£— AN2479
’I Application note

Sound Terminal® 2.0-channel microless high-efficiency digital
audio system demonstration board based on the STA333ML

Introduction

The STEVAL-CCA048V1 is a demonstration board designed for the evaluation of the
STA333ML Sound Terminal® high-efficiency digital amplifier. The purpose of this application
note is to show how to connect the 2.0-channel board and to explain how to avoid critical
board and layout issues.

The STEVAL-CCA048V1 demonstration board is configured for 2.0 BTL channels, releasing
up to 2 x 20 W into 8 Q of power output at 18 V supply voltage in the PSSO36 slug-down
package. It represents a complete solution for a digital audio power amplifier capable of
operating without the aid of an external microcontroller.

Figure 1. STEVAL-CCAO048V1
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AN2479

Test conditions and connections of demonstration board

1.1

1.1.1

1.1.2

Test conditions and connections of demonstration
board

Test conditions

Jumpers, power supply, signal and interface settings

JP1 is for format selection: 0* = IS, 1* = left justified
JP2 is for oversampling selection: 0 = 256 Fs, 1 = 384 Fs

JP3is for gain selection: 0 = 0 dB, 1 = +24 dB, 0 = connect to outer side, 1 = connect to
inner side

+3.3 V selection: outer side = external +3.3 V, inner side = internal +3.3 V
Connect positive voltage of 12 V DC power supply to +Vcc pin and negative to GND

Connect positive voltage of 3.3 V DC power supply to +3V3 pin and negative to GND. If
the +3.3V selection is set to inner side, there is no need to connect these wires.
Connect STEVAL-CCA035V1 (APWLink USB interface board) to the J3 connector of
the STA333ML demonstration board or suitable 1°S signals as shown in the schematic
diagram (DATA on pin 1, LRCK on pin 4 and BICK on pin 5).

Connect the S/PDIF signal cable to the RCA jack on the interface board, the other side
connecting to the signal source such as Audio Precision equipment or a DVD player.

Note that the voltage range of the DC power supply for Vcc is from 5V to 18 V.

Output configuration

The STA333ML demonstration board is configured to 2.0 channels only and requires no
software to control it, so it is not necessary to connect STEVAL-CCA035V1 to the PC. When
the power supply, signal, interface and output are set up, push the RESET button, and the
STEVAL-CCA048V1 demonstration board is ready to operate properly.
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Test conditions and connections of demonstration board AN2479

1.2 Connections

Figure 2. Board terminals (top view)
External +3.3V

(No need if
+3.3V selection Vee (5-18V)
is set to intgrnal)
133V \ /
Selection g _—
\ B el - - it
& L CH Output
Connect to R_CH Output

interface board

Oversampling Gain Format
Selection Selection Selection

Figure 3. Speaker jack connection

R_CH Output
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AN2479 Test conditions and connections of demonstration board

Figure 4. Hookup of test connections with equipment

Audio Precision Equipment
A .
y Monitor
S/PDIF Digital Oscilloscope
Output Signal TDS3034B Tektronix
to AP
I’S Input
STA333ML AP Interface
Demo Board (DC3V3) e e e >
) . (DC7V)
i 7V for LPTBD
DC Power Supply
From 5V to 18V
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Schematic and bill of material

