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STEREO DIGITAL AUDIO LIP-SYNC DELAY WITH [°C CONTROL

FEATURES

+ Digital Audio Formats: 16-24-bit IS,
Right-Justified, Left-Justified

« I?C Bus Controlled

e Single Serial Input Port

e Delay Time: 170 ms/ch at fs = 48 kHz
e Delay Resolution: One Sample

e Delay Memory Cleared on Power-Up or After
Delay Changes

— Eliminates Erroneous Data From Being
Output

« 3.3V Operation With 5V Tolerant I/0 and I°C
Control

e Supports Audio Bit Clock Rates of 32 to 64 fs
with fs = 32 kHz-192 kHz

« No external crystal or oscillator required

— All Internal Clocks Generated From the
Audio Clock

e Surface Mount 4mm x 4mm, 16-pin QFN
Package

SIMPLIFIED APPLICATION DIAGRAM

Audio Processor

APPLICATIONS

e High Definition TV Lip-Sync Delay

¢ Flat Panel TV Lip-Sync Delay

*« Home Theater Rear-Channel Effects

¢ Wireless Speaker Front-Channel
Synchronization

DESCRIPTION

The TPA5050 accepts a single serial audio input,
buffers the data for a selectable period of time, and
outputs the delayed audio data on a single serial
output. One device allows delay of up to 170 ms/ch
(fs = 48 kHz) to synchronize the audio stream to the
video stream in systems with complex video
processing algorithms. If more delay is needed, the
devices can be connected in series.
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2 Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
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PIN DESCRIPTIONS
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TERMINAL FUNCTIONS
TERMINAL
110 DESCRIPTION
NAME NO.
ADDO 10 | 12C address select pin — LSB
ADD1 11 | 12C address select pin
ADD2 12 | 12C address select pin — MSB
BCLK 16 | Audio data bit clock input for serial input. 5V tolerant input.
DATA 2 | Audio serial data input for serial input. 5V tolerant input.
DATA_OUT 15 (0] Delayed audio serial data output.
GND 5-9, 14 P Ground — All ground terminals must be tied to GND for proper operation
LRCLK 1 | Left and Right serial audio sampling rate clock (fs). 5V tolerant input.
SCL 3 | 12C communication bus clock input. 5V tolerant input.
SDA 4 I/O | 12C communication bus data input. 5V tolerant input.
VDD 13 P Power supply interface.
Thermal Pad ) ICalgrl]anect to ground. Must be soldered down in all applications to properly secure device on the

FUNCTIONAL BLOCK DIAGRAM
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ABSOLUTE MAXIMUM RATINGS
over operating free-air temperature (unless otherwise noted)

VALUE UNIT
Vpp Supply voltage -0.3t0 3.6 Y
DATA, LRCLK, BCLK, SCL, SDA -0.3t05.5 \%
Vv Input voltage
ADD[2:0] —-0.3 to VDD+0.3
Continuous total power dissipation See Dissipation Rating Table
Ta Operating free-air temperature range —40 to 85 °C
T, Operating junction temperature range —40 to 125 °C
Tstg Storage temperature range —65to 125 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C

(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only, and functional operations of the device at these or any other conditions beyond those indicated under recommended operating
conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

DISSIPATION RATINGS®W

PACKAGE Ta< 25°C DERATING Tp = 70°C T, =85°C
POWER RATING FACTOR POWER RATING POWER RATING
RSA 25W 25mW/°C 1.375 W 1.0W

(1) This data was taken using 1 oz trace and copper pad that is soldered directly to a JEDEC standard high-k PCB. The thermal pad must
be soldered to a thermal land on the printed-circuit board. See Tl Technical Briefs SCBA017D and SLUA271 for more information about

using the QFN thermal pad.

