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For MCUs with USB device controllers, the NXP SDK (Software 2 USB audio stream interface
. . . . descriptor........ccccoi v, 1
Development Kit) generally provides a USB audio example. This 3 Add the 48 K/32 bit audio format.....4
example only supports a single audio format. For example, LPC55S69- 4 Test 12
EVK, this board has a WM8904 codec. A USB audio example 5 CONCIUSION.......ceevecreererereeereeseeeens 13
(usb_device composite hid audio unified bm) is also provided in the 6 REFEIENCES...meee oo 13
SDK. Now, this example supports the 48 K/16 bit audio format. However, 7 Revision history .........ccccevveeerenne. 13

in the actual application of the customer, it is sometimes necessary to support

multiple audio formats. This application note takes LPC55S69 as an example to describe how to make the USB audio speaker
support 48 K/16 bit and 48 K/32 bit audio formats based on the USB audio example of LPC55S69 SDK v2.10. The core idea

is to add an alternate interface setting that supports the 48 K/32 bit format to the audio speaker in the USB configuration
descriptor. When a USB device receives a set interface request, it reconfigures 12S, DMA, and codec according to the value of
bAlternateSetting. In this application note, the Full Speed (FS) USB interface is used, the USB Audio Class (UAC) version is
1.0, and USB audio works in synchronous mode.

2 USB audio stream interface descriptor

The USB audio function can be regarded as a closed system, opening a predefined interface to the outside world. Each audio
function must include an Audio Control (AC) interface, zero or more Audio Stream (AS) interfaces, and zero or more MIDI Stream
(MS) interfaces. The audio control interface is used to access all audio controls in the audio function. The audio stream interface
is used to transfer the audio data stream into or out of the audio function and the MIDI stream interface is used to transfer MIDI
data stream into or out of the audio function. This example uses two audio streaming interfaces: the recorder interface and the
speaker interface.

Audio stream interface descriptors include standard interface descriptor, audio class-specific interface descriptor, audio stream
endpoint descriptor, and so on. The structure diagram of the audio speaker interface in the USB audio example in the SDK
package is shown in Figure 1.
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Figure 1. Structure diagram of the audio speaker interface

The audio speaker interface descriptor captured by the USB analyzer is shown in Figure 2, the audio format supported by this
configuration is 48 K/16 bit.
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USB audio stream interface descriptor

INTERFACE Descriptor (9 bytes)
Field Length (bits) = Offset (bits) Decoded | Hex Value Description
bLength 8 1280 0x09 0x09 | Descriptor size is 9 bytes
DescriptorType 8 1268 0x04 0x04 | INTERFACE Descriptor Type
binterfaceNumber 8 1296 0x02 002 | The number of this interface is 2
bAlternateSetting 8 1304 0x01 0x01 | The value used to select the altemate setting for this interfaca is 1 I
bNumEndpoints 8 1312 0x01 0x01 | The number of endpoints used by this interface is 1 (excluding endpoint zera)
binterfaceClass 8 1320 0x01 0x01 | The interface implements the Audio Interface class
binterfaceSubClass 8 1328 0x02 0x02 | The interface implements the AUDIOSTREAMING Subclass
binterfaceProtocol 8 1336 0x00 0x00 | The interface uses the IP_VERSION_01_00 Protocol
ilnterface 8 1344 0x00 0x00 | The device doesn't have a string descripter describing this ilnterface

Audio Class Specific INTERFACE Descriptor (7 hytes)

Field Length (bits)  Offset [bits] Decoded Hex Value Description
bLength 8 1352 0x07 0x07 | Size of the descriptor, in bytes
WDescriptorType 3 1360 0x24 0x24 | CS_INTERFACE Descriptor Type
bDescriptorSubType 8 1368 0x01 0x01 = AS GENERAL descriptor subtype
bTerminalLink 8 1376 0x04 0x04 | The Terminal ID of the Terminal to which the endpoint of this interface is connected
tDelay 8 1384 0x01 0x01 | Delay introduced by the data path. Expressed in number of frames.
wFormatTag 16 1392 0x0001 0x0001 = PCM

Audio Class Specific INTERFACE Descriptor (11 bytes)

Field Length (bits) = Offset [bits) Decoded | Hex Value Description
bLength 8 1408 0x08 0x0B | Size of the descriptor, in bytes
bDescriptorType 3 1416 x4 0x24 | CS_INTERFACE Descriptor Type
BDescriptorSubType 8 1424 0x02 0x02 | FORMAT_TYPE descriptor subtype

bFormaiType 8 1432 0x01 0x01 | FORMAT TYPE |

bNrChannels 8 1440 0x02 0x02 | Indicates the number of physical channels in the audio data stream
bSubframeSize 8 1448 0x02 | 0x02 | The number of bytes occupied by one audio subframe. Can be 1,2, 3 or 4.
bBitResolution 8 1456 0x10 0x10 | The number of effectively used bits from the available bits in an audio subframe.
bSamFreqType 8 1464 0x01 0x01 | Indicates how the sampling frequency can be programmed

tSamFreq[l 24 1472 | 0x00BB80 | 0x00BBBO0 | Sampling frequency 1in Hz for this isochrenous data endpoint

