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TAS5760LD General-Purpose 12S Input Class-D Amplifier With DirectPath™ Headphone
and Line Driver

1 Features

* Audio I/O Configuration:
— Single Stereo I2S Input

— Stereo Bridge Tied Load (BTL) or Mono
Parallel Bridge Tied Load (PBTL) Operation

— 32,44.1, 48, 88.2, 96 kHz Sample Rates
— Headphone Amplifier / Line Driver

» General Operational Features:
— Selectable Hardware or Software Control
— Integrated Digital Output Clipper

— Programmable 12C Address (1101100[%),] or
1101101[R])

— Closed-Loop Amplifier Architecture
— Adjustable Switching Frequency for Speaker
Amplifier
* Robustness Features:
— Clock Error, DC, and Short-Circuit Protection

— Overtemperature and Programmable
Overcurrent Protection

e Audio Performance (PVDD =12 V, Rgpx = 8 Q,
SPK_GAIN[1:0] Pins = 01)
— Idle Channel Noise = 65 pVrms (A-Wtd)
— THD+N =0.09% (at 1 W, 1 kHz)
— SNR =100 dB A-Wtd (Ref. to THD+N = 1%)

2 Applications

e LCD/LED TV and Multipurpose Monitors
» Sound Bars, Docking Stations, PC Audio
* General-Purpose Audio Equipment

Functional Block Diagram
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3 Description

The TAS5760LD is a stereo I12S input device which
includes hardware and software (I2C) control modes,
integrated digital clipper, several gain options, and a
wide power supply operating range to enable use in a
multitude of applications. The TAS5760LD operates
with a nominal supply voltage from 4.5 to 15 VDC.
The device has an integrated DirectPath™
headphone amplifier and line driver to increase
system level integration and reduce total solution
costs.

An optimal mix of thermal performance and device
cost is provided in the 120-mQ Rpgon) Of the output
MOSFETSs. Additionally, a thermally enhanced 48-Pin
TSSOP provides excellent operation in the elevated
ambient temperatures found in modern consumer
electronic devices.

The entire TAS5760xx family is pin-to-pin compatible
in the 48-Pin TSSOP package. Alternatively, to
achieve the smallest possible solutions size for
applications where pin-to-pin compatibility and a
headphone or line driver are not required, a 32-Pin
TSSOP package is offered for the TAS5760M and
TAS5760L devices. The I2C register map in all of the
TAS5760xx devices are identical, to ensure low
development overhead when choosing between
devices based upon system-level requirements.

Device Information®
PACKAGE BODY SIZE (NOM)
HTSSOP (48) | 12.50 mm x 6.10 mm

PART NUMBER
TAS5760LD

(1) For all available packages, see the orderable addendum at
the end of the datasheet.

Output Power vs PVDD
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Device Comparison Table

DEVICE DESCRIPTION PACKAGE
Flexible, general-purpose 12S input class-D Amplifier with . ) b i
TAS5760MDDCA integrated headphone and line driver and integrated digital 48 Pin, 0.5-mm Leac(iDPcl:t;\;l, Pad-down TSSOP
clipper, which supports PVDD levels < 24 V
TAS5760MDCA 48 Pin, 0.5-mm Lead-Pitch, Pad-down TSSOP
Flexible, general-purpose 12S input class-D Amplifier with (BCA)
TAS5760MDAP integrated digital clipper, which supports PVDD levels <24V | 32 pin, 0.65mm Lead Pitch, Pad-down TSSOP
(DAP)
Flexible, general-purpose 12S input class-D Amplifier with . ) b i
TAS5760LDDCA integrated headphone and line driver and integrated digital 48 Pin, 0.5-mm Leac(iDPcl:t;\;l, Pad-down TSSOP
clipper, which supports PVDD levels < 15 V
TAS5760LDCA 48 Pin, 0.5-mm Lead-Pitch, Pad-down TSSOP
Flexible, general-purpose 12S input class-D Amplifier with (DCA)
TAS5760LDAP integrated digital clipper, which supports PVDD levels <15V | 32 pin, 0.65-mm Lead Pitch, Pad-down TSSOP
(DAP)

6 Pin Configuration and Functions

DCA Package
48 Pins TSSOP

Top View
( N\
srT cup 1 O 48 T GVDD_REG
ANA_REG T2 47 T GGND
VCOM T3 46 =T AVDD
ANA_REF T4 45 T PVDD
SPK_FAULT C—TT5 44 =T PVDD
SPKSD CITH6 1———-—-———-- . 43 [T BSTRPA+
FREQ/SDA TIH7 | | 42 FT SPK_OUTA+
PBTL/SCL T8 | ! 41T PGND
DVDD 9 | | 40 [FT) SPK_OUTA-
SPK_GAINO CT—{10 | | 39 T BSTRPA-
SPK_GAIN1 111 | | 38 T BSTRPB-
SPK_SLEEP/ADR CT—12 | | 37 =T SPK_OUTB-
MCLK C—T13 | | 36 =T PGND
SCLK T 14 | | 35 T SPK_OUTB+
SDIN {15 | | 34 T BSTRPB+
LRCK —T16 ! | 33T PVDD
DGND —T17 ! 32— PVDD
DR_INA- 1|18 | 31 T DR_INB-
DR_INA+ —T— 19 L____PowerPAD o DR_INB+
DR_OUTA T 20 29 [-T—1 DR_OUTB
DRGND —T— 21 28 =1 DR_UVE
DR_MUTE —T— 22 27 =1 DRGND
DRVSS 123 26 [~ DRVDD
DR_CN 124 25 [—1— DR_CP
. J

Pin Functions

PIN
TYPE INTERNAL TERMINATION DESCRIPTION

NAME NO.

AVDD 46 P - Power supply for internal analog circuitry

ANA REF 4 p : Conne;ctlon point for internal reference used by ANA_REG and VCOM filter

- capacitors.

Voltage regulator derived from AVDD supply (NOTE: This terminal is provided

ANA_REG 2 P - as a connection point for filtering capacitors for this supply and must not be
used to power any external circuitry)

BSTRPA- 39 p : Connection point for the SPK_OUTA- bootstrap capacitor, which is used to
create a power supply for the high-side gate drive for SPK_OUTA-

BSTRPA+ 43 p : Connection point for the SPK_OUTA+ bootstrap capacitor, which is used to
create a power supply for the high-side gate drive for SPK_OUTA+

Copyright © 2013-2015, Texas Instruments Incorporated
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Pin Functions (continued)

PIN
TYPE INTERNAL TERMINATION DESCRIPTION

NAME NO.

BSTRPB- 38 p : Connection point for the SPK_OUTB- bootstrap capacitor, which is used to
create a power supply for the high-side gate drive for SPK_OUTB-

BSTRPB+ 34 p } Connection point for the SPK_OUTB+ bootstrap capacitor, which is used to
create a power supply for the high-side gate drive for SPK_OUTB+

DGND 17 G : Ground for digital circuitry (NOTE: This terminal should be connected to the
system ground)

: Negative pin for capacitor connection used in headphone amplifier/line driver
DR_CN 24 P charge pump
DR CP o5 p : Positive pin for capacitor connection used in headphone amplifier/line driver
- charge pump

DR_INA- 18 Al - Negative differential input for channel A of headphone amplifier/line driver

DR_INA+ 19 Al - Positive differential input for channel A of headphone ampilifier/line driver

DR_INB- 31 Al - Negative differential input for channel B of headphone amplifier/line driver

DR_INB+ 30 Al - Positive differential input for channel B of headphone amplifier/line driver

DR_MUTE 22 DI - Places the headphone amplifier/line driver in mute

DR_OUTA 20 AO - Output for channel A of headphone amplifier/line driver

DR_OUTB 29 AO - Output for channel B of headphone amplifier/line driver

DR_UVE 28 Al : dSrei\r/\;e pin for under-voltage protection circuit for the headphone amplifier/line
Negative power supply generated by charge pump from the DRVDD supply for

DR_VSS 23 P - : ;

- ground centered headphone/line driver output

Ground for headphone amplifier/line driver circuitry (NOTE: This terminal

DRGND 21 G -
should be connected to the system ground)

DRGND 27 G } Ground for headphone amplifier/line driver circuitry (NOTE: This terminal
should be connected to the system ground)

DRVDD 26 - Power supply for internal headphone/line driver circuitry

DVDD 9 P - Power supply for the internal digital circuitry
Dual function terminal that functions as an 12C data input pin in 12C Control

FREQ/SDA 7 DI Weak Pulldown Mode or as a Frequency Select terminal when in Hardware Control Mode.

GGND a7 G } Ground for gate drive circuitry (NOTE: This terminal should be connected to
the system ground)
Voltage regulator derived from PVDD supply (NOTE: This pin is provided as a

GVDD_REG 48 P - connection point for filtering capacitors for this supply and must not be used to
power any external circuitry)

LRCK 16 DI Weak Pulldown Seflal Audio Port‘ Word 'Clpck. Word §elect clock for the digital signal that is
active on the serial port's input data line

MCLK 13 DI Weak Pulldown Master Clock usgd for internal clock tree, sub-circuit/state machine, and Serial
Audio Port clocking
Dual function pin that functions as an I2C clock input terminal in Software

PBTL/SCL 8 DI Weak Pulldown Control Mode or configures the device to operate in pre-filter Parallel Bridge
Tied Load (PBTL) mode when in Hardware Control Mode

PGND 36, 41 G : Ground for power device circuitry (NOTE: This terminal should be connected
to the system ground)

32, 33, ) _—
PVDD P - Power supply for interal power circuitry
44, 45

SCLK 14 DI Weak Pulldown Ser_lal Audio P(l)rt‘Blt Clock. Blt clock for the digital signal that is active on the
serial data port's input data line

SDIN 15 DI Weak Pulldown Serial Audio Port Serial Data In. Data line to the serial data port

SET CLIP 1 Al : Sensg pin WhICh‘ sgts the maximum output voltage before clipping when the

- soft clipper circuit is active

SPK_FAULT 5 DO Open-Drain (S)E;Tlrléer amplifier fault terminal, which is pulled LOW when an internal fault

SPK_GAINO 10 DI Weak Pulldown Adjusts the LSB of the multi-bit gain of the speaker amplifier

SPK_GAIN1 11 DI Weak Pulldown Adjusts the MSB of the multi-bit gain of the speaker amplifier

SPK_SLEEP/AD 12 DI Weak Pullu In Hardware Control Mode, places the speaker amplifier in sleep mode. In

R p Software Control Mode, is used to determine the [2C Address of the device

SPK_OUTA- 40 AO - Negative pin for differential speaker amplifier output A

SPK_OUTA+ 42 AO - Positive pin for differential speaker amplifier output A
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Pin Functions (continued)
PIN
TYPE INTERNAL TERMINATION DESCRIPTION
NAME NO.
SPK_OUTB- 37 AO - Negative pin for differential speaker amplifier output B
SPK_OUTB+ 35 AO - Positive pin for differential speaker amplifier output B
SPK_SD 6 DI - Places the speaker amplifier in shutdown
VCOM 3 P - Bias voltage for internal PWM conversion block
Provides both electrical and thermal connection from the device to the board.
A matching ground pad must be provided on the PCB and the device
PowerPAD™ - G - o N . .
connected to it via solder. For proper electrical operation, this ground pad
must be connected to the system ground.

7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT
Ambient Operating Temperature, Tp -25 85 °C
Temperature -
Ambient Storage Temperature, Tg -40 125 °C
AVDD Supply -0.3 20 \%
Supply Voltage PVDD Supply -0.3 20 \%
DRVDD and DVDD Supply -0.3 4 \%
DVDD Referenced Digital -
Input Voltages Digital Inputs referenced to DVDD supply -0.5 DvDD + 0.5 \%
DRVDD Referenced Digital Digital Inputs referenced to DRVDD supply -0.5 DRVDD + 0.5 \%
Input Voltages
Headphone Load Rup 12.8 Q
Line Driver Load Rip 600 Q
\S/gﬁgsgr Amplifier Output Vspk_ouTxx,» Measured at the output pin -0.3 22 \%
Storage temperature range, Ty -40 125 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation 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.

7.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001 ™ 4000
Vesp)  Electrostatic discharge Charg(ze)d-device model (CDM), per JEDEC specification JESD22- 1500 \4
C101

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT

Ta Ambient Operating Temperature -25 85 °C
AVDD AVDD Supply 4.5 16.5 Y
PVDD PVDD Supply 4.5 16.5 Y
DRVDD, DVDD  DRVDD and DVDD Supply 2.8 3.63 Y
VIHR) :Siglijtgll_?ngriﬁtlglGH for DVDD and DRVDD Referenced DVDD Vv

VIL o) |n'pl'.lt Logic LOW for DVDD and DRVDD Referenced 0 Vv

Digital Inputs
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Recommended Operating Conditions (continued)

over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
Rup Headphone Load 16 Q
Rip Line Driver Load Q
Rspk (BTL) Minimum Speaker Load in BTL Mode Q
Rspk (PBTL) Minimum Speaker Load in PBTL Mode 2 Q
7.4 Thermal Information
TAS5760LD
THERMAL METRIC® DCA [HTSSOP] | DCA [HTSSOP] UNIT
48 PIN® 48 PIN®
63a Junction-to-ambient thermal resistance 60.3 30.2 °C/IW
8¢ (top) Junction-to-case (top) thermal resistance 16 14.3 °C/IW
038 Junction-to-board thermal resistance 12 12.7 °C/IW
Wit Junction-to-top characterization parameter 0.4 0.6 °C/IW
Wig Junction-to-board characterization parameter 11.9 12.7 °C/IW
83cbottom)  Junction-to-case (bottom) thermal resistance 0.8 0.7 °C/IW
(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.
(2) JEDEC Standard 2 Layer Board
(3) JEDEC Standard 4 Layer Board

7.5 Digital I/O Pins

over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Input Logic HIGH threshold for DVDD All digital pins except for
ViHi Referenced Digital Inputs DR_MUTE 70 %DVDD
Input Logic LOW threshold for DVDD All digital pins except for o
Vi Referenced Digital Inputs DR_MUTE 30| %DVDD
. All digital pins except for
liH1 Input Logic HIGH Current Level DR_I\%IUTE P 15 HA
. All digital pins except for
i1 Input Logic LOW Current Level DR_MUTE -15 HA
Vou Output Logic HIGH Voltage Level lon =2 MA 90 %DVDD
VoL Output Logic LOW Voltage Level lon = -2 mA 10| %DVDD
Input Logic HIGH threshold for DRVDD . o
Vik2 Referenced Digital Inputs For DR_MUTE Pin 60 %DRVDD
Input Logic LOW threshold for DRVDD . o
Vi Referenced Digital Inputs For DR_MUTE Pin 40 %DRVDD
lih2 Input Logic HIGH Current Level For DR_MUTE Pin 1 pA
liLo Input Logic LOW Current Level For DR_MUTE Pin -1 pA
7.6 Master Clock
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Dmerk Allowable MCLK Duty Cycle 45% 50% 55%
MCLK Input Frequency 25 MHz
Supported single-speed MCLK Values: 64, 128, 192, 256, 384,
- 64 512
fveLk Frequencies and 512 ;
X Ts
Supported double-speed MCLK .
Frequencies Values: 64, 128, and 256 64 256
6 Submit Documentation Feedback Copyright © 2013-2015, Texas Instruments Incorporated

Product Folder Links: TAS5760LD



http://www.ti.com/product/tas5760ld?qgpn=tas5760ld
http://www.ti.com
http://www.ti.com/lit/pdf/SPRA953
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLOS781A&partnum=TAS5760LD
http://www.ti.com/product/tas5760ld?qgpn=tas5760ld

13 TEXAS
INSTRUMENTS

www.ti.com

TAS5760LD
SLOS781A —JULY 2013—REVISED JULY 2015

7.7 Serial Audio Port
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
DscLk Allowable SCLK Duty Cycle 45% 50% 55%
ty L Time high and low, SCLK, LRCK, SDIN 10 ns
Input trisg £ 1 ns, input tpa <1 5
ns
tsu Setup and Hold time. LRCK, SDIN input | Input tgisg < 4 ns, input tea . <4
tHip to SCLK edge ns 8 ns
Input tr;sg < 8 ns, input tpa . <8 12
ns
triseE Rise-time SCLK, LRCK, SDIN inputs ns
traLL Fall-time SCLK, LRCK, SDIN inputs ns
Sample rates above 48kHz
fs Supported Input Sample Rates f#f é) é), Irltt\e/;jhit():%"igo;ckiilsa?gdeed 32 96 kHz
through the 12C control port
fscLk Supported SCLK Frequencies Values include: 32, 48, 64 32 64 fs
7.8 Protection Circuitry
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
OVERrTHRes(pvDp) PVDD Overvoltage Error Threshold PVDD Rising 18 \%
OVErtHrespvopy  PVDD Overvoltage Error Threshold PVDD Falling 17.3 \%
UVErTHRES(PVDD) ?szghglgde“’o'tage Error (UVE) PVDD Falling 3.95 v
UVEgtHREs(PvDD) PVDD UVE Threshold (PVDD Rising) | PVDD Rising 4.15 \%
OTEmhres ?Xg;ir;zerature Error (OTE) 150 °c
OTEnyst S;/gtré?éns?:rature Error (OTE) 15 oc
OCErnres eOé\l/cer:cg_rrrLerguEthtr (OCE) Threshold for PVDD= 15V, T, = 25 °C 7 A
DCETuRres DC Error (DCE) Threshold PVDD= 12V, T4 = 25 °C 2.6 Y,
TemCEAULT Egreigé(er Amplifier Fault Time Out ([;-:EDeteCt Error 650 ms
or OCP Fault 1.3 s
VErsmssionoo) ngenotade ST (VE) reshad | sensedon DR_uve pin v
lLmToR) Current Sourcing_Limit _of the B 68 mA
Headphone and line driver amplifier
7.9 Speaker Amplifier in All Modes
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Hardware Control Mode
AVoo Speaker Amplifier_Gai_n with (Additiona_l gain settings 25.2 dBV
SPK_GAIN[1:0] Pins = 00 available in Software Control
Mode)®
Hardware Control Mode
AV, Speaker Amplifier Gain with (Additional gain settings 28.6 dBV

