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Abstract

This document provies a step by step guide on speaker characterization process in Purepath Console 3 (PPC3)
specifically for TAS2563 (6.1-W Boosted Class-D Audio Amplifier With Integrated DSP And IV Sense)
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1 Speaker Charcterization

Advanced speaker modeling is essential to maximizing the performance of the selected speaker while still
protecting it from damage. The speaker model can be obtained using the characterization process in PPC3
(request access). TI's Smart Amp algorithm then uses this model to protect the speaker during operation while
maintaining the loudest and highest quality audio. This section will walk through how to characterize a speaker in
PPC3.

The linear parameters of the speaker can be obtained through the Characterization tab in the PPC3 software.
Characterization of the speaker is done using the Learning Board 2, TAS2563EVM, PPC3-EVM-MB and PPC3
Software. Please refer to SmartPA Speaker Protection Algorithm for details on the algorithm used during the
characterization process.

Note

Please verify the device is set as default PC playback device and configure the jumpers for mono
playback/characterization as described in TAS2563EVM User Guide before begin speaker

characterization

In order to characterize the speaker, please setup the EVMs and the learning board according to the TAS2563
Quick Start Guide and reference to the following figure. The characterization results demostrated in this
document is based on demo speaker ASE0O3008MR-LW150-R (8Q, 1W).
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Figure 1-1. Setup for Speaker Characterization

1.1 Step 1: PPC3 Device Plug-in
Sign in to Tl account in PPC3 to download the device plug-in and select the device for characterization.
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* Only plug-ins requested under the user's account will show up as "Available EVM Apps"

= PurePath™ Console

[ App Center ’
Installed EVM Apps

[E} Leaming Board TAS2562 EVM [} TAsS2770 EVM B} TAS2563 EVM

Characterize and tune your speakers App for TAS EVM App for TAS2770 EV Characterize and tune your sj

xith Smart Amp. Supports th
EVM board

12C Master

A generic 12C N

Available EVM Apps O
Sign in to see Available EVM Apps

Figure 1-2. PPC3 Home

1.2 Step 2: New Device Profile

Select “New” to create a device profile or open a previously saved profile

|[§ New :Mono Vj

Open

Recent

Continue Previous Session (Mono)

Figure 1-3. New Profile

Note

For Stereo Characterization, make sure to change from “mono” profile to “duo mono” as shown in the
Figure 1-3 and characterize each speaker similarly to Mono Mode Speaker Characterization.
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1.3 Step 3: PPC3 Device Home

Select “Connect” in the bottom left corner to connect to the device, then select “Characterization” to begin
characterization process

= PurePath™ Console -TAS2563 EVM

E3 App Center ) g} TAS2563 EVM Home 2

«
Class-D Amp"ﬁef B Characterization @ Device Control

B Measure your speaker - | Device Control for TAS2563

Tune Smart Amp and voice your . Write or read spedific registers

speaker using command line

“ralll

[E Register Map

ll Register map for TAS2563

Smart Amp system on chip with built-in real

ith Class-D ampilifier

Connect to custom board using
its 12C Address/ADB/TCPAP

Figure 1-4. PPC3 Device Home
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1.4 Step 4: Hardware Setup

Make sure hardware is setup properly and select “Supply is Connected”. Refer to Figure 1-1for TAS2563 specific
setup. Then select “Start Checks” to verify the LB2 configuration with the PC

E53) App Center > i) TAS2563 EVM Home ) {§} Characterization 2

e -> Speaker Selection IV Measurement Model Fit Determine BI S Thermal Measurement

Hardware Setup

Hardware connections for typical setup of TAS2563 and Learning Board 2 is shown below

Supply is
Connected

Disconnect

Figure 1-5. Hardware Setup

(5 App Center > {8 TAS2563 EVM Home ) i} Characterization %

e -» Speaker Selection IV Measurement Model Fit Determine BI SOA Thermal Measurement

Hardware Checks oo

We will begin by checking that the Learning Board 2 is correctly configured and that we are able play and record audio from
it.

The checks complete in less than 3 minutes, if no problems are encountered. If you are confident that there are no setup
issues, you may skip these checks.