ENDPOINT Descriptor (9 bytes)
Field Length (bits) | Offset (bits) | Decoded | Hex Value Description
bLength 8 1496 0x09 0x09 | Descriptor size is 9 bytes
hDescriptorType 8 1504 0x05 0x05 | ENDPOINT Descriptor Type
BEndpointAddress ] 1512 0x02 0x02 | This is an OUT endpaint with endpoint number 2
Types -
bmAdtribates 8 1520 0x00 0x00 T?EHS.@F. ISOCHRONOUS
Sync: Sync
Usage: Data EP
wMaxPacketSize 16 1528 | 0x00CO 0x00C0 | Maximum packet size for this endpoint is 192 Bytes. If Hi-Speed, 0 additional transactions per frame
binterval 8 1544 0x01 0x01 | The polling interval value is every 1 Frames. If Hi-Speed, 1 uFrames/NAK
bRefresh 8] 1552 0x00 0x00 | Refresh Rate 2**n ms where n =0
bSynchAddress ] 1560 0x00 0x00 | Synchronization Endpoint (if used) is endpoint 0

Audio Class Specific ENDPOINT Descriptor (7 bytes)

Field Length (bits) | Offset (bits) | Decoded | Hex Value Description
bLength 8 1568 0x07 0x07 | Size of the descriptor, in bytes
BDescriptorType 8 1576 0x25 0x25 | CS_ENDPOINT Descriptor Type
bDescriptorSubType 8 1584 0x01 0x01 | AUDIO_EP_GEMERAL descriptor subtype
bmAributes 1592 | 0x00 gt |28 3 Sametog Frequancy 0
Bit 7: MaxPacketsOnly 0
bLockDelayUnits 8 1600 0x00 0x00 | Indicates the units used for the wLockDelay field: 0: Undefined
whockDelay 16 1608 0x0000 0x0000 | Indicates the time it takes this endpoint to reliably lock its intemal clock recovery circuitry. Units used depend on the value of the bLockDelayUnits field

Figure 2. USB audio speaker interface descriptor

NOTE
If USB audio asynchronous mode is used, an isochronous feedback endpoint is also required in the audio speaker
interface descriptor.

If you want to make the audio speaker interface support multiple audio formats, add multiple corresponding format alternate
settings for this speaker interface. Figure 3 shows the structure diagram of an audio speaker interface that supports two
audio formats.
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Add the 48 K/32 bit audio format
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Figure 3. Structure diagram of the audio speaker interface that supports two audio formats

The next chapter introduces detailed steps of adding the 48 K/32 bit audio format.

3 Add the 48 K/32 bit audio format

This section introduces how to add a new 48 K/32 bit audio format based on the SDK example.

The complete code after the change is published on the NXP website as an attachment to the application note. In the attached
code, search for the use_aAUDIO FORMAT SWITCH ENABLE macro to find out what changes have been made based on the
SDK code.

3.1 Key steps
This section describes the key steps of adding the 48 K/32 bit audio format.

3.1.1 Add a new audio stream interface descriptor for the audio speaker

Add an alternate audio stream interface descriptor for the speaker interface in the original configuration descriptor, and configure
the audio format as 48 K/32 bit, as shown in Figure 4.
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INTERFACE Descriptor (9 bytes)
Field Length (bits) | Offset (bits) Decoded | Hex Value Description
bLength 8 1280 0x09 0x09 | Descriptor size is 9 bytes
bDescriptorType 8 1288 0x04 0x04 | INTERFACE Descriptor Type
binterfaceNumber 8 129 0x02 0x02 | The number of this interface is 2
‘bAlternateSetting 8 1304 0x01 0x01 | The value used to select the alternate setting for this interface is 1 |
bNumEndpoints 8 1312 0x01 0x01 | The number of endpoints used by this interface is 1 (excluding endpoint zero)
blnterfaceClass 8 1320 0x01 0x01 | The interface implements the Audio Interface class
binterfaceSubClass 8 1328 | 002 0x02 | The interface implements the AUDIOSTREAMING Subclass
binterfaceProtocol 8 1336 0x00 0x00 | The interface uses the IP_VERSION_01_00 Protocol
ilnterface 8 1344 0x00 0x00 | The device doesn't have a string descriptor describing this ilnterface

Audio Class Specific INTERFACE Descriptor (7 bytes)

Field Length (bits) = Offset (bits) Decoded Hex Value Description
bLength 8 1382 0x07 0x07 | Size of the descriptor, in bytes
bDescriporType 8 1360 024 0x24 | CS_INTERFACE Descriptor Type
‘bDescriptorSubType ] 1368 0x01 0x01 = AS_GENERAL descriptor subtype
bTerminalLink 8 1376 0x04 0x04 | The Terminal ID of the Terminal to which the endpeint of this interface is connected
bDelay L] 1384 0x01 0x01 | Delay introduced by the data path. Expressed in number of rames
wFormatTag 16 1392 0x0001 0x0001 | PCM

Audio Class Specific INTERFACE Descriptor (L1 bytes)

