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TPA6166A2 3.5-mm Jack Detect and Headset Interface IC
1 Features 3 Description

e Ultra Low-Power, High-Performance DirectPath™
Class-G Headphone Amplifier

— Ground-Centered Output Eliminates DC-
Blocking Capacitors

— 30 mW/Chinto 32 Q/ Ch at 1% THD+N

— —42 dB to +6 dB Volume Control

— 2.0 pV Output Noise at —42 dB Gain

— 91-dB PSRR

— Ground Loop Rejection for Reducing Crosstalk

» Fully Differential Mic Preamplifier With Variable
Gain and 3.4-pV Low Noise

— Integrated AC-Coupling Capacitor

— Ground Loop Rejection for Reducing
Headphone to Mic Crosstalk

» Choice of Two Mic Bias Voltages: 2.0 V and 2.6 V
— 92-dB PSRR
— Integrated Programmable Mic Bias Resistor

e Advanced Accessory Insertion, Removal, and
Type Detection

» Passive Multi-button Support Using 10-Bit SAR
ADC

— Implements Proprietary Scheme to Reduce
Error Caused by Audio Playback Signal in
Presence of Finite Resistance on Headset
Ground Return Path

» Integrated Level-4 IEC ESD Protection on Jack
Connected Pins (on EVM)

» Ultra Low-Power Chip Shutdown Mode
« I°C Interface

» Short-Circuit Protection

e 0.4-mm Pitch 25-Ball WCSP

2 Applications

e Smart Phones and Wireless Handsets
» Portable Tablets

* Notebook PCs and Docking Stations

The TPA6166A2 single-chip headset interface IC
simplifies the challenges of detecting what kind of
device an end user has plugged into the headphone
jack while delivering excellent audio quality. The
device enables smaller end products by integrating a
high-performance, low-power DirectPath variable-
attenuation class-G stereo headphone amplifier,
variable-gain microphone preamplifier with bias with
advanced accessory detection circuitry, all in a tiny
5-mm x 5-mm terminal, 0.4-mm pitch WCSP
package.

The class-G headphone amplifier maximizes battery
life by adjusting the supply voltage of the headphone
amplifier based on audio signal level. With 8-pV
output noise at 0-dB gain and PSRR of 91 dB, the
headphone amplifier provides excellent audio
performance. DirectPath eliminates the need for DC-
blocking capacitors. The microphone preamplifier has
two programmable gains of 12 dB and 24 dB, and
3.4 pV input referred noise.

The microphone bias voltage has two programmable
settings of 2 V and 2.6 V. The bias output drives up
to 1.2 mA of current, has a low output noise of 2 pVv,
and 92-dB PSRR, providing excellent rejection of
power supply noise in wireless handsets.

The advanced accessory detection algorithm
automatically detects six supported accessories and
enables or disables internal components.

Device Information®
PACKAGE BODY SIZE (NOM)
WSCP (25) 2.50 mm x 2.50 mm

PART NUMBER
TPAG166A2

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

Simplified Schematic
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5 Pin Configuration and Functions
YFF Package
Top View
(ar} (A2} (A3} (ma) (ns)
GNDl IN INL CPVDD JACE;:SENSE
(1) (B2} (B3) (B4} (8BS
N oWz RQ moUTN TP
(1) {c2) {ca} (ca} (cs)
GPvss  SCL oD MOUTP  RWeL
(o1} (D2} (D3} (D4’ (D5}
G A eaND NG wicvoo
(Ex) (E2) (ES) [E4) (ES)
CiP  PGND VDD  RING2 SLEEVE
All NC pins should be left floating. Do not connect them to GND.
Pin Functions
PIN
NS el /0 / TYPE DESCRIPTION
GND1 Al P Analog / digital ground 1
INR A2 | Headphone right channel input
INL A3 | Headphone left channel input
CPVDD Ad | Headphone charge-pump positive supply (internally generated). Connect a 1-uF capacitor
to ground.
JACK_SENSE A5 1/0 Connect to headset jack terminal 5 (for mechanical switch). If mechanical switch is not
available, then this terminal can be kept floating.
NC (Floating) B1 (@) Leave floating (no connection)
GND2 B2 | Ground 2 - Connect to ground 1 on board.
IRQ B3 (@) Active low interrupt output
MOUTN B4 (@) Microphone preamplifier negative output
TIP B5 (@) Left headphone / line output. Connect to headset jack TIP (terminal 1).
CPVSS C1 | Headphone charge-pump negative supply (internally generated). Connect a 1-uF capacitor
to ground.
SCL c2 I 12C clock line
GND C3 | Connect to ground
MOUTP C4 (@) Microphone preamplifier positive output
RING1 C5 (@) Right headphone / line output. Connect to headset jack RING1 (terminal 2).
CIN D1 P Charge pump flying capacitor positive terminal
SDA D2 /0 I2C data line
PGND D3, E2 P Power ground
NC (Floating) D4 (@) Leave floating (no connection)
MICVDD D5 P Analog supply
C1P E1l P Charge pump flying capacitor negative terminal
VDD E3 P Analog / digital supply
RING2 E4 1/0 Connect to headset jack RING2 (terminal 3)
SLEEVE E5 1/0 Connect to headset jack SLEEVE (terminal 4)
Copyright © 2014-2015, Texas Instruments Incorporated Submit Documentation Feedback 3
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6 Specifications

6.1 Absolute Maximum Ratings
over operating temperature range, T, = 25°C (unless otherwise noted) ®

MIN MAX UNIT
Supply voltage, VDD -0.3 2 \%
Microphone supply voltage, MICVDD -0.3 3.9 \%
Output continuous total power dissipation See Thermal Information
Storage temperature, Tgyg —65 85 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

6.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001(® +2000
Vesp)  Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- +500 \
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.
6.3 Recommended Operating Conditions
MIN MAX | UNIT
VDD Supply voltage 1.7 1.9 \%
MICVDD  Microphone supply voltage 2.4 3.6 \%
Ta Operating temperature -25 85 °C
Line Driver Application, R, = 10 kQ, Ay = 0 dB, specified by design 470 pF
CL o Maximum load Line _D_river Appli_cation, R.=10kQ, Ay <0dB, LO_EXT_STAB =1, 470
g capacitance specified by design
Headphone Application, R, = 32 Q, specified by design 200
T; Operating junction temperature -25 150 °C
6.4 Thermal Information
TPAG6166A2
THERMAL METRIC® YFF (WSCP) UNIT
25 PINS
Rgia Junction-to-ambient thermal resistance 67
Raic(top) Junction-to-case (top) thermal resistance 18
Rgip Junction-to-board thermal resistance 38 °C/W
Wit Junction-to-top characterization parameter 0.1
Wig Junction-to-board characterization parameter 36

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
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6.5 Electrical Characteristics

VDD =00 1.8 V, MICVDD = 3.0 V, A, = 0 dB, C;y = 0.47 pF, Cr.y = 1.0 pF, Cepyop = Cepyss = 1.0 BF, Ryp = 32 Q, outputs in

phase, T, = 25°C (unless otherwise noted).