RECOMMENDED OPERATING CONDITIONS

MIN MAX| UNIT
Vpp Supply voltage VDD 3 3.6 \%
\m High-level input voltage DATA, LRCLK, BCLK, SCL, SDA, ADDJ[2:0] 2 \%
Vi Low-level input voltage DATA, LRCLK, BCLK, SCL, SDA, ADDJ[2:0] 0.8 \%
Ta Operating free-air temperature -40 85 °C
Submit Documentation Feedback 3
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DC CHARACTERISTICS
T, = 25°C, Vpp = 3 V (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
) Supply current Vpp = 3.3V, fs =48 kHz, BCLK = 32 fs 15 3| mA
lon High-level output current | DATA_OUT =2.6 V 7 13| mA
loL Low-level output current | DATA_OUT =0.4V 7 13| mA
" High-level input current DATA, LRCII_K, BCLK, SCL, SDA, Vi =5.5V, VDD = 3V 20 LA
ADD[2:0], Vi = 3.6V, VDD = 3.6V 5
I Low-level input current SSBA: I:;’IEEZ/LK, BCLK, SCL, SDA, ADD[2:0], Vi =0V, 1 LA
TIMING CHARACTERISTICS®®
For I12C Interface Signals Over Recommended Operating Conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
fscL Frequency, SCL No wait states 400 kHz
tocH) Pulse duration, SCL high 0.6 us
twL) Pulse duration, SCL low 1.3 us
tsu1 Setup time, SDA to SCL 100 ns
th1 Hold time, SCL to SDA 10 ns
tbun) Bus free time between stop and start condition 13 ps
tsu2 Setup time, SCL to start condition 0.6 us
tho Hold time, start condition to SCL 0.6 us
tsu3 Setup time, SCL to stop condition 0.6 ps

(1) Vpurup = Vop . .
(2) A pull-up resistor <2 kQ is required for a 5 V 12C bus voltage.

| |

| ! |

| b th? | e t(buf)—p

| | |

|

IN—M— tsu2 N—}l—l L tsu3 :
| | |
: r’r’ | |

SDA
| | |
| |
| |
| |
Start Condition Stop Condition

Figure 2. Start and Stop Conditions Timing
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Serial Audio Input Ports
over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
fscukin  Frequency, BCLK 32 x fs, 48 x fs, 64 x fs 1.024 12.288 MHz
tsu1 Setup time, LRCLK to BCLK rising edge 10 ns
th Hold time, LRCLK from BCLK rising edge 10 ns
tsu2 Setup time, DATA to BCLK rising edge 10 ns
tho Hold time, DATA from BCLK rising edge 10 ns

LRCLK frequency 32 48 192 kHz
BCLK duty cycle 50%

LRCLK duty cycle 50%

BCLK rising edges between LRCLK rising edges LRCLK duty cycle = 50% 32 64 | BCLK edges

BCLK | |
(Input) /I \ r \ ? \

LRCLK
(Input)

o X X X X_

Figure 3. Serial Data Interface Timing

APPLICATION INFORMATION

AUDIO SERIAL INTERFACE

The audio serial interface for the TPA5050 consists of a 3-wire synchronous serial port. It includes LRCLK,
BCLK, and DATA. BCLK is the serial audio bit clock, and it is used to clock the serial data present on DATA into
the serial shift register of the audio interface. Serial data is clocked into the TPA5050 on the rising edge of
BCLK. LRCLK is the serial audio left/right word clock. It is used to latch serial data into the internal registers of
the serial audio interface. LRCLK is operated at the sampling frequency, fs. BCLK can be operated at 32 to 64
times the sampling frequency for right-justified, left-justified, and 1°S formats. A system clock is not necessary for
the operation of the TPA5050.

AUDIO DATA FORMATS AND TIMING

The TPA5050 supports industry-standard audio data formats, including right-justified, 1°S, and left-justified. The
data formats are shown in Figure 4. Data formats are selected using the 1°C interface and register map (see
Table 1).