Board schematic

Schematic and bill of material

2
Figure 5.
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AN2479 Schematic and bill of material
Table 1. Bill of material
Item Type Package Description Qty Reference Manufacturer
C1,C2, C3, C4,Cs6, C7, C11,
1 |CCAP CAP0603 100 nF, 50 V, £10% 18 |C12, C16, C17,C18, C19, Murata
C22, C23, C24, C25, C34, C35
2 |CCAP CAP0603 1 nF, 50V, £10% 1 |C5 Murata
3 |CCAP CAP0603 4.7 nF, 50 V, £10% 1 |C8 Murata
4 |CCAP CAP0603 680 pF, 50 V, 15% 1 |C9 Murata
5 |CCAP CAP0603 330 pF, 50 V, £10% 2 |C15,C21 Murata
6 |CCAP CAP0603 10 nF, 50 V, +10% 6 |C27,(C28, C29, C30, C31,C32 Murata
7 |CCAP CAP1206 1 pF, 50V 2 |C13,C14 Murata
8 |ECAP D =10 mm 1000 pF, 25V 1 |C10 Rubycon
9 |ECAP D=7mm 22 yF 16V 1 [C33 Rubycon
10 |ECAP D=5mm 22uF 25V 1 [C36 Rubycon
11 CHIP L0805 600 ohm @ 100 MHz 2 |BD1, BD2 Murata
BEAD
12 |CRES R0603 10 K, £5% 2 |R1,R3 Murata
13 |CRES R0603 0 ohm, 5% 1 |R2 Murata
14 |CRES R0603 2.2K, t5% 1 |R4 Murata
15 |CRES R1206 22 ohm, £5% 2 |R5,R8 Murata
16 |CRES R1206 6.2 ohm, +5% 4 |R6, R7,R9, R10 Murata
17 |Test point | Through-hole | 1x5 2.54 mm pitch 1 142 Any source
18 | Connector | Through-hole (Zzéﬁnzéi;fimh male 1 |J3 Any source
19 | Jumper Through-hole | 1x3 2.54 mm pitch 4 |JP1,JP2, JP3, JP4 Any source
20 |[IC PowerSSO36 | STA333ML 1 U1 ST
21 |CAP Through-hole |470 nF 2 |C20, C26
22 | Connector | Through-hole |WP4-15 1 |J1 Song Cheng
23 | Connector | Through-hole | FFKDS/H1-5.08 3 |J5, 06,7 onoonix
24 | Connector | Through-hole |FFKDSA1/H1-7.62 1 |J4 22?1?:;(
25 | Coil Through-hole |22 pH 4 |L1,L2,L3, L4 Kwang Sung
o | 12¢t Through-hole | 6x6 tact switch 1 |sw
switch
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Schematic and bill of material

AN2479
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Figure 6.

Top view of PCB layout
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Figure 7.

Bottom view of PCB layout
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AN2479

Design guidelines for PCB schematic and layout

3

3.1

3.1.1

3.1.2

3.1.3

Design guidelines for PCB schematic and layout

Schematic

General

® Absolute maximum rating: 20 V

® Bypass capacitor 100 nF in parallel to 1 pF for each power Vcc branch. Preferable
dielectric is X7R.

® Vdd and ground for the PLL filter are separated from the other power supply
e Coil saturation current compatible with the peak current of the application

Decoupling capacitors

There are two different ways to utilize these as follows:

® The decoupling capacitor(s) can be shared among channels; the "star route" for the PC
board layout must be used.

® The decoupling capacitor(s) can be used as one decoupling system per channel; the
decoupling capacitor must be placed as close as possible to the IC pins.

Output filter

The IC output circuit contains three filters: a snubber, a damping network, and a main filter.

Figure 8. Output filter
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Main Filter Damping Network

VNN

1. The key function of a snubber network is to absorb energy from the reactance in the
power circuit. The purpose of the snubber RC network is to avoid unnecessary high
pulse energy such as a spike in the power circuit which is dangerous to the system.

2. The purpose of the main filter is to attenuate frequencies higher than the audible range
of 20 kHz. The main filter is designed using the Butterworth formula to define the cutoff
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Design guidelines for PCB schematic and layout AN2479

frequency, which must be chosen between the upper limit of the audio band (~ 20 kHz)
and the carrier frequency (384 kHz), otherwise the frequency response is affected.

3. The purpose of the damping network is to avoid the high-frequency oscillation issue on
the output circuit. It can also improve THD and avoid the inductive copper on the PCB
route when the system is working in high frequency with PWM or PCM.

Snubber filter

The snubber circuit must be optimized for the application. Starting values are 330 pF in
series to 22 ohm. The power on this network can be defined by the following formula which
considers the power supply, frequency and capacitor value:

P=C*f*(2*V)?

This power is dissipated on the series resistance.

Figure 9. Snubber filter
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Damping network

The C-R-C is a damping network and is mainly intended for high inductive loads.

Figure 10. Damping network
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Design guidelines for PCB schematic and layout

Main filter

The main filter is an L-C based Butterworth filter. The cutoff frequency must be chosen
between the upper limit of the audio band (~ 20 kHz) and the carrier frequency (384 kHz).