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vi Input logic high SDA, SCL 1.4
Vi Input logic low SDA, SCL 0.4 \%
VoL Output logic low IRQ loL = 3 mA pullup current 0.2xVDD
Logic high input
Ihal leakage current SDA, SCL 1
Logic low input
Ihe leakage current SDA, SCL 1 WA
Logic high output | == _
llon leakage current IRQ Virg = 3.3V 1
IVDD 2.38 mA
Audio playback (both
channels), no signal into 32 Q lwicvop 021 mA
Pcons® 4.91 mw
Audio playback (both lvoo 3.74 mA
channels), 100-uW output into | lycvop 0.21 mA
32Q Peons® 7.35 mw
IVDD 2.36 mA
2-way call, no signal into 32 Q | lyicvop 0.96 mA
Pcons® 6.35 mw
IVDD 3.68 mA
Power consumption g-zwgy call, 100-uW output into ImicvoD 0.96 mA
Pcons® 8.74 mw
IVDD 10.84 HA
Accessory not inserted ImicvbD 1.05 HA
Pcons® 22.7 pW
Accessory not inserted, lvoo 150.9 kA
mechanical switch is open ImicvbD 1.05 HA
(JACK_SENSE=1) Peons™® 278.3 LW
IVDD 108.1 HA
Accessory inserted and in slee
mode y P Imcvon 1.06 HA
Pcons® 197.8 pW

(1) Total power consumption from VDD and MICVDD.
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6.6 Electrical Characteristics, Audio Amplifiers
VDD = 1.8 V, MICVDD = 3.0 V, Ay = 0 dB, Cy = 0.47 UF, Cry = 1.0 UF, Ccpypp = Cepyvss = 1.0 pF, R, = 32 Q, outputs in

phase, T, = 25°C (unless otherwise noted).

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
HEADPHONE AND LINE-OUT AMPLIFIERS
Programmable gain range -42 6| dB
AV Max Ay =6dB 5.0 6.0 70| dB
AV Min Ay =-42 dB -43 42 41| dB
Gain step size -42dB<Ay<6dB 1 dB
AAy Gain matching Between left and right channels -0.5 05| dB
Mute attenuation 103.7 dB
THD+N = 1%, f = 1 kHz, R = 32 Q, single 20.1
channel on
THD+N = 1%, f= 1 kHz, R. =32 Q, 232
C both channels on
THD+N = 1%, f = 1 kHz, R, = 16 Q, single
Po Output power channel on 43.0 mw
THD+N = 1%, f = 1 kHz, R, =16 Q, The
processing of Request 596221 was completed at
10:19 on 28 Jan 2015. Click here to access the 30.2
data Click here to access the HTML data both
channels on
o ] R =16 Q, Po =10 mW, f =1 kHz 0.021%
THD+N :glt;'a harmonic distortion plus RL=16 Q, Po = 0.1 mW, = 1 kHz 0.057%
RL =10 kQ, Vout = 1 VRus, = 1 kHz 0.014%
f=dc,VDD=17Vto 1.9V, A, =0dB 70 91
PSRR Power supply rejection ratio f =217 Hz, 100 mVp_p ripple on VDD 88 dB
f =10 kHz, 100 mVp._p ripple on VDD 71
Ay=0dB 8.0
En Output noise® Ay =-30dB 2.0 UVRrms
Ay =-42dB 2.0
Crosstalk between left and right | RL =16 Q, f=1kHz, Po =5 mW -56 4B
channels R.=320Q, f=1kHz, Pg =25 mW —62
RN Amplifier input resistance 20 kQ
Voos Output offset voltage Ay =0dB -0.5 05| mV
Voutmax Max line output voltage R =10 kQ 1 VRrMs
feLpr ;pg(;ﬁ;(r)]\év)-l[()gss filter 3-dB cutoff Ay =0dB 45.1 KHz
Low-pass filter passband gain® (/(::Jz gzvto 15 kHz, de-coupled inputs with -0.4 dB
Low-pass filter stopband gain® f =145 kHz -16 dB
fcp Charge pump frequency 1.3 MHz
Ay = 0 dB, Volume Slewing Into shutdown -83
Click and pop™® Enabled, R = 32 Q, peak out of 69 dBv
voltage, 32 samples / second shutdown
Po=0.5mW, R =32Q 6.2
Power consumption® Po=5mW,R =32Q, THRH =1 13.3 mw
Po=30mW, R . =32Q, THRH=0 56.9
R Minimum headphone load 32 7.8 Q

(1) A-weighted

(2) Measured with respect to gain at 997 Hz

(3) Per output channel
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6.7 Electrical Characteristics, Mic Preamplifier and Bias
VDD = 1.8 V, MICVDD = 3.0 V, T, = 25°C (unless otherwise noted).

PARAMETER | TEST CONDITIONS MIN TYP  MAX| UNIT
MICROPHONE BIAS
. . Programmed for high value, MICVDD = 2.8 V 2.45 26 275
Vgias Microphone bias voltage \%
Programmed for low value 1.88 20 212
lout Max bias output current Internal bias resistor bypassed (MICR = 011) 1.2 mA
MICR = 000 2.09 22 231
. . MICR = 001 2.47 26 273
Rpias Bias output resistance kQ
MICR = 010 2.85 3.0 315
MICR =011 0.13
Between SLEEVE and RING2, BW = 100 Hz to 7 kHz, 2.0
En Bias output noise® 2.2 kQ load between SLEEVE and RING2, MICR = 000, UVRMS
Veias =2.0V
f=dc, 92
MICVDD = 2.8 V to
3.6V
PSRR Power supply rejection ratio . ripple, dB
SLEEVE and RING2, MICVDD = 3.0 V
MICR = 000, Vgjas = 2.6 V -
f=2kHz, 100 mVp_p 73
ripple,
MICVDD =28V
. . Measured between Mic and GND 1500 20000
Micz Microphone Capsule Impedance before insertion Q
MICROPHONE PREAMPLIFIER
i . Programmed for high value, f = 997 Hz 23 24 25
Ay Preamplifier gain dB
Programmed for low value, f = 997 Hz 11 12 13
En Input referred noise™® f =100 Hz to 7 kHz, Ay = 24 dB, Mic on SLEEVE, 2.2 kQ 3.4 UVRMS
load between SLEEVE and RING2, MICR = 000,
VBlAS =20V
THD+N  Total harmonic distortion plus Vout = 1 Vrus 0.095
noise %
Measured between MOUTP-MOUTN, 6.04 kQ between 74
SLEEVE and RING2, MICR = 010, Vgjag = 2.0 V, f = dc,
MICVDD =2.4Vt0 3.6 V
— ) Measured between MOUTP- f=dc, 109.5
PSRR  Power supply rejection ratio MOUTN, 2.2 kQ between MICVDD = 2.8 V to dB
SLEEVE and RING2, 36V
MICR =000, Vgias = 2.6 V f=2kHz, 100 mVp_p 78
ripple on MICVDD
Vemo Output Common Mode MICVDD =2.4V - 3.6V 0.4xMICVDD \%
feLo Lower -3 dB frequency of HPF ) 20 Hz
feni Upper -3 dB frequency of 260 kHz
amplifier@
(1) A-weighted
(2) Measured with respect to gain at 997 Hz
Copyright © 2014-2015, Texas Instruments Incorporated Submit Documentation Feedback 7
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6.8 Timing Requirements

For I2C interface signals and voltage power-up sequence, over recommended operating conditions (unless otherwise noted).
Timing is specified by design.