Field Length (bits) | Offset (bits) Decoded | Hex Value Description
bLength 8 1408 0x0B 0x0B | Size of the descriptor, in bytes
bDescriptorType 8 1416 0x24 0x24 | CS_INTERFACE Descriptor Type
‘bDescriptorSubType 8 1424 0x02 0x02 | FORMAT_TYPE descriptor subtype
bEormatType 8 1432 0x01 0x01 | FORMAT TYPE |
bNrChannels ] 1440 0x02 0x02 | Indicates the number of physical channels in the audio data stream
bSubframeSize ] 1448 0x02 0x02 | The number of bytes occupied by ene audio subframe. Canbe 1,2 3 or4
bBitResolution 8 1456 0x10 0x10 | The number of effectively used bits from the available bits in an audio subframe.
3 1484 0x01 0x01 | Indicates how the sampling frequency can be programmed
24 1472 | 0x008B80 | (0x00BBB0 = Sampling frequency 1 in Hz for this isochrenous data endpoint
ENDPOINT Descriptor (9 bytes)
Field Length (bits) | Offset (bits) ~Decoded | Hex Value Description
bLength 8 1496 0x09 0x09 | Descriptor size is 9 bytes
bDescriptorType 8 1504 0x05 0x05 | ENDPOINT Descriptor Type
bEndpointAddress 8 1512 0x02 0x02 | This is an OUT endpoint with endpoint number 2
Types -
it Dbates 8 1520 0x0D 0x0D Transfer: ISOCHRONOUS
Sync: Sync
Usage: Data EP
wMarPacketSize 16 1628 0x00C0 0x00C0 | Maximum packet size for this endpoint is 192 Bytes. If Hi-Speed, 0 additional transactions per frame
binterval 8 1544 0x01 0x01 | The polling interval value is every 1 Frames. If Hi-Speed, 1 uFrames/NAK
bRefresh 8 1652 0x00 0x00 | Refresh Rate 2**n ms where n = 0
bSynchAddress 8 1560 0x00 0x00 | Synchronization Endpoint (if used) is endpoint 0

Audio Class Specific ENDPOINT Descriptor (7 bytes)

Field Length (bits) | Offset [bits) Decoded Hex Value Description
bLength 8 1568 0x07 0x07  Size of the descriptor, in bytes
bDescriptorType 8 1576 0x25 0x25 | CS_ENDPOINT Descriptor Type
hDescriptorSubType 8 1584 0x01 0x01 = AUDIO EP_GENERAL descriptor subtype
bnAtributes 8 1552 00 i [ 3 Seretg Erequency 0
Bit 7: MaxPacketsOnly 0
bLockDelayUnits 8 1600 0x00 0x00  Indicates the units used for the wLockDelay field: 0: Undefined
wLockDelay 16 1608 0x0000 0x0000 | Indicates the time it takes this endpcint to reliably lock its internal clack recovery circuitry. Units used depend on the value of the bLockDelayUnits field.

Figure 4. Newly added USB audio stream interface descriptor for speaker interface

3.1.2 Handle set interface request

After adding a new audio stream interface descriptor, modify the UsB_DeviceaudioSpeakersetInterface () function, as shown
in Figure 5.
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1288
1289 [
1230
1251
1252
1293 &

usb_status_t USB_DeviceAudioSpeakerSetInterface(class_handle_t handle, uint8_t interface, uint8_t alternateSetting)
{

usb_status_t erzror = kStatus_USB_Success;

if (USB_AUDIO_SPEAKER STREAM INTERFACE ALTERNATE 1 == alternateSetting)
{

254
255
29€

USB_DeviceRudioSpeakerStatusReses();
memset ( {void *) (¢audioPlayDataBuff[0]),0, sizeof (audioPlayDataBufs));
Init_Board Audio();

1257
1298
1299
1300
1301

1302 &
1303
1304 -
1308
1306
1307
1308
1308
1310
1311
1312 -
1313
1314
1318
131€ -
1317
1318 -
1319
1320

error =
USB_DevicedudioRecv(g_deviceAudiocComposite->audioUnified.audioSpeakerHandle,
USB_AUDIO_SPEAKER_STRERM ENDPOINT, saudioPlayDataPuff[0], FS_ISO_OUT_ENDP PACKET_SIZE);
if (exror != kStavus_USB_Success)
{
return error;
}

else

{
defined (USE_DEVICE_AUDIO_USE_SYNC_MODE) && (USE_DEVICE_AUDIO_USE_SYNC_MODE > 0U)

321 &
hazz
n3zs &
324
hazs
haze
327
L1328 [
p3zs
IEED]
ha31
na3z
333 -
1334
1335
336
ha37
VEEE]
n33s
h340
haa1
34z [
343
1344
fL34s
L34e
247
HELE]

H———H

#if USB_AUDIO_FORMAT SWITCH ENABLE
if (USB_AUDIC_SPEAKER STREAM INTERFACE ALTERNATE 2 == alternateSetting)
{
USE_DeviceRudicSpeakerStatusReset();
memset ( (void *) (gaudioPlayDataBuff([0]),0,sizeof({audioPlayDataBuff));
Init_Board Audioc_32bit();
error =
USB_DeviceAudioRecy (g_deviceAudioComposite->audioUnified.audioSpeakerHandle,
USB_AUDIC_SPEAKER_STREAM ENDPCINT, saudioPlayDataBuff[0], FS_ISO_OUT_ENDP_PACKET SIZE_32BIT);
if (error != kStatus_USE Success)
{
return error;
}

else

(
$if defined (USB_DEVICE_AUDIO_USE_SYNC_MODE) && (USB_DEVICE_AUDIO_USE_SYNC_MODE > 0U)

gelse

Figure 5. Handle Set interface request

After you switch the audio format on the PC, the USB host sends a set interface request to the USB device and
sends the corresponding balternateSetting value to the USB device. After the USB device receives this request, it
calls the USB_DeviceaudioSpeakerSetInterface () function to reconfigure the 12S interface and codec according to the

bAlternateSetting value so that the 12S interface and USB audio use the same audio format.