Disconnect

Figure 1-6. Hardware Checks
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1.5 Step 5: Hardware Check Results
Verify that hardware passes all hardware checks, then select “Done” to proceed

EgE) App Center » i} TAS2563 EVM Home ) {§} Characterization 7

e - Speaker Selection IV Measurement Model Fit Determine Bl Thermal Measurement

Run Hardware Checks

* Hardware ID is good (~)

* Audio sound card detected and unambiguous (~)
* Audio sound card sampling frequency is good ()
* Audio record is successful ()

* Audio playback is successful @

Figure 1-7. Hardware Check Results

Note

If an error occurs, please verify the setup according to the user guides described in the EVMs and LB2
Setupsection and restart both PPC3 and EVM. If it cannott be resolved, please reach out to the E2E
forum.

1.6 Step 6: IV Measurement
Select the speaker type, and then continue to IV Measurement tab by selecting “Start IV Measurement”

EEE] App Center ) i} TAS2563 EVM Home ) @} Characterization @

e Preparation Speaker Selection - Model Fit Determine Bl S0A Thermal Measurement

Connect your Speakers

Please connect your left channel speaker to the AMP OUT +/AMP OUT - outputs of the Learning Board 2.

. -

Disconnect

Figure 1-8. Speaker Selection
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Note

A chirp sound will play for few seconds after this tab. Make sure the facing measurement microphone
is within approximately 10 cm from speaker

1.7 Step 7: Speaker Model

Review speaker model by verifying DC impedance and resonant frequency to the respective values on the
speaker datasheet. Select “Accept” to continue

App Center » {8 TAS2563 EVM Home ) {§} Characterization @

e Preparation Speaker Selection IV Measurement ‘ Determine BI SOA Thermal Measurement

Review Speaker Model o

If the plot doesn't appear correct, check your speaker connection and re-run IV Measurement. If the chosen speaker model is
not correct please re-visit the Speaker Type selection. Measured Impedance Il Fitted Impedance Il Fitted Exc

Impedance (0)
Excursion (mmV)

200 400 500 700 800 1000
Frequency (Hz)

FitFroquency Start: | 100l it Frequency End: [ Soaolird

Re-run IV
Measurement Choose Speaker Type

Disconnect

Figure 1-9. Speaker Model

1.8 Step 8: Speaker Details

Enter either the diaphragm area or the diameter of the surround. These values can commonly be obatined from
the speaker datasheet, manufacturer, or manual measurment. Select “Next” to continue

E3) App Center » i} TAS2563 EVM Home ) {8} Characterization

e Preparation Speaker Selection IV Measurement Model Fit - SOA Thermal Measurement

Speaker Details oo o oo

Please provide the following details of the speaker Cone

Enter the diaphragm area or diameter: Surround

Area: | ogs0l (or)IDiameter:

Diameter

Obtaining the L dspeaker Di

Disconnect # l

Figure 1-10. Speaker Details
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1.9 Step 9: Force Factor (BL)

To determine the force factor (BI), enter the measurement manually or measure it via the laser method. Once the
value is entered/measured, select “Next” to continue.

G2 App Center > i} TAS2563 EVM Home ) 8} Characterization ?

@  Prepamion  SpeakerSelecton IV Measurement Model Fit _JDSISRINGBIND SOA Thermal Measurement

Force Factor (Bl) and the Speaker Diaphragm o909 o9

Next we need to determine the Force Factor (BI) of the speaker diaphragm. If you have this data (directly from the speaker
manufacturer or by alternate measurements), you may enter it below:

» Manually Enter Bl (Known / Guess)
« Laser Method

If you don't know the B, it can be determined by doing Laser Measurement.

Laser Method

R TEXAS INSTRUMENTS

Disconnect

Figure 1-11. Force Factor Value

1.10 Step 10: Excursion Model

Review the speaker model. This model contains the impedance and the excursion plot of the speaker. The
protection algorithm will be based on this model, so please verify with the datasheet the DC impedance value
and the resonant frequncy peak. Select “Accept” to continue

5] App Center > {8 TAS2563 EVM Home ) i} Characterization 7

@  Prepamion  SpeakerSelection  IVMeaswrement - ModelFit _JUDSISHRSEIN  SOA Thermal Measurement

Review Speaker Model

If the plot doesn't appear correct, check your speaker connection and redo Bl Measurement.