MIN MAX| UNIT
fscL Frequency, SCL No wait states 400 kHz
tw(H) Pulse duration, SCL high 0.6 us
tw) Pulse duration, SCL low 1.3 us
tsu1 Setup time, SDA to SCL 100 ns
th1 Hold time, SCL to SDA 10 ns
toun) Bus free time between stop and start condition 1.3 us
tsu2 Setup time, SCL to start condition 0.6 us
tho Hold time, start condition to SCL 0.6 us
tsu3 Setup time, SCL to stop condition 0.6 us
tsp Pulse width of surpressed spike 0 50 ns

:4— LH) —P:d— L) —

|
|
|
|
tout —F—Vl .4—’:— the
|

K X A X_

T0027-02

: tho — e —>
| ' I I
H_»:_ tsu2 tsu3 _E‘_»: :
| | |
| 45 | |
SDA / * / \ * *

| |

| |

| |

| |

Start Stop
Condition Condition

T0028-01

Figure 2. Start and Stop Conditions Timing
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6.9 Typical Characteristics

VDD = 1.8 V, MICVDD = 3.0 V, A, = 0 dB, C;y = 0.47 UF, Cery = 1.0 pF, Cepvop = Cepyss = 1.0 pF, Ryp = 32 Q, outputs in

phase, T, = 25°C (unless otherwise noted).
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Figure 3. Headphone Total Harmonic Distortion + Noise vs
Output Power
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Figure 4. Headphone Total Harmonic Distortion + Noise vs
Output Power

= Pg =100 uW per Channel
—— Pgo =10 mW per Channel

N
|
2
o
z
+ 1
c
o
=4
2 =T
2 .
o | A
LE’ 0.1 ™
g hN
£ A
3 LB
° 0.01 ;
! 1
z |
A |
T
= 0.001
20 100 1k 10k 20k
f - Frequency - Hz
Vpp = 1.8V R.=16Q Gain =0 dB

Figure 5. Headphone Total Harmonic Distortion + Noise vs
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Figure 6. Headphone Output Power vs Load Resistance

Figure 7. Headphone Psrr vs Frequency
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Figure 8. Headphone Supply Current vs Total Output Power
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Typical Characteristics (continued)

VDD =1.8 V, MICVDD = 3.0 V, AV =0 dB, C|N =0.47 HF, CFLY =1.0 ”F, CCPVDD = CCPVSS =1.0 UF, RHP =32 Q, OutputS in

phase, T, = 25°C (unless otherwise noted).

100

Ipp = Supply Current — mA
>

7
= Il
et =
—— Both Channels On - In phase
3.001 0.01 0.1 1 10 40
Po — Output Power per Channel- mW
Vpp = 1.8V R =320Q Gain =0 dB
f=1kHz THRH =0

Figure 9. Headphone Supply Current vs Total Output Power
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Figure 10. Headphone Start-up Waveforms vs Time
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Figure 11. Headphone Shutdown Waveforms vs Time
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Figure 12. Headphone Output Spectrum vs Frequency
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Figure 13. Headphone Output Spectrum vs Frequency
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Figure 14. Audio Filter Frequency Response
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Typical Characteristics (continued)

VDD =1.8 V, MICVDD = 3.0 V, AV =0 dB, C|N =0.47 HF, CFLY =1.0 ”F, CCPVDD = CCPVSS =1.0 UF, RHP =32 Q, OutputS in

phase, T, = 25°C (unless otherwise noted).
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Figure 15. Mic Preamplifier Total Harmonic Distortion +
Noise vs Frequency
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Figure 16. Mic Preamplifier Total Harmonic Distortion +
Noise vs Frequency
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Figure 17. Mic Preamplifier Frequency Response

28
24 | /\
el
//
@ 20
o
1
2 16
e
o
Q
§ 12
2
8
4
0
10 100 1k 10k 100k 500k
f - Frequency - Hz
MIC Vpp = 3.0V Gain = 24 dB

Figure 18. Mic Preamplifier Frequency Response
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Figure 19. Mic Preamplifier + Micbias PSRR vs Frequency
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Spectrum

Copyright © 2014-2015, Texas Instruments Incorporated

Submit Documentation Feedback 11

Product Folder Links: TPA6166A2



13 TEXAS

INSTRUMENTS
TPAB166A2

SLAS997B —MARCH 2014—REVISED JANUARY 2015 www.ti.com

Typical Characteristics (continued)

VDD =1.8 V, MICVDD = 3.0 V, AV =0 dB, C|N =0.47 HF, CFLY =1.0 ”F, CCPVDD = CCPVSS =1.0 UF, RHP =32 Q, OutputS in
phase, T, = 25°C (unless otherwise noted).
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Figure 21. Mic Preamplifier + Micbhias Output Frequency Spectrum
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7 Detailed Description

7.1 Overview

The TPA6166A2 is a small device that serves a large number of complex functions in a portable audio device. It
identifies an accessory plugged into the jack, and configures the internal subsystems to take full advantage of its
capabilities.

» Headphone-jack accessory detection and identification

*  Switch matrix

» Class-G ground-centered stereo headphone amplifier

* Mic preamplifier and bias

* SAR ADC for various analog sense functions

» ESD protection

« Convenient I°C host interface

7.2 Functional Block Diagram
CPVDD CPVSS C1P CIN VDD MICVDD
=

[ T 1T

Class-G RING1
IL\’]‘; Stereo Headphone
Amplifier H 1
p ESD TIP

Mic L [Prot | & JACK_SENSE
Matrix
and [ SLEEVE
MOUTP : Detection
MOUTN } Circuit
g%ﬁ Digital
RQ Interface SAR
and ADC
Control

- - -
GND1 GND2 PGND

7.3 Feature Description

7.3.1 I°C Interface
The TPA6166A2 1°C address is 0x40 (7-bit).

The 12C bus employs two signals, SDA (data) and SCL (clock), to communicate between integrated circuits in a
system. The bus transfers data serially, one bit at a time. The most significant bit (MSB) is transferred first for the
8-bit address and data bytes. In addition, each byte transferred on the bus is acknowledged by the receiving
device with an acknowledge bit. Each transfer operation begins with the master device driving a start condition
on the bus and ends with the master device driving a stop condition on the bus. The bus uses transitions on the
data terminal (SDA) while the clock is at logic 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.
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Feature Description (continued)

Figure 22 shows a typical sequence. 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 TPA6166A2
holds SDA low during the acknowledge clock period to indicate acknowledgment. When acknowledgment occurs,
the master transmits the next byte of the sequence. Each device is addressed by a unique 7-bit slave address
plus R/W bit (1 byte). All compatible devices share the same signals via a bidirectional bus using a wired-AND
connection.

An external pullup resistor must be used for the SDA and SCL signals to set the logic high level for the bus.
When the bus level is 3.3 V, use pullup resistors between 1 kQ and 2 kQ.

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 22.

-—

8-Bit Register Data For
Address (N)

8-Bit Register Data For
Address (N)

|
|
SDA _E—|: 7-Bit Slave Address |V [ A | 8-Bit Register Address (N) [ A
L
|
H{7[els]a]a]2]1]o| |7]|6|s|a|a|2|1|o| [7]6]|s]|4]|s|2|1]|o| |7|6|5|4|3]2]1]0
|

™7
I
I
I
}
I
I
I

s UL UUUUUUUA U U UUUUUUAA

- |
Start Stop

T0035-01

Figure 22. Typical I1°C Sequence

7.3.1.1 Single and Multiple Byte Transfers

The serial control interface supports both single-byte and multiple byte read/write operations for all registers.
During multiple-byte read operations, the TPA6166A2 responds with data, 1 byte at a time, starting at the register
assigned, as long as the master device continues to respond with acknowledgments.

The TPA6166A2 supports sequential 1°C addressing. For write transactions, if a register is issued followed by
data for that register and all the remaining registers that follow, a sequential I1°C write transaction has occurred.
For I1°C sequential write transactions, the register issued then serves as the starting point, and the amount of
data subsequently transmitted, before a stop or start is transmitted, determines the number of registers written.

7.3.1.2 Single-Byte Write

As Figure 23 shows, a single-byte data write transfer begins with the master device transmitting a start condition
followed by the 12C device address and the read/write bit. The read/write bit determines the direction of the data
transfer. For a write data transfer, the read/write bit must be set to 0. After receiving the correct 1°C device
address and the read/write bit, the TPA6166A2 responds with an acknowledge bit. Next, the master transmits the
register byte corresponding to the TPA6166A2 internal memory address being accessed. After receiving the
register byte, the TPA6166A2 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 register byte, the TPA6166A2
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
: /\ —/ N\ ~/ N\
D.O.00.0008 00000000 00000000CN,
|
1°C Device Address and Subaddress Data Byte Stop
Read/Write Bit Condition

T0481-01

Figure 23. Single-Byte Write Transfer
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Feature Description (continued)
7.3.1.3 Multiple-Byte Write and Incremental Multiple-Byte Write

A multiple-byte data write transfer is identical to a single-byte data write transfer except that multiple data bytes
are transmitted by the master device to the TPA6166A2 as shown in Figure 24. After receiving each data byte,
the TPA6166A2 responds with an acknowledge bit.