Submit Documentation Feedback 5



TPA5050 W3 Texas

INSTRUMENTS
www.ti.com
SLOS492B—MAY 2006—REVISED MAY 2007
APPLICATION INFORMATION (continued)
(1) Right-Justified Data Format; L-Channel = HIGH, R-Channel = LOW
le s »
LRCK L-Channel R-Channel

(= 32fg, 48 fg_ or 64 fs) |
]
16-Bit Right-Justified, BCK = 48 fg or 64 fg |
pata [14]s[e] 1213 4[5l 1]2]3 141516
! MSB LSB : MSB tse/ |
16-Bit Right-Justified, BCK = 32 fg | |
DATA|14|15|16|1|2|3|— ————————— —|14|15|16 1|2|3|— ————————— —|14|15|16
= 0l
! MSB LSB : MSB tse’ |
18-Bit Right-Justified, BCK = 48 f g or 64 fg |

2 |
DATA Lk|2|3|_____|16|17|18 L1R|2|3|—————|16|17|18
| MSB wse/ | MSB s/ |
20-Bit Right-Justified, BCK = 48 fs or 64 fg | |

DATA|18|19|20| |1|2|3| —————— —|18|19|20 1|2|3| —————— —|18|19|20
| MSB

Lse/ | MSB LsB/ |

24-Bit Right-Justified, BCK = 48 f or 64 fs
DATA|22|23|24|1|2|3|— ————————— —|22|23|24 1 |2|3|— ————————— —|22|23|24
I .

MSB LSB MSB LSB

(2) I2S Data Format; L-Channel = LOW, R-Channel = HIGH

e 1ifs »l
LRCK L-Channel f R-Channel
<>

o TR —FUSLRSR LTRSS 1T

(=32fg, 4875, orb4fs) * | : |

|
|

DATA t|efsf—————— IBEE | | |2|s}f—————— <|N—2IN4IN! [1]2]
"\ uss LsSB MSB LsSB '

(3) Left-Justified Data Format; L-Channel = HIGH, R-Channel = LOW

|’= 1/fs

v

LRCK L-Channel R-Channel

mrm Lﬂﬂﬂﬂfl_————:foLfLﬂ STl L - {men

(=32fs, 48 fg, or 64 fs)

1I2I3I—————IN2~-I [~ I2I3I— —————— iman 1|z|
MSB LSB MSB LSB

Figure 4. Audio Data Formats
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APPLICATION INFORMATION (continued)
GENERAL 1°C OPERATION

The 1C bus employs two signals; SDA (data) and SCL (clock), to communicate between integrated circuits in a
system. Data is transferred on the bus serially, one bit at a time. The address and data are transferred in byte
(8-bit) format with the most-significant bit (MSB) transferred first. In addition, each byte transferred on the bus is
acknowledged by the receiving device with an acknowledge bit. Each transfer operation begins with the master
device driving a start condition on the bus and ends with the master device driving a stop condition on the bus.
The bus uses transitions on the data terminal (SDA) while the clock is high to indicate start and stop conditions.
A high-to-low transition on SDA indicates a start and a low-to-high transition indicates a stop. Normal data-bit
transitions must occur within the low time of the clock period. These conditions are shown in Figure 5. The
master generates the 7-bit slave address and the read/write (R/W) bit to open communication with another
device and then wait for an acknowledge condition. The TPA5050 holds SDA low during acknowledge clock
period to indicate an acknowledgement. When this occurs, the master transmits the next byte of the sequence.
Each device is addressed by a unique 7-bit slave address plus R/W bit (1 byte). All compatible devices share
the same signals via a bidirectional bus using a wired-AND connection.

An external pull-up resistor must be used for the SDA and SCL signals to set the HIGH level for the bus. When
the bus level is 5 V, pull-up resistors between 1 kQ and 2 kQ in value must be used.

—

8- Bit Data for 8- Bit Data for

. R/ . .
7-Bit Slave Address W A | 8-Bit Register Address (N) | A Register (N) Register (N+1)

716|5|4]|3|2]|1]|0 716|514]|3|2]|1]|0 716|514|3|2]|1]0 716|5|4|3|2]|1]|0

o LTI UL UL U,

Figure 5. Typical I°C Sequence

There is no limit on the number of bytes that can be transmitted between start and stop conditions. When the
last word transfers, the master generates a stop condition to release the bus. A generic data transfer sequence
is shown in Figure 5.

The 7-bit address for the TPA5050 is selectable using the 3 address pins (ADD2, ADD1, ADDO). Table 1 lists
the 8 possible slave addresses.