SPK_GAIN[1:0] Pins = 01

available in Software Control
Mode)®

(1) The digital boost block contributes +6dB of gain to this value. The audio signal must be kept below -6dB to avoid clipping the digital

audio path.
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Speaker Amplifier in All Modes (continued)

over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Hardware Control Mode
AV Speaker Amplifier Gain with (Additional gain settings 31 dBV
10 SPK_GAIN[1:0] Pins = 10 available in Software Control
Mode)®
Speaker Amplifier Gain with (This setting places the device P
AVyy SPK_GAIN[1:0] Pins = 11 in Software Control Mode) (Set via IC)
BTL, Worst case over voltage, 10 mv
ain settings
IVOSl(spx_ Speaker Amplifier DC Offset g g
AMP) PBTL, Worst case over voltage, 15 mv
gain settings
(Hardware Control Mode.
f Speaker Amplifier Switching Frequency | Additional switching rates 16 .
SPK_AMP(0) \when PWM_FREQ Pin = 0 available in Software Control S
Mode.)
(Hardware Control Mode.
f Speaker Amplifier Switching Frequency | Additional switching rates 8 .
SPK_AMP(1) \when PWM_FREQ Pin = 1 available in Software Control s
Mode.)
PVDD =15V, TA = 25 °C, Die 120 ma
Onl
R On Resistance of Output MOSFET (both Y "
DSON)  high-side and low-side) PVDD= 15V, TA = 25 °C,
Includes: Die, Bond Wires, 150 mQ
Leadframe
fg = 44.1 kHz 37
¢ —3-dB Corner Frequency of High-Pass | fs = 48 kHz 4 Hy
¢ Filter fs = 88.2 kHz 7.4
fs = 96 kHz 8

7.10 Speaker Amplifier in Stereo Bridge-Tied Load (BTL) Mode

input signal is 1 kHz Sine, specifications are over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
PVDD =12 V, SPK_GAINI[1:0] Pins = 00, ) 66 ) Vims
_ Rspx = 8Q, A-Weighted H
ICN(spk) Idle Channel Noise -
PVDD =15 V, SPK_GAINJ[1:0] Pins = 01, ) 75 } Vrms
Rspk = 8Q, A-Weighted H
PVDD =12V, SPK_GAINI[1:0] Pins = 00, ) 14.2 ) W
Repx = 4Q, THD+N = 0.1%, :
PVDD =12 V, SPK_GAINI[1:0] Pins = 00, ) 8 ) W
b Maximum Instantaneous Rspk = 8Q, THD+N = 0.1%
O(SPK) Output Power Per. Ch. PVDD = 15 V, SPK_GAIN[1:0] Pins = 01, - 21.9 - w
Repx = 4Q, THD+N = 0.1%,
PVDD = 15 V, SPK_GAINJ[1:0] Pins = 01, - 12.5 - W
RSPK = 80, THD+N = 0.1%
8 Submit Documentation Feedback Copyright © 2013-2015, Texas Instruments Incorporated
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Speaker Amplifier in Stereo Bridge-Tied Load (BTL) Mode (continued)

input signal is 1 kHz Sine, specifications are over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
PVDD =12 V, SPK_GAINI[1:0] Pins = 00, ) 14 ) W
RSPK = 4Q, THD+N = 0.1%,
PVDD = 12 V, SPK_GAIN[1:0] Pins = 00, ] 8 ] W
P Maximum Continuous Rspk = 8Q, THD+N = 0.1%
O(SPK) Output Power Per. Ch. [ pypp = 15 v, SPK_GAIN[L:0] Pins = 01, ] 1395 ] w
Rspk = 4Q, THD+N = 0.1%, '
PVDD = 15 V, SPK_GAIN[1:0] Pins = 01, ] 125 ] W
Rspk = 8Q, THD+N = 0.1% :
. . . PVDD =12 V, SPK_GAINJ[1:0] Pins = 00, ) 09.7 ) dB
Signal to Noise Ratio _ | Rspk = 8Q, A-Weighted, -60dBFS Input :
SNRspiy  (Referenced to THD+N = 1 15V, SPK_GAIN[10] Pins = 01
1%) =15V, SPK_GAIN[1:0] Pins = 01, - 98.2 - dB
Rspk = 8Q, A-Weighted, -60dBFS Input '
PVDD =12 V, SPK_GAINJ[1:0] Pins = 00, ) o )
Rspk = 40, Po=1W 0.02%
PVDD = 12 V, SPK_GAIN[1:0] Pins = 00, ] 0.03% ]
THD+N Total Harmonic Distortion | Rspk = 8Q, Po =1 W
(5P} and Noise PVDD = 15 V, SPK_GAIN[1:0] Pins = 01, ] 0.03% ]
RSPK=4Qr Po=1W ’
PVDD = 15 V, SPK_GAIN[1:0] Pins = 01, ] . ]
RSPK = 80, Po=1W 0.03%
PVDD =12 V, SPK_GAINJ[1:0] Pins = 00,
Rspk = 8Q, Input Signal 250 mVrms, 1kHz - -92 - dB
Cross-talk (worst case Sine
X-Talkispky between LtoR and RtoL -
coupling) PVDD = 15 V, SPK_GAIN[1:0] Pins = 01,
Rspk = 8Q, Input Signal 250 mVrms, 1kHz - -93 - dB
Sine

(1) The continuous power output of any amplifier is determined by the thermal performance of the amplifier as well as limitations placed on
it by the system around it, such as the PCB configuration and the ambient operating temperature. The performance characteristics listed
in this section are achievable on the TAS5760LD's EVM, which is representative of the poplular "2 Layers / 10z Copper" PCB
configuration in a size that is representative of the amount of area often provided to the amplifier section of popular consumer audio
electronics. As can be seen in the instantaneous power portion of this table, more power can be delivered from the TAS5760LD if steps
are taken to pull more heat out of the device. For instance, using a board with more layers or adding a small heatsink will result in an
increase of continuous power, up to and including the instantaneous power level. This behavior can also been seen in the POUT vs.
PVDD plots shown in the typical performance plots section of this data sheet.
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7.11 Speaker Amplifier in Mono Parallel Bridge-Tied Load (PBTL) Mode
input signal is 1 kHz Sine, specifications are over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP | wmAx UNIT
PVDD = 12 V, SPK_GAIN[1:0] Pins = 00, - 69 - HVrms
N dle Ch I Noi Rspk = 8Q, A-Weighted
e anne! olise
PVDD = 15 V, SPK_GAIN[1:0] Pins = 01,
Repk = 8Q, A-Weighted - 85 - uvrms
PVDD = 12 V, SPK_GAIN[L:0] Pins = 00, ) 286 ) W
Repx = 2Q, THD+N = 0.1%, :
PVDD = 12 V, SPK_GAIN[L:0] Pins = 00, ] 159 ] W
Repx = 4Q, THD+N = 0.1%, :
PVDD = 12 V, SPK_GAIN[L:0] Pins = 00, ] 84 ] W
p Maximum Instantaneous Output Rspk = 8Q, THD+N = 0.1% '
OEPK) - Power PVDD = 15 V, SPK_GAIN[L:0] Pins = 01, ] 432 ] w
Repi = 2Q, THD+N = 0.1%, :
PVDD = 15 V, SPK_GAIN[L:0] Pins = 01, ] - ] W
Repx = 4Q, THD+N = 0.1%,
PVDD = 15 V, SPK_GAIN[1:0] Pins = 01, ) 133 ) W
Repk = 8Q, THD+N = 0.1% :
PVDD = 12 V, SPK_GAIN[1:0] Pins = 00, ) 20 ) W
Repx = 2Q, THD+N = 0.1%,
PVDD = 12 V, SPK_GAIN[L:0] Pins = 00, ] 159 ] W
Repx = 4Q, THD+N = 0.1%, :
PVDD = 12 V, SPK_GAIN[L:0] Pins = 00, ] 84 ] W
P Maximum Continuous Output Rspk = 8Q, THD+N = 0.1% '
OEPK) - Power® PVDD = 15 V, SPK_GAIN[L:0] Pins = 01, ] 985 ] w
Repi = 2Q, THD+N = 0.1%, :
PVDD = 15 V, SPK_GAIN[L:0] Pins = 01, ] - ] W
Repx = 4Q, THD+N = 0.1%,
PVDD = 15 V, SPK_GAIN[1:0] Pins = 01, ) 133 ) W
Repk = 8Q, THD+N = 0.1% :
PVDD = 12 V, SPK_GAIN[1:0] Pins = 00, ) 1004 ) B
SNR Signal to Noise Ratio (Referenced | Rspk = 8Q, A-Weighted, -60dBFS Input )
to THD+N = 1%) PVDD = 15 V, SPK_GAIN[1:0] Pins = 01, ) 995 ) 4B
Rspk = 8Q, A-Weighted, -60dBFS Input '
PVDD = 12 V, SPK_GAIN[L:0] Pins = 00, ] . ]
Repx = 20, Po= 1 W 0.03%
PVDD = 12 V, SPK_GAIN[L:0] Pins = 00, ] . ]
Rsp = 40, PO = 1 W 0.02%
PVDD = 12 V, SPK_GAIN[L:0] Pins = 00, ] 0.02% ]
THD+N Total Harmonic Distortion and Rspk =8Q, Po=1W ]
©P9 Noise PVDD = 15 V, SPK_GAIN[1:0] Pins = 01, ] 0.03% ]
Repk = 2Q, Po=1W ST
PVDD = 15 V, SPK_GAIN[1:0] Pins = 01, ] . ]
Repk = 4Q, Po= 1 W 0.02%
PVDD = 15 V, SPK_GAIN[L:0] Pins = 01, ] . ]
Repk = 8Q, Po= 1 W 0.02%

(1) The continuous power output of any amplifier is determined by the thermal performance of the amplifier as well as limitations placed on
it by the system around it, such as the PCB configuration and the ambient operating temperature. The performance characteristics listed
in this section are achievable on the TAS5760LD's EVM, which is representative of the poplular "2 Layers / 10z Copper" PCB
configuration in a size that is representative of the amount of area often provided to the amplifier section of popular consumer audio
electronics. As can be seen in the instantaneous power portion of this table, more power can be delivered from the TAS5760LD if steps
are taken to pull more heat out of the device. For instance, using a board with more layers or adding a small heatsink will result in an
increase of continuous power, up to and including the instantaneous power level. This behavior can also been seen in the POUT vs.
PVDD plots shown in the typical performance plots section of this data sheet.

7.12 Headphone Amplifier and Line Driver
input signal is 1 kHz Sine, specifications are over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Input to Output Attenuation when muted 80 dB

Output Offset Voltage of Headphone

IVOSlior) Amplifier and Line Driver

0.5 mV
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Headphone Amplifier and Line Driver (continued)

input signal is 1 kHz Sine, specifications are over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
fep Charge Pump Switching Frequency 200 300 400 kHz
ICN(Hp) Idle Channel Noise Rup) = 32 Q, A-Weighted 13 pvrms
ICN(Lp) Idle Channel Noise R(Lp) = 3 kQ, A-Weighted 11 pvrms
" Rgp) = 16 Q, THD+N = 1%,
Pop) Headphone Amplifier Output Power Outputs in Phase 40 mw
Power Supply Rejection Ratio of
PSRRoR) Headphone Amplifier and Line Driver 80 dB
(Referenced to 25 mW Output
SNRp) Signal to Noise Ratio Signal), Rgp) = 16 Q, A- 96 dB
Weighted
(Referenced to 2 Vrms Output
SNR(.p) Signal to Noise Ratio Signal), Rqp) = 3 kQ, A- 920 105 dB
Weighted
Total Harmonic Distortion and Noise for _ o
THD+N(HP) 0 Headphone Amplifier Pop) = 10 mW 0.01%
Total Harmonic Distortion and Noise for _ o
THD+N(|_D) the Line Driver VO(LD) =2Vrms 0.002%
o THD+N = 1%, R(p) = 3KQ,
Vo(Lp) Line Driver Output Voltage Outputs in Phase 2 2.4 Vrms
Cross-talk (worst case between LtoR _
X-Talk(Hp) and RtoL Coupling) PO(HP) =20 mW -90 dB
Cross-talk (worst case between LtoR _
X-Talk(_p) and RtoL coupling) Vo =1Vrms =111 dB
Zo(oR) Output Impedance when muted DR_MUTE = LOW 110 mQ
IMUTER) %Lljjrt;ent drawn from DRVDD supply in DR_MUTE = LOW 12 mA
| Current drawn from DRVDD supply with | DR_MUTE = HIGH, Po(p) = 25 60 mA
PRVDD(HP)  headphone mW, Input = 1kHz
| Current drawn from DRVDD supply with | DR_MUTE = HIGH, Vgp) = 2 12 mA
DRVDD(LD)  [ine driver Vrms, Input = 1kHz
7.13 I2C Control Port
specifications are over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Criec) Allowable Load Capacitance for Each 12C 400 pF
Line
fscL Support SCL frequency No Wait States 400 kHz
tput Bus Free time between STOP and 1.3 uS
START conditions
tiec) Rise Time, SCL and SDA 300 ns
thl(IZC) Hold Time, SCL to SDA ns
thogec) Hold Time, START condition to SCL 0.6 us
tecstary  12C Startup Time 12 mS
tr(ec) Rise Time, SCL and SDA 300 ns
tsuiecy  Setup Time, SDA to SCL 100 ns
tsuzqecy  Setup Time, SCL to START condition 0.6 uSs
tsusqecy  Setup Time, SCL to STOP condition 0.6 uS
Tw(H) Required Pulse Duration, SCL HIGH 0.6 uS
Tww) Required Pulse Duration, SCL LOW 1.3 uS
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7.14 Typical Idle, Mute, Shutdown, Operational Power Consumption
input signal is 1 kHz Sine, specifications are over operating free-air temperature range (unless otherwise noted)

VPVDD RSPK SPEAKER AMPLIFIER STATE IPVDD+AVDD IDVDD PDlSS
Vi [Q] [mA] [mA] W]
4 23.48 3.73 0.15
Idle
8 23.44 3.72 0.15
4 23.53 3.72 0.15
Mute
8 fspk_amp = 23.46 3.72 0.15
4 384kHz 13.26 0.48 0.08
Sleep
8 13.27 0.53 0.08
4 0.046 0.04 0
Shutdown
8 0.046 0.03 0
4 30.94 3.71 0.2
Idle
8 30.94 3.71 0.2
4 29.37 3.71 0.19
Mute
5 8 fspk_amp = 29.39 3.71 0.19
4 768kHz 13.24 0.5 0.08
Sleep
8 13.23 0.52 0.08
4 0.046 0.03 0
Shutdown
8 0.046 0.03 0
4 39.39 3.7 0.25
Idle
8 39.43 3.7 0.25
4 36.91 3.7 0.23
Mute
8 fspi_amp = 36.9 3.69 0.23
4 1152kHz 13.17 0.53 0.08
Sleep
8 13.13 0.45 0.08
4 0.046 0.03 0
Shutdown
8 0.046 0.03 0
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Typical Idle, Mute, Shutdown, Operational Power Consumption (continued)

input signal is 1 kHz Sine, specifications are over operating free-air temperature range (unless otherwise noted)

VpvbD Rspk IpvDD+AVDD Ipvbp Ppiss
V] Q] SPEAKER AMPLIFIER STATE [MA] [MA] (W]
4 32.95 3.74 0.41
Idle
8 32.93 3.73 0.41
4 32.98 3.73 0.41
Mute
8 fspk_amp = 32.97 3.73 0.41
4 384kHz 12.71 0.47 0.15
Sleep
8 12.75 0.5 0.15
4 0.053 0.04 0
Shutdown
8 0.053 0.04 0
4 44.84 3.73 0.55
Idle
8 44.82 3.73 0.55
4 42.71 3.72 0.52
Mute
12 8 fspk_amp = 42.66 3.72 0.52
4 768kHz 12.71 0.49 0.15
Sleep
8 12.73 0.52 0.15
4 0.063 0.03 0
Shutdown
8 0.053 0.03 0
4 59.3 3.73 0.72
Idle
8 59.3 3.73 0.72
4 55.74 3.72 0.68
Mute
8 fspk_amp = 55.74 3.72 0.68
4 1152kHz 12.67 0.49 0.15
Sleep
8 12.61 0.43 0.15
4 0.053 0.02 0
Shutdown
8 0.053 0.03 0
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7.15 Typical Speaker Amplifier Performance Characteristics (Stereo BTL Mode)

At T, = 25°C, fspi_amp = 384 kHz, input signal is 1 kHz Sine, unless otherwise noted. Filter used for 8 Q = 22 pH + 0.68 pF,
Filter used for 6 Q = 15 uH + 0.68 pF, Filter used for 4 Q = 10 pH + 0.68 YF unless otherwise noted.