Start
Condition Acknowledge Acknowledge Acknowledge Acknowledge Acknowledge
|

CRIIRIAHARENX A KIRK)
1
|

I2C Device Address and Subaddress First Data Byte Other Data Bytes Last Data Byte Sto_p_
Read/Write Bit Condition

T0482-01

Figure 24. Multiple-Byte Write Transfer

7.3.1.4 Single-Byte Read

As Figure 25 shows, a single-byte data read transfer begins with the master device transmitting a start condition
followed by the I2C device address and the read/write bit. For the data read transfer, both a write followed by a
read are actually executed. Initially, a write is executed to transfer the address byte of the internal memory
address to be read. As a result, the read/write bit is set to a 0.

After receiving the TPA6166A2 address and the read/write bit, the TPA6166A2 responds with an acknowledge
bit. The master then sends the internal memory address byte, after which the TPA6166A2 issues an
acknowledge bit. The master device transmits another start condition followed by the TPA6166A2 address and
the read/write bit again. This time the read/write bit is set to 1, indicating a read transfer. Next, the TPA6166A2
transmits the data byte from the memory address being read. After receiving the data byte, the master device
transmits a not-acknowledge followed by a stop condition to complete the single-byte data read transfer.

Repeat Start
Start Condition Not
Condition Acknowledge Acknowledge | Acknowledge Acknowledge
| |
| N AN N A
D 0a OO COOOOAOCAAVOCLAOOT C OORDE,
A
|
|
IZC Device Address and Subaddress IZC Device Address and Data Byte Stop
Read/Write Bit Read/Write Bit Condition

T0483-01

Figure 25. Single-Byte Read Transfer

7.3.1.5 Multiple-Byte Read

A multiple-byte data read transfer is identical to a single-byte data read transfer except that multiple data bytes
are transmitted by the TPA6166A2 to the master device as shown in Figure 26. With the exception of the last
data byte, the master device responds with an acknowledge bit after receiving each data byte.

Repeat Start
Condition
Start , Not
Condition Acknowledge Acknowledge | Acknowledge Acknowledge Acknowledge Acknowledge

: ~ RN N A I AN
O3 C000 CHAHED

IZC Device Address and Subaddress IZC Device Address and  First Data Byte Other Data Bytes Last Data Byte Stop
Read/Write Bit Read/Write Bit Condition

T0484-01

Figure 26. Multiple-Byte Read Transfer
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Feature Description (continued)
7.3.2 Accessory Detection

The TPA6166A2 has an advanced accessory jack detection circuitry which determines insertion, removal, as well
as type detection of accessories with a 3.5-mm headset jack. The jack and its internal connections are shown in
Figure 27.

"Z2RINGI) V

—
1 (TIP)? %
5 (JACK_SENSE, 1 g2peye
Normally Closed)

3 (RING2)
4 (SLEEVE)

Figure 27. Connecting to a 3.5-mm Headset Jack

When the insertion of a jack is detected, the accessory type detection algorithm runs until two consecutive type
detections produce the same result. In general, the type detection algorithm is not run again after this point of
time. Hence, on-the-fly change of accessory type is not detected. The following accessories can be detected.
Table 6 has specific detection details.

» Stereo Headset (HP with mic)
* Line Out Audio Cable

* Mono Headset

» Stereo Headphone

* Line Out Audio Cable

The limits of detection are shown in Table 1.

Table 1. Limits of Detection

PARAMETER SYMBOL MIN MAX UNIT
Cable Shield Capacitance CCABLE 150 500 pF
Headphone Load Resistance RHP 8 700/1500* Q
Audio Line Load Resistance RLINE 10 50 kQ
Microphone Load Resistance RMIC 15 20 kQ
Open/Float 200K || 70 pF 10G || 5 pF kQ

As a result of accessory detection, appropriate blocks are automatically turned on ensuring lower possible power
consumption. When accessory is removed, all blocks are turned off ensuring ultra low power. The TPA6166A2
achieves 22.7 pW when no accessory is inserted.
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7.3.3 Audio Playback Channel

The TPA6166A2 includes stereo audio channel with integrated low pass filter and class-G headphone amplifier.
Figure 28 shows the block diagram for the Audio Channel. The channel includes volume control block. The
volume level can be varied from +6 dB to —42 dB in 1-dB steps, in addition to a mute bit, independently for each
channel. The volume level of both channels can also be changed simultaneously by the master volume control,
which can be achieved by setting Register 0x07, Bit 7 (L=R) to 1. Gain changes are implemented with a soft-
stepping algorithm, which only changes the actual volume by one step in every 3.25 ms, either up or down, until
the desired volume is reached.

0 to -30dB (steps of -6dB)

+6 to -12dB (steps of -1dB)

LPF
16 dB Attenuation
at 145 kHz
— TIP
RING2
= ﬂ SLEEVE
_Ej: RING1

+6 to -12dB (steps of -1dB)

LPF
16 dB Attenuation
at 145 kHz

0 to -30dB (steps of -6dB)

Figure 28. Audio Playback Channel

Because of soft-stepping, the system does not know when the audio channel has been actually muted. This may
be important if the system wishes to mute the channel before making a significant change. To help with this
situation, the device provides a flag back to the system through a read-only register bit that alerts the system
when the part has completed the soft-stepping and the actual volume has reached the desired volume level.
Soft-stepping feature can be disabled by setting Register OX1E, Bit 5 (VSEN) to 1.

The TPA6166A2 integrates switches on RING2 (terminal 3) and SLEEVE (terminal 4) to ground. Based on
accessory detection result, either RING2 or SLEEVE is selected as accessory ground, and appropriate switch is
turned on. As switches have finite resistance, it can give rise to crosstalk between left and right channel. The
TPAB166A2 integrates ground loop rejection circuitry, which reduces crosstalk to a great extent.

The left channel audio output can be routed to TIP. For right channel, audio output is routed to RING1.
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7.3.3.1 Class-G Headphone Amplifier

Class-G is a linear amplifier using a modulating supply voltage. A high-efficiency step-down converter regulates
the headphone amplifier supply voltage. The headphone amplifier supply voltage increases as the audio output
voltage increases. This prevents signal clipping and distortion. The headphone amplifier supply voltage
decreases during softer audio periods, reducing battery current and improving overall efficiency. The class-G
amplifier has more than twice the efficiency of an equivalent class-AB amplifier. This increases battery life during
audio playback.

Figure 29 shows the block diagram for the class-G headphone amplifier. The class-G control examines the
amplifier output voltage and determines the optimum headphone supply voltage. CPVDD and CPVSS voltages
increase fast enough to avoid any output clipping or distortion. The class-G control operates automatically and
does not require programming.

VDD
CPVDD
l Ioo
IDD/Z
—> ’\ lour Vour
Charge Audio Input = <
Pump I/
—>
loo/2 Rt
CPVSS 1
Class G
Control

Figure 29. Class-G Headphone Block Diagram

7.3.3.1.1 Headphone Charge Pump

The TPA6166A2 includes a high-efficiency step-down charge pump and an inverting charge pump to generate
power supplies for the headphone amplifier. These charge pumps use a common flying capacitor, thus
minimizing components. The step-down charge pump regulates CPVDD; the inverting charge pump regulates
CPVSS. These are designed to only drive the TPA6166A2 headphone amplifier. Do not use CPVDD or CPVSS
as a voltage supply to drive an external device.