Table 1. I2C Slave Address

FIXED ADDRESS SELECTABLE ADDRESS BITS
(4 MSB bits) ADD2 ADD1 ADDO
1101 0 0 0
1101 0 0 1
1101 0 1 0
1101 0 1 1
1101 1 0 0
1101 1 0 1
1101 1 1 0
1101 1 1 1

SINGLE-AND MULTIPLE-BYTE TRANSFERS
The serial control interface supports both single-byte and multi-byte read/write operations for all registers.

During multiple-byte read operations, the TPA5050 responds with data, a byte at a time, starting at the register
assigned, as long as the master device continues to respond with acknowledges.

Submit Documentation Feedback 7
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The TPA5050 supports sequential 1°C addressing. For write transactions, if a register is issued followed by data
for that register and all the remaining registers that follow, a sequential 1°C write transaction has taken place. For
I°2C sequential write transactions, the register issued then serves as the starting point, and the amount of data
subsequently transmitted, before a stop or start is transmitted, determines to how many registers are written.

SINGLE-BYTE WRITE

As shown is Figure 6, a single-byte data write transfer begins with the master device transmitting a start
condition followed by the 1°C device address and the read/write bit. The read/write bit determines the direction of
the data transfer. For a write data transfer, the read/write bit must be set to 0. After receiving the correct 1°C
device address and the read/write bit, the TPA5050 responds with an acknowledge bit. Next, the master
transmits the register byte corresponding to the TPA5050 internal memory address being accessed. After
receiving the register byte, the TPA5050 again responds with an acknowledge bit. Next, the master device
transmits the data byte to be written to the memory address being accessed. After receiving the data byte, the
TPA5050 again responds with an acknowledge bit. Finally, the master device transmits a stop condition to
complete the single-byte data write transfer.

Start

Condition Acknowledge Acknowledge Acknowledge
| = ~ ~
OO 0ODOTEOOODOOOOCOOODDODOC,
\
\
12C Device Address and Register Data Byte Stop
Read/Write Bit Condition

Figure 6. Single-Byte Write Transfer

MULTIPLE-BYTE WRITE AND INCREMENTAL MULTIPLE-BYTE WRITE

A multiple-byte data write transfer is identical to a single-byte data write transfer except that multiple data bytes
are transmitted by the master device to the TPA5050 as shown in Figure 7. After receiving each data byte, the
TPA5050 responds with an acknowledge bit.

Start

Condition Acknowledge Acknowledge Acknowledge Acknowledge Acknowledge
| o NN P A
XXX
\
12C Device Address and Register First Data Byte Other Data Bytes Last Data Byte S‘?P
Read/Write Bit Condition

Figure 7. Multiple-Byte Write Transfer

SINGLE-BYTE READ

As shown in Figure 8, a single-byte data read transfer begins with the master device transmitting a start
condition followed by the 12C device address and the read/write bit. For the data read transfer, both a write
followed by a read are actually done. Initially, a write is done to transfer the address byte of the internal memory
address to be read. As a result, the read/write bit is set to a 0.

After receiving the TPA5050 address and the read/write bit, the TPA5050 responds with an acknowledge bit.
The master then sends the internal memory address byte, after which the TPA5050 issues an acknowledge bit.
The master device transmits another start condition followed by the TPA5050 address and the read/write bit
again. This time the read/write bit is set to 1, indicating a read transfer. Next, the TPA5050 transmits the data
byte from the memory address being read. After receiving the data byte, the master device transmits a
not-acknowledge followed by a stop condition to complete the single-byte data read transfer.

Submit Documentation Feedback
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Repeat Start
Start Condition Not
Condition Acknowledge Acknowledge | Acknowledge Acknowledge
| A A A A
/\
[PRPIERRRAERRXPCIRTY KA CXRACK)
RVAOROLOSSOOC0: N
\/ \
12C Device Address and Register 12C Device Address and Data Byte Stop
Read/Write Bit Read/Write Bit Condition

Figure 8. Single-Byte Read Transfer

MULTIPLE-BYTE READ

A multiple-byte data read transfer is identical to a single-byte data read transfer except that multiple data bytes
are transmitted by the TPA5050 to the master device as shown in Figure 9. With the exception of the last data
byte, the master device responds with an acknowledge bit after receiving each data byte.

