input (such as music), and white noise via Nx2-
1 Multiplexer. Instead of using this Nx2-1 control, we are going to use the sequencer window.
To get started, clear all possible information that currently may exist on the data capture
window by clicking the red “x” button.
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_ Cel Name

Now, it’s time to create modes using the data capture window. Clicking at the first
selection on our Nx2-1 control will write the necessary information to the data capture to route
the Sine Tones.

i Capture
~*Q €~ | .
R X: | M-~
4 ) | T
=3 o -~
() 4 e Time Cell Name Parameter Name Address Value
Block Write 16:14:49 - 613ms  Nx2-1 StMuxSwSlewl... 16 0

Going to the sequencer window, let’s create a mode named “Tones” with the
information displayed on the data capture window. Right click the mouse over the “Modes”
button and select “Rename” and type “Tones”

» |0 Ed|B) |

Mode 0 | Mode Address By

Rename...

Add Mode

Remove Mode

Download

!

Creating modes using the data capture window is as simple as dragging and dropping
the information displayed on the data capture window to the sequencer window.

: Capture 7 x
| % |m- » |0 E | |®
Mode Time Cell Name Parameter Name  Address  Value D Mode Address Bytes Parameter Name Data
Block Write 16:14:49 - 613ms  Nx2-1 StMuxSwslewl... 16 0 0 Write 16 4 StMuxSwSlewl... 0x00,
4T

To create another mode within our Sequencer Window, clear off the information on the
data capture and select the next routing path from the Nx2-1 control.
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__..*.'

..... : : ’_._._
+ @ 5

— >

)

Go to the Sequencer Window, right click the mouse and select “Add Mode” and rename
it to “Music”.

» |05 || @
_D Maode Address  Bytes
0 Write 16 4
Add Mode

Mew sequence...
Open sequence...

Save sequence...

Resync parameter addresses..,

T

Export sequence data... |

Drag and drop the information from the data capture window into the sequencer
window. Repeat for the last option and create a mode named “White Noise”. Finally, save the
sequencer file on a folder by pressing the “Save Sequence File” button.

10 ) 8| @
Mode Ade
[Sa*.-'E Sequnce File... ] 16

Tones

s ol

Music

Test the modes by clicking one of two buttons: One could be the “Download Mode to
Hardware” button which downloads everything on the current selected mode, where in this
case it will only download the “White Noise” mode. The other button is the “Launch Sequencer
Window” button which creates a floating window with all modes created. This way, the user
could download any mode in any order by pressing the desired button.




Analog Devices Inc

» |0 E d| & @
Mode .:]ddcess Bvtes Parameter Mame  Data
fones Write Download Mode to Hardware | gyno,

Music

White Noise

-

o5 Sequencer Window For ADAU176x |EIM|

‘ Tones ‘ ‘ Music ‘ ‘ Wwhite Noise

Once we tested our sequencer with all its modes, and we already have our basic
program into the microcontroller, the next step is to include some sequences and map each
mode to a GPIO port on our ARM M3 series uC. It could be any other microcontroller.

First, we click on the “Export Sequence Data” button.
» |0 & @

Mode Address Bytes
[ Export Sequence Data... } 4

Tones

Music

White Noise

Then, we give it a name. For this example we’ll name it “1761_Demo.h”. After pressing
“OK” the following files will be created:

= 1761_Demo.h. This file contains references for all modes

= Tones_Modes.h, Music_Modes.h, and White Noise_Modes.h. Each independent
file contains it mode data. For example:

o ADI_REG_TYPE TONES_0[4] = {0x00, 0x00, 0x00, 0x00};
o void TONES_download()
o {

o SIGMA_WRITE_REGISTER_BLOCK( DEVICE_ADDR_IC_1, 0x0010, 6,
TONES_0); /* StMuxSwSlew1coeffname */}
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Microcontroller Implementation

Now that we had a SigmaStudio overview and learned which files are generated and its
function, we are ready to implement them to our target microcontroller. For demonstration
purposes, we’'re going to use an ARM Cortex M3 series, and Keil graphical environment.
Assuming that the user already has defined the basic microcontroller configuration such
System Clocks, NVIC, GPIO, and the communication protocol configurations (in our case 12C),
then we move to our “main.c” file. On this file we must include the following header files:

= SigmaStudioFW.h (Assuming that the macros had been already defined by the user)

= *h,and *_PARAM.h (where applicable).