3.2 Implementation details

This section gives the details of the implementation process.

3.2.1 Modify the usb_device_descriptor.h file

Add the correspondi

ng macro definition for the 48 K/32 bit audio format, the relevant code is shown below.

#define USB AUDIO SPEAKER STREAM INTERFACE ALTERNATE COUNT (3)
#define USB AUDIO SPEAKER STREAM INTERFACE ALTERNATE 2 (2)

#define AUDIO OUT FORMAT CHANNELS 32BIT (0x02U)
#define AUDIO OUT FORMAT BITS 32BIT (32)
#define AUDIO OUT FORMAT SIZE 32BIT (0x04)

#define AUDIO OUT TRANSFER LENGTH ONE FRAME 32BIT \
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(AUDIO OUT SAMPLING RATE KHZ * AUDIO OUT FORMAT CHANNELS 32BIT * AUDIO OUT FORMAT SIZE 32BIT)
#define FS ISO OUT ENDP PACKET SIZE 32BIT (AUDIO OUT TRANSFER LENGTH ONE FRAME 32BIT)

3.2.2 Modify usb_device_descriptor.c file

Modify the definition of the global variables of the interfaces and endpoints related to the audio speaker, such as

g _UsbDeviceAudioSpeakerEndpoints and g _UsbDeviceAudioSpeakerStreamInterface.

3.2.2.1 Modify the g_UsbDeviceAudioSpeakerEndpoints array

Add the 48 K/32 bit audio format

75 Husb_device_endpoint_struct t g_UsbDeviceAudioSpeakerEndpoints[USB_AUDIO_SPEAKER STREAM ENDPOINT COUNT] = {

76 /* Budio generator IS0 OUT pipe */

77 [ {

78 USB_AUDIC SPEAKER STREAM ENDPCINT | (USB_OUT << USB_DESCRIPTOR ENDPOINT ADDRESS DIRECTION SHIFT),

79 USB_ENDPCINT ISOCHRONOUS,

80 [-]#if USB AUDIO FORMAT SWITCH ENABLE

81 |FS_ISO_OUT_ENDP_PACRET_SIZE_32BIT,
82 | felse

87 FS_I50_OUT_ENDP_INTERVAL,
88 b
89 r};

Figure 6. Definition of g_UsbDeviceAudioSpeakerEndpoints array

The ISO out packet length is the largest packet length among multiple audio formats.

3.2.2.2 Modify the g_UsbDeviceAudioSpeakerStreamInterface array

Add an alternate setting for the audio speaker stream interface.

219 «
220 USB_AUDIC_SPEAKER_STREAM INTERFACE_ALTERNATE O,

218 §usb_devlce_xm:éxface_::rucc_c g_UsbDevicehudioSpeaker I 0 =4
221 {

222 o,

223 NULL,

224 3,

225 NULL,

226 - b

2270 e

228 J USB_AUDIC_SPEAKER STREAM INTERFACE ALTERNATE 1,
229 {

230 USB_AUDIO_SPEAKER STREAM ENDPOINT COUNT,
231 g_UsbDevicehudioSpeakerEndpoints,

232 },

233 NULL,

234 ¥,
235 []#if USB_AUDIO FORMAT SWITCH ENABLE

236 USB_AUDIO_SPEAKER_STREAM_INTERFACE_ALTERNAIE 2,
2370 ¢

238 USB_AUDIO_SPEAKER_STREAM ENDPOINT_COUNT,
239 g_UsbDeviceAudioSpeakerEndpoints,

240 },

241 NULL,

242 |$endif
243 | ¥

Figure 7. Definition of g_UsbDeviceAudioSpeakerStreaminterface array

3.2.2.3 Modify the USB configuration descriptor

In the USB configuration descriptor, an alternate audio stream interface descriptor must be added to the speaker interface and

the length of the configuration descriptor must be modified, as shown in Figure 8.
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USB_DESCRIPTOR_TYPE_CONFIGURE, /* CONFIGURATION Descriptor Type */
USB_SHORT_GET_LOW(
USB_DESCRIPTOR_LENGTH_CONFIGURE + USB_DESCRIPTOR_LENGTH_INTERFACE + USB_AUDIO_CONTROL_INTERFACE_HEADER_LENGTH +
USB_AUDIO_INPUT_TERMINAL ONLY_DESC_SIZE + USB_AUDIO_FEATURE_UNIT_ONLY_DESC_SIZE(2, 1) +
USB_AUDIO_OUTPUT_TERMINAL_ONLY DESC_SIZE + USB_AUDIO_INPUT_TERMINAL_ONLY DESC_! s12E +
USB_AUDIO_FEATURE_UNIT_ONLY DESC_SIZE(2, 1) + USB_AUDIO_OUTPUT_TERMINAL ONLY DESC_SIZE +
USB_DESCRIPTOR_LENGTH_AC_INTERRUPT_ENDPOINT + USB_DESCRIPTOR_LENGTH_INTERFACE +
USB_DESCRIPTOR_LENGTH_INTERFACE + USB_AUDIO_STREAMING_IFACE_DESC_SIZE + USB_AUDIO_STREAMING_TYPE_I_DESC_SIZE +
USB_ENDPOINT_AUDIO_DESCRIPTOR_LENGTH + USB_AUDIO_STREAMING_ENDE_DESC_SIZE + USB_DESCRIPTOR_LENGTH_INTERFACE +
USB_DESCRIPTOR_LENGTH_INTERFACE + USB_AUDIO_STREAMING_IFACE_DESC_SIZE + USB_AUDIO_STREAMING_TYPE_I_DESC_SIZE +
USB_ENDPOINT_AUDIO_DESCRIPTOR_LENGTH + USB_AUDIO_STREAMING_ENDP_DESC_SIZE