Repeat Start
Start Condition Not
Condition Acknowledge Acknowledge | Acknowledge Acknowledge Acknowledge Acknowledge
‘ = = A = Ve =
/\
[FPKNRIRAKEXS) CRINKX)
RV O TS 000 EN
\
12C Device Address and Register 12C Device Address and  First Data Byte Other Data Bytes Last Data Byte Stop
Read/Write Bit Read/Write Bit Condition

Figure 9. Multiple-Byte Read Transfer

TPAS5050 Operation
The following sections describe the registers configurable via I°C commands for the TPA5050.

Only a single decoupling capacitor (0.1 pF-1 pF) is required across VDD and GND. The ADDx terminals can be
directly connected to VDD or GND. Table 1 describes the 1°C addresses selectable via the ADDx terminals. A
schematic implementation of the TPA5050 is shown in Figure 10.

3.3V
0.1 uF
= VDD DATA OUT|——[ > Delayed Audio
Digital Audio[ > |DATA SDAl—— <> I’C Data

Word Clockl > ILRCLK SCLI—— <1 fc Clock

Bit Clock > |BCLK ADDO|———

2
GND ADD1 I"C Address
Select
— ADD2|——
GND T

Figure 10. TPA5050 Schematic
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SERIAL CONTROL INTERFACE REGISTER SUMMARY
Table 2. Serial Control Register Summary
REGISTER REGISTER NAME NO. OF CONTENTS INITIALIZATION
BYTES VALUE
0x01 Control Register 1 Description shown in subsequent section 00
0x02 Right Delay Upper (5 bits) 1 Description shown in subsequent section 00
0x03 Right Delay Lower (8 bits) 1 Description shown in subsequent section 00
0x04 Left Delay Upper (5 bits) 1 Description shown in subsequent section 00
0x05 Left Delay Lower (8 bits) 1 Description shown in subsequent section 00
0x06 Frame Delay 1 Description shown in subsequent section 00
0x07 RJ Packet Length 1 Description shown in subsequent section 00
0x08 Complete Update 1 Description shown in subsequent section 00

CONTROL REGISTER (0x01)

The control register allows the user to mute a specific audio channel. It is also used to specify the data type (IS,
Right-Justified, or Left-Justified.

Table 3. Control Registers (0x01)®

D1 DO FUNCTION

- - Left and Right channel are active.

- - Left channel is MUTED.

- - Right channel is MUTED.

Left and Right channel are MUTED.

I2S data format

Right-justified data format (see PACKET LENGTH register 0x07)
Left-justified data format

Q
3
)
[o)]
Q
[8)]
@)
~
O
w
Q
N

XX [ X[ X[ X|X|X
XX [ X[ X|X|X|X

XXX | X[ X|X]|X]|X
XXX | X[ X|X|X]|X
Llkr|lo|lo
Lrlo|lrk|o

- - X X Bypass mode — data is passed straight through without delay.

(1) Default values are in bold.

AUDIO DELAY REGISTERS (0x02-0x05)

The audio delay for the left and right channels is fixed by writing a total of 13 bits (2 byte transfer) to upper and
lower registers as specified in Table 1. A multiple byte transfer should be performed starting with the control
register and following with 4 bytes to fill the upper and lower registers associated with right/left channel delay.
The decimal value of DO-D12 equals the number of samples to delay. The maximum number of delayed
samples is 8191 for the TPA5050. This equates to 170.65 ms [8191 x (1/fs)] at 48 kHz.

Table 4. Audio Delay Registers (0x02—0x05)®

D12 D11 D10-D2 D1 DO FUNCTION
0 0 0 Left and Right audio is passed to output with no delay.
0 0 1 Left and Right audio is delayed by 1 sample (1/fs = delay time)
1 1 1 Left and Right audio is delayed by 8191 samples (8191/fs = delay time)

(1) Default values are in bold.