7.3.3.2 Out-of-Band and Input RF Noise Rejection

When using amplifiers with CODECs and DACs, sometimes there is an increase in the output noise floor from
the audio amplifier. This occurs when the output out-of-band noise of the CODEC/DAC folds back into the audio
frequency due to the limited gain bandwidth product of the audio amplifier. Single-ended RF noise can also fold
back into the audio band thus degrading the audio signal even further.

The TPA6166A2 has a built-in low-pass filter to reduce CODEC/DAC out-of-band noise and RF noise, that could
fold back into the audio frequency.
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7.3.4 Mic Channel

The TPA6166A2 includes microphone preamplifier with selectable gain of 12 dB and 24 dB. The device uses
architecture, which removes requirement of external AC coupling capacitor by integrating it inside. The
TPAB6166A2 also includes Mic-bias with integrated bias resistor. A mic bias voltage can be programmed to 2.0 V
or 2.6 V. Mic-bias resistor can be programmed to 2.2 kQ, 2.6 kQ, 3.0 kQ or bypass. Based on accessory
detection result, either RING2 (terminal 3 of jack) or SLEEVE (terminal 4 of jack) is selected as Mic input, and
appropriate switch is turned on. Figure 30 shows the block diagram for the Mic Channel. Note that Bias resistor
bypass mode, accessory detection, removal detection, and mic amp will not function.

Micbias
(20V/26V)

22/2.6/3.0kQ

MOUTP
MOUTN
Mic Pre-
Amplifier

—CT SLEEVE

Figure 30. Mic Channel

7.3.5 Button Press Detection

The TPA6166A2 supports button press detection of different types:

» Single button press/release: When pressed, this typically creates an equivalent resistance of 1 Q between
RING2 and SLEEVE.

« Passive button press/release: When pressed, this creates an equivalent resistance between RING2 and
SLEEVE. The TPA6166A2 reports press and release event along with resistance value (KEYDATA DIV and
KEYDATA in Register 0x17).

The impedance seen by the ADC is calculated using the following data

» Bias voltage

» Bias resistor

» Parallel impedance of the switch pressed and the microphone capsule impedance

The button press detection is done in a two-stage process. The device remains in a low power mode until a

comparator is tripped. The comparator threshold is set to <1500Q. Upon detection, the ADC is started to
calculate the impedance pressed.

NOTE
The ADC will support impedances up to 375 Q. Higher values are supported, but are
much more susceptible to capacitance in the mic capsule, and could potentially provide
erronious readings. At 375 Q, Mic Capsule capacitances supported can be up to 50 nF.

For more details on configuring the device for Button Press Detection, see Button Detection.
7.4 Device Functional Modes

7.4.1 1°C Options

The TPA6166A2 1°C address is 0x40 (7-bit).
* Single-Byte Write

e Multiple-Byte Write

* Incremental Multiple-Byte Write

* Single-Byte Read

e Multiple-Byte Read
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Device Functional Modes (continued)
7.4.2 System in Shutdown Mode

Shutdown mode enables lowest power consumption from device. During this mode, accessory insertion, removal
and type detection are not supported, but as soon as system comes out of shutdown, detection will work fine.

This mode can be programmed by programming /SHDN, register 0x1D (bit-7) to O For coming out of shutdown,
/SHDN bit should be set to 1.

This will also rerun accessory detection algorithm.

7.4.3 System in Sleep Mode

This mode is enabled by programming SLEEP, register 0x1D (bit-6) to 1. During this mode, accessory insertion,
removal, type and single-button press/release detection are supported.

7.4.3.1 Accessory Not Inserted

When the device is in AUTO mode (register Ox1E, bit 1-0 = 01), the device automatically configures itself in
lowest possible power mode.

If accessory was previously inserted and is then removed, interrupt gets generated. Upon interrupt following
sequence can be used to determine accessory removal and take appropriate action:
* Read control registers 0x00 to 0x02

» If JKIN, register 0x00, bit-7 = 0, then infer that accessory has been removed. Program SLEEP, register Ox1D,
bit-6 = 1.

7.4.3.2 Accessory Inserted

When the device is in AUTO (register Ox1E, bit 1-0 = 01) and SLEEP (register 0x1D, bit-6 = 1) mode, the device
automatically configures itself to minimize power consumption. For example: the mic preamplifier and headphone
amplifiers are turned off, but removal and button-press detection continue to operate.

If the accessory was previously not inserted and is then inserted, interrupt gets generated. Upon interrupt
following sequence can be used to determine accessory insertion and take appropriate action:

» Read control registers 0x00 to 0x02

» If JKIN, register 0x00, bit 7 = 1, then infer that accessory has been inserted.

» Read control register 0x19 to determine type of accessory

When the system wakes up and programs the device out of SLEEP mode, appropriate blocks will automatically
turn on based on the type of accessory. System can also use accessory type to configure different routings

(example: mix left and right channel for mono headset) and signal swing (depending on whether it is headphone
or line-out load).

If the system was previously not in sleep mode and enters sleep mode, the following sequence should be
followed to avoid pop noise on the headphone output:
e Enable interrupt due to volume slewing. This can be done by programming register 0x04, bit-5 (IVOL) = 1.

« If register 0x07, bit-7 (L=R) is 1, then program register Ox1E, bits 7-6 (left and right headphone control) = 00
and bits 1-0 (AUTO) = 00. Wait for interrupt due to volume slewing complete (VOL, register 0x00, bit-5).

» If register 0x07, bit-7 (L=R) is 0, then execute following steps:

— If register Ox1E, bit-7=1, then program register Ox1E, bit-7 = 0 and bits 1-0 = 00. Wait for interrupt due to
volume slewing complete (VOL, register 0x00, bit-5)

— If register Ox1E, bit-6=1, then program register Ox1E, bit-6 = 0 and bits 1-0 = 00. Wait for interrupt due to
volume slewing complete (VOL, register 0x00, bit-5).

e Program device in sleep mode (register 0x1D, bit-6, SLEEP = 1).
e Program device back in Auto mode (register Ox1E, bits 1-0, AUTO = 01.
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Device Functional Modes (continued)
7.4.3.3 Button Detection During Sleep Mode

During Sleep mode, single-button press/release detection is supported. Remaining buttons of passive multi-
button headset (resistance of button higher than 0 Q) are also detected as single button (resistance = 0 Q). For a
button press, the system can use this event to wake up the system, and then program the device (details in
Button Detection) to detect the second button press correctly.

Upon interrupt, the following sequence needs to be followed for button detection:
» Read control registers 0x00 to 0x02

» If MCSW, register 0x00, bit 1 = 1, then infer that button has been pressed/released. As long as button is
pressed, MCSW continues to remain set.

7.4.4 System in Wake-Up Mode

This mode is enabled by programming SLEEP, register 0x1D (bit-6) to 0. During this mode, accessory insertion,
removal, type, single button press/release and passive multi-button detection are supported.

7.4.4.1 Accessory Not Inserted

When the device is in AUTO mode (register Ox1E, bit 1-0 = 01), the device automatically configures itself in
lowest possible power mode.

If accessory was previously inserted and is then removed, interrupt gets generated. Upon interrupt following
sequence can be used to determine accessory removal and take appropriate action:

» Read control registers 0x00 to 0x02

» If JKIN, register 0x00, bit 7 = 0, then infer that accessory has been removed. Program SLEEP, register Ox1D,
bit-6 = 1.

If a voice call is in progress, the system can use removal information to change from headset to handset mode. If
audio is playing, the system can use the removal information to route audio to the speaker amplifier.

7.4.4.2 Accessory Inserted

When the device is in AUTO mode (register Ox1E, bit 1-0 = 01), the device automatically configures itself to turn
on appropriate blocks. For example: for mono, only left headphone amp is turned on, whereas for stereo both left
and right headphone amps are turned on).