757!] USB_DESCRIPTOR_LENGTH_CONFIGURE, /* Size of this descriptor in bytes */

769 LJ#1f defined (USB_DEVICE_AUDIO_USE_SYNC_MODE) && (USB_DEVICE_AUDIO_USE_SYNC_MODE > 0U)

'nq El#if USB

779

$else

IPTOR

#er

.

F#enass
F + USB_DESCRIPTOR_LENGTH_INTERFACE + USB_DESCRIPTOR_LENGTH_HID + USB_DESCRIPTOR_LENGTH_ENDPOINT),

1132 (J#if USB_AUDIO_FORMAT_SWITCH_ENABLE

1133

1134 /* Rudio Class Specific INTERFACE Descriptor, alternative interface 1 */

135 USB_DESCRIPTOR_LENGTH_INTERFACE, /* Descriptor size is & bytes */

1136 USB_DESCRIPTOR_TYPE_INTERFACE, /* INTERFACE Descriptor Type */

1137 USB_AUDIO_SPEAKER_STREAM_INTERFACE_INDEX, /*The number of this interface is 1. */

1138  USB_AUDIO_SPEAKER STREAM_INTERFACE_ALTERNATE_2, /* The value used to select the alternate setting for this interface
1139 181 */

nqoz if defined(USB_DEVICE_AUDIO_USE_SYNC_MODE) && (USB_DEVICE_AUDIO_USE_SYNC_MODE > 0U)

1141 0x01U, /* The number of endpoints used by this interface is 1 (excluding endpoint zero) .r
1142 | #else

1143 x T

1144 [#endif

1145 USB_AUDIO_CLASS, /* The interface implements the Audio Interface class  */

1146 USB_SUBCLASS_AUDIOSTREAM, /* The interface implements the AUDIOSTREAMING Subclass  */

1147 USB_AUDIO_BROTOCOL, /* The interface doesn't use any class-specific protocols */

1148 0x000, /* The device doesn't have a string descriptor describing this ilnterface */
1149

1150 /* Rudio Class Specific CS INTERFACE Descriptor*/

1151 USB_AUDIO_STREAMING_IFACE_DESC_SIZE, /* Size of the descriptor, in bytes */

1152 USB_DESCRIPTOR_TYPE_AUDIO_CS_INTERFACE, /* CS_INTERFACE Descriptor Type */

1153 USB_DESCRIPTOR_SUBTYPE_AUDIO_STREAMING_AS_GENERAL, /* AS_GENERAL descriptor subtype */

1154  USB_AUDIO_SPEAKER_CONTROL_INPUT_TERMINAL_ID, /* The Terminal ID of the Terminal to which the endpoint of this
1155 [ interface is connected. */

1156 0x010, /* Delay introduced by the data path. Expressed in number of frames. */

1157 0x01U, 0x00U, /* BCM */

1158

1159 /* Audio Class Specific type I format INTERFACE Descriptor */

1160 USB_AUDIO_STREAMING_TYPE_I_DESC_SIZE, /* bLength (11) */

1161 USB_DESCRIPTOR_TYPE_AUDIO_CS_INTERFACE, /* bDescriptorType (CS_INTERFACE) */

1162 USB_DESCRIPTOR_SUBTYPE_AUDIO_STREAMING_FORMAT_TYPE, /* DescriptorSubtype: AUDIO STREAMING FORMAT TYPE +/
1163 USB_AUDIO_FORMAT_TYPE I, " Type I */

1164 AUDIO_OUT_FORMAT CHANNELS_32BIT, /* Number of Channels*/

1165 AUDIO_OUT_FORMAT SIZE_32BIT, /* SubFrame Size: The number of bytes occupied by one audio subframe. */
1166 AUDIO_OUT_FORMAT BITS_32BIT, /* Bit Resolution: S bits per sample */

1167 0x010, /* One frequency supported */

1168 /*  0x40, Ox1F,0x00U, 8 kHz */

1169 // 0x80U, Ox3EU, 0x00U, /* 16 kHz */

1170 TSAMFREQ2BYTES (AUDIO_OUT_SAMPLING_RATE_KHZ * 1000),

1171 | /*  0x80,0xBB, 0x00U, 48 kHz */

1172 | /*  0x00U, OxEA,0x00U, 72 kHz */

1174 (J#1f defined (USB_DEVICE_AUDIO_USE_SYNC_MODE) && (USB_DEVICE_AUDIO_USE_SYNC_MODE > 0U)

175 /* ENDPOINT Descriptor */

1176 USB_ENDPOINT_AUDIO_DESCRIPTOR_LENGTH, /* Descriptor size is 9 bytes */

177 USB_DESCRIPTOR_TYPE_ENDPOINT, /* Descriptor type (endpoint descriptor) */

1178 USB_AUDIO_SPEAKER STREAM_ENDEOINT |

1179 (USB_OUT << USB_DESCRIPTOR_ENDPOINT_ADDRESS_DIRECTION_SHIFT), /A our endpoint address 1 */