Output Power (W)

PVDD = 12 V, Both Channels Driven

Figure 5. THD+N vs Output Power

G027

Output Power (W)

PVDD = 12 V, Both Channels Driven
Figure 6. THD+N vs Output Power
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Figure 1. Output Power vs PVDD Figure 2. THD+N vs Frequency
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Typical Speaker Amplifier Performance Characteristics (Stereo BTL Mode) (continued)

At Tp = 25°C, fsp_amp = 384 kHz, input signal is 1 kHz Sine, unless otherwise noted. Filter used for 8 Q = 22 pH + 0.68 pF,
Filter used for 6 Q = 15 pH + 0.68 pF, Filter used for 4 Q = 10 pH + 0.68 pF unless otherwise noted.

100 0
o5 | Re=8Q -10 | PYDD =15V — Right-to-Left
I = — -t0-Ri
o - /’— _gg RL=4Q Left-to-Right
g s / 7 40
5 // g -5
s & [/ 2 0
g 75 T -70
i l/ g 80
g ” 5 -90
L
g [ -100
60 -110
55 " — PVDD=12V -120
, —— PVDD=15V -130
50 -140
0 5 10 15 20 25 30 35 20 100 1k 10k 20k
Total Output Power (W) 030 Frequency (Hz) G031
Figure 7. Efficiency vs Output Power Figure 8. Crosstalk vs Frequency
0 0
PVDD =12V PVDD =12V
-10| R =80Q 10| R =80Q
~20 _p0 | DVDD =33V +200mVep
-30 -30
o o
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& &
-50 -50
) )
o /—/ o
-60 s -60
-70 v -70 A
-80 S REEL -80 — =T
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Frequency (Hz) cots Frequency (Hz) G020
Figure 9. PVDD PSRR vs Frequency Figure 10. DVDD PSRR vs Frequency
40 35
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= <
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IS A —
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= By S 26 =
3 // © "
| /
25 23
20
20 8 9 10 11 12 13 14 15 16
8 9 10 11 12 13 14 15 16 PVDD (V) 0z
PVDD (V) cosz | With LC Filter as shown on the EVM
Figure 11. Idle Current Draw vs PVDD (Filterless) Figure 12. Idle Current Draw vs PVDD
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Typical Speaker Amplifier Performance Characteristics (Stereo BTL Mode) (continued)

At Tp = 25°C, fsp_amp = 384 kHz, input signal is 1 kHz Sine, unless otherwise noted. Filter used for 8 Q = 22 pH + 0.68 pF,
Filter used for 6 Q = 15 pH + 0.68 pF, Filter used for 4 Q = 10 pH + 0.68 pF unless otherwise noted.
50

R =80Q

a7

/

44 ~

41 //

Current (WA)

38

35
8 9 10 11 12 13 14 15 16

PVDD (V) oz
Figure 13. Shutdown Current Draw vs PVDD (Filterless)
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Typical Speaker Amplifier Performance Characteristics (Stereo BTL Mode) (continued)

At Tp = 25°C, fspk_amp = 768 kHz, input signal is 1 kHz Sine, unless otherwise noted.
Filter used for 8 Q = 22 pH + 0.68 pF, Filter used for 6 Q = 15 pH + 0.68 pF, Filter used for 4 Q = 10 pH + 0.68 pF unless

otherwise noted.

4 6 8
Supply Voltage (V)

Thermal Limits are referenced to TAS5760xxEVM Rev D

Figure 14. Output Power vs PVDD
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Figure 15. THD+N vs Frequency

Output Power per Channel (W)

PVDD = 12 V, Both Channels Driven
Figure 18. THD+N vs Output Power
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Figure 16. THD+N vs Frequency Figure 17. Idle Channel Noise vs PVDD
10 —7 10 T
— R =40Q = — R =4Q HH
— R.Z6Q 1 — R.=6Q H
— R.=80Q — R_.=8Q
1 1
—~ | | ~
g [ g
= | z
+ 0.1 + 0.1
[a) 1 [a)
o) == i 2
(= — — = 7 = Bt —
0.01 0.01 NN
0.001 0.001
0.01 0.1 1 10 30 0.01 0.1 1 10 60

PVDD = 12 V, Both Channels Driven

Output Power per Channel (W)

G010

Figure 19. THD+N vs Output Power
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Typical Speaker Amplifier Performance Characteristics (Stereo BTL Mode) (continued)

At Tp = 25°C, fspk_amp = 768 kHz, input signal is 1 kHz Sine, unless otherwise noted.

Filter used for 8 Q = 22 pyH + 0.68 pF, Filter used for 6 Q = 15 pH + 0.68 pF, Filter used for 4 Q = 10 pH + 0.68 pF unless
otherwise noted

PVDD (V) s

Figure 24. Idle Current Draw vs PVDD (with LC Filter as
shown on EVM)

Figure 25. Shutdown Current Draw vs PVDD (Filterless)
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Figure 20. Efficiency vs Output Power Figure 21. Crosstalk vs Frequency
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7.16 Typical Performance Characteristics (Mono PBTL Mode)
At T, = 25°C, fspi_avp = 384 kHz, input signal is 1 kHz Sine unless otherwise noted.
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PVDD =12V, POSPK =1W PVDD =12V, POSPK =1W
Figure 26. THD+N vs Frequency Figure 27. THD+N vs Frequency
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Figure 28. Idle Channel Noise vs PVDD Figure 29. THD+N vs Output Power
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Figure 30. THD+N vs Output Power Figure 31. Efficiency vs Output Power
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Typical Performance Characteristics (Mono PBTL Mode) (continued)

At Tp = 25°C, fspi_amp = 768 kHz, input signal is 1 kHz Sine unless otherwise noted.
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Figure 32. THD+N vs Frequency Figure 33. THD+N vs Frequency
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Figure 34. Idle Channel Noise vs PVDD Figure 35. THD+N vs Output Power with PVDD =12 V
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Figure 36. THD+N vs Output Power with PVDD =12 V Figure 37. Efficiency vs Output Power

8 Parameter Measurement Information

All parameters are measured according to the conditions described in Specifications.
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9 Detailed Description

9.1 Overview

The TAS5760LD is a flexible and easy-to-use stereo class-D speaker amplifier with an I2S input serial audio port.
The TAS5760LD device also includes a dual-purpose headphone and line driver, which features pop/click-less
operation, great audio performance, variable gain setting, and minimal bill of materials. The TAS5760LD supports
a variety of audio clock configurations via two speed modes. In Hardware Control mode, the device only operates
in single-speed mode. When used in Software Control mode, the device can be placed into double speed mode
to support higher sample rates, such as 88.2 kHz and 96 kHz. The outputs of the TAS5760LD can be configured
to drive two speakers in stereo Bridge Tied Load (BTL) mode or a single speaker in Parallel Bridge Tied Load
(PBTL) mode.

Only two power supplies are required for the TAS5760LD. They are a 3.3-V power supply, called VDD, for the
small signal analog and digital and a higher voltage power supply, called PVDD, for the output stage of the
speaker amplifier. To enable use in a variety of applications, PVDD can be operated over a large range of
voltages, as specified in the Recommended Operating Conditions.

To configure and control the TAS5760LD, two methods of control are available. In Hardware Control Mode, the
configuration and real-time control of the device is accomplished through hardware control pins. In Software
Control mode, the 12C control port is used both to configure the device and for real-time control. In Software
Control Mode, several of the hardware control pins remain functional, such as the SPK_SD, SPK_FAULT, and
SFT_CLIP pins. To allow the headphone amplifier / line driver to be used without needing the speaker amplifier
to be active, hardware controls are provided for the headphone amplifier via the DR_MUTE and DR_UVE pins.

9.2 Functional Block Diagram

DVDD DRVDD ANA_REG AVDD  PVDD GVDD_REG
Internal DRVDD Internal Reference Internal Gate %
Voltage R lat > Drive R lat
Supplies egulators rive Regulator
Y A 4
SFT_CLIP4% N Closed Loop Class D Amplifier
Digital to “ Full Bridge
MCLK ' Digital PWM Gate || Power Stage _: SPK_OUTA+
SCLK e} iﬁgi‘)‘ N B(ESt | Digital | |, Conversion | Drives |» A Over- SPK_OUTA-
LRCKEM "port [ volume [ C1PPET ] ™ Clipper Gat Current
SDIN > ate |y : i SPK_OUTB+
Control Analog Drives ] Full Bridge N Protection _
Gain Powe;Stage I SPK_OUTE-
%‘ Clock Monitoring |
DRYDD Temlel\jonitor
DR_INA+ DirectPath™ Ground
DR_INA- Centered Headph / A 4 \ 4 h 4
DR INB+ entered Headphone : :
DR INB- Line Driver Charge Pump | | Internal Control Registers and State Machines
DR_OUTA DR_OUTB DRVSS DR_CP DR_CN pgT; SPK_GAINO SPK_GAIN1 SpKk SD SPK FAULT SPK_SLEEP/ FREQ/
scL - - ADR SDA
Figure 38. Functional Block Diagram
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Functional Block Diagram (continued)
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Figure 39. Functional Block Diagram: Headphone and Line Driver Amplifier

9.3 Feature Description

9.3.1 Power Supplies

The power supply requirements for the TAS5760LD consist of one 3.3-V supply to power the low voltage analog
and digital circuitry and one higher-voltage supply to power the output stage of the speaker amplifier. Several on-
chip regulators are included on the TAS5760LD to generate the voltages necessary for the internal circuitry of
the audio path. It is important to note that the voltage regulators which have been integrated are sized only to
provide the current necessary to power the internal circuitry. The external pins are provided only as a connection
point for off-chip bypass capacitors to filter the supply. Connecting external circuitry to these regulator outputs
may result in reduced performance and damage to the device.

9.3.2 Speaker Amplifier Audio Signal Path

Figure 40 shows a block diagram of the speaker amplifier of the TAS5760LD. In Hardware Control mode, a
limited subset of audio path controls are made available via external pins, which are pulled HIGH or LOW to
configure the device. In Software Control Mode, the additional features and configurations are available. All of
the available controls are discussed in this section, and the subset of controls that available in Hardware Control
Mode are discussed in the respective section below.

Digital Gain Analog Gain
(GDIG) (GANA)

S

Closed Loop Class D Amplifier

HPF Interpolation Digital v Full Bridge

Digital Filter Clipper Digital to PWM Gate Power Stage ,

. Serial Boost
Serial Audio 1 ™ & [ b=
Audio In port [ ™ volume [ anN
Control
T T Power Stage

N

Full Bridge

,,,,, L1 Conversion Drives A PWM
12 3‘4\?,(3" |E”"g N 011010..|:j>ﬂ_|—|_m-| Gate Audio Out
: Drives
B

SFT_CLIP

Figure 40. Speaker Amplifier Audio Signal Path
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Feature Description (continued)
9.3.2.1 Serial Audio Port (SAP)

The serial audio port (SAP) receives audio in either I2S, Left Justified, or Right Justified formats. In Hardware
Control mode, the device operates only in 32, 48 or 64 x fg I12S mode. In Software Control mode, additional
options for left-justified and right justified audio formats are available. The supported clock rates and ratios for
Hardware Control Mode and Software Control Mode are detailed in their respective sections below.

The TAS5760LD device supports SCLK to LRCK ratios of 32, 48, and 64. If SCLK is running at 64 x LRCK,
MCLK can be tied directly to SCLK. Otherwise, MCLK must be driven externally. The valid MCLK to LRCK ratios
are 64, 128, 192, 256, 384, and 512, as long as the frequency of MCLK is 25 MHz or less.

9.3.2.1.1 IS Timing

I2S timing uses LRCK to define when the data being transmitted is for the left channel and when it is for the right
channel. LRCK is LOW for the left channel and HIGH for the right channel. A bit clock, called SCLK, runs at 32,
48, or 64 x fg and is used to clock in the data. There is a delay of one bit clock from the time the LRCK signal
changes state to the first bit of data on the data lines. The data is presented in 2's-complement form (MSB-first)
and is valid on the rising edge of bit clock.

9.3.2.1.2 Left-Justified

Left-justified (LJ) timing also uses LRCK to define when the data being transmitted is for the left channel and
when it is for the right channel. LRCK is HIGH for the left channel and LOW for the right channel. A bit clock
running at 32, 48, or 64 x fg is used to clock in the data. The first bit of data appears on the data lines at the
same time LRCK toggles. The data is written MSB-first and is valid on the rising edge of the bit clock. The
TAS5760LD can accept digital words from 16 to 24 bits wide and pads any unused trailing data-bit positions in
the L/R frame with zeros before presenting the digital word to the audio signal path.

9.3.2.1.3 Right-Justified

Right-justified (RJ) timing also uses LRCK to define when the data being transmitted is for the left channel and
when it is for the right channel. LRCK is HIGH for the left channel and LOW for the right channel. A bit clock
running at 32, 48, or 64 x fg is used to clock in the data. The first bit of data appears on the data 8 bit-clock
periods (for 24-bit data) after LRCK toggles. In RJ mode the LSB of data is always clocked by the last bit clock
before LRCK transitions. The data is written MSB-first and is valid on the rising edge of bit clock. The
TAS5760LD pads unused leading data-bit positions in the left/right frame with zeros before presenting the digital
word to the audio signal path.

9.3.2.2 DC Blocking Filter

Excessive DC content in the audio signal can damage loudspeakers and even small amounts of DC offset in the
signal path cause cause audible artifacts when muting and unmuting the speaker amplifier. For these reasons,
the amplifier employs two separate DC blocking methods for the speaker amplifier. The first is a high-pass filter
provided at the front of the data path to remove any DC from incoming audio data before it is presented to the
audio path. The -3 dB corner frequencies for the filter are specified in the speaker amplifier electrical
characteristics table. In Hardware Control mode, the DC blocking filter is active and cannot be disabled. In
Software Control mode, the filter can be bypassed by writing a 1 to bit 7 of register 0x02. The second method is
a DC detection circuit that will shutdown the power stage and issue a latching fault if DC is found to be present
on the output due to some internal error of the device. This DC Error (DCE) protection is discussed in the
Protection Circuitry section below.

9.3.2.3 Digital Boost and Volume Control

Following the high-pass filter, a digital boost block is included to provide additional digital gain if required for a
given application as well as to set an appropriate clipping point for a given GAIN[1:0] pin configuration when in
Hardware Control mode. The digital boost block defaults to +6dB when the device is in Hardware Mode. In most
use cases, the digital boost block will remain unchanged when operating the device in Software Control mode, as
the volume control offers sufficient digital gain for most applications. The TAS5760LD's digital volume control
operates from Mute to 24 dB, in steps of 0.5 dB. The equation below illustrates how to set the 8-bit volume
control register at address 0x04:

DVC [Hex Value] = OxCF + (DVC [dB]/ 0.5 [dB] ) 1)
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Feature Description (continued)

Transitions between volume settings will occur at a rate of 0.5 dB every 8 LRCK cycles to ensure no audible
artifacts occur during volume changes. This volume fade feature can be disabled via Bit 7 of the Volume Control
Configuration Register.

9.3.2.4 Digital Clipper

A digital clipper is integrated in the oversampled domain to provide a component-free method to set the clip point
of the speaker amplifier. Through the "Digital Clipper Level x" controls in the 12C control port, the point at which
the oversampled digital path clips can be set directly, which in turns sets the 10% THD+N operating point of the
amplifier. This is useful for applications in which a single system is designed for use in several end applications
that have different power rating specifications. Its place in the oversampled domain ensures that the digital
clipper is acoustically appealing and reduces or eliminates tones which would otherwise foldback into the audio
band during clipping events. Figure 41 shows a block diagram of the digital clipper.

Digital Clipper
Digital to PWM
Conversion

w 011010..D> ik
Digital j

Comparator

A 4

22 Bit Audio Sample in Data Path

A 4

20 Bit Digital Clipper Level in Control Port T_

Figure 41. Digital Clipper Simplified Block Diagram

As mentioned previously, the audio signature of the amplifier when the digital clipper is active is very smooth,
owing to its place in the signal chain. Figure 42 shows the typical behavior of the clipping events.