If accessory was previously not inserted and is then inserted, an interrupt is generated. Upon an interrupt, the
following sequence can be used to determine that an accessory insertion has occurred and take appropriate
action:

» Read control registers 0x00 to 0x02
« If JKIN, register 0x00, bit-7 = 1, then infer that accessory has been inserted.

» Read control register 0x19 (bit 6-0, STATE) to determine type of accessory. Program SLEEP, register 0x1D,
bit-6 = 0 (if audio is playing or in voice call).

If a voice call is in progress, the system can use the insertion information to change from handset to headset
mode. If audio is playing on speaker, the system can use the insertion information to route audio to headset
(accessory).

Accessory type detection can be used to configure different routings (example: for mono headset, mix left and
right channel and route it on INL of the TPA6166A2) and signal swing (depending on headphone or line-out
load).

7.4.4.3 Audio Not Playing or Not in Voice Call

During this mode, lowest power option is to program the device in SLEEP mode (register Ox1D, bit 6 = 1). This
will power down mic preamplifier and headphone amplifiers. If audio starts playing or a voice call starts, SLEEP
can be programmed to 0. To minimize pop and clock, headphone amplifiers go through power up sequencing
where it first powers up in MUTE and then soft step volume to set gain with slew rate of 3.25 ms/dB. Volume
slewing can be disabled by programming register Ox1E, bit-5 to 1.
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Device Functional Modes (continued)

7.4.4.4 High Impedance Line Out Load

The TPA6166A2 detects 50-kQ max impedance as a line-level output. A value above 50 kQ is treated as float
and the corresponding amplifier is kept powered down. If higher value line-out load must be supported, the
following sequence can be used, when accessory insertion is detected:

* Register 0x19 (bit 6-0, STATE) value is already available immediately after insertion detection (to determine
type of accessory). Check if STATE have one of following values

— 0x1B

- 0x1C

— Ox1F
» If value matches one of the above, the following register writes should be done

— Register 0x19 (bits 7-0) = Ox1A

— Register 0x19 (bits 7-0) = Ox9A
The preceding sequence will power up both left and right headphone amplifiers. After this step, the device will
again go into automatic mode, where blocks will be powered up and down based on detection result.

7.4.45 Button Detection

If only single-button detection is required, following sequence can be used when interrupt is generated:
* Read control registers 0x00 to 0x02
» If MCSW, register 0x00, bit 1 = 1, then infer that button has been pressed (PRESS, register 0x01, bit-1 = 1)
or released (PRESS, register 0x01, bit-1 = 0)
If both single-button and passive multi-button detection are required, the following sequence can be used:
» As soon as the device is in wake-up mode (SLEEP = 0), following register writes should be done
— Register 0x1C (bit-7) = 1
— Register 0x66 (bits 7-0) = OxF1
— Register 0x6F (bits 7-0) = 0x01
— Register 0x66 (bits 7-0) = 0x00
» Upon interrupt, following sequence can be used:
— Read control registers 0x00 to 0x02
— If MCSW (register 0x00, bit-1) = 1, then infer that single-button has been pressed (PRESS, register 0x01,
bit-1 = 1) or released (PRESS, register 0x01, bit-1 = 0).
— If MCSW = 0 and KEY (register 0x01, hit-2) = 1, then infer that passive multi-button has been pressed
(PRESS, register 0x01, bit-1 = 1) or released (PRESS, register 0x01, bit-1 = 0).

— If passive multi-button press is detected, value of button resistance can be known by reading register 0x17
(KEYDATA_DIV and KEYDATA). Equation for resistance calculation is shown in description of control
register Ox17

* When device needs to be taken to Sleep or Shutdown mode or accessory removal gets detected, the
following additional registers should be programmed to minimize power consumption

Register Ox1C (bit-7) = 0

— Register 0x66 (bits 7-0) = OxF1
Register Ox6F (bits 7-0) = 0x00
Register 0x66 (bits 7-0) = 0x00
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7.5 Register Maps

7.5.1 Register Functional Overview

The TPA6166A2 when configured in fully automated mode (bits 1-0, register Ox1E set to 01) automatically
enables and disables relevant blocks (headphone, mic preamplifier, mic bias, and so forth) based on result of
accessory detection.

Table 2. Register Descriptions for Software Developers

Registers Read/Write Function

Configuration and device status registers. These registers are used to report the makeup of the
inserted jack as well as report when a microphone switch has been pressed or the jack has been
0x00, 0x01, removed. The TPA6166A2 uses the status registers and IRQ to report the status of various device

0x02 functions. The status registers bits are set when their respective event occurs and cleared upon
reading the register. Device status can be determined either by polling the registers or configuring the
IRQ to go low when specific events occur and then reading these registers on IRQ.

Interrupt mask registers. These registers determine which bits in the status registers (0x00 — 0x02)
0x04, 0x05 R/W will trigger IRQ to go low. Once IRQ goes low, it becomes high when status register responsible for
IRQ generation gets read.

Headphone volume setting registers. These registers independently control and report the gain of the
0x07, 0x08 R/W left and right headphone amplifiers. There is an option to have right channel gain track left channel
gain setting. This can be done by setting bit 7 in control register 0x07.

Microphone bias and preamplifier setting register. This register is used to program different settings

0x09 RIW related to microphone preamplifier and microphone bias.

0x0B R Revision ID register

Passive multi-button debounce and delay settings. Debounce helps in filtering any unwanted
noise/glitches in system which can cause wrong button detection. The delay register sets the time-out
that the mic button press is masked from the system. At the end of the delay time, the TPA6166A2
checks to see if accessory is still present. If accessory is not present, then it does not generate
interrupt corresponding to button press. This prevents accessory removal from being detected as a
button press (due to RING2 and SLEEVE getting shorted during removal).

0x15, 0x16 R/W

Passive multi-button data register. For resistance calculations, refer to control register description in

0x17 R data sheet

State Register. Indicates type of accessory (headset with/without mic, headphone, line-out, no
0x19 R/W accessory inserted, and so forth). If AUTO mode (default) is turned on, relevant blocks are
automatically turned on/off based on type of accessory.

0x18, Ox1A R/W Accessory detection test hardware settings. Provides fine-tuning for accessory detection algorithm.

Clock control for passive multi button. Needed to be configured along with few other registers for

Ox1C RIW passive multi-button to work. Refer to control register description in data sheet for details.

Enable settings register. This contains all of the bits that control the separate functional blocks. The

OxX1D. OX1E RIW system can either directly control these bits, or it can allow device to automatically configure itself and

’ report which blocks are enabled. When the AUTO bits (B1-B0) are set to 01 or 10, this register is

read only. The block enable bits do not need to be set to detect accessory insertion/removal.

0x03, 0x06,

OO;C?DA ’_06()(()1%1’ R/W Reserved. Always write recommended values to these registers.

0x1B, Ox1F
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7.5.2 Initialization

7.5.2.1 Reserved Registers

Always program values based on Table 3 (registers in bold must be programmed).

Table 3. Initialization of Reserved Registers

Register Address Value (Hex) Comments
0x03 00 Same as default
0x06 00 Same as default
0x0A 00 Same as default
0x0C 1C Same as default
0x0D 00 Same as default
OxO0E 00 Same as default
OxOF 00 Same as default
0x10 00 Same as default
0x11 00 Same as default
0x12 01 Default is 00
0x13 45 Default is 00
0x14 00 Same as default
01B 00 Default is not defined
Ox1F 00 Same as default

7.5.2.2 Fixed Registers

Values for these registers will likely remain same all the time. Table below have recommended settings for
registers. Based on system requirement, it is possible that slightly different values need to be programmed.