Measured Impedance [l Fitted impedance Il Fitted Exc
Driver

“" Re:8.360hm Sdt 1.54cm2

0.1
0.0 Thiele Small

0 UE fs:922Hz Qts:2.72 Qms: 463 Vas: 0.00110 liter
0.0E Qes: 6.59

00%

005 Lumped/Physical

0 m‘a’: BL0.814Tm Cms:0.330 mm/N Mms: 0.0903 g
0.03 Rms: 0.113 Ns/m

002
001

]
%
£

Fit Error
Exercusion Error: 0.00 % Impedance Error: 0.427 %

400 500 700 800 1000 2k 3k
Frequency (Hz)

Fit Frequency Start: Fit Frequency End:
Redo Bl
Measurement

Disconnect

Figure 1-12. Review Excursion and Speaker Models
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1.11 Step 11: Defining Safe Operating Limits

Please define the safe operating limit (Excursion and Thermal Limits) for thermal modeling. The Excursion Limit
is usually defined as the X5« in the speaker datasheet, and Thermal Limit as Tp,a. If these values cannot be
found on the datasheet, please request them directly from the speaker manufacturer. Select “Accept” to continue

E3 App Center » i} TAS2563 EVM Home » @ Characterization ?

@  Proamion  Speaker Selection IV Measurement Model Fit Determine 61 JSOMMY  Thermal Measurement

Safe Operating Area ©

Before you can begin using the Smart Amp algorithm, you need to specify the safe operating area (SOA) of the speaker for
both excursion and thermal limits.

Excursion Limit (Critical):

Excursion Limit (Nominal) : 0.280 mm (@

Thermal Limit:

Actual Thermal Limit : 55 A°C @

CAUTION: Itis extremely critical that System Gain, Excursion Limit and Thermal Limit are set correctly and according to the
system specifications. With improper settings Smart Amp can potentially overload the system causing permanent failure.

Disconnect

Characterization data saved

Figure 1-13. Safe Operating Limits

Note

The Thermal Limit is defined as the change or the difference in temperatures (A°C) between the
maximum temperature (T,ax) Of the speaker and the ambient temperature.
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1.12 Step 12: Thermal Parameters

Enter the Temperature coefficient in grey box acorrding the speaker coil material. Temperature coefficient can be
obtained from the speaker manufacturer. It is default to copper's temperature coefficient and can be left
unchanged if the coil material is the same. Select “Thermal Characterization” to continue

EE) App Center 3 i} TAS2563 EVM Home ) @} Characterization ?

e Preparation Speaker Selection IV Measurement Model Fit Determine BI SOA _

Thermal Parameters o—e—o—o

Next we perform thermal characterization of the speaker. Knowing the thermal parameters allows Smart Amp to intelligently
limit the power of the audio signal reaching the speaker so as to not heat it beyond its temperature limits.

Temperature Coefficient: K1

Thermal
Characterization

Disconnect

Figure 1-14. Theraml Parameters
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1.13 Step 13: Thermal Modeling

Define the excitation frequency to test the speaker. Depending on the impedance characteristic of each speaker,
excitation frequency required may change. The default excitation frequency is 16 kHz; however lower frequency
(e.g. 3 kHz) may leads to more accurate result. Select “Next” to continue

Select the Option icon in the upper-right corner to access more settings.

* “Ambient temperature” can be changed to the room temperature which the device is under testing.

*  “Max. delta temperature” was defined previously in the Safe Operating Area tab as “AThermal Limit”

* Min. and Max duration define the runtime of the thermal measurement test and should be left in default
values.

» For larger speakers, the “Controller setting correction” and “Controller Gain” may need to be increased. For
example, for speakers with power rating of 1 W, use a controller gain of 0.01, and for speakers with power
rating between 2 W to 3 W, change the controller gain to 0.03

» Thermal Fit Offset is usually set as default.