FLIMIT=6D

FLIMIT = 4D

PLIMIT =20

Figure 42. Digital Clipper Example Waveform for Various Settings of Digital Clip Level [19:0]

It is important to note that the actual signal developed across the speaker will be determined not only by the
digital clipper, but also the analog gain of the amplifier. Depending on the analog gain settings and the PVDD
level applied, clipping could occur as a result of the voltage swing that is determined by the gain being larger
than the available PVDD supply rail. The gain structures are discussed in detail below for both Hardware Control
Mode and Software Control Mode.
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Feature Description (continued)
9.3.2.5 Closed-Loop Class-D Amplifier

Following the digital clipper, the interpolated audio data is next sent to the Closed-Loop Class-D amplifier, whose
first stage is Digital to PWM Conversion (DPC) block. In this block, the stereo audio data is translated into two
pairs of complimentary pulse width modulated (PWM) signals which are used to drive the outputs of the speaker
amplifer. Feedback loops around the DPC ensure constant gain across supply voltages, reduce distortion, and
increase immunity to power supply injected noise and distortion. The analog gain is also applied in the Class-D
amplifier section of the device. The gain structures are discussed in detail below for both Hardware Control Mode
and Software Control Mode.

The switching rate of the amplifier is configurable in both Hardware Control Mode and Software Control Mode. In
both cases, the PWM switching frequency is a multiple of the sample rate. This behavior is described in the
respective Hardware Control Mode and Software Control Mode sections below.

9.3.3 Speaker Amplifier Protection Suite

The speaker amplifier in the TAS5760LD includes a robust suite of error handling and protection features. It is
protected against Over-Current, Under-Voltage, Over-Voltage, Over-Temperature, DC, and Clock Errors. The
status of these errors is reported via the SPK_FAULT pin and the appropriate error status register in the 12C
Control Port. The error or handling behavior of the device is characterized as being either "Latching" or "Non-
Latching" depending on what is required to clear the fault and resume normal operation (that is playback of
audio).

For latching errors, the SPK_SD pin or the SPK_SD bit in the control port must be toggled in order to clear the
error and resume normal operation. If the error is still present when the SPK_SD pin or bit transitions from LOW
back to HIGH, the device will again detect the error and enter into a fault state resulting in the error status bit
being set in the control port and the SPK_FAULT line being pulled LOW. If the error has been cleared (for
example, the temperature of the device has decreased below the error threshold) the device will attempt to
resume normal operation after the SPK_SD pin or bit is toggled and the required fault time out period
(Tspk FauLT ) has passed. If the error is still present, the device will once again enter a fault state and must be
placed into and brought back out of shutdown in order to attempt to clear the error.

For non-latching errors, the device will automatically resume normal operation (that is playback) once the error
has been cleared. The non-latching errors, with the exception of clock errors will not cause the SPK_FAULT line
to be pulled LOW. It is not necessary to toggle the SPK_SD pin or bit in order to clear the error and resume
normal operation for non-latching errors. Table 1 details the types of errors protected by the TAS5760LD's
Protection Suite and how each are handled.

9.3.3.1 Speaker Amplifier Fault Notification (SPK_FAULT Pin)

In both hardware and Software Control mode, the SPK_FAULT pin of the TAS5760LD serves as a fault indicator
to notify the system that a fault has occurred with the speaker amplifier by being actively pulled LOW. This pin is
an open-drain output pin and, unless one is provided internal to the receiver, requires an external pullup to set
the net to a known value. The behavior of this pin varies based upon the type of error which has occurred.

In the case of a latching error, the fault line will remain LOW until such time that the TAS5760LD has resumed
normal operation (that is the SPK_SD pin has been toggled and Tspx_rauct has passed).

With the exception of clock errors, non-latching errors will not cause the SPK_FAULT pin to be pulled LOW.
Once a non-latching error has been cleared, normal operation will resume. For clocking errors, the SPK_FAULT
line will be pulled LOW, but upon clearing of the clock error normal operation will resume automatically, that is,
with no Tspk gaulT delay.

One method which can be used to convert a latching error into an auto-recovered, non-latching error is to
connect the SPK_FAULT pin to the SPK_SD pin. In this way, a fault condition will automatically toggle the
SPK_SD pin when the SPK_FAULT pin goes LOW and returns HIGH after the Tspx_rauct Period has passed.
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Feature Description (continued)

Table 1. Protection Suite Error Handling Summary
ERROR CAUSE FAULT TYPE ERROR IS CLEARED BY:

Non-Latching
Overvoltage Error PVDD level rises above that specified by (SPK_FAULT

PVDD level returning below OVEtHresrPvDD)

(OVE) OVEgRTHRES(PVDD) Pin is not pulled
LOW)
Non-Latchin
Undervoltage Error PVDD voltage level drops below that (SPK_FAULT .
(UVE) specified by UVErrires(spi) Pinis not pulled | " VDD level returning above UVErres(evop)
LOW)
One or more of the following errors has
occured: Non-Latching
Clock Error 1. Non-Supported MCLK to LRCK| (SPK_FAULT . .
(CLKE) and/or SCLK to LRCK Ratio Pin is pulled Clocks returning to valid state
2. Non-Supported MCLK or LRCK rate LOwW)

3. MCLK, SCLK, or LRCK has stopped
Speaker Amplifier output current has

Overcurrent Error Tspx_rauct has passed AND SPK_SD Pin or Bit

(OCE) increased above the level specified by Latching Toggle
OCEthrEes
DC offset voltage on the speaker I == o .
DC Detect Error amplifier output has increased above the Latching Tspr_FauLt has passed AND SPK_SD Pin or Bit

(DCE) Toggle

level specified by the DCEthres

Tspk FauLT has passed AND SPK_SD Pin or Bit
Toggle AND the temperature of the device has
reached a level below that which is dictated by the
OTERysT specification

The temperature of the die has increased
above the level specified by the Latching
OTEtHRES

Overtemperature Error
(OTE)

9.3.3.2 DC Detect Protection

The TAS5760LD has circuitry which will protect the speakers from DC current which might occur due to an
internal amplifier error. The device behavior in response to a DCE event is detailed in the table in the previous
section.

A DCE event occurs when the output differential duty-cycle of either channel exceeds 60% for more than 420
msec at the same polarity. The table below shows some examples of the typical DCE Protection threshold for
several values of the supply voltage. This feature protects the speaker from large DC currents or AC currents
less than 2 Hz.

The minimum output offset voltages required to trigger the DC detect are listed in Table 2. The outputs must
remain at or above the voltage listed in the table for more than 420 msec to trigger the DC detect.

Table 2. DC Detect Threshold

PVDD [V] [Vos|- OUTPUT OFFSET VOLTAGE [V]
45 0.96
6 1.30
12 2.60

9.3.4 Headphone and Line Driver Amplifier

The TAS5760LD also integrates a versatile low-voltage analog input amplifier that can be used as a headphone
amplifier or a line driver. This amplifier can operate as a ground centered 2-Vgys pop-free stereo line driver or
25-mW headphone amplifier, which allows the removal of the output dc-blocking capacitors for reduced
component count and cost.

26 Submit Documentation Feedback Copyright © 2013-2015, Texas Instruments Incorporated
Product Folder Links: TAS5760LD


http://www.ti.com/product/tas5760ld?qgpn=tas5760ld
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLOS781A&partnum=TAS5760LD
http://www.ti.com/product/tas5760ld?qgpn=tas5760ld

13 TEXAS
INSTRUMENTS
TAS5760LD

www.ti.com SLOS781A —JULY 2013—REVISED JULY 2015

Designed using TI's patented DirectPath™ technology, the device is capable of driving 2 Vgys into a 10-kQ load
or 23 mW into a 32-Q headphone load, with 3.3-V supply voltage. It includes differential inputs and uses external
gain-setting resistors to support a gain range of 1 V/V to £10 V/V. Additionally, gain can be configured
individually for each channel. The outputs have +8-kV IEC ESD protection, requiring just a simple resistor-
capacitor ESD protection circuit. The device includes built-in active-mute control for pop-free audio on/off control.
Additionally, an external undervoltage detector is included which will mute the output when the PVDD power
supply is removed, ensuring a pop-free shutdown.

As an integrated line drive amplifier, it does not require a power supply greater than 3.3 V to generate its output
signal, nor does it require a split-rail power supply. Instead, it integrates a charge pump to generate a negative
supply rail that provides a clean, pop-free ground-biased analog audio output.

9.4 Device Functional Modes

9.4.1 Hardware Control Mode

For systems which do not require the added flexibility of the 12C control port or do not have an 12C host controller,
the TAS5760LD can be used in Hardware Control Mode. In this mode of operation, the device operates in its
default configuration and any changes to the device are accomplished via the hardware control pins, described
below. The audio performance between Hardware and Software Control mode is identical, however more
features and functionality are available when the device is operated in Software Control mode. The behavior of
these Hardware Control Mode pins is described in the sections below.

Several static I/O's are present on the TAS5760LD which are meant to be configured during PCB design and not
changed during normal operation. Some examples of these are the GAIN[1:0] and PBTL/SCL pins. These pins
are often referred to as being tied or pulled LOW or tied or pulled HIGH. A pin which is tied or pulled LOW has
been connected directly to the system ground. The TAS5760LD is configured such that the most popular use
cases for the device (that is BTL mode, 768-kHz switching frequency, and so forth) require the static 1/O lines to
be tied LOW. This ensures optimum thermal performance as well as BOM reduction.

Device pins that need to be tied or pulled HIGH should be connected to DVDD. For these pins, a pull-up resistor
is recommended to limit the slew rate of the voltage which is presented to the pin during power up. Depending
on the output impedance of the supply, and the capacitance connected to the DVDD net on the board, slew rates
of this node could be high enough to trigger the integrated ESD protection circuitry at high current levels, causing
damage to the device. It is not necessary to have a separate pull-up resistor for each static digital 1/O pin.
Instead, a single resistor can be connected to DVDD and all static 1/0O lines which are to be tied HIGH can be
connected to that pull-up resistor. This connectivity is shown in the Typical Application Circuits. These pullup
resistors are not required when the digital I/O pins are driven by a controlled driver, such as a digital control line
from a systems processor, as the output buffer in the system processor will ensure a controlled slew rate.

9.4.1.1 Speaker Amplifier Shut Down (SPK_SD Pin)

In both Hardware and Software Control mode, the SPK_SD pin is provided to place the speaker amplifier into
shutdown. Driving this pin LOW will place the device into shutdown, while pulling it HIGH (to DVDD) will bring the
device out of shutdown. This is the lowest power consumption mode that the device can be placed in while the
power supplies are up. If the device is placed into shutdown while in normal operation, an audible artifact may
occur on the output. To avoid this, the device should first be placed into sleep mode, by pulling the
SPK_SLEEP/ADR pin HIGH before pulling the SPK_SD low.

9.4.1.2 Serial Audio Port in Hardware Control Mode

When used in Hardware Control Mode, the Serial Audio Port (SAP) accepts only I2S formatted data. Additionally,
the device operates in Single-Speed Mode (SSM), which means that supported sample rates, MCLK rates, and
SCLK rates are limited to those shown in the table below. Additional clocking options, including higher sample
rates, are available when operating the device in Software Control Mode.

details the supported SCLK rates for each of the available sample rate and MCLK rate configurations. For each
fs and MCLK rate, the supported SCLK rates are shown and are represented in multiples of the sample rate,
which is written as "x fg".
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Device Functional Modes (continued)
Table 3. Supported SCLK Rates in Hardware Control Mode (Single Speed Mode)

MCLK Rate
[x fg]
64 128 192 256 384 512

Sample Rate [kHz] 12 N/S N/S N/S N/S N/S 32, 48, 64
16 N/S N/S N/S 32, 48, 64 32, 48, 64 32, 48, 64

24 N/S N/S 32, 48, 64 32, 48, 64 32, 48, 64 32, 48, 64

32 N/S 32, 48, 64 32, 48, 64 32, 48, 64 32, 48, 64 32, 48, 64

38 N/S 32, 48, 64 32, 48, 64 32, 48, 64 32, 48, 64 32, 48, 64

44.1 32,48, 64 32, 48, 64 32, 48, 64 32, 48, 64 32, 48, 64 32, 48, 64

48 32, 48, 64 32, 48, 64 32, 48, 64 32, 48, 64 32, 48, 64 32, 48, 64

9.4.1.3 Soft Clipper Control (SFT_CLIP Pin)

The TAS5760LD has a soft clipper that can be used to clip the output voltage level below the supply rail. When
this circuit is active, the amplifier operates as if it was powered by a lower supply voltage, and thereby enters into
clipping sooner than if the circuit was not active. The result is clipping behavior very similar to that of clipping at
the PVDD rail, in contrast to the digital clipper behavior which occurs in the oversampled domain of the digital
path. The point at which clipping begins is controlled by a resistor divider from GVDD_REG to ground, which sets
the voltage at the SFT_CLIP pin. The precision of the threshold at which clipping occurs is dependent upon the
voltage level at the SFT_CLIP pin. Because of this, increasing the precision of the resistors used to create the
voltage divider, or using an external reference will increase the precision of the point at which the device enters
into clipping. To ensure stability, and soften the edges of the clipping event, a capacitor should be connected
from pin SFT_CLIP to ground.

Figure 43. Soft Clipper Example Wave Form

To move the output stage into clipping, the soft clipper circuit limits the duty cycle of the output PWM pulses to a
fixed maximum value. After filtering this limit applied to the duty cycle resembles a clipping event at a voltage
below that of the PVDD level. The peak voltage level attainable when the soft clipper circuit is active, called Vp in
the example below, is approximately 4 times the voltage at the SFT_CLIP pin, noted as Vger ¢ p- This voltage
can be used to calculate the maximum output power for a given maximum input voltage and speaker impedance,
as shown in the equation below.

R 2
X
Pout = L . RS for unclipped power o
L

Where:
Rs is the total series resistance including Rps(on), @and output filter resistance.
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R, is the load resistance.

Vp is the peak amplitude achievable when the soft clipper circuit is active (As mentioned previously, Vp = [4 X
Vser cuels provided that [4 X Vser ¢ p] < PVDD.)

Pout (10%THD) = 1.25 x Pgyt (unclipped)

If the PVDD level is below (4 X Vger cuip) clipping will occur due to clipping at PVDD before the clipping due to
the soft clipper circuit becomes active.

Table 4. Soft Clipper Example

PVDD [V] SFT_CLIP Pin Voltage [V] Resmt{(:(r(;(]o <lile Resistor to GVDD [kQ] Output Voltage [Vims]
12 GVDD (Open) 0 10.33
12 2.25 24 51 9.00
12 15 18 68 6.30

9.4.1.4 Speaker Amplifier Switching Frequency Select (FREQ/SDA Pin)

In Hardware Control mode, the PWM switching frequency of the TAS5760LD is configurable via the FREQ/SDA
pin. When connected to the system ground, the pin sets the output switching frequency to 16 x fs. When
connected to DVDD through a pull-up resistor, as shown in the Typical Application Circuits, the pin sets the
output switching frequency to 8 x fs. More switching frequencies are available when the TAS5760LD is used in
Software Control Mode.

9.4.1.5 Parallel Bridge Tied Load Mode Select (PBTL/SCL Pin)

The TAS5760LD can be configured to drive a single speaker with the two output channels connected in parallel.
This mode of operation is called Parallel Bridge Tied Load (PBTL) mode. This mode of operation effectively
reduces the output impedance of the amplifier in half, which in turn reduces the power dissipated in the device
due to conduction losses through the output FETs. Additionally, since the output channels are working in parallel,
it also doubles the amount of current the speaker amplifier can source before hitting the over-current error
threshold.

The device can be placed operated in PBTL mode in either Hardware Control Mode or in Software Control Mode,
via the [2C Control Port. For instructions on placing the device in PBTL via the 12C Control Port, see Software
Control Mode.

To place the TAS5760LD into PBTL Mode when operating in Hardware Control Mode, the PBTL/SCL pin should
be pulled HIGH (that is, connected to the DVDD supply through a pull-up resistor). If the device is to operate in
BTL mode instead, the PBTL/SCL pin should be pulled LOW, that is connected to the system supply ground.
When operated in PBTL mode, the output pins should be connected as shown in the Typical Application Circuit
Diagrams.

In PBTL mode, the amplifier selects its source signal from the right channel of the stereo signal presented on the
SDIN line of the Serial Audio Port. To select the right channel of the stereo signal, the LRCK can be inverted in
the processor that is sending the serial audio data to the TAS5760LD.

9.4.1.6 Speaker Amplifier Sleep Enable (SPK_SLEEP/ADR Pin)

In Hardware Control mode, pulling the SPK_SLEEP/ADR pin HIGH gracefully transitions the switching of the
output devices to a non-switching state or "High-Z" state. This mode of operation is similar to mute in that no
audio is present on the outputs of the device. However, unlike the 50/50 mute available in the 12C Control Port,
sleep mode saves quiescent power dissipation by stopping the speaker amplifier output transitors from switching.
This mode of operation saves quiescent current operation but keeps signal path blocks active so that normal
operation can resume more quickly than if the device were placed into shutdown. It is recommended to place the
device into sleep mode before stopping the audio signal coming in on the SDIN line or before bringing down the
power supplies connected to the TAS5760LD in order to avoid audible artifacts.
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9.4.1.7 Speaker Amplifier Gain Select (SPK_GAIN [1:0] Pins)

In Hardware Control Mode, a combination of digital gain and analog gain is used to provide the overall gain of
the speaker amplifier. The decode of the two pins "SPK_GAIN1" and "SPK_GAINQ" sets the gain of the speaker
amplifier. Additionally, pulling both of the SPK_SPK_GAIN[1:0] pins HIGH places the device into software control
mode.