Table 4. Typically Fixed Registers

Register Address Value (Binary) Comments

0x04 1100 0010 Same as default

0x05 0000 0100 Same as default

0x09 B,BeBsB.4B4B,00 Bits 1-0 must b_e programmed to 00. Bits 7-_2 valu_es based on system need (Example: 0100
01 for 24-dB mic preamplifier gain, 2.2-kQ bias resistor and 2.6-V bias voltage )

oxi5 1111 1111 st%c;uvrgisetmi 8‘1; ;gﬁs?gz}elg-this causes too much delay for button press detection, then

ox16 1111 1111 Debounce time of ~256_ms. If this causes too much delay for button press detection, then
lower value can be considered.

0x18 1100 0000 Same as default

Ox1A 1001 0101 Same as default

7.5.2.3 Other Registers
Values for these registers will likely be changed by system on-the-fly depending on mode of operation

Table 5. Commonly Used Registers

Register Address Value (Binary) Comments
Ox1E 0001 10001 Tl recommends programming this register first before anything else in this table
Bits 6-0 values based on system need (Example: 011 1001 for 0dB gain). These bits can be
0x07 0000 0100 changed on-the-fly for controlling volume.
0x08 1BgBsB4B3B,B1Bg | Bits 6-0 are don't care if bit 7 of register Ox1E is set to 1
0x1C 0000 0000 Bit-7 will likely change based on mode, if passive multi-button needs to be supported.
0x1D 1100 0000
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7.5.3 Typical Use Case Modes

After initialization, registers described in Section will need to be programmed during different modes. In addition,
the following registers will be used for checking status, configuration and measurement data:

* 0x00

+ 0x01
* 0x02
 0Ox17
* 0x19

Upon interrupt, the system host should read registers 0x00, 0x01 and 0x02 to determine the interrupt source and
respond appropriately.
» System In Shutdown Mode
» System In Sleep Mode
— Accessory Not Inserted
— Accessory Inserted
— Button Detection During Sleep Mode
e System In Wake-Up Mode
— Accessory Not Inserted
— Accessory Inserted
— Audio Not Playing Or Not In Voice Call
— High Impedance Line-Out Load
— Button Detection
» Accessory Insertion/Removal Detection Without Using Jack_sense
— Scheme 1
— Scheme 2
» Special Headset Detection
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7.5.4 Recommended Software Flow Chart

The flow chart in Figure 31 gives a conceptual view of how software can be organized for different modes.

“/System Power—Up\h

\(Battery connected)

Initialize the
TPA6166A2

|

\ 4

Shutdown

System Mode Wake-up

(Shutdown, Sleep,
Wake-up)

Program /SHDN =0

Program /SHDN = 1and
SLEEP=1

A 4

Removed errupt and status in registegs""

Accessory Inserted
(determined based on

“\.0x00-0x02, 0x19)?

Inserted

Follow steps in
“Sleep Mode— Accessory
Not Inserted”

Follow steps in“Sleep
Mode — Accessory

Inserted”

A 4

Program /SHDN =1

Removed ™

Accessory Inserted
(determined based on

Is audio playing or voice ™
7 5

h " call going on’

A 4

Follow steps in

4

“Wake-Up Mode —

LEEP=
Accessory Not Inserted” Program SLEEP=0

Program

SLEEP=1

Figure 31. Recommended Software Flow Chart

7.5.5 Register Map Summary
The TPA6166A2 I1°C address is 0x40 (7-bit). See I°C Interface for more details.

REGISTER READ /
S = WRITE DEFAULT FUNCTION

0 0x00 R 0x00 Configuration and Device Status Register 1

1 0x01 R 0x00 Configuration and Device Status Register 2

2 0x02 R 0x00 Configuration and Device Status Register 3

3 0x03 R 0x00 Reserved. Always write 0x00

4 0x04 R/W 0x00 Interrupt Mask Register 1

5 0x05 R/W 0x00 Interrupt Mask Register 2

6 0x06 R/W 0x00 Reserved. Always write 0x00

7 0x07 R/W 0xCO Headphone Volume Control Register 1

8 0x08 R/W 0x40 Headphone Volume Control Register 2

9 0x09 R/W 0x03 Microphone Bias Control Register

10 0x0A R 0x00 Reserved

11 0x0B R 0x30 Revision ID Register

12 0x0C R/W 0x1C Reserved.

13 0x0D R/W 0x00 Reserved. Always write 0x00
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REGISTER READ /
e = WRITE DEFAULT FUNCTION
14 Ox0E R/W 0x00 Reserved. Always write 0x00
15 OxOF R/W 0x00 Reserved. Always write 0x00
16 0x10 R/W 0x00 Reserved. Always write 0x00
17 0x11 R/W 0x00 Reserved. Always write 0x00
18 0x12 R/W 0x00 Reserved. Always write 0x01
19 0x13 R/W 0x00 Reserved. Always write 0x45
20 0x14 R 0x00 Reserved.
21 0x15 R/W 0x00 Keyscan Debounce Register
22 0x16 R/W 0x00 Keyscan Delay Register
23 0x17 R 0x00 Passive Multi Button Keyscan Data Register
24 0x18 R/W 0x00 Jack Detect Test Hardware Settings
25 0x19 R/W 0x80 State Register
26 O0x1A R/W 0x15 Jack Detect Test Hardware Settings
27 0x1B R Reserved
28 0x1C R/W 0x01 Clock control. Initiialize it to 0x00
29 0x1D R/W 0x00 Enable Register 1
30 Ox1E R/W 0x01 Enable Register 2
31 Ox1F R 0x00 Reserved

Registers 0x00, 0x01, and 0x02 are used to report the makeup of the inserted jack as well as report when a
microphone switch has been pressed or the jack has been removed. The TPA6166A2 uses the status registers
and IRQ to report the status of various device functions. The status registers bits are set when their respective
event occurs and cleared upon reading the register. Device status can be determined either by polling the
registers or configuring the IRQ to go low when specific events occur. Registers 0x04 and 0x05 determine which
bits in the status register will trigger IRQ to go low. Once IRQ goes low, it becomes high when status register
responsible for IRQ generation gets read.

Use a minimum 2-ms wait time after TPA6166A2 power supplies are stable before reading or writing to any
register.

7.5.6 Detailed Register Descriptions

7.5.6.1 Register 0x00: Config and Device Status Register 1

READ /

BIT NAME WRITE DEFAULT | DESCRIPTION
Jack Detected.
JKIN changes state when the jack detect circuit senses any valid accessory
inserted.
0 = No valid accessory detected.

7 JKIN R 0 1 = Valid accessory detected.
Set the 1IKIN interrupt mask to alert the system when the JKIN value has
changed. During shutdown mode (SHDN = 0), JKIN will report whether
mechanical switch (JACK_SENSE) is open or closed. STATE value will continue
to remain 0x00.
Jack Configuration Detect Done.
DDONE changes state when the jack detect algorithm is done running and the
jack config is known and reported in the Config and Statusl registers. “RESET
WHEN READ”.
6 DDONE R 0 0 = Jack detect algorithm is not complete.
1 = Jack detection algorithm is complete.
When change in configuration happens, it is set again. Set the IDDONE interrupt
mask to alert the system when the DDONE is set.
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BIT

NAME

READ /
WRITE

DEFAULT

DESCRIPTION

VOL

Volume Slew Complete

VOL goes high after the headphone volume has slewed to its final programmed
value. VOL will set every time a gain change is complete whether the gain
change is positive or negative. Ramp the volume down and wait for VOL to set
to ensure clickless turnoff. It is also generated during power down/up and
mute/unmute, where gain changes from/to present value to/from minimum value.
RESET WHEN READ.

0 = No volume slewing sequences have completed since the status register was
last read.

1 = Volume slewing complete.

Reserved. Write only default value.

MIC_IN

Microphone Connected/Disconnected

MIC_IN reports when a microphone is connected or removed. Set the IMIC
interrupt mask to alert the system when the mic load status has changed.
0 = Microphone is removed.

1 = Microphone is connected.