1180 USB_ENDPOINT_ISOCHRONOUS | 0XOCU, dpoint and 7
1181 USB_SHORT_GET_LOW (FS_ISO_OUT_ENDP_PACKET_SIZE_32BIT), USB_SHORT_( GLT nxsn(rs 1S0_OUT_ENDP_PACKET_SIZE_32BIT), /* 16 bytes
1182 FS_ISO_OUT_ENDP_INTERVAL, /* bInterval(0x01U): x ms */

1183 0x000, /* Unused */

1184 0x00U, /* Synchronization Endpoint (if used) is endpoint 0x83 */

1185 | felse

1186

1187

1188

1189

1190

1191

1192

1193 6 byt
1194

1195

1196

1970

1198 | int
1199 |#endif

1200 /* Audic Class Specific ENDPOINT Descriptor */

1201 USB_AUDIO_STREAMING_ENDP_DESC_SIZE, /* Size of the descriptor, in bytes */

1202 USB_AUDIO_STREAM ENDPOINT_DESCRIPTOR,  /* CS_ENDPOINT Descriptor Type */

1203 USB_AUDIO_EP_GENERAL_DESCRIPTOR_SUBTYPE, /* AUDIO_EP_GENERAL descriptor subtype

12045 oxo0U, /* Bit 0: Sampling Frequency 0

1208 Bit 1: Pitch 0

1206 |- Bit 7: MaxPacketsOnly 0  */

1207 /* Indicates the units used for the wLockDelay field: 0: Undefined */
1208 0X00U, /* Indicates the time it takes this endpoint to reliably lock its internal clock recovery circuitzy */
1208

1210 F]#if defined (USB_DEVICE_RUDIO_USE_SYNC_MODE) && (USB_DEVICE_AUDIO_USE_SYNC_MODE > 0U)

1211 | #else

1212 .

1213

1214

1215

1216 . This is an IN endpoi th endpoint
121785

1218 T

1219

1220 |

1221 o ze

1222 1

1223 v £

1224 x

1225 | #endif

1226

1227 | $endif

Figure 8. USB configuration descriptor
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3.2.3 Modify the audio_unified.h file

The macro below is used to calculate the length of the ring buffer that stores audio data, so the largest packet length among
multiple audio formats must be used.

#define AUDIO PLAY BUFFER SIZE ONE FRAME 32BIT AUDIO OUT TRANSFER LENGTH ONE FRAME 32BIT

3.2.4 Modify the audio_unified.c file

This section describes the process of modification of the audio unified.c file.

3.2.4.1 Modify the length of the data buffer of audio speaker
Modify the length of the data buffer related to audio speaker to make them support the 48 K/32 bit audio format.

#1f USB AUDIO FORMAT SWITCH ENABLE

uint8 t audioPlayDataBuff [AUDIO SPEAKER DATA WHOLE BUFFER COUNT NORMAL *\
AUDIO PLAY BUFFER STZE ONE_FRAME 32BIT];

#else

uint8 t audioPlayDataBuff [AUDIO SPEAKER DATA WHOLE BUFFER COUNT NORMAL *\
AUDIO PLAY BUFFER SIZE ONE FRAME];

#endif

#if USB AUDIO FORMAT SWITCH ENABLE

uint8 t audioPlayPacket[FS_ISO OUT ENDP PACKET SIZE 32BIT];
#else

uint8_t audioPlayPacket[FS_ISO OUT_ENDP_ PACKET SIZE];
#endif

The audioPlayDataBuff is used as a ring buffer to store data from the USB audio speaker interface. The audioPlaypPacket array
is used to store a complete frame of USB audio data, so its length must meet the maximum packet length in multiple audio formats.

3.2.4.2 Modify the USB_AudioSpeakerPutBuffer() function

The usB_AudiospeakerPutBuffer () function is used to copy the latest USB audio data frame in audioPlayPacket to the ring
buffer audiorPlaybataBuff. In different audio formats, the length of an audio data frame sent by the USB host is different.

It is necessary to calculate the the length of the audio data packet in the current audio format according to the value of
g_USBSpeakerAlternateSettingIndex, then copy the data of the corresponding length to the ring buffer.

589 /* The USB_AudioSp PutBuffer() function fills the audioRecDataBuff with audioPlayPacket in every callback*/
590 void USB_AudioSpea tBuffer (uint8 t *buffer, uint32_t size)

591 H{

592 uint32_t remainBufferSpace;

593 uint32_t buffer length = 0;

594

595 uint32_t audio_out format_size = 0;

596

597 if (g_USBSpeakerAlternateSettingIndex == 1)

598 [ {

599 audio_out format size = AUDIC OUT FORMAT SIZE;

€00 }

€01 else if(g_USBSpeakerAlternateSettinglndex == 2)

602 |

€03 audio_out format size = AUDIC OUT_FORMAT SIZE 32BIT;

604 }

€05 remainBufferSpace = g_deviceRudioComposite->audioUnified.audioPlayBufferSize - USB_AudioSpeakerBufferSpaceUsed();
606 if (size >= remainBufferSpace) /* discard the overflow data */

€070 {

€08 if (remainBufferSpace > (RUDIO OUT_FORMAT CHANNELS * audio_out_format_size))

609 4 {

610 size = (remainBufferSpace - (AUDIO OUT_FORMAT CHANNELS * audio_out_format_size)):
611 }

€12 else

613 {

€14 size = 0;

615 [ }

616

Figure 9. USB_AudioSpeakerPutBuffer() function
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3.2.4.3 Modify the USB_DeviceAudioSpeakerSetinterface() function

The process balternateSetting=2 in the USB DeviceAudioSpeakerSetInterface () function is shown in Figure 5. After the
user switches the audio format on the PC, the USB host sends a set interface request. After receiving this request, the USB device
reconfigures the I12S interface and codec. Every time the audio format is switched on the PC, the USB host sends a set interface
(balternatesetting=0) request first, and then send the actual alternate setting. For specific processing details, refer to the code
in the attachment.