As seen in Figure 44, the audio path of the TAS5760LD consists of a digital audio input port, a digital audio path,
a digital to PWM converter (DPC), a gate driver stage, a Class D power stage, and a feedback loop which feeds
the output information back into the DPC block to correct for distortion sensed on the output pins. The total
amplifier gain is comprised of digital gain, shown as Gp,g in the digital audio path and the analog gain from the
input of the analog modulator Gy, to the output of the speaker amplifier power stage.

Digital Gain Analog Gain
(GDIG) (GANA)

| |
L L
| |
: : Closed Loop Class D Amplifier

HPF » Interpolation Digital v Full Bridge .
Dol Fitter Clipper Digital to PWM Gate Power Stage
" Conversion Drives A PWM

. Serial Boost )
Serial » Audio [ ™ & [ B
Audio In Port [ ] | volume [ ] 2NN
Control
T T Power Stage

1

Drives Full Bridge

,,,,, —
1234y |E”"E ] 011010..|:>1>ﬂ_|—|_|-|n Gate Audio Out
B

SFT_CLIP

Figure 44. Speaker Amplifier Gain Select (SPK_GAIN [1:0] Pins)

As shown in Figure 44, the first gain stage for the speaker amplifier is present in the digital audio path. It consists
of the volume control and the digital boost block. The volume control is set to 0dB by default and, in Hardware
Control mode, it does not change. For all settings of the SPK_GAIN[1:0] pins, the digital boost block remains at
+6 dB as analog gain block is transitioned through 19.2, 22.6, and 25 dBV.

The gain configurations provided in Hardware Control mode were chosen to align with popular power supply
levels found in many consumer electronics and to balance the trade-off between maximum power output before
clipping and noise performance. These gain settings ensure that the output signal can be driven into clipping at
those popular PVDD levels. If the power level required is lower than that which is possible with the PVDD level, a
lower gain setting can be used. Additionally, if clipping at a level lower than the PVDD supply is desired, the
digital clipper or soft clipper can be used.

The values of Gpg and Gana for each of the SPK_GAIN[1:0] settings are shown in the table below. Additionally,
the recommended PVDD level for each gain setting, along with the typical unclipped peak to peak output voltage
swing for a 0dBFS input signal is provided. The peak voltage levels in the table below should only be used to
understand the peak target output voltage swing of the amplifier if it had not been limited by clipping at the PVDD
rail.

Table 5. Gain Structure for Hardware Control Mode

PVDD Level Recommended g'g(')t:tl A_GAIN Vpk Acheivable Voltage Swing
SPK_GAIN[1:0] Pins Setting [dB] [dBV] (If output is not clipped at PVDD)
12 00 6 19.2 12.90
15 01 6 22.6 19.08
This setting is not
recommended for 10 6 o5 This setting is not recommended for voltages
voltages supported supported by the TAS5760LD
by the TAS5760LD
- 11 (Gain is controlled via I2C Port)
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9.4.1.7.1 Considerations for Setting the Speaker Amplifier Gain Structure

Configuration of the gain of the amplifier is important to the overall noise and output power performance of the
TAS5760LD. Higher gain settings mean that more power can be driven from an amplifier before it becomes
voltage limited. Moreover, when output clipping "at the rail" is desired, it becomes important that there be enough
voltage gain in the signal path to drive the output signal above the PVDD level in order to "clip" the output signal
at the PVDD level in the output stage. Another desirable aspect of higher gain settings is that the dynamic
headroom of an amplifier is increased with higher gain settings, which increases the overall dynamic audio
quality of the signal being amplified.

With these advantages in mind, it may seem that setting the gain at the highest setting available would be
appropriate. However, there are some drawbacks to having a gain that is set arbitrarily high. The first drawback
is that a higher gain setting results in increased amplification of any noise that is present in the signal path. If the
gain is set too high, and the speaker is sensitive enough, this may result in an audible "hiss" at the speakers
when no audio is playing. Another consideration is that the speakers used in the system may not be rated for
operation at the power levels which would be possible for the given PVDD supply that is present in the system.
For this reason, it may be necessary to limit the voltage swing of the amplifier via a lower gain setting to reduce
the voltage presented, and therefore, the power delivered, to the speaker.

9.4.1.7.2 Recommendations for Setting the Speaker Amplifier Gain Structure in Hardware Control Mode

1. Determine the maximum power target and the speaker impedance which is required for the application.

2. Calculate the required output voltage swing for the given speaker impedance which will deliver the target
maximum power.

3. Chose the lowest gain setting via the SPK_GAIN[1:0] pins that produces an output voltage swing higher than
the required output voltage swing for the target maximum power.

NOTE
A higher gain setting can be used, provided the noise performance is acceptable and the
power delivered to the speaker remains within the safe operating area (SOA) of the
speaker, using the soft clipper if necessary to set the clip point within the SOA of the
speaker.

4. Characterize the clipping behavior of the system at the rated power.
— If the system does not produce the target power before clipping that is required, increase the gain setting.
— If the system meets the power requirements, but clipping is preferred at the rated power, use the soft
clipper to set the clip point
— If the system makes more power than is required but the noise performance is too high, consider
reducing the gain.

5. Repeat Step 4 until the optimum balance of power, noise, and clipping behavior is achieved.

9.4.2 Software Control Mode

The TAS5760LD can be used in Hardware Control Mode or Software Control Mode. In order to place the device
in software control mode, the two gain pins (GAIN[1:0]) should be pulled HIGH. When this is done, the
PBTL/SCL and FREQ/SDA pins are allocated to serve as the clock and data lines for the 12C Control Port.

9.4.2.1 Speaker Amplifier Shut Down (SPK_SD Pin)

In both hardware and Software Control mode, the SPK_SD pin is provided to place the speaker amplifier into
shutdown. Driving this pin LOW will place the device into shutdown, while driving it HIGH (DVDD) will bring the
device out of shutdown. This is the lowest power consumption mode that the device can be placed in while the
power supplies are up. If the device is placed into shutdown while in normal operation, an audible artifact may
occur on the output. To avoid this, the device should first be placed into sleep mode, by pulling the
SPK_SLEEP/ADR pin HIGH before pulling the SPK_SD low.

9.4.2.2 Serial Audio Port Controls

In Software Control mode, additional digital audio data formats and clock rates are made available via the 12C
control port. With these controls, the audio format can be set to left justified, right justified, or I12S formatted data.
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9.4.2.2.1 Serial Audio Port (SAP) Clocking

When used in Software Control mode, the device can be placed into double speed mode to support higher
sample rates, such as 88.2 kHz and 96 kHz. The tables below detail the supported SCLK rates for each of the
available sample rate and MCLK rate configurations. For each fg and MCLK Rate the support SCLK rates are
shown and are represented in multiples of the sample rate, which is written as "x fs".

Table 6. Supported SCLK Rates in Single-Speed Mode

MCLK Rate [x fg]
64 128 192 256 384 512

Sample Rate [kHz] 12 N/S N/S N/S N/S N/S 32, 48, 64
16 N/S N/S N/S 32,48, 64 32,48, 64 32,48, 64

24 N/S N/S 32,48, 64 32,48, 64 32,48, 64 32,48, 64

32 N/S 32,48, 64 32,48, 64 32,48, 64 32,48, 64 32,48, 64

38 N/S 32,48, 64 32,48, 64 32,48, 64 32,48, 64 32,48, 64

44.1 32,48, 64 32,48, 64 32,48, 64 32,48, 64 32,48, 64 32,48, 64

48 32,48, 64 32,48, 64 32,48, 64 32,48, 64 32,48, 64 32,48, 64

Table 7. Supported SCLK Rates in Double-Speed Mode

MCLK Rate [x fg]
64 128 192 256
Sample Rate [kHz] 88.2 32, 48, 64 32, 48, 64 32, 48, 64 32, 48, 64
96 32, 48, 64 32, 48, 64 32, 48, 64 32, 48, 64

9.4.2.3 Parallel Bridge Tied Load Mode via Software Control

The TAS5760LD can be configured to drive a single speaker with the two output channels connected in parallel.
This mode of operation is called Parallel Bridge Tied Load (PBTL) mode. This mode of operation effectively
reduces the on resistance of the amplifier in half, which in turn reduces the power dissipated in the device due to
conduction losses through the output FETs. Additionally, since the output channels are working in parallel, it also
doubles the amount of current the speaker amplifier can source before hitting the over-current error threshold.

It should be noted that the device can be placed operated in PBTL mode in either Hardware Control Mode or in
Software Control Mode, via the I12C Control Port. For instructions on placing the device in PBTL via the
PBTL/SCL Pin, see Hardware Control Mode.

To place the TAS5760LD into PBTL Mode when operating in Software Control Mode, the Bit 7 of the Analog
Control Register (0x06) should be set in the control port. This bit is cleared by default to configure the device for
BTL mode operation. An additional control available in software mode control is PBTL Channel Select, which
selects which of the two channels presented on the SDIN line will be used for the input signal for the amplifier.
This is found at Bit 1 of the Analog Control Register (0x06). When operated in PBTL mode, the output pins
should be connected as shown in the Typical Application Circuit Diagrams.

9.4.2.4 Speaker Amplifier Gain Structure

As shown in Figure 45, the audio path of the TAS5760LD consists of a digital audio input port, a digital audio
path, a digital to analog converter, an analog modulator, a gate driver stage, a Class D power stage, and a
feedback loop which feeds the output information back into the analog modulator to correct for distortion sensed
on the output pins. The total amplifier gain is comprised of digital gain, shown as Gp,g in the digital audio path
and the analog gain from the input of the analog modulator Gy, to the output of the speaker amplifier power
stage.
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Figure 45. Speaker Amplifier Gain Structure

9.4.2.4.1 Speaker Amplifier Gain in Software Control Mode

The analog and digital gain are configured directly when operating in Software Control mode. It is important to
note that the digital boost block is separate from the volume control. The digital boost block should be set before
the speaker amplifier is brought out of mute and not changed during normal operation. In most cases, the digital
boost can be left in its default configuration, and no further adjustment is necessary. As mentioned previously,
the analog gain is directly set via the 12C control port in software control mode.

9.4.2.4.2 Considerations for Setting the Speaker Amplifier Gain Structure

Configuration of the gain of the amplifier is important to the overall noise and output power performance of the
TAS5760LD. Higher gain settings mean that more power can be driven from an amplifier before it becomes
voltage limited. Moreover, when output clipping "at the rail" is desired, it becomes important that there be enough
voltage gain in the signal path to drive the output signal above the PVDD level in order to "clip" the output signal
at the PVDD level in the output stage. Another desirable aspect of higher gain settings is that the dynamic
headroom of an amplifier is increased with higher gain settings, which increases the overall dynamic audio
quality of the signal being amplified.

With these advantages in mind, it may seem that setting the gain at the highest setting available would be
appropriate. However, there are some drawbacks to having a gain that is set arbitrarily high. The first drawback
is that a higher gain setting results in increased amplification of any noise that is present in the signal path. If the
gain is set too high, and the speaker is sensitive enough, this may result in an audible "hiss" at the speakers
when no audio is playing. Another consideration is that the speakers used in the system may not be rated for
operation at the power levels which would be possible for the given PVDD supply that is present in the system.
For this reason it may be necessary to limit the voltage swing of the amplifier via a lower gain setting to reduce
the voltage presented, and therefore the power delivered, to the speaker.

9.4.2.4.3 Recommendations for Setting the Speaker Amplifier Gain Structure in Software Control Mode

1. Determine the maximum power target and the speaker impedance which is required for the application.

2. Calculate the required output voltage swing for the given speaker impedance which will deliver the target
maximum power.

3. Chose the lowest analog gain setting via the A_GAIN[3:2] bits in the control port which will produce an output
voltage swing higher than the required output voltage swing for the target maximum power.

NOTE
A higher gain setting can be used, provided the noise performance is acceptable and the
power delivered to the speaker remains within the safe operating area (SOA) of the
speaker, using the soft clipper if necessary to set the clip point within the SOA of the
speaker.

4. Characterize the clipping behavior of the system at the rated power.
— If the system does not produce the target power before clipping that is required, increase the analog gain.
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— If the system meets the power requirements, but clipping is preferred at the rated power, use the soft
clipper or the digital clipper to set the clip point

— If the system makes more power than is required but the noise performance is too high, consider
reducing the analog gain.

5. Repeat Step 4 until the optimum balance of power, noise, and clipping behavior is achieved.

9.4.2.5 [2C Software Control Port
The TAS5760LD includes an I12C control port for increased flexibility and extended feature set.

9.4.2.5.1 Setting the I2C Device Address

Each device on the I2C bus has a unigue address that allows it to appropriately transmit and receive data to and
from the 12C master controller. As part of the 12C protocol, the 12C master broadcast an 8-bit word on the bus that
contains a 7-bit device address in the upper 7 bits and a read or write bit for the LSB. The TAS5760LD has a
configurable 12C address. The SPK_SLEEP/ADR can be used to set the device address of the TAS5760LD. In
Software Control mode, the seven bit I12C device address is configured as “110110x[?/,]”, where “X” corresponds
to the state of the SPK_SLEEP/ADR pin at first power up sequence of the device. Upon application of the power
supplies, the device latches in the value of the SPK_SLEEP/ADR pin for use in determining the 12C address of
the device. If the SPK_SLEEP/ADR pin is tied LOW at power up (that is connected to the system ground), the
device address will be set to 1101100[R/,]. If it is pulled HIGH (that is connected to the DVDD supply), the
address will be set to 1101101[%/,,] at power up.

9.4.2.5.2 General Operation of the I12C Control Port

The TAS5760LD device has a bidirectional I12C interface that is compatible with the Inter IC (I12C) bus protocol and
supports both 100-kHz and 400-kHz data transfer rates. This is a slave-only device that does not support a
multimaster bus environment or wait-state insertion. The control interface is used to program the registers of the
device and to read device status.

The [12C 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 can be 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 pin (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 46.
The master generates the 7-bit slave address and the read/write (R/W) bit to open communication with another
device and then waits for an acknowledge condition. The TAS5760LD holds SDA LOW during the acknowledge
clock period to indicate an acknowledgment. When this occurs, the master transmits the next byte of the
sequence. All compatible devices share the same signals via a bidirectional bus using a wired-AND connection.
An external pullup resistor must be used for the SDA and SCL signals to set the HIGH level for the bus.

-—

|

| - . - -
| . R/ . " 8-Bit Register Data For 8-Bit Register Data For

SDA _:—| : 7-Bit Slave Address [\, | A [ 8-Bit Register Address (N) | A Address (N) A Address (N) A

L

|

|

|

™7
I
I
I
}
I
716]5]4|3]|2]1]0 716]5]4|3]|2]1]0 716]5]4|3]|2]1]0 7l6]5]4|3]|2]1]0 :

s UL UUIUUUUA U U UUUUUUAR

Start Stop

T0035-01

Figure 46. Typical I2C 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 46.
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9.4.2.5.3 Writing to the I2C Control Port

As shown in Figure 47, a single-byte data-write transfer begins with the master device transmitting a START
condition followed by the [2C and the read/write bit. The read/write bit determines the direction of the data
transfer. For a data-write transfer, the read/write bit is a 0. After receiving the correct I12C and the read/write bit,
the TAS5760LD responds with an acknowledge bit. Next, the master transmits the address byte corresponding to
the TAS5760LD register being accessed. After receiving the address byte, the TAS5760LD 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 TAS5760LD 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
: J N J W —~/ N
0000003 00000000CO0000000LN,
i
1C Device Address and Subaddress Data Byte Stop
Read/Write Bit Condition

T0036-01

Figure 47. Write Transfer

9.4.2.5.4 Reading from the I12C Control Port

As shown in Figure 48, a data-read transfer begins with the master device transmitting a START condition,
followed by the I12C 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 register to be read. As
a result, the read/write bit becomes a 0. After receiving the TAS5760LD address and the read/write bit,
TAS5760LD responds with an acknowledge bit. In addition, after sending the internal memory address byte or
bytes, the master device transmits another START condition followed by the TAS5760LD address and the
read/write bit again. This time, the read/write bit becomes a 1, indicating a read transfer. After receiving the
address and the read/write bit, the TAS5760LD again responds with an acknowledge bit. Next, the TAS5760LD
transmits the data byte from the register being read. After receiving the data byte, the master device transmits a
not-acknowledge followed by a STOP condition to complete the data-read transfer.