* In case of oscillatory behavior during temperature test, it is recommended to run with lower controller gain for
a more stable response.

* In order to properly test the thermal characteristic, please wait at least 30 minutes before performing the
thermal characterization test again on the same speaker unit. This will ensure the speaker coil has time to
cool down and reach ambient temperature.

53 App Center > i) TAS2563 EVM Home ) i} Characterization @

@  Popaon  Speaker Selection IV Measurement ModelFil ~ Delemine8l  SOA JTRTRSINSSSUSHENIN

Thermal Characterization: CAUTION o-—o-—eo-o

Duration of the Thermal Characterization™ ! * ! : ! “® 30 minutes or more. During the
length of the characterization, bursts of v| 1eMperature characterization settings kers. This high frequency is usually

inaudible and harmless to most people. H Ambient temperature: scomfort or even hearing impairment.

SI

Itis your responsibility to take proper cau ., gota temperature:

To obtain more accurate results, you can| ~Controller setting correction: 10| @ fance minimum after the resonant

frequency of the speaker (which in the @  min duration: 500 be audible and loud, so it is

recommended in this case that the test is olation.
Max. duration:
2000
Excitation frequency: Controller Gain: 00100 @
Thermal Fit Offset: 1500 i
c m -
Use existing temperature measurement

o Taszsss - Loz = K

Figure 1-15. Thermal Characterization

Note

After this page, the device will run several cycles of temperature test with loud tone (set by the
excitation frequency).
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1.14 Step 14: Review Temperature Model

Review the temperature model. Select “Accept” to continue

* The temperature plot from the characterization will look similar to Figure 1-16. Please make sure the speaker

heats up to the maximum temperature of the speaker.

» Voice coil temp should stabilize during each test cycle with relativelt flat temperature response near T,,5«-

» Otherwise, repeat Step 14 to remodel

33 App Center ) i) TAS2563 EVM Home ) i} Characterization @

Review Temperature Model

If the plot or the parameters appear incorrect, run the temperature characterization once again.
speaker to cool down, or use a different speaker of the same type.

Fitted Voice Coil Temp. [ll Voice Coil Temp. [l Power [W] 1| Fitted Magnet Temp
120 4
110

10 50 90 130 170 210 250 290 330 aro 410 450 490 530 570 610 648
Time (seconds)

Temperature
=

Disconnect

Figure 1-16. Review Temperatue Model

1.15 Step 15: Characterization Result

e Preparation Speaker Selection IV Measurement Model Fit Determine BI SOA _

oo e 0

Remember to allow the
Temperature Model
0 KW

Rtva: 2.45e+3 KIW

Power (Watts)

Characterization is now complete. Please review the characterization data and save it by selecting “Save” in the

expanded drop down menu in the top left corner.
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* This page contains all of the data collected during the characterization process and all the values should be
kept largely unchanged

EVM Home ) {§} Characterization @

: Open W Spcaker Response [N SPL Response
[ Save
B savas Models and
| @ About Measurements
i Y q e Measured resonant
easured speaker

o] et frequency

resistance 200 100 700 800 1000 % 3

500
Frequency (Hz)

Inductance Model Temperature
Le Riv
ohm 922 0.114 940
L2 Ctv
om? 198 0.0584
Flex Cable Re as Ke Rim
0 Ohm 0 94.4
Flex Cable Re Before Sense S Ctm
187
Rtva
245043

Disconnect

Figure 1-17. Characterization Result
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2 Summary

Once the speaker characterzation process is complete, you are now ready to proceed to the next step of the
development in PPC3. It is important to follow the above steps carefully to prpoerly characterize the speaker to
ensure the reliability of the Smart Amp Protection algorithm.

For more information about speaker characterization, Smart Amp Protection algorithm, and next development
step, please visit the following links:

SmartPA Speaker Protection Algorithm

Smart speakers don’t have to sound as small as they are
TAS2563 Quick Start Guide

Smart Amp Quick Start Guide

Don’t limit your audio: how to achieve loud sound from a small speaker
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