3.2.5 Modify the composite.c file

This section describes the details of modifying the composite.c file.
3.2.5.1 Modify the length of the related array

#if USB_AUDIO FORMAT SWITCH ENABLE

static uint8 t audioPlayDMATempBuff [AUDIO PLAY BUFFER SIZE ONE FRAME 32BIT];
#else

static uint8 t audioPlayDMATempBuff [AUDIO PLAY BUFFER SIZE ONE FRAME];
#endif

When the USB host stops sending audio data, the DMA data source must be configured as audioPlayDMATempBuff, the data
in audioPlaybDMATempBuff are all 0x00. The data length of audioPlayDMATempBuff must meet the maximum packet length in
different audio formats.

3.2.56.2 Add the g_USBSpeakerAlternateSettingindex variable

To record the current interface configuration of the USB audio speaker, add a variable (g _UsBSpeakerAlternateSettingIndex).
Different interface configurations correspond to different audio formats, as shown in Table 1.

uint8 t g USBSpeakerAlternateSettinglIndex = 0;

Table 1. Correspondence between interface configuration and audio format

g_USBSpeakerAlternateSettinglndex Audio format
0 -

1 48 K/16 bit
2 48 K/32 bit

3.2.5.3 Modify the 12S interface configuration

Different USB audio formats correspond to different 12S configurations, so it is also necessary to add corresponding 12S
configurations for the 48 K/32 bit format. Such as adding Init Board Audio 32bit (), BOARD DMA EDMA Start 32bit (),
I25 USB Audio TxInit 32bit (), and other functions.

3.2.5.3.1 Add the 12S_USB_Audio_TxInit_32bit() function

293 void I25_USB_Audio_TxInit_32bit (I25_Type *SAIBase)

294 E{

295 125_TxGetDefaultConfig(ss_TxConfig):

296 s_TxConfig.datalength = 32;

297 s_TxConfig.framsLength = 64;

298 s_TxConfig.divider = (CLOCK GetP1l0CutFreg() / AUDIO_SAMPLING_RATE / AUDIO_OUT_FORMAT BITS_32BIT / AUDIC_OUT FCRMAT CHANNELS_32BIT);
299 125 TxInit (DEMO_I25 TX, &s TxConfig):

300 |}

Figure 10. 12S_USB_Audio_TxInit_32bit() function

Use the 125 UsB Audio TxInit 32bit () function to configure the I2S interface to the 48 K/32 bit format.
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3.2.5.3.2 Add the Init_Board_Audio_32bit() function

Figure 11. Init_Board_Audio_32bit() function

452 wvoid Init_Board Audio_32bit (vold)

453 B {

454 usb_echo ("Init Audic I25 and CODECh\I\n");
455

456 BOARD USE AUDIC KEYBCARD Init();

457

458 125 USB Audio TxInit 32bit (DEMO I25 TX);:
459 125 USB Audio RxInit (DEMO I25 RX):

460 wmES04Config. format.bitWidth = kWHM8504 BitWidth32:
261 BOARD Codec_Init():

462 BOARD DMA EDMA Configl():

263 BORRD DMA EDMA Start 32bit();

464 }

Use Init Board Audio 32bit () function to configure the 12S interface and codec to the 48 K/32 bit format.

3.2.5.3.3 Add the BOARD_DMA_EDMA_Start_32bit() function

411

void BOARD DMA EDMA Start_32bit()

412 ¢

413
414
415
416
417
418
419
420

421 [

422
423
424
425
426
427

}

Figure 12. BOARD_DMA_EDMA_Start_32bit() function

s_TxTransfer.dataSize = FS_ISO_OUT_ENDE_PACKET SIZE_32BIT:

s_TxTransfer.data = audioPlayDMATempBuff;
s RxTransfer.dataSize = F3_ISO_IN_ENDP_PACKET SIZE:
5 RxTransfer.data = audioRecDMATempBuff;

125_TxTransferCreateHandleDMA(DEMC_I2S_TX, &s_TxzHandle, &s_DmaTxzEandle, TxCallback, (void *)&s_TxTransfer);
I25_RxTransferCreateHandleDMA(DEMG_I25_RX, &s_RszHandle, &s_DmaRsHandle, RxCallback, (void *)&s_RxTransfer);

/* need to gueus two receive buffers so when the first one is filled,
* the other is immsdiatelly starts to be filled */
I25_RxTransferReceiveDMA (DEMO I2S BX, &s_RxHandle, s RxTransfer);
125 RxTransferReceiveDMA (DEMO_I2S BX, &s RxHandle, s RxTransfer);

I25_TxTransferSencDMA(DEMO I25_TX, &s TxHandle, s TxTransfer):

Use BOARD DMA EDMA Start 32bit () to modify the data length of each DMA transfer to the USB data packet length
corresponding to the 48 K/32 bit format.