Repeat Start
Start Condition Not
Condition Acknowledge Acknowledge i Acknowledge Acknowledge
| |
| A AN A Vata
[P RPACERPRERERPRRPKRSY X AR KERRDCXHXARD
N/
|
|
1°C Device Address and Subaddress 1C Device Address and Data Byte Stop
Read/Write Bit Read/Write Bit Condition

T0036-03

Figure 48. Read Transfer

9.5 Register Maps
9.5.1 Control Port Registers - Quick Reference

Table 8. Control Port Quick Reference Table

Adr. | Adr. : Default (Binary) Default
Register Name
(Dec) | (Hex) | "9 B7 | B | B | B4 | B3 | B2 | B1 BO (Hex)
0 0 Device Device Identification 000
Identification 0 ‘ 0 | 0 ‘ 0 | 0 ‘ 0 0 0
. SPK SL | sc50 ==
DigClipLev[19:14 — SPK_SD
1 1 | Power Control gClipLev] ] EEP - OXFD
1 |1 [ 1 [ 1 [ 1 ] 0 1
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Register Maps (continued)

Table 8. Control Port Quick Reference Table (continued)

Adr. | Adr. . Default (Binary) Default
Register Name
(Dec) | (Hex) J B7 B6 B5 | B4 B3 B2 | B | BO (Hex)
o HPF Reserved Digital Boost SS/DS Serial Audio Input Format
2 2 | Digital Control Bypass 0x14
0 0 0 1 0 1 0 0
Volume Control Fade | Reserved | Reserved | Reserved | Reserved | Reserved | Mute R Mute L
s 3 Configuration 1 0 0 0 0 0 0 0 0x80
Volume Left
4 4 Left Channel OxCF
Volume Control 1 1 | 0 ‘ 0 1 ‘ 1 1 1
i Volume Right
5 ¢ | Right Channel 9 OXCF
Volume Control 1 1 | 0 ‘ 0 1 ‘ 1 1 1
PBTL PWM Rate Select A_GAIN PBTL Ch | peserved
6 6 | Analog Control Enable Sel 0x51
0 1 o | 1 0 0 0 1
Reserved | Reserved Reserved Reserved | Reserved | Reserved | Reserved
7 7 Reserved 0x00
0 0 o | o 0 0 0 0
Fault Reserved OCE Thres CLKE OCE DCE OTE
8 8 Configuration and 0x00
Error Status 0 0 0 0 0 0 0 0
9 9 Reserved - - - - - - - - -
Reserved - - - - - - - - -
15 F Reserved - - - - - - - - -
o . DigClipLev[13:6]
16 10 | Digital Clipper 2 OxFF
1 |1 [ 1 ] ] ] 1 |
o . DigClipLev[5:0]
17 11 Digital Clipper 1 OxFC
1 | 1 ] 1 | 1 | 12 | 1 ] o | o
9.5.2 Control Port Registers - Detailed Description
9.5.2.1 Device Identification (0 / 0x00)
Device Identification [7:0] (Read Only) 0000000
TAS5760Lx 00000001
9.5.2.2 Power Control (1/0x01)
DigClipLev[19:14] [7:2] (R/W) 111111 01
The digital clipper is decoded from 3 registers- DigClipLev[19:14], DigClipLev[13:6], and DigClipLev[5:0].
DigClipLev[19:14], shown here, represents the upper 6 bits of the total of 20 bits that are used to set the Digital Clipping (decoded)
Threshold.
Sleep Mode [1] (R/W) 11111101
Deviceisnotinsleepmode e 0-
Device is placed in sleep mode (In this mode, the power stage is disabled to reduce quiescent power consumption over
a 50/50 duty cycle mute, while low-voltage blocks remain on standby. This reduces the time required to resume |  ------ 1-
playback when compared with entering and exiting full shut down.)
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Speaker Shutdown [0] (R/W) 11111101
Speaker amplifier is shut down (This is the lowest power mode available when the device is connected to power
supplies. In this mode, circuitry in both the DVDD and PVDD domain are powered down to minimize power |  ------- 0
consumption.)
Speaker amplifier is not shut down e 1
9.5.2.3 Digital Control (2 / 0x02)
High-Pass Filter Bypass [7] (R/W) 00010100
The internal high-pass filter in the digital path is not bypassed. 0-------
The internal high-pass filter in the digital path is bypassed. l1-------
Reserved [6] (Read Only) 0 0 010100
This control is reserved and must not be changed from its default setting. ~0------
Digital Boost [5:4] (R/W) 00 01 0100
+0 dB is added to the signal in the digital path --00----
+6 dB is added to the signal in the digital path --01----
+12 dB is added to the signal in the digital path --10----
+18 dB is added to the signal in the digital path --11----
Single Speed / Double Speed Mode Select 0001 0 100
Serial Audio Port will accept single speed sample rates (that is 32kHz, 44.1kHz, 48kHz) ----0---
Serial Audio Port will accept double speed sample rates (that is 64kHz, 88.2kHz, 96kHz) R
Serial Audio Input Format 00010 100
Serial Audio Input Format is 24 Bits, Right Justified oo 000
Serial Audio Input Format is 20 Bits, Right Justified - 001
Serial Audio Input Format is 18 Bits, Right Justified - 010
Serial Audio Input Format is 16 Bits, Right Justified - 011
Serial Audio Input Formatist?2s e 100
Serial Audio Input Format is 16-24 Bits, Left Justified - 101
Settings above 101 are reserved and must not be used >----- 101
9.5.2.4 Volume Control Configuration (3 / 0x03)
Volume Fade Enable [7] (R/W) 10000000
Volume fading is disabled 0-------
Volume fading is enabled l1-------
Reserved [6:2] (Read Only) 10000000
This control is reserved and must not be changed from its default setting. | ----o----
Mute Right Channel [1] (R/W) 100001 0 0
The right channel is not muted e 0-
The right channel is muted (In software mute, most analog and digital blocks remain active and the speaker amplifier | 1-
outputs transition to a 50/50 duty cycle.)
Mute Left Channel [0] (R/W) 1000000 O
The left channel is not muted e 0
The left channel is muted (In software mute, most analog and digital blocks remain active and the speaker amplifier | 1
outputs transition to a 50/50 duty cycle.)
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9.5.2.5 Left Channel Volume Control (4 / 0x04)

Left/Right Channel Volume Control [7:0] (R/W) 11001111
Channel Volume is +24 dB 11111111
Channel Volume is +23.5 dB 11111110
Channel Volume is +23.0 dB 11111101
Channel Volume is 0 dB 11001111
Channel Volume is -100 dB 00000111
Any setting less than 00000111 places the channel in Mute < 00000111
9.5.2.6 Right Channel Volume Control (5 / 0x05)
Left/Right Channel Volume Control [7:0] (R/W) 11001111
Channel Volume is +24 dB 11111111
Channel Volume is +23.5 dB 11111110
Channel Volume is +23.0 dB 11111101
Channel Volume is 0 dB 11001111
Channel Volume is -100 dB 00000111
Any setting less than 00000111 places the channel in Mute < 00000111
9.5.2.7 Analog Control (6 / 0x06)
PBTL Enable [7] (R/W) 01010001
Device is placed in BTL mode 0-------
Device is placed in PBTL mode l1-------
PWM Rate Select [6:4] (R/W) 01010001
Output switching rate of the Speaker Amplifier is 6 * LRCK -000----
Output switching rate of the Speaker Amplifier is 8 * LRCK -001----
Output switching rate of the Speaker Amplifier is 10 * LRCK -010----
Output switching rate of the Speaker Amplifier is 12 * LRCK -011----
Output switching rate of the Speaker Amplifier is 14 * LRCK -100----
Output switching rate of the Speaker Amplifier is 16 * LRCK -101----
Output switching rate of the Speaker Amplifier is 20 * LRCK -110----
Output switching rate of the Speaker Amplifier is 24 * LRCK -111----

above.

Note that all rates listed above are valid for single speed mode. For double speed mode, switching frequency is half of that represented

A_GAIN[3:2] (R/W) 01010001
Analog Gain Setting is 19.2 dBV ----00--
Analog Gain Setting is 22.6 dBV ----01--
Analog Gain Setting is 25 dBV ----10--
This setting is reserved and must not be used ----11--
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Channel Selection for PBTL Mode [1] (R/W) 01010001
When placed in PBTL mode, the audio information from the Right channel of the serial audio input streamisusedby | 0-
the speaker amplifier
When placed in PBTL mode, the audio information from the Left channel of the serial audio input stream is used by the | 1.
speaker amplifier
Reserved [0] (R/W) 01010001
This control is reserved and must not be changed from its default setting. | --------
9.5.2.8 Reserved (7 / 0x07)
Reserved [7:0] (R/W) 00000000
Reserved e
9.5.2.9 Fault Configuration and Error Status (8 / 0x08)
Reserved [7:6] (R) 00000000
This control is reserved and must not be changed from its default setting. | e~
OCE Threshold [5:4] (R) 00000000
Threshold is set to the default level specified in the electrical characteristics table --00----
Threshold is reduced to 75% of the evel specified in the electrical characteristics table --01----
Threshold is reduced to 50% of the evel specified in the electrical characteristics table --10----
Threshold is reduced to 25% of the evel specified in the electrical characteristics table --11----
Clock Error Status [3] (R) 1000 0 000
Clocks are valid and no error is currently detected ----0---
A clock error is occuring (This error is non-latching, so intermittent clock errors will be cleared when clocks re-enter
valid state and the device will resume normal operation automatically. This bit will likewise be cleared once normal ----1---
operation resumes.)
Over Current Error Status[2] (R) 10000 0 00
The output current levels of the speaker amplifier outputs are below the OCE threshod | ----- 0--
The DC offset level of the outputs has exceeded the OCE threshold, causing an error (This is a latching error and
SPK_SD must be toggled after an OCE event for the device to resume normal operation. This bit will remain HIGH until |  ----- 1--
SPK_SD is toggled.)
Output DC Error Status [1] (R) 100000 0 O
The DC offset level of the speaker amplifier outputs are below the DCE threshod | ------ 0-
The DC offset level of the speaker amplifier outputs has exceeded the DCE threshold, causing an error (This is a
latching error and SPK_SD must be toggled after an DCE event for the device to resume normal operation. This bitwill |  ------ 1-
remain HIGH until SPK_SD is toggled.)
Over-Temperature Error Status[1] (R) 1000000 O
A clock error will occur if SCLK is stopped e 0
The temperature of the die has exceeded the level specified in the electrical characteristics table. (This is a latching
error and SPK_SD must be toggled for the device to resume normal operation. This bit will remain HIGH until SPK_SD | ------- 1
is toggled.)
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9.5.2.10 Reserved Controls (9 / 0x09) - (15 / Ox0OF)
The controls in this section of the control port are reserved and must not be used.

9.5.2.11 Digital Clipper Control 2 (16 / 0x10)

DigClipLev[13:6] [7:0] (R/W) 11111111
The digital clipper is decoded from 3 registers- DigClipLev[19:14], DigClipLev[13:6], and DigClipLev[5:0].
DigClipLev[13:6], shown here, represents the [13:6] bits of the total of 20 bits that are used to set the Digital Clipping (decoded)
Threshold.
DigClipLev[5:0] [7:2] (R/W) 11111111
The digital clipper is decoded from 3 registers- DigClipLev[19:14], DigClipLev[13:6], and DigClipLev[5:0].
DigClipLev[13:6], shown here, represents the [5:0] bits of the total of 20 bits that are used to set the Digital Clipping (decoded)
Threshold.
Reserved [1:0] (R/W) 11111100
These controls are reserved and should not be changed from there default values | —---n-n-
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10 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

10.1 Application Information

These typical connection diagrams highlight the required external components and system level connections for
proper operation of the device in several popular use cases.

Each of these configurations can be realized using the Evaluation Modules (EVMs) for the device. These flexible
modules allow full evaluation of the device in all available modes of operation. Additionally, some of the
application circuits are available as reference designs and can be found on the TI website. Also see the
TAS5760LD's product page for information on ordering the EVM. Not all configurations are available as reference
designs; however, any design variation can be supported by Tl through schematic and layout reviews. Visit
support.ticom for additional design assistance. Also, join the audio amplifier discussion forum at
http://e2e.ti.com.

10.2 Typical Applications

These application circuits detail the recommended component selection and board configurations for the
TAS5760LD device. Note that in Software Control mode, the clipping point of the amplifier and thus the rated
power of the end equipment can be set using the digital clipper if desired. Additionally, if the sonic signature of
the soft clipper is preferred, it can be used in addition to or in lieu of the digital clipper. The software control
application circuit detailed in this section shows the soft clipper in its bypassed state, which results in a lower
BOM count than when using the soft clipper. The trade-off between the sonic characteristics of the clipping
events in the amplifier and BOM minimization can be chosen based upon the design goals related to the end
product.
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Typical Applications (continued

)

10.2.1 Stereo BTL Using Software Control
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Figure 49. Stereo BTL Using Software Control

10.2.1.1 Design Requirements

For this design example, use the parameters listed in Table 9 as the input parameters.

Table 9. Design Parameters

PARAMETER EXAMPLE
Low Power Supply 3.3V
High Power Supply 5Vtol5V

Host Processor

I12S Compliant Master

12C Compliant Master

GPIO Control

Output Filters

Inductor-Capacitor Low Pass Filter

Speakers

4Q1t08Q

10.2.1.2 Detailed Design Procedure

10.2.1.2.1 Startup Procedures- Software Control Mode
1. Configure all digital /0O pins as required by the application using PCB connections (that is SPK_GAIN[1:0] =

11, ADR, etc.)
2. Start with SPK_SD Pin = LOW

3. Bring up power supplies (it does not matter if PVDD/AVDD or DVDD comes up first, provided the device is

held in shutdown.)

4. Once power supplies are stable, start MCLK, SCLK, LRCK
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5. Configure the device via the control port in the manner required by the use case, making sure to mute the
device via the control port

6. Once power supplies and clocks are stable and the control port has been programmed, bring SPK_SD HIGH
Unmute the device via the control port
8. The device is now in normal operation

~

NOTE
Control port register changes should only occur when the device is placed into shutdown.
This can be accomplished either by pulling the SPK_SD pin LOW or clearing the SPK_SD
bit in the control port.

10.2.1.2.2 Shutdown Procedures- Software Control Mode

1. The device is in normal operation

Mute via the control port

Pull SPK_SD LOW

The clocks can now be stopped and the power supplies brought down
The device is now fully shutdown and powered off

IS S

NOTE
Any control port register changes excluding volume control changes should only occur
when the device is placed into shutdown. This can be accomplished either by pulling the
SPK_SD pin LOW or clearing the SPK_SD bit in the control port.

10.2.1.2.3 Component Selection and Hardware Connections

Figure 49 details the typical connections required for proper operation of the device. It is with this list of
components that the device was simulated, tested, and characterized. Deviation from this typical application
circuit unless recommended by this document may produce unwanted results, which could range from
degradation of audio performance to destructive failure of the device.

10.2.1.2.3.1 I2C Pullup Resistors

It is important to note that when the device is operated in Software Control Mode, the customary pullup resistors
are required on the SCL and SDA signal lines. They are not shown in the Typical Application Circuits, because
they are shared by all of the devices on the I12C bus and are considered to be part of the associated passive
components for the System Processor. These resistor values should be chosen per the guidance provided in the
[2C Specification.

10.2.1.2.3.2 Digital I/0 Connectivity

The digital I/O lines of the TAS5760LD are described in previous sections. As discussed, whenever a static
digital pin (that is a pin that is hardwired to be HIGH or LOW) is required to be pulled HIGH, it should be
connected to DVDD through a pullup resistor to control the slew rate of the voltage presented to the digital /0
pins. It is not, however, necessary to have a separate pullup resistor for each static digital 1/O line. Instead, a
single resistor can be used to tie all static 1/0O lines HIGH to reduce BOM count. For instance, if Software Control
Mode is desired both the GAIN[1:0] and the PBTL/SCL pins can both be pulled HIGH through a single pullup
resistor.

10.2.1.2.4 Recommended Startup and Shutdown Procedures

The start up and shutdown procedures for both Hardware Control Mode and Software Control Mode are shown
below.
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10.2.1.2.5 Headphone and Line Driver Amplifier

Single-supply line-driver amplifiers typically require dc-blocking capacitors. The top drawing in Figure 50
illustrates the conventional line-driver amplifier connection to the load and output signal. DC blocking capacitors
are often large in value. The line load (typical resistive values of 600 Q to 10 kQ) combines with the dc blocking
capacitors to form a high-pass filter. Equation 3 shows the relationship between the load impedance (R,), the
capacitor (Cp), and the cutoff frequency (fc).

1

fc =
2n RLCO (3)

Co can be determined using Equation 4, where the load impedance and the cutoff frequency are known.
1

CO =
ZTCRLfC (4)

If fc is low, the capacitor must then have a large value because the load resistance is small. Large capacitance
values require large package sizes. Large package sizes consume PCB area, stand high above the PCB,
increase cost of assembly, and can reduce the fidelity of the audio output signal.

9V-12V

Conventional Solution

= co Mute Circuit
\_+| |_ Output
GND
Enable =
3.3V =]  TASST60:D Solution DirectPath

DRVDD
Mute Circuit N
* - Output DRGND
TAS5760xD AVAVAY:
— LDRVSS \/

Enable

Figure 50. Conventional and DirectPath Line Drivers

The DirectPath amplifier architecture operates from a single supply but makes use of an internal charge pump to
provide a negative voltage rail. Combining the user-provided positive rail and the negative rail generated by the
IC, the device operates in what is effectively a split-supply mode. The output voltages are now centered at zero
volts with the capability to swing to the positive rail or negative rail. Combining this with the built-in click and pop
reduction circuit, the DirectPath amplifier requires no output dc blocking capacitors. The bottom block diagram
and waveform of Figure 50 illustrate the ground-referenced line-driver architecture. This is the architecture of the
headphone / line driver inside of the TAS5760LD.