The main function should look similar to this

=824 Target1

L:_HS] Source Group 1

L[] STM32F10xs
cortexm3_macro.s

=55 Drivers

: strn32f10x_flash.c
m32f10x_gpio.c
stm32f10x_i2c.c
stm32f10x_lib.c
m32f10x_nvic.c
stm32f10x_rcc.c
=-£5 SigmaStudio

..... Beep_export.hex

..... Beep_export.params

..... Beep_export_IC_L.h

..... Beep_export_IC_1_PARAM.h
..... Beep_export IC_1 REG.h

..... defines.h

----- NumBytes_IC_1.dat

..... SigmaStudioFW.h

..... TxBuffer IC_1.dat

SigmastudioFW.n | -] NumBytesIC l.dat | [] TxBuffc,
0Bl ,"*}};+++}}*i—i—i—};i—i—i—}};i—i—i—}}*i—i—i—};i—i—i—}};i—".
062 | * Function Name ] !
063 | + Ll program
064 | * ;
0B5 | = :
0BG | = n H
DB? —i—i—i'i'i'i-i-i-i'i'i'i-i-i-i'i'***iii***iii***ii***iii’
068 int main(void)
0B3[ { G
070 &
071
072 | #ifdef DEBUG '
073 debug () ; -
074 | #endif
075
076 /* System clocks configurstion ————-

077 RCC_Configuration():

078

07a F* NVIC confliguration ——-—————-———————-
080 NVIC Configuration(};

081 ;
082 /#* GPIO confliguration ——-—————-——————-= ’
03| GPIO Configuration(): b
084 (
085 F#* I2C1 configuration ——-————————————
086 I2C1_Config(): j
087 ;
088 /* Load DSP Main Program*/
083 default download|():