3.2.5.4 Modify the USB_DeviceCallback() function

When the USB host initiates a set interface request, the value of the g UsBSpeakerAlternatesettingIndex variable is updated
to indicate different interface configurations, and the length of each frame of USB audio packet is updated according to the value
of g UsBSpeakerAlternateSettingIndex.

731
132
133

735
136
737
738
739
740
741
742 |
743
744 [
745
746
747 |
748
749 [
750 |

734 [J#1f USB_AUDIO FORMAT SWITCH ENABLE

Figure 13. USB_DeviceCallback() function

case USB_AUDIO_SPEAKER_STREAM INTERFACE INDEX:
if (alternateSetting < USB_AUDIO_SPEARER STREAM INTERFACE_ALTERNATE COUNT)
{

g_USBSpeakerAlternateSettingIndex = alternateSetting;

if(g_USBSpeakerAlternateSettingIndex == 1)

{
g_composive,audioUnified,audioPlayTransferSize = AUDIO_PLAY BUFFER SIZE_ONE_FRAME;
g_composite.audioUnified.currentStreamOutMaxPacketSize = (FS_ISO OUT_ENDP_PACKET SIZE);

else if (g USBSpeakerAlternateSettingIndex == 2)

{
g_composite.audioUnified.audioPlayTransferSize = AUDIO PLAY BUFFER SIZE ONE_FRAME_32BIT;
g_composite.audioUnified.currentStreamOutMaxPacketSize = (FS_ISO_OUT_ENDP PACKET SIZE 32BIT);

}

error = USB DeviceAudioSpeakerSetInterface (g_composite.audioUnified.audioSpeakerHandle,
interface, alternateSetting);
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4 Test

Connect the FS USB interface of LPC55S69-EVK to a PC through a micro USB cable, download the modified program to the
board, and reset the board. After the enumeration is successful, the USB host recognizes a USB audio device. The characteristics
of the device are shown in Figure 15.

Figure 14. LPC55S69 EVK Board

M Sound 2 | Ol Speakers Properties X
Playback Recording Sounds Communications General Levels Enhancements Advanced  Spatial sound
Select a playback device below to modify its settings: Default Format
o Select the sample rate and bit depth to be used when running
Speakers in shared mode.
14- USB AUDIO=HID DEMO
Default Device 32 bit, 43000 Hz (Studio Quality) P Test
H== 16 bit, 48000 Hz (DVD Quality)
2- Realtek(R) Audio 32 bit, 43000 Hz (Studio Quality)

Disabled Exclusive Mode

E# Allow applications to take exclusive control of this device
2- Realtek(R] Audio Give exclusive mode applications priority

Disabled

HUYIMIUDA

Intel(R) Display Audio
Ready

yre2g

Speakers
1 Realtek USB Audio
(&) Mot plugged in

Configure Set Default |~ | Properties Restare Defaults

oK Cancel Apply Cancel Apply

Figure 15. PC recognizes devices that support multiple audio formats

When the audio format is switched on the PC, the PC sends the set interface request to the USB audio device and send audio
data according to the new audio format, as shown in Figure 16.
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E Control " ADDR EIEGE bRequest Windex ITEETE] wiength
43 s SET 18 0 ||SET_INTERFACE| 2 2 0 217.877 ms 12. 581501 116
__ Transfer E Isoch  [Rieleld Bytes Transferred Isochronous Packet Info
ouT 18 2 4316160 11240 packets ranging from 384 bytes to 384 bytes 11.242 sec 12 799 378 466
Ell| Control " ADDR EIEE BRequest ) Windex| EEEETT] wlength
45 3 SET 18 0 |[SET_INTERFACE| 2 0 0 2.588 sec 24 .041222 750
F LY ENDP | bRequest Windex EYTEETIT] wength
46 S SET 18 0 |[SET_INTERFACE| 2 1 0 206.752 ms 26 . 629 646 900
| I ~00R Bytes Translerred
i 47 S ouT 18 2 1985280 10340 packets ranging from 192 bytes to 192 bytes 10.342 sec 26 . 836 398 550
F Confrol | ADDR Windes [XEETNE] wilength
48 s | ser 18 0 0 0 4.075 sec 37 . 178 471 400
__Transfer

SET_INTERFACE 2
[ Transter [I3 LY ENDP |
[ 49 [s|[ ser 18 [ 0
50

bRequest Windex| TR wlength
S SET_INTERFACE 2 2 0 219.840 ms 41.253 577 832
) [ ~00R [EIRGE] Bytes Transferred Isochronous Packet Info
! S ouT 18 2 1091328 2842 packets ranging from 384 bytes to 384 bytes 41473 417 682

Figure 16. PC sends set interface request

Set the audio format to 48 K/16 bit on the PC, the USB host sends a set interface request with Altr Setting = 1 to the USB device,
and then send a packet of audio data every 1 ms, the packet length is 192 bytes. Set the audio format to 48 K/32 bit on the PC,
and the USB host sends a set interface request with Altr Setting = 2 to the USB device, and then send a packet of audio data every

1 ms, the packet length is 384 bytes.

5 Conclusion

This application note introduces how to support multiple audio formats based on the USB audio speaker example in the LPC55S69

SDK, and provides detailed implementation steps. You can refer to this article to implement more audio format support.
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