Figure 11. Main filter
1 Lioad
Cload = [
22« M+ foyionr * Rigag  NA 2,
Lioag = Riosa Fioad :[Q
2% M o2 % foutors
f _ 1 N Rpad
cutoff — INxB
2% I = «/2 * Cload * Lioad Lioad
Table 2. Recommended values
Rload 8 ohm 4 ohm
Lload 22 uyH 10 uH
Cload 470 nF 1 uF
C damp-S 100 nF 220 nF
C damp-P 220 nF 220 nF
R damp 6.2 2.7
Figure 12. Recommended power-up and power-down sequence
VCC
Don't care
VDD_Di
XTI Dl e mEnEninEe [ 1 ] [Jeeeeereenseeeess
Reset T ‘!: T
|2c Don't care [cwmbo | cmD1 CMD2
PWD
TR = mimimum time between XTI master clock stable and Reset removal: 1 msec
TC = minimum time between Reset removal and 12C program, sequence start: 1msec
Note 1: clock stable means: fmax - fmin < 1 MHz
Note 2: No specific VCC and VDD_Dig turn-on sequence is required
Ly Doc ID 12956 Rev 2 11/23




Design guidelines for PCB schematic and layout AN2479

3.2 Layout

This section provides layout recommendations to ensure the optimum performance of the
STA333ML.

Solder the snubber network as close as possible to the related IC pin.

Figure 13. Snubber network

Snubber network

Use an electrolytic capacitor first to separate the V¢ branches.

Figure 14. Electrolytic capacitor

Separate from the E-cap

Minimize the path length between the V¢ pins and ground pin in order to avoid inductive
paths.

Figure 15. Minimized path between V¢ and GND

Ve

GND
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AN2479 Design guidelines for PCB schematic and layout

In order to dissipate heat, it is mandatory to have a large ground plane on both layers (top

and bottom) and to solder the slug on the PCB.

Figure 16. Dissipating the heat

Large ground plane

Solder the PLL filter as close as possible to the FILT pin.

Figure 17. PLL filter

PLL filter
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Design guidelines for PCB schematic and layout

AN2479

For differential applications, create symmetrical paths for the output stage.

Figure 18. Symmetrical output paths

Symmetrical output paths

14/23

Doc ID 12956 Rev 2




AN2479 Design guidelines for PCB schematic and layout

Ensure good separation between adjacent coils and that they have the same orientation
(vertical) in order to avoid crosstalk.

Figure 19. Coils

Vertical ‘

Separate the coils to avoid crosstalk

Vertical

It is better to use a polyester capacitor for the filter capacitors.

Figure 20. Filter capacitors
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It is better to use a polyester or metal
capacitor for the filter capacitors
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Design guidelines for PCB schematic and layout AN2479

Consider the ground layout. To avoid interference between power and small signal,
grounding for the different ground planes must be separated as shown below.

Figure 21. Ground layout

Channel ground plane

Power ground plane

Figure 22. Thermal layout with large ground, top and bottom layers
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Thermal layout on top layer
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N

Thermal layout on bottom layer

The thermal resistance junction-to-ambient (at the bottom of the STA333ML) obtainable with
a ground copper area of 4 x 4 cm and 35 via holes is shown in Figure 23.

Figure 23. Thermal layout with large ground, thermal and soldering holes

35 via holes ¢: 1.0 mm

16/23 Doc ID 12956 Rev 2

4




AN2479

Design guidelines for PCB schematic and layout

A "star route" for Vcc supply is implemented in order to avoid interference between different
signals such as when part A is idle and another part B is working with full load, which
represent conditions that would cause interference.

Figure 24. V star routing

“star route” to isolate the two channels

Good Vee Routing -

Bud Vee Routing -
Amplifiers are isolated from each other

Twe amplifiers are daisy-chained
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Design guidelines for PCB schematic and layout AN2479

The system is working on PWM with a fast switching frequency of about 340 kHz which
causes the long copper wire to behave as a coil. To avoid this we recommend using the
ceramic capacitor to balance reactance. The ceramic capacitor must be placed as close as
possible, within 5 mm, to the related pins in order to minimize the inductive coil generated by
the copper wire.

Figure 26. V filter for high frequency

Place Vcc filter capacitors as close as possible to the related
pins, the ceramic capacitors on the bottom of the PCB
near the IC due to SMD mounting limitations.

Solder decoupling capacitors as close as possible to their respective IC pins in order to
reduce the inductive coil (copper wire).

Figure 27. Good and bad examples of amplifier bypassing

s Good Amplifier Bypassing - Bad Amplifier Bypassing — Capacitors are out of
Capacitors are properly placed arder and ground connection is indirect

4
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AN2479 Design guidelines for PCB schematic and layout

Place snubber filters for high-frequency spike protection on the output circuit.