= SN il

Notice that we are calling “default_dowload()”. This function will actually grab all of the
SigmaStudio parameters and load it to the microcontroller. If using a standalone
application software, the user must define a function similar to the
“default_download()” function. This function looks like this:
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3-]void default_download () {
SIGMA WRITE_REGISTER BLOCE ( DEVICE_ADDR IC 1, REG_START_ PULSE ADDR, REG START_ PULSE_EBEYTE, RO_ ST’
SIGMA WRITE_REGISTER BLOCE ( DEVICE_ADDR IC 1, REG_ SCUND ENGINE_RUN_ADDR, REG_ S'OUND ENGINE_ RU'N BYTh
SIGMA WRITE_REGISTER BLOCE( DEVICE ADDR IC 1, REG_PLL CONTROL BDDR REG_PLL_CONTROL_BYTE, R2_PLL_!
SIGMZ WRITE_REGISTER BLOCK( DEVICE ADDR IC 1, REG_PLL_CONTROL_RDDR REG_PLL_CONTROL_BYTE, RB_PLL
SIGMA WRITE REGISTER BLOCK( DEVICE ADDR IC 1, REG PLL CONTROL ADDR, REG PLL CONTROL BYTE, R4 PL
SIGMA WRITE REGISTER BLOCK( DEVICE ADDR IC 1, REG CLOCK CONTROL ADDR, REG CLOCK CONTROL BYTE, R
SIGMA WRITE REGISTER_BLOCKE( DEVICE_ADDR IC 1, REG REGULATOR CONTROL_ADDE, REG_REGULATOR CONTROL L
SIGMA WRITE_ REGISTER BLOCE( DEVICE_ADDR IC 1, REG_PLL CONTRCOL ADDR, REG PLL CONTROL_EBYTE, R7_P
SIGMA WRITE_REGISTER BLOCKE( DEVICE_ADDR IC 1, REG_DIGITAL MIC AND BEEFP CONT R’OL_RDDR REG_ DIGITRL
SIGMA WRITE_REGISTER BLOCKE( DEVICE_ADDR IC 1, REG_RECORD PWER_] H.FLNBGEHENT _ARDDR , RS9_RECORD REGISTE
SIGMA: WRITE_REGISTER BLOCK( DEVICE ADDR IC 1, REG SERTAL PORT_CONTROL_O_RADDR R:LO SERIAL. PORT_!
SIGML WRITE REGISTER BLOCK|( DEVICE ADDR IC 1, R.EG CONVERIER CIRL a ADDR , R11 1 CONVERIER CONTROL
SIGMA WRITE REGISTER_BLOCKE( DEVICE_ADDR IC 1, REG ADC CONIROL_O RDDR , RI1Z RDC CONTROL REGISTER
SIGMA WRITE_REGISTER BLOCE( DEVICE _ADDR IC 1, REG PLRYBRCK HIXER LEFT_COCNTROL RDDR . R13_PLRYBRC
SIGMA WRITE_REGISTER BLOCE ( DEVICE_ADDR IC 1, REG_DAC CONTRCOL _O_ADDR , R14 DAC CONTROL REGISTERS
SIGMA WRITE_REGISTER BLOCE( DEVICE_ADDR IC 1, REG_ SERIRL PCRT_PAD CONTRCL O ADDE , R15_SERIAL P
SIGMA WRITE_REGISTER BLOCK( DEVICE ADDR IC 1, REG COMM PORT PDD CTRL_0O RDDR , R1&_1 COI‘{["TUNICDTION
SIGMA WRITE_REGISTER BLOCK( DEVICE ADDR IC 1, REG HCLK PRD | CONTROL D.DDR REG_] HCLK PAD CONTROL B
SIGML WRITE REGISTER BLOCK|( DEVICE ADDR IC 1, R.EG LOW_ LILIENCY REG | ADDR REG LOW LAIENCY REG | BYI
SIGMA WRITE REGISTER _BLOCK ( DEVICE_ADDR IC 1, REG DIGITAL_ POWER_DOWN_0O_ADDR , R139_DIGITAL POWER_
SIGMA WRITE_REGISTER BLOCE ( DEVICE ADDR IC 1, REG_GPIC O CONTROL . ADDR , R20_GPIOQ_| REGISTERS SIZE,
SIGMA WRITE_REGISTER BLOCKE( DEVICE_ADDR IC 1, REG_START PULSE _ADDR, REG . STR.RT PULSE_EBYTE, R2 1 5T
SIGMA WRITE_REGISTER BLOCE( DEVICE_ ADDR IC 1, REG_| RCUTING MATRIX INPUTS_ADDE, REG ROUTING MATRIX
SIGMA: WRITE_REGISTER BLOCK( DEVICE ADDR IC 1, REG ROUTING MATRIX COUTPUTS_ADDR, REG ROUTING MATRT
SIGML WRITE REGISTER BLOCK|( DEVICE ADDR IC 1, R.EG SERTILL | DRIRGPIO BIN | CONFIG LDDR, REG . SERIRL D
S5IGMA WRITE REGISTER BLOCK( DEVICE ADDR IC 1, REG SERIAL PORT SAMPLE RATE SETTING ADDR, R.EGisER
SIGMA WRITE REGISTER BLOCK ( DEVICE_ADDR_IC 1, REG NON_] HODULO R}‘-ﬂ‘{ 1 RDDR , R26_NON_MODULO REGIST
SIGMA WRITE_REGISTER BLOCE ( DEVICE_ ADDR IC 1, PROGRAM ADDR, PROGRAM SIZE, Program Data)l:

SIGMA WRITE_REGISTER BLOCE( DEVICE_ADDR IC 1, PARAM ADDR, PARAM S5IZE, Param Data )

SIGMA WRITE_REGISTER BLOCK( DEVICE_ADDR IC 1, REG_SOUND ENGINE RUN ADDR, REG SOUND ENGINE RUN_BY.
SIGMZ: WRITE_REGISTER BLOCK( DEVICE ADDR IC 1, REG_STRRT_PULSE RDDR REG_START_ PULSE_BYTE, R30_S5T
SIGML WRITE REGISTER BLOCK|( DEVICE ADDR IC 1, R.EG DEJIIIER R.EGISIER CONT ROL ADDR R.EGiDEJIIIERi
SIGMA WRITE REGISTER BLOCK( DEVICE ADDR IC 1, REG DEJITTER REGISTER CONTRCL_ADDR, REG_DEJITTER

- R W \M«'\-M-i‘““"’*" W‘L‘*‘J r ek, 3

S T e T ' T T R e T T o T T T i o R N e

Notice that the SIGMA_WRITE_REGISTER_BLOCK(int devAddress, int address, int
length, ADI_REG_TYPE *pData ) macro is used. This macro is defined on the
SigmaStudioFW.h file as follows:

g b =y

050 woid SIGHMA WRITE REGISTER BLOCE (int deviddress, int address, int length, &DI_REG TYPE *pData

051 €

052

053 | int ii=0;

054 | int zz=0;

055 | Tx_Idx = O;

056

057 | /A Transmissicn FPhass —--——-— *

058 ThisBufferSize = RAddress_Length + length;
053

060 | I2C1 Buffer Tx[0] = (addre=s=s & OxFFOO0)>>»8;:

061 | I2C1_Buffer Tx[1] = address & Ox00FE:

0e2

063 | for (zz=0;zz<length;zz++)

ogd | {

085 | T2C1 Buffer Tz [zz+Address Length] = phatal[zz]:
OBg | ¥

067 Tx Idx = O;

068 for (ii =0;ii < ThisBufferSize;ii++)

0e3 i

o070

071 NextBufferEnd = ThisBufferSize; //I2C1 numbytes[ii];
072 if (ii == 0) I2C GenerateSTART (I2C1, ENABLE);
073 /* Send data */

074 while (Tx_Idx < NHextBufferEnd)

075 {

076

07z H

a7e

073 H

»

\A‘w\ T I e RV
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Accessing Single Registers Or SigmaStudio Cell Parameters

As an example, we’re going to turn on/off sine Tone 1 (Left Tone) and sine Tone 2 (Right

Tone).

1. Declare a value vector of type “ADI_REG_TYPE” with the desired value to be

modified.

2. Call the “SIGMA_WRITE_BLOCK” macro with the correspondent parameters

Functi

rn Na . WM T af
Function Name ! Mute Left

* =
* Description : Mutes Left
* Input : None

* : None

* Return : None

*

~ void Mute Left Tone (void)
=

BRDI_REG TYFE ValZ[4] =

/* Mutes the Left Tone #*/

- Tl E. B1eah
/* Unmutes the Right

T
lone

P = D0 0~ (7 M)~ O W00 = M

ADI_REG TYPE Val[4] = {Ox00, 0x00,
{oxoo0,

e R R
Tone

T
lone

R R e e e e LR e

o0x00,
ox00,

0x00};

0x80, 0=x00%:

SIGMR WRITE REGISTER BLOCE( DEVICE ADDR IC 1, MOD TONEl ALGO ON ADDR, 4, Val ):

*/

SIGMA WRITE REGISTER BLOCK ( DEVICE ADDR_IC_1, MOD TONEZ ALGO_ON_ADDR, 4, Val2 );

Implementing Sequencer Modes

On the “main.c” file, we need to include the “1761_Demao.h” file. On the microcontroller
graphical environment we need to add the auto generated “1761_Demo.c” file, which contains
all the call functions (the Modes) from the Sequencer.