10.2.1.2.5.1 Charge-Pump Flying Capacitor and DR_VSS Capacitor

The charge-pump flying capacitor serves to transfer charge during the generation of the negative supply voltage.
The PVSS capacitor must be at least equal to the charge-pump capacitor in order to allow maximum charge
transfer. Low-ESR capacitors are an ideal selection, and a value of 1 pF is typical. Capacitor values that are
smaller than 1 pF can be used, but the maximum output voltage may be reduced and the device may not
operate to specifications. If the TAS5760LD is used in highly noise-sensitive circuits, it is recommended to add a
small LC filter on the DRVDD connection.
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10.2.1.2.5.2 Decoupling Capacitors

The TAS5760LD contains a DirectPath line-driver amplifier that requires adequate power supply decoupling to
ensure that the noise and total harmonic distortion (THD) are low. A good, low equivalent-series-resistance
(ESR) ceramic capacitor, typically 1 uF, placed as close as possible to the device DRVDD lead works best.
Placing this decoupling capacitor close to the TAS5760LD is important for the performance of the amplifier. For
filtering lower-frequency noise signals, a 10-uF or greater capacitor placed near the audio power amplifier would
also help, but it is not required in most applications because of the high PSRR of this device.

10.2.1.2.5.3 Gain-Setting Resistor Ranges

The gain-setting resistors, Ry and Ry, must be chosen so that noise, stability, and input capacitor size of the
headphone amplifier / line driver inside the TAS5760LD are kept within acceptable limits. Voltage gain is defined
as Ry, divided by Ryy.

Selecting values that are too low demands a large input ac-coupling capacitor, C,y. Selecting values that are too
high increases the noise of the amplifier. Table 10 lists the recommended resistor values for different inverting-
input gain settings.

Table 10. Recommended Resistor Values

GAIN INPUT RESISTOR VALUE, Ry FEEDBACK RESISTOR VALUE, Ry
-1VIV 10 kQ 10 kQ

-1.5VIV 8.2 kQ 12 kQ

-2 VIV 15 kQ 30 kQ

-10 VIV 4.7 kQ 47 kQ

10.2.1.2.5.4 Using the Line Driver Amplifier in the TAS5760LD as a Second-Order Filter

Several audio DACs used today require an external low-pass filter to remove out-of-band noise. This is possible
with the headphone amplifier / line driver inside the TAS5760LD, as it can be used like a standard operational
amplifier. Several filter topologies can be implemented, both single-ended and differential. In Figure 51, multi-
feedback (MFB) with differential input and single-ended input are shown.

An ac-coupling capacitor to remove dc content from the source is shown; it serves to block any dc content from
the source and lowers the dc gain to 1, helping to reduce the output dc offset to a minimum.

The component values can be calculated with the help of the Tl FilterPro™ program available on the TI Web site
at: http://focus.ti.com/docs/toolsw/folders/print/filterpro.html.

Differential Input Inverting Input

R2 R2
AAvAY AAvAY
C3 R1 R3 c1 C3 R1 R3 c1
3
DR_INA-
TAS5760xD —
DR_INA+
c3 R1

R2

Figure 51. Second-Order Active Low-Pass Filter

The resistor values should have a low value for obtaining low noise, but should also have a high enough value to
get a small-size ac-coupling capacitor. With the proposed values of R1 = 15 kQ, R2 = 30 kQ, and R3 =43 kQ), a
dynamic range (DYR) of 106 dB can be achieved with a 1-mF input ac-coupling capacitor.
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10.2.1.2.5.5 External Undervoltage Detection

External undervoltage detection can be used to mute/shut down the heaphone / line driver amplifier in the
TAS5760LD before an input device can generate a pop. The shutdown threshold at the UVP pin is 1.25 V. The
user selects a resistor divider to obtain the shutdown threshold and hysteresis for the specific application. The
thresholds can be determined as follows:

Ve = (1.25 - 6 pA x R3) x (R1 + R2) / R2 (5)
Hysteresis =5 pA x R3 x (R1 + R2) / R2 (6)
For example, to obtain VUVP = 3.8 V and 1-V hysteresis, we can use R1 = 3 kQ, R2 =1 kQ, and R3 = 50 kQ.
VSUP_MO

Figure 52. External Undervoltage Detection

10.2.1.2.5.6 Input-Blocking Capacitors

DC input-blocking capacitors are required to be added in series with the audio signal into the input pins of the
headphone amplifier / line driver inside the TAS5760LD. These capacitors block the dc portion of the audio
source and allow the headphone / line driver amplifier inside the TAS5760LD.

These capacitors form a high-pass filter with the input resistor, R\y. The cutoff frequency is calculated using
Equation 7. For this calculation, the capacitance used is the input-blocking capacitor, and the resistance is the
input resistor chosen from Table 10; then the frequency and/or capacitance can be determined when one of the
two values is given.

It is recommended to use electrolytic capacitors or high-voltage-rated capacitors as input blocking capacitors to
ensure minimal variation in capacitance with input voltages. Such variation in capacitance with input voltages is
commonly seen in ceramic capacitors and can increase low-frequency audio distortion.

1 1

fuy= ——— C
cIN 27RNCi or IN

2nfonRiN @

10.2.1.2.6 Gain-Setting Resistors

The gain-setting resistors, Ry and Ry, must be placed close to their respective pins to minimize capacitive
loading on these input pins and to ensure maximum stability of the headphone / line driver inside the
TAS5760LD. For the recommended PCB layout, see the TAS5760LD EVM User's Guide, SLOU371.

10.2.1.3 Application Curve

Table 11. Relevant Performance Plots

PLOT TITLE PLOT NUMBER
Figure 1. Output Power vs PVDD G001
Figure 2. THD+N vs Frequency With PVDD = 12 V, POSPK = 1 W G024
Figure 5. THD+N vs Output Power With PVDD = 12 V, Both Channels Driven G027
Figure 7. Efficiency vs Output Power G030
Figure 8. Crosstalk vs Frequency G031
Figure 9. PVDD PSRR vs Frequency G019
Figure 10. DVDD PSRR vs Frequency G020
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Table 11. Relevant Performance Plots (continued)

PLOT TITLE PLOT NUMBER
Figure 11. Idle Current Draw vs PVDD (Filterless) G042
Figure 12. Idle Current Draw vs PVDD (With LC Filter as Shown on the EVM) G023
Figure 13. Shutdown Current Draw vs PVDD (Filterless) G022
Figure 14. Output Power vs PVDD G039
Figure 15. THD+N vs Frequency With PVDD = 12 V, Pogpk =1 W G002
Figure 18. THD+N vs Output Power With PVDD = 12 V, Both Channels Driven G008
Figure 20. Efficiency vs Output Power G014
Figure 21. Crosstalk vs Frequency G018
Figure 22. PVDD PSRR vs Frequency G019
Figure 23. Idle Current Draw vs PVDD (Filterless) G045
Figure 24. Idle Current Draw vs PVDD (With LC Filter as Shown on EVM) G044
Figure 25. Shutdown Current Draw vs PVDD (Filterless) G022

Copyright © 2013-2015, Texas Instruments Incorporated

Product Folder Links: TAS5760LD

Submit Documentation Feedback

47


http://www.ti.com/product/tas5760ld?qgpn=tas5760ld
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLOS781A&partnum=TAS5760LD
http://www.ti.com/product/tas5760ld?qgpn=tas5760ld

TAS5760LD

SLOS781A —JULY 2013—-REVISED JULY 2015

13 TEXAS
INSTRUMENTS

www.ti.com

10.2.2 Stereo BTL Using Hardware Control
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Figure 53. Stereo BTL Using Hardware Control
10.2.2.1 Design Requirements
For this design example, use the parameters listed in Table 12 as the input parameters.
Table 12. Design Parameters
PARAMETER EXAMPLE
Low Power Supply 3.3V
High Power Supply 5Vto1l5V
I12S Compliant Master
Host Processor
GPIO Control

Output Filters

Inductor-Capacitor Low Pass Filter

Speakers

40Q1t08Q

10.2.2.2 Detailed Design Procedure

10.2.2.2.1 Startup Procedures- Hardware Control Mode

Once power supplies are stable, start MCLK, SCLK, LRCK

Start with SPK_SD pin pulled LOW and SPK_SLEEP/ADR pin pulled HIGH
Bring up power supplies (it does not matter if PVDD/AVDD or DVDD comes up first, provided the device is

Configure all hardware pins as required by the application using PCB connections (that is PBTL, FREQ,

1.
GAIN, etc.)
2.
3.
held in shutdown.)
4.
48
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5. Once power supplies and clocks are stable and all hardware control pins have been configured, bring
SPK_SD HIGH

6. Once the device is out of shutdown mode, bring SPK_SLEEP/ADR LOW
7. The device is now in normal operation

10.2.2.2.2 Shutdown Procedures- Hardware Control Mode

1. The device is in normal operation

2. Pull SPK_SLEEP/ADR HIGH

3. Pull SPK_SD LOW

4. The clocks can now be stopped and the power supplies brought down
5. The device is now fully shutdown and powered off

10.2.2.2.3 Digital I/O Connectivity

The digital 1/0 lines of the TAS5760LD are described in previous sections. As discussed, whenever a static
digital pin (that is a pin that is hardwired to be HIGH or LOW) is required to be pulled HIGH, it should be
connected to DVDD through a pullup resistor in order to control the slew rate of the voltage presented to the
digital 1/0O pins. It is not, however, necessary to have a separate pullup resistor for each static digital I/O line.
Instead, a single resistor can be used to tie all static I/O lines HIGH to reduce BOM count. For instance, if
Software Control Mode is desired both the GAIN[1:0] and the PBTL/SCL pins can both be pulled HIGH through a
single pullup resistor.

10.2.2.3 Application Curve

Table 13. Relevant Performance Plots

PLOT TITLE PLOT NUMBER
Figure 1. Output Power vs PVDD G001
Figure 2. THD+N vs Frequency With PVDD = 12 V, Pogpx =1 W G024
Figure 4. Idle Channel Noise vs PVDD G026
Figure 5. THD+N vs Output Power With PVDD = 12 V, Both Channels Driven G027
Figure 7. Efficiency vs Output Power G030
Figure 8. Crosstalk vs Frequency G031
Figure 9. PVDD PSRR vs Frequency G019
Figure 10. DVDD PSRR vs Frequency G020
Figure 11. Idle Current Draw vs PVDD (Filterless) G042
Figure 12. Idle Current Draw vs PVDD (With LC Filter as Shown on the EVM) G023
Figure 13. Shutdown Current Draw vs PVDD (Filterless) G022
Figure 14. Output Power vs PVDD G039
Figure 15. THD+N vs Frequency With PVDD =12 V, Pogpk =1 W G002
Figure 17. Idle Channel Noise vs PVDD G006
Figure 18. THD+N vs Output Power With PVDD = 12 V, Both Channels Driven G008
Figure 20. Efficiency vs Output Power G014
Figure 21. Crosstalk vs Frequency G018
Figure 22. PVDD PSRR vs Frequency G019
Figure 23. Idle Current Draw vs PVDD (Filterless) G045
Figure 24. Idle Current Draw vs PVDD (With LC Filter as Shown on EVM) G044
Figure 25. Shutdown Current Draw vs PVDD (Filterless) G022
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10.2.3 Mono PBTL Using Software Control
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Figure 54. Mono PBTL Using Software Control

10.2.3.1 Design Requirements
For this design example, use the parameters listed in Table 14 as the input parameters.

Table 14. Design Parameters

PARAMETER EXAMPLE
Low Power Supply 3.3V
High Power Supply 5Vtol5V
I12S Compliant Master
Host Processor 12C Compliant Master
GPIO Control
Output Filters Inductor-Capacitor Low Pass Filter
Speakers 4Q1t08Q

10.2.3.2 Detailed Design Procedure

10.2.3.2.1 Startup Procedures- Software Control Mode

1. Configure all digital /O pins as required by the application using PCB connections (that is SPK_GAIN[1:0] =
11, ADR, etc.)

2. Start with SPK_SD Pin = LOW

3. Bring up power supplies (it does not matter if PVDD/AVDD or DVDD comes up first, provided the device is
held in shutdown.)

4. Once power supplies are stable, start MCLK, SCLK, LRCK

5. Configure the device via the control port in the manner required by the use case, making sure to mute the
device via the control port
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6. Once power supplies and clocks are stable and the control port has been programmed, bring SPK_SD HIGH
7. Unmute the device via the control port
8. The device is now in normal operation

NOTE
Control port register changes should only occur when the device is placed into shutdown.
This can be accomplished either by pulling the SPK_SD pin LOW or clearing the SPK_SD
bit in the control port.

10.2.3.2.2 Shutdown Procedures- Software Control Mode

1. The device is in normal operation

Mute via the control port

Pull SPK_SD LOW

The clocks can now be stopped and the power supplies brought down
The device is now fully shutdown and powered off

IS

NOTE
Any control port register changes excluding volume control changes should only occur
when the device is placed into shutdown. This can be accomplished either by pulling the
SPK_SD pin LOW or clearing the SPK_SD bit in the control port.

10.2.3.2.3 Component Selection and Hardware Connections

Figure 54 above details the typical connections required for proper operation of the device. It is with this list of
components that the device was simulated, tested, and characterized. Deviation from this typical application
circuit unless recommended by this document may produce unwanted results, which could range from
degradation of audio performance to destructive failure of the device.

10.2.3.2.3.1 I2C Pull-Up Resistors

It is important to note that when the device is operated in Software Control Mode, the customary pull-up resistors
are required on the SCL and SDA signal lines. They are not shown in the Typical Application Circuits, since they
are shared by all of the devices on the 12C bus and are considered to be part of the associated passive
components for the System Processor. These resistor values should be chosen per the guidance provided in the
[2C Specification.

10.2.3.2.3.2 Digital I/O Connectivity

The digital I/O lines of the TAS5760LD are described in previous sections. As discussed, whenever a static
digital pin (that is a pin that is hardwired to be HIGH or LOW) is required to be pulled HIGH, it should be
connected to DVDD through a pullup resistor in order to control the slew rate of the voltage presented to the
digital 1/0O pins. It is not, however, necessary to have a separate pullup resistor for each static digital I/O line.
Instead, a single resistor can be used to tie all static I/O lines HIGH to reduce BOM count. For instance, if
Software Control Mode is desired both the GAIN[1:0] and the PBTL/SCL pins can both be pulled HIGH through a
single pullup resistor.

10.2.3.3 Application Curve

Table 15. Relevant Performance Plots

PLOT TITLE PLOT NUMBER
Figure 27. THD+N vs Frequency With PVDD =12 V, Pogpk =1 W G032
Figure 29. THD+N vs Output Power With PVDD = 12 V With 1 kHz Sine Input G035
Figure 37. Efficiency vs Output Power G038
Figure 2. THD+N vs Frequency With PVDD = 12 V, Pogpx = 1 W G004
Figure 35. THD+N vs Output Power With PVDD = 12 V G011
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Table 15. Relevant Performance Plots (continued)
PLOT TITLE PLOT NUMBER
Figure 7. Efficiency vs Output Power G015
52 Submit Documentation Feedback Copyright © 2013-2015, Texas Instruments Incorporated

Product Folder Links: TAS5760LD


http://www.ti.com/product/tas5760ld?qgpn=tas5760ld
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLOS781A&partnum=TAS5760LD
http://www.ti.com/product/tas5760ld?qgpn=tas5760ld

13 TEXAS

INSTRUMENTS
TAS5760LD
www.ti.com SLOS781A —JULY 2013—REVISED JULY 2015
10.2.4 Mono PBTL Using Hardware Control
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Figure 55. Mono PBTL Using Hardware Control
10.2.4.1 Design Requirements
For this design example, use the parameters listed in Table 16 as the input parameters.
Table 16. Design Parameters
PARAMETER EXAMPLE
Low Power Supply 33V
High Power Supply 5Vtol5V
I12S Compliant Master
Host Processor
GPIO Control
Output Filters Inductor-Capacitor Low Pass Filter
Speakers 40t08Q

10.2.4.2 Detailed Design Procedure

10.2.4.2.1 Startup Procedures- Hardware Control Mode

1. Configure all hardware pins as required by the application using PCB connections (that is PBTL, FREQ,
GAIN, etc.)

2. Start with SPK_SD pin pulled LOW and SPK_SLEEP/ADR pin pulled HIGH

3. Bring up power supplies (it does not matter if PVDD/AVDD or DVDD comes up first, provided the device is
held in shutdown.)