FRAME DELAY REGISTERS (0x06)

This register can be used to specify delay in video frames instead of audio samples. When the MSB is set to 1,
the audio delay registers (0x01-0x04) are bypassed and the Frame Delay Register is used to set the delay
based on the frame rate (D6), audio sample rate (D5-D3), and number of frames to delay (D2-D0).
The total audio delay time is calculated by the following formula:

Audio Delay (in samples) = int [# Delay Frames x (1/Frame Rate) x Audio Sample Rate]
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If the result of the formula above is greater than the maximum number of delay samples (8191 for TPA5050),
then the value is limited to this maximum before passing to the delay block.

Table 5. Frame Delay Registers (0x06)®

D7 D6 D5 D4 D3 D2 D1 DO FUNCTION

0 Settings in this register are masked and audio delay is determined by
settings in the right/left audio delay registers.

1 Right/left audio delay registers are masked and delay is determined by settings in
this register.

Frame rate = 50 Hz

Frame rate = 59.94 Hz
Audio sample rate = 32 kHz
Audio sample rate = 44.1 kHz

Audio sample rate = 48 kHz
Audio sample rate = 88.2 kHz
Audio sample rate = 96 kHz
Audio sample rate = 176.4 kHz
Audio sample rate = 192 kHz
Audio sample rate = 192 kHz
0 0 0 |Delay frames =1

PlRPr[(PIRPIOlO|lO|O
P RPOO|FRr|P|O|O
P O(RP| O|Rr|O|FR|O

Delay frames = 2

1 1 1 |Delay frames =8

(1) Default values are in bold.

RJ PACKET LENGTH REGISTERS (0x07)

This register is only used in right justified mode. The decimal value of bits [5:0] represents the width of the
useable data in a right justified audio stream. The number of BCLK transitions between LRCLK transitions must
be greater than or equal to the packet length selected in this register. The maximum packet length value is 24
bits. Any setting greater whose numerical value is greater than 24 bits is limited to the maximum 24 bits.

Table 6. RJ Package Length (0x07)®

D5 D4 D3 D2 D1 DO FUNCTION
0 0 0 Packet length = 0 bits
0 0 1 Packet length = 1 bits
X X X Packet length = 24 bits

(1) Default values are in bold.

COMPLETE UPDATE REGISTER (0x08)

Since the audio delay values are divided among several registers, it is likely that multiple writes would be
necessary to configure the device. This may cause interruptions in the audio stream and unwanted pops and
clicks might occur as register data is passed to delay functional block.

To avoid this from happening, the Complete Update register is used to transfer the user settings from the
register file to the delay functional block when a 1 is written to the LSB. For example, if the right delay is set to
35 samples, and the left delay is set to 300 samples, the device holds the right channel in MUTE until 35
samples of audio data have passed, and holds the left channel in MUTE until 300 samples of audio data have
passed.

Note that the individual channels can be muted using the upper bits of the Control Registers without writing to
the Complete Update registers.

Submit Documentation Feedback 1
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Table 7. Complete Update Registers (0x08)™
D7-D1 DO FUNCTION
X 0 No data from the register settings is passed to the delay block.
X 1 Stream type, right/left delay or frame delay, and packet length is passed to the delay functional block.

(1) Default values are in bold.

APPLICATION EXAMPLES

The following are some examples of 1°C commands used to read or write to the TPA5050. For all conditions,
assume the address of the TPA5050 is set to 001.

Single Byte Write

In this example, the TPA5050 is set to mute both left and right channels, and to operate in 1°S mode.

Start |:> $ |:> ACK |:> ; |:> ACK |:> ? |:> ACK |:> Stop

TPA5050 Address and Register Address Data
Write
Multiple Byte Write

In this example, the TPA5050 is set to make both the left and right channels active, operate in 1°S mode, delay

the right channel by 4095 samples, and delay the left channel by 4096 samples. This is a sequential write, so all
registers must have data written to them.