Figure 28. Snubber filters for high-frequency spikes

Snubber circuit for spike on the PWM
as close as possible to IC pins, also
close to the minus and plus of each
channel.

Figure 4: Good Common-Mode Snubber Placement Figure 5: Good Differential Snubber Placement

A strong spike, which could be sufficient to damage the device, could occur if there is
significant distance between the snubber network and the pins. The recommended distance
between the snubber network and the IC pins is within 3 mm, which takes into consideration
the width of the copper wire.
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Design guidelines for PCB schematic and layout AN2479

Figure 30. Good output routing

Figure 9: Good Output Rowting —
Traces grow wider as space allows

Figure 31. Good and bad examples of output routing

Good Ouiput Routing - Bad Output Routing -
Area between outputs is small Area between outputs is large
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AN2479 Design guidelines for PCB schematic and layout

Please note that the thermal pad must be connected to ground in order to properly set the
IC references. The heat must be able to flow freely to the sides of the IC, not only to the top,
but also to the bottom of the board. In order to optimize the heat transfer, it is recommended
to use via holes to connect the ground planes.

Figure 32. Examples of good and bad thermal layout - top layer

O = "B

Good Thermal Layout (Tep) — Bad Thermal Layout (Top) —
Heat can flow freefy to the sides Heat flow is cut off by the snubhbers

Figure 33. Examples of good and bad thermal layout - bottom layer

=

= ’

Good Thermal Layout (Bottom) — Bad Thermal Lavout (Bottom) —
Plenty of copper area Little copper area on three sides

J
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Revision history

Table 3. Document revision history
Date Revision Changes
06-Dec-2006 1 Initial release.
29-Nov-2012 2 Document rewritten; removed Section 3: Test curve report.
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Please Read Carefully:

Information in this document is provided solely in connection with ST products. STMicroelectronics NV and its subsidiaries (“ST”) reserve the
right to make changes, corrections, modifications or improvements, to this document, and the products and services described herein at any
time, without notice.

All ST products are sold pursuant to ST’s terms and conditions of sale.

Purchasers are solely responsible for the choice, selection and use of the ST products and services described herein, and ST assumes no
liability whatsoever relating to the choice, selection or use of the ST products and services described herein.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted under this document. If any part of this
document refers to any third party products or services it shall not be deemed a license grant by ST for the use of such third party products
or services, or any intellectual property contained therein or considered as a warranty covering the use in any manner whatsoever of such
third party products or services or any intellectual property contained therein.

UNLESS OTHERWISE SET FORTH IN ST'S TERMS AND CONDITIONS OF SALE ST DISCLAIMS ANY EXPRESS OR IMPLIED
WARRANTY WITH RESPECT TO THE USE AND/OR SALE OF ST PRODUCTS INCLUDING WITHOUT LIMITATION IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE (AND THEIR EQUIVALENTS UNDER THE LAWS
OF ANY JURISDICTION), OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

UNLESS EXPRESSLY APPROVED IN WRITING BY TWO AUTHORIZED ST REPRESENTATIVES, ST PRODUCTS ARE NOT
RECOMMENDED, AUTHORIZED OR WARRANTED FOR USE IN MILITARY, AIR CRAFT, SPACE, LIFE SAVING, OR LIFE SUSTAINING
APPLICATIONS, NOR IN PRODUCTS OR SYSTEMS WHERE FAILURE OR MALFUNCTION MAY RESULT IN PERSONAL INJURY,
DEATH, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE. ST PRODUCTS WHICH ARE NOT SPECIFIED AS "AUTOMOTIVE
GRADE" MAY ONLY BE USED IN AUTOMOTIVE APPLICATIONS AT USER’S OWN RISK.

Resale of ST products with provisions different from the statements and/or technical features set forth in this document shall immediately void
any warranty granted by ST for the ST product or service described herein and shall not create or extend in any manner whatsoever, any
liability of ST.

ST and the ST logo are trademarks or registered trademarks of ST in various countries.

Information in this document supersedes and replaces all information previously supplied.

The ST logo is a registered trademark of STMicroelectronics. All other names are the property of their respective owners.
© 2012 STMicroelectronics - All rights reserved
STMicroelectronics group of companies

Australia - Belgium - Brazil - Canada - China - Czech Republic - Finland - France - Germany - Hong Kong - India - Israel - Italy - Japan -
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