4. Once power supplies are stable, start MCLK, SCLK, LRCK
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5. Once power supplies and clocks are stable and all hardware control pins have been configured, bring
SPK_SD HIGH

6. Once the device is out of shutdown mode, bring SPK_SLEEP/ADR LOW
7. The device is now in normal operation

10.2.4.2.2 Shutdown Procedures- Hardware Control Mode

1. The device is in normal operation

2. Pull SPK_SLEEP/ADR HIGH

3. Pull SPK_SD LOW

4. The clocks can now be stopped and the power supplies brought down
5. The device is now fully shutdown and powered off

10.2.4.2.3 Digital I/O Connectivity

The digital 1/0 lines of the TAS5760LD are described in previous sections. As discussed, whenever a static
digital pin (that is a pin that is hardwired to be HIGH or LOW) is required to be pulled HIGH, it should be
connected to DVDD through a pullup resistor in order to control the slew rate of the voltage presented to the
digital 1/0O pins. It is not, however, necessary to have a separate pullup resistor for each static digital I/O line.
Instead, a single resistor can be used to tie all static I/O lines HIGH to reduce BOM count. For instance, if
Software Control Mode is desired both the GAIN[1:0] and the PBTL/SCL pins can both be pulled HIGH through a
single pullup resistor.

10.2.4.3 Application Curve

Table 17. Relevant Performance Plots

PLOT TITLE PLOT NUMBER
Figure 32. THD+N vs Frequency With PVDD =12 V, Pogpk =1 W G032
Figure 34. Idle Channel Noise vs PVDD G034
Figure 29. THD+N vs Output Power With PVDD = 12 V With 1 kHz Sine Input G035
Figure 37. Efficiency vs Output Power G038
Figure 2. THD+N vs Frequency With PVDD = 12 V, Pogpx =1 W G004
Figure 17. Idle Channel Noise vs PVDD G007
Figure 35. THD+N vs Output Power With PVDD = 12 V G011
Figure 7. Efficiency vs Output Power G015
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11 Power Supply Recommendations

The TAS5760LD device requires two power supplies for proper operation. A high-voltage supply called PVDD is
required to power the output stage of the speaker amplifier and its associated circuitry. Additionally, one low
voltage power supply called DVDD is required to power the various low-power portions of the device. The
allowable voltage range for both the PVDD and the DVDD supply are listed in the Recommended Operating
Conditions table.

11.1 DVDD Supply

The DVDD supply required from the system is used to power several portions of the device it provides power to
the DVDD pin and the DRVDD pin. Proper connection, routing, and decoupling techniques are highlighted in the
TAS5760xx EVM User's Guide, SLOU371 (as well as the Application and Implementation section and Layout
Example section) and must be followed as closely as possible for proper operation and performance. Deviation
from the guidance offered in the TAS5760LD device EVM User's Guide, which followed the same technigues as
those shown in the Application and Implementation section, may result in reduced performance, errant
functionality, or even damage to the TAS5760LD device. Some portions of the device also require a separate
power supply which is a lower voltage than the DVDD supply. To simplify the power supply requirements for the
system, the TAS5760LD device includes an integrated low-dropout (LDO) linear regulator to create this supply.
This linear regulator is internally connected to the DVDD supply and its output is presented on the ANA_REG
pin, providing a connection point for an external bypass capacitor. It is important to note that the linear regulator
integrated in the device has only been designed to support the current requirements of the internal circuitry, and
should not be used to power any additional external circuitry. Additional loading on this pin could cause the
voltage to sag, negatively affecting the performance and operation of the device.

The outputs of the headphone/line driver used in the TAS5760LD device are ground centered, requiring both a
positive low-voltage supply and a negative low-voltage supply. The positive power supply for the headphone/line
driver output stage is taken from the DRVDD pin, which is connected to the DVDD supply provided by the
system. A charge pump is integrated in the TAS5760LD device to generate the negative low-voltage supply. The
power supply input for the charge pump is the DRVDD pin. The CPVSS pin is provided to allow the connection of
a storage capacitor on the negative low-voltage supply. As is the case with the other supplies, the component
selection, placement, and routing of the external components for these low voltage supplies are shown in the
TAS5760xx EVM and should be followed as closely as possible to ensure proper operation of the device.

11.2 PVDD Supply

The output stage of the speaker amplifier drives the load using the PVDD supply. This is the power supply which
provides the drive current to the load during playback. Proper connection, routing, and decoupling techniques are
highlighted in the TAS5760LD device EVM and must be followed as closely as possible for proper operation and
performance. Due the high-voltage switching of the output stage, it is particularly important to properly decouple
the output power stages in the manner described in the TaS5760xx EVM User's Guide, SLOU371. The lack of
proper decoupling, like that shown in the EVM User's Guide, can results in voltage spikes which can damage the
device. A separate power supply is required to drive the gates of the MOSFETs used in the output stage of the
speaker amplifier. This power supply is derived from the PVDD supply via an integrated linear regulator. A
GVDD_REG pin is provided for the attachment of decoupling capacitor for the gate drive voltage regulator. It is
important to note that the linear regulator integrated in the device has only been designed to support the current
requirements of the internal circuitry, and should not be used to power any additional external circuitry. Additional
loading on this pin could cause the voltage to sag, negatively affecting the performance and operation of the
device.
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12 Layout

12.1 Layout Guidelines

12.1.1 General Guidelines for Audio Amplifiers

Audio amplifiers which incorporate switching output stages must have special attention paid to their layout and
the layout of the supporting components used around them. The system level performance metrics, including
thermal performance, electromagnetic compliance (EMC), device reliability, and audio performance are all
affected by the device and supporting component layout. Ideally, the guidance provided in the applications
section with regard to device and component selection can be followed by precise adherence to the layout
guidance shown in Layout Example. These examples represent exemplary baseline balance of the engineering
trade-offs involved with laying out the device. These designs can be modified slightly as needed to meet the
needs of a given application. In some applications, for instance, solution size can be compromised in order to
improve thermal performance through the use of additional contiguous copper near the device. Conversely, EMI
performance can be prioritized over thermal performance by routing on internal traces and incorporating a via
picket-fence and additional filtering components. In all cases, it is recommended to start from the guidance
shown in the Layout Example section and the TAS5760xx EVM, and work with Tl field application engineers or
through the E2E community in order to modify it based upon the application specific goals.

12.1.2 Importance of PVDD Bypass Capacitor Placement on PVDD Network

Placing the bypassing and decoupling capacitors close to supply has been long understood in the industry. This
applies to DVDD, DRVDD, and PVDD. However, the capacitors on the PVDD net for the TAS5760LD device
deserve special attention. It is imperative that the small bypass capacitors on the PVDD lines of the DUT be
placed as close the PVDD pins as possible. Not only does placing these devices far away from the pins increase
the electromagnetic interference in the system, but doing so can also negatively affect the reliability of the device.
Placement of these components too far from the TAS5760LD device may cause ringing on the output pins that
can cause the voltage on the output pin to exceed the maximum allowable ratings shown in the Absolute
Maximum Ratings table, damaging the device. For that reason, the capacitors on the PVDD net must be no
further away from their associated PVDD pins than what is shown in the example layouts in the Layout Example
section.

12.1.3 Optimizing Thermal Performance

Follow the layout examples shown in the Layout Example section of this document to achieve the best balance
of solution size, thermal, audio, and electromagnetic performance. In some cases, deviation from this guidance
may be required due to design constraints which cannot be avoided. In these instances, the system designer
should ensure that the heat can get out of the device and into the ambient air surrounding the device.
Fortunately, the heat created in the device would prefer to travel away from the device and into the lower
temperature structures around the device.

12.1.3.1 Device, Copper, and Component Layout

Primarily, the goal of the PCB design is to minimize the thermal impedance in the path to those cooler structures.
These tips should be followed to achieve that goal:

» Avoid placing other heat producing components or structures near the amplifier (including above or below in
the end equipment).

» If possible, use a higher layer count PCB to provide more heat sinking capability for the TAS5760LD device
and to prevent traces and copper signal and power planes from breaking up the contiguous copper on the top
and bottom layer.

» Place the TAS5760LD device away from the edge of the PCB when possible to ensure that heat can travel
away from the device on all four sides.

* Avoid cutting off the flow of heat from the TAS5760LD device to the surrounding areas with traces or via
strings. Instead, route traces perpendicular to the device and line up vias in columns which are perpendicular
to the device.

* Unless the area between two pads of a passive component is large enough to allow copper to flow in
between the two pads, orient it so that the narrow end of the passive component is facing the TAS5760LD
device.

» Because the ground pins are the best conductors of heat in the package, maintain a contiguous ground plane
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Layout Guidelines (continued)

from the ground pins to the PCB area surrounding the device for as many of the ground pins as possible.

12.1.3.2 Stencil Pattern

The recommended drawings for the TAS5760LD device PCB foot print and associated stencil pattern are shown
at the end of this document in the package addendum. Additionally, baseline recommendations for the via
arrangement under and around the device are given as a starting point for the PCB design. This guidance is
provided to suit the majority of manufacturing capabilities in the industry and prioritizes manufacturability over all
other performance criteria. In elevated ambient temperatures or under high-power dissipation use-cases, this
guidance may be too conservative and advanced PCB design techniqgues may be used to improve thermal
performance of the system. It is important to note that the customer must verify that deviation from the guidance
shown in the package addendum, including the deviation explained in this section, meets the customer’s quality,
reliability, and manufacturability goals.

12.1.3.2.1 PCB Footprint and Via Arrangement

The PCB footprint (also known as a symbol or land pattern) communicates to the PCB fabrication vendor the
shape and position of the copper patterns to which the TAS5760LD device will be soldered to. This footprint can
be followed directly from the guidance in the package addendum at the end of this data sheet. It is important to
make sure that the thermal pad, which connects electrically and thermally to the PowerPAD of the TAS5760LD
device, be made no smaller than what is specified in the package addendum. This ensures that the TAS5760LD
device has the largest interface possible to move heat from the device to the board. The via pattern shown in the
package addendum provides an improved interface to carry the heat from the device through to the layers of the
PCB, because small diameter plated vias (with minimally-sized annular rings) present a low thermal-impedance
path from the device into the PCB. Once into the PCB, the heat travels away from the device and into the
surrounding structures and air. By increasing the number of vias, as shown in Layout Example, this interface can
benefit from improved thermal performance.

NOTE
Vias can obstruct heat flow if they are not constructed properly.

» Remove thermal reliefs on thermal vias, because they impede the flow of heat through the via.

» Vias filled with thermally conductive material are best, but a simple plated via can be used to avoid the
additional cost of filled vias.

» The drill diameter should be no more than 8mils in diameter. Also, the distance between the via barrel and
the surrounding planes should be minimized to help heat flow from the via into the surrounding copper
material. In all cases, minimum spacing should be determined by the voltages present on the planes
surrounding the via and minimized wherever possible.

» Vias should be arranged in columns, which extend in a line radially from the heat source to the surrounding
area. This arrangement is shown in the Layout Example section.

» Ensure that vias do not cut-off power current flow from the power supply through the planes on internal
layers. If needed, remove some vias which are farthest from the TAS5760LD device to open up the current
path to and from the device.

12.1.3.2.1.1 Solder Stencil

During the PCB assembly process, a piece of metal called a stencil on top of the PCB and deposits solder paste
on the PCB wherever there is an opening (called an aperture) in the stencil. The stencil determines the quantity
and the location of solder paste that is applied to the PCB in the electronic manufacturing process. In most
cases, the aperture for each of the component pads is almost the same size as the pad itself.

However, the thermal pad on the PCB is quite large and depositing a large, single deposition of solder paste
would lead to manufacturing issues. Instead, the solder is applied to the board in multiple apertures, to allow the
solder paste to outgas during the assembly process and reduce the risk of solder bridging under the device. This
structure is called an aperture array, and is shown in the Layout Example section. It is important that the total
area of the aperture array (the area of all of the small apertures combined) covers between 70% and 80% of the
area of the thermal pad itself.
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12.2 Layout Example

10kQ E
10 yF
-
T oo } y I _1 6-
g Jio WF ; o ; ; H F ‘ [ [
T .
= unl BEECREC R e
=— YY)
o] | N
i
5]
L 0.22uF
— =
I | o2z
!
4‘ ’L.ZZUF T
U
E
E
5.6kQ — .
AV b W
1040 ) O CNC N
R 5 60
e OO OO Ll | AR
I I <} % 10kQ

;lok()

470 v g §
-\~ LA D S

Lo uF ' LO uF

T T
I Top Layer Ground and PowerPad (" Via to bottom Ground Plane
[ 1 Padto top layer ground pour Top Layer Signal Traces

Figure 56. BTL Layout Example
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Layout Example (continued)

10kQ E
10 pF
T
» H { e &
s fow O Cae L
= J S
5
0.220F
[ ] — =
=
= m
=
1 — oz -
=
—
-
|
5 U
. [
S b W
1040 o She e
5.6kQ
LG O L 24 A
_.r —.r e} T 10kQ
§1Okn 470 v % §
| DN DH
JiOuF ' JiOuF
T T
System Processor
I Top Layer Ground and PowerPad ) Via to bottom Ground Plane
[ 1 Padto top layer ground pour Top Layer Signal Traces
Figure 57. PBTL Layout Example
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13 Device and Documentation Support

13.1 Documentation Support

13.1.1 Related Documentation

» TI FilterPro™ program available at: http://focus.ti.com/docs/toolsw/folders/print/filterpro.html
» TAS5760xx EVM User's Guide, SLOU371

13.2 Community Resources

The following links connect to TI community resources. Linked contents are provided AS IS by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TlI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

13.3 Trademarks

DirectPath, FilterPro, E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

13.4 Electrostatic Discharge Caution

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘%'\ during storage or handling to prevent electrostatic damage to the MOS gates.

13.5 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

14 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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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.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® 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 a line 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 TlI'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.
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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)
TAS5760LDDCA ACTIVE HTSSOP DCA 48 40 Green (RoHS CU NIPDAU Level-3-260C-168 HR ~ -251to 85 TAS5760LD
& no Sh/Br)
TAS5760LDDCAR ACTIVE HTSSOP DCA 48 2000 Gg[een s(l;/%H)s CU NIPDAU Level-3-260C-168 HR ~ -251t0 85 TAS5760LD
no r
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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.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
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Q1 : Q2
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Q3 I Q4 User Direction of Feed
[ 8
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Pocket Quadrants
*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)
TAS5760LDDCAR HTSSOP| DCA 48 2000 330.0 24.4 86 | 1568 | 1.8 | 12.0 | 24.0 Q1
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Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TAS5760LDDCAR HTSSOP DCA 48 2000 367.0 367.0 45.0
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MECHANICAL DATA
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This drawing is subject to change without notice.

A

B.

C. Body dimensions do not include mold flash or protrusion not to exceed 0,15.
D

This package is designed to be soldered to a thermal pad on the board.
Thermally Enhanced Package, Texas Instruments Literature No. w for information regarding

recommended board layout.

Refer to Technical Brief, PowerPad

This document is available at www.ti.com <http: //www.ti.com>.

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-153

PowerPAD is a trademark of Texas Instruments.
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THERMAL PAD MECHANICAL DATA

DCA (R-PDSO-G48) PowerPAD™ PLASTIC SMALL OUTLINE
THERMAL INFORMATION

This PowerPAD™ package incorporates an exposed thermal pad that is designed to be attached to a printed
circuit board (PCB). The thermal pad must be soldered directly to the 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).

For additional information on the PowerPAD package and how to take advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature
No. SLMAOO2 and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAQO4.
Both documents are available at www.ti.com.

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

Exposed

T :_ ] q/ Thermal Pad

3,60
2,52 _ |_ + _| _
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Exposed Thermal Pad Dimensions

4206320-4/S 11/14

NOTE: A. All linear dimensions are in millimeters

PowerPAD is a trademark of Texas Instruments.
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LAND PATTERN DATA

DCA (R

—PDS0-G48)

PowerPAD ™ PLASTIC SMALL OUTLINE PACKAGE

solder mask
over copper

Example Board Layout
Via pattern and copper pad size
may vary depending on layout constraints

46x0,5

A

Stencil openings based

on a stencil thickness of .127mm
Reference table below for other
solder stencil thicknesses
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/ (See Note E)
/
/
/ Increasing copper area will
enhance thermal performance
/ (See Note D)
/ Example
/ Non Soldermask Defined Pad
//"’—' ———
/ Sold Eh)ll(amkplg . Center PowerPAD Solder Stencil Opening
*(Gee Note By ° Stencil_Thickness X Y
—= =—0,3 0.1mm 7.21 4.06
/ \ \ 0.127mm 6.40 3.60
] i 0.152mm 5.85 3.29
l Y ~\L 0.178mm 5.41 3.04
\"\ 1,55 /— Pad Geometry
\ 0,05 /
All Around
T ~——— . —
4208546-3/H 11/14
NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Customers should place a note on the circuit board fabrication drawing not to dlter the center solder mask defined pad.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMAO02, SLMAQO4, 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>. Publication IPC-7351 is recommended for alternate designs.
E. Laser cutting apertures with trapezoidal walls and dlso rounding corners will offer better paste release.

contact their board assembly site for stencil design recommendations.

Customers should
Example stencil design based on a 50% volumetric

metal load solder paste. Refer to IPC—7525 for other stencil recommendations.
F. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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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 © 2017, Texas Instruments Incorporated
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