Start |:> D2 |:> ACK |:> 01 |:> ACK |:> 00 |:> ACK |:> OF |:> ACK |:> FF |:> ACK

*

TPA5050 Address and Register Address Data Data Data
Write (Control Register) (Control Register) (Right Delay Upper Bits) (Right Delay Lower Bits)

[ >10 [ >ACK[ > 00 [ >ACK[ > 00[ > ACK[__ > 00[ > ACK[ > 01> ACK

4 4 4 4 4

Data Data Data Data Data
(Left Delay Upper Bits) (Left Delay Lower Bits) (Frame Delay) (RJ Packet = 0Bits) (Complete Update)
> Stop

Combination Single Byte Write and Sequential Write

In this example, the TPA5050 is set to operate in the Right Justified mode, with a packet length of 16 bits. The
device is to delay the audio signal by 40 ms using the Frame Delay function. Assume the audio sample rate (fs)
= 48 kHz, and the Frame rate = 50 Hz. This is a combination of single writes and a sequential write. Since the
Right Justified mode is set in the Control Register, and the Frame Delay is set in register 0x06, the data in
registers 0x02—-0x05 can be ignored.

Start |:> D2 |:> ACK |:> 01 |:> ACK |:> 01 |:> ACK |:> Stop
A A A

TPA5050 Address and Register Address Data
Write (Control Register) (Control Register)

Start |:> D2 |:> ACK |:> 06 |:> ACK |:> 91 |:> ACK |:> 10 |:> ACK |:> 01 |:> ACK I:> Stop

A 4

TPA5050 Address and Register Address Data Data Data
Write (Frame Delay) (Frame Delay) (RJ Packet = 16 Bits) (Complete Update)

Note that in every circumstance where a delay was written into the memory of the TPA5050, a 1 must be written

to the Complete Data register for the change to take effect. This does not apply to muting, which occurs in the
Control register.

12 Submit Documentation Feedback
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Single Byte Read
In this example, one byte of data is read from the Control Register (0x01). After the data (represented xx) by is
read by the master device, the master device issues a Not Acknowledge, before stopping the communication.

Start |:> D2 |:> ACK |:> 01 |:> ACK |:> Start |:> D3 |:> ACK |:> XX |:> o |:> Stop

TPA5050 Address and Register Address TPA5050 Address and Data Read
Write (Control Register) Read (Control Register)

Multiple Byte Read

Often, when it is necessary to read what is contained in one register, it is necessary to determine what
information is contained in all registers. In such a case, a sequential read should be used. In situations where
data must be read from a register at the beginning (0x01), and a register towards the end (0x07), a sequential
read is likely to be faster to implement than multiple single byte reads.

In this example, a sequential read is initiated with the Control Register (0x01), and ends with the Complete
Update Register (0x08).

Start |:> D2 |:> ACK |:> 01 |:> ACK |:>Start |:> D3 |:> ACK |:> XX |:> ACK |:> XX |:> ACK
] i § £ }

TPA5050 Address and Register Address TPA5050 Address and Data Read _ Data Read
Write (Control Register) Read (Control Register) (Right Delay Upper)

|:> XX |:> ACK |:> XX |:> ACK |:> XX |:> ACK |:> XX |:>ACK |:> XX |:> ACK

A A 4 A

Data Read Data Read Data Read Data Read Data Read
(Right Delay Lower) (Left Delay Upper) (Left Delay Lower) (Frame Delay) (RJ Packet Length)

—> X > ack [ > stop

Data Read
(Complete Update)

Submit Documentation Feedback 13
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DEVICE CURRENT CONSUMPTION

The TPA5050 draws different amounts of supply current depending upon the conditions under which it is
operated. As Vpp increases, so too does Ipp. Likewise, as Vpp decreases, Ipp decreases. The same is true of
the sampling frequency, fs. An increase in fs causes an increase in Ipp. Figure 11 illustrates the relationship
between operating condition and typical supply current.

SUPPLY CURRENT
Vs
SAMPLING FREQUENCY
5 T T
BCLK =64 fs
45| Data = 24 bit -
Vpp =36V A
< 4 //
s I —
: st
5 L~ P\
(6]
> 25 — ] —
Q -
s ] i Vpp =33V
. e /'
(=]
S 15~ Vpp =3V
1
0.5
0

32 52 72 92 112 132 152 172 192
fs - Sampling Frequency - kHz

Figure 11. Typical Supply Current
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PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If aline is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

Addendum-Page 1

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
TPA5050RSAR ACTIVE QFN RSA 16 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 85 TPA
& no Sh/Br) 5050
TPAS050RSAT ACTIVE QFN RSA 16 250  Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 85 TPA
& no Sh/Br) 5050
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
+ —> KO |e— P1—»]
% { I
iy’
& & & || 8o
x | l
A T {
Cavity (€ A0 P,
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v w Overall width of the carrier tape
P1 Pitch between successive cavity centers
E W1
TAPE AND REEL INFORMATION
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPA5050RSAR QFN RSA 16 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
TPAS5050RSAT QFN RSA 16 250 180.0 12.4 4.25 | 4.25 1.15 8.0 12.0 Q2

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPAS5050RSAR QFN RSA 16 3000 367.0 367.0 35.0
TPA5050RSAT QFN RSA 16 250 210.0 185.0 35.0

Pack Materials-Page 2



MECHANICAL DATA

RSA (S—PVQFN—N16) PLASTIC QUAD FLATPACK NO-—LEAD

N
e
oo
iﬂ

A~
[w)

h

\

(O]

« g
(@)

PIN 1 INDEX AREA / /

TOP AND BOTTOM

1,00
0,80 1
0,20 REF.
4 I
‘L 5 ‘SEATNG PLANE
0,05
[~]o0,08 00
16 220 %
0,30
—i w s
J Uy Yy
|
16 3 THERMAL PAD C 5
D __SIZE AND SHAPE B -
SHOWN ON SEPARATE SHEET
D -
130 | C]s
]
0,38
16X 553
1010 OINAE
0,05 @] C 4205141/D 06 /11

NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

B. This drawing is subject to change without notice.

C. Quad Flatpack, No—leads (QFN) package configuration.

D. The package thermal pad must be soldered to the board for thermal and mechanical performance.

E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
F

Falls within JEDEC MO-220.
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THERMAL PAD MECHANICAL DATA

RSA (S—PVQFN—N16)
THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be

attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

PLASTIC QUAD FLATPACK NO-LEAD

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

PIN 1 INDICATOR
C 0,30

\CJ Uiy O /—Exposed Thermal Pad
rd i e
T 16 D) Cls
2,70£0,10 D - _ -
o d
l 13D | Cls
ANAIIANA
12
¢ 2,701£0,10 ¥

Bottom View

Exposed Thermal Pad Dimensions

4206364-2/0 09/15

NOTES:
A. All linear dimensions are in millimeters
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LAND PATTERN DATA

RSA (S—PVQFN—-N16) PLASTIC QUAD FLATPACK NO-LEAD
Fxample Board Layout 0.T55men Stonel Thiskoass
Pin 1 0,540, 5mm ' (Note E)
oot tKrL(: P [=—1240,65 16x0,5——] _|=— |——| P—%O.ss ]
TU U U Note D J E : U 16x0,8
o] U_,L | RO15 ~ ! S Y

D 12x0,65 — i "4x1v1\ —
D, ] G

O @) @)

31 48 m@———‘—---l—--—--—--— 315 475

L TP 4-)!11 —
o L

; DDDD

0 728

i
T
|
|

010

I I y
| ': 48 \ 3,15

N 4,75
< ,
/ Non Solder Mask Defined Pad \ 59% Printed Solder Coverage
| - - — N
~ AN
! ,/ N Example Center Pad Layout
% \ Solder Mask Opening (Note D)
’ (Note F)
, © oo
! 0,85
\ Pa(d Geom)etry 6xi,1
/ Note C
1+ 0,07
\\ WI Around/ j O 27
\\ 0,35 /// 04902 6x1,1
—-- \q o) O
\

4207807/G  09/15

NOTES: Al linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC-7351 is recommended for alternate designs.

This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, QFN

Packages, Texas Instruments Literature No. SLUA271, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout. These documents are available at

www.ti.com <http: //www.ti.com>.

E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.

F.  Customers should contact their board fabrication site for solder mask tolerances.
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated
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