JACK_SENSE

JACK_SENSE (terminal 5) Status

JACK_SENSE reports the mechanical jack switch status. For an operational
mechanical jack switch, JACK_SENSE and JKIN will flag at the same time. If the
switch is broken, or if the jack is not plugged in all the way, JACK_SENSE and
JKIN will not report the same value. The JACK_SENSE bit also reports when a
jack has been removed. Set the IJACK_SENSE interrupt mask bit to signal the
system when the status of JACK_SENSE changes.

0 = Mechanical jack switch shows removed.

1 = Mechanical jack switch shows connected.

MCSW

Microphone Switch Status

MCSW goes high when the microphone bias goes to low for the debounce
period plus the delay period. This happens when a switch shorts across the
microphone, pulling the micbias node down, indicating a keypress from a hook
switch, ADC < 9 LSB (Calculated assuming 2.6 kQ bias resistor). Also during
sleep mode, but without delay time. RESET WHEN READ.

MCSW is also used when a button is pressed while in sleep mode.

0 = No change in mic bias, no switch press.

1 = Mic bias has been pulled to ground and debounced since the last status
read. Debounce time set by KEY_DEB. Delay time set by KEY_DEL.

R

Reserved. Write only default value.

7.5.6.2

Register 0x01:

Config and Device Status Register 2

BIT

NAME

READ /
WRITE

DEFAULT

DESCRIPTION

LINE_L

R

Line-Level Audio on TIP Detected
0 = Line audio load on TIP not detected.
1 = Line audio load on TIP detected.

LINE_R

Line Level Audio on RING1 Detected
0 = Line audio load on RING1 not detected.
1 = Line audio load on RING1 detected.

HP_L

Headphone on TIP Detected
0 = Headphone load on TIP not detected.
1 = Headphone load on TIP detected.

HP_R

Headphone on RING1 Detected
0 = Headphone load on RING1 not detected.
1 = Headphone load on RING1 detected.

Reserved. Write only default value.

KEY

Passive Multi Button Headset KEY Status

KEY reports when the passive multibutton or single button has been pressed.
Data is available in KEYDATA. RESET WHEN READ.

0 = No button pressed.

1 = Button has been pressed/released.

Debounce and delay times have occurred.
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READ /
BIT NAME WRITE DEFAULT | DESCRIPTION
Key Press/Release Event
This bit reports whether the current interrupt caused by the KEY or MCSW
status bits, is the result of a press or release.
1 PRESS R 0 1 f Current interrupt caused by a press.
0 = Current interrupt caused by a release.
When interrupt is caused by release, there is a delay of 0.5 ms in resetting this
bit from time interrupt is generated and KEY status bit is set. This bit is not set
when device is in Sleep Mode.
0 R 0 Reserved. Write only default value.

7.5.6.3 Register 0x02: Config and Device Status Register 2

READ /

BIT NAME WRITE DEFAULT | DESCRIPTION

7-4 R 0000 Reserved. Write only default values.
Device Reset Status
Reports whether TPA6166A2 got reset after last register read. It can be used to
restore control register values, if device gets reset due to ESD strike. Interrupt is

3 RESET R 0 generated to alert the system when this situation occurs. Interrupt is cleared
when this register bit is read. RESET WHEN READ.
0 = TPA6166A2 has not reset since last register read.
1 =TPA6166A2 has been reset since last register read.
2 R 0 Reserved. Write only default value.

Jack Common Location Identifier
The two GND bits tell the system whether the jack’'s common connection is at
RING2 or SLEEVE. GND is also used to indicate when a jack has been
removed.

1-0 GND R 00 00 = No common connection sensed, jack has been removed or nothing has
been inserted yet.
01 = The common jack connection is RING2.
10 = The common jack connection is SLEEVE.
11 = Common on both RING2 and SLEEVE.

7.5.6.4 Register 0x03: Reserved Register
READ /
BIT NAME WRITE DEFAULT | DESCRIPTION
7-0 R/W 0000 0000 | Reserved.

7.5.6.5 Register 0x04: Interrupt Mask Register 1

The interrupt mask registers control which status bits will flag a system interrupt. Setting an interrupt mask bit will
cause IRQ to pull low whenever the target status bits set.

READ /
BIT NAME WRITE DEFAULT | DESCRIPTION
Jack Detect Interrupt Enable
7 1IIKIN R/W 0 0 = Disabled
1 = Enabled
Jack Configuration Detect Done Interrupt Enable
6 IDDONE R/IW 0 0 = Disabled
1 = Enabled
Volume Slew Interrupt Enable
5 IVOL R/IW 0 0 = Disabled
1 = Enabled
4 R 0 Reserved. Write only default value.
Microphone Interrupt Enable
3 IMIC R/IW 0 0 = Disabled
1 = Enabled
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READ /
BIT NAME WRITE DEFAULT | DESCRIPTION
JACK_SENSE Status Interrupt Enable
2 IJACK_SENSE R/W 0 0 = Disabled
1 = Enabled
Mic Switch Interrupt Enable
1 IMCSW R/W 0 0 = Disabled
1 = Enabled
0 R/W 0 Reserved. Always write 0.
7.5.6.6 Register 0x05: Interrupt Mask Register 2
READ /
BIT NAME WRITE DEFAULT | DESCRIPTION
Line Level Audio Load TIP Interrupt Enable
7 ILINE_L R/W 0 0 = Disabled
1 = Enabled
Line Level Audio Load RINGL1 Interrupt Enable
6 ILINE_R R/W 0 0 = Disabled
1 = Enabled
Headphone Audio Load TIP Interrupt Enable
5 IHP_L R/W 0 0 = Disabled
1 = Enabled
Headphone Audio Load RING1 Interrupt Enable
4 IHP_R R/W 0 0 = Disabled
1 = Enabled
3 R 0 Reserved. Write only default value.
KEY Interrupt Enable
2 IKEY R/W 0 0 = Disabled
1 = Enabled
R/W Reserved. Write only default value.
0 R/W Reserved. Always write 0.
7.5.6.7 Register 0x06: Reserved Register
READ /
BIT NAME WRITE DEFAULT | DESCRIPTION
7-0 R/IW 0000 0000 | Reserved.

7.5.6.8 Register 0x07: Headphone Volume Register 1

The headphone volume registers independently control and report the gain of the left and right headphone
amplifiers. Set Bit 7 in register 0x07 to have the right channel gain track the left.

READ /
BIT NAME WRITE DEFAULT | DESCRIPTION
Left/Right Tracking
0 = The right channel volume control is independent of the left.

7 L=R R/W 1 1 = The left and right volume controls track each other allowing for only one
register to be written to change both channel volumes. Control both volume
controls by writing to LVOL.

Left Headphone Mute
6 MUTEL R/W 1 0 = Disable.
1 = Enable, output is muted.
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BIT

NAME

READ /
WRITE

DEFAULT

DESCRIPTION

5-0

LVOL

R/IW

00 0000

Left Headphone Volume Control
00 xxxx = —42 dB
01 0000 =-41 dB
01 0001 =-40 dB
01 0010 = -39 dB

111001 = 0 dB

11 1111 = +6 dB

7.5.6.9

Register 0x08:

Headphon

e Volume Control Register 2

BIT

NAME

READ /
WRITE

DEFAULT

DESCRIPTION

LO_EXT_STAB

R/W

Extended Line-Out Stability

0 = Audio Channel does not support gain less than 0 dB for line-out load with
large capacitive load (>100 pF).

1 = Audio Channel supports all gains for line-out load with max capacitive load of
470 pF.

MUTER

R/IW

Right Headphone Mute
0 = Disable.
1 = Enable, output is muted.

RVOL

R/W

00 0000

Right Headphone Volume Control
00 xxxx =—42 dB
01 0000 =-41 dB
01 0001 =-40dB
01 0010 =-39 dB

11 1001 = 0 dB

111111 = +6 dB

7.5.6.10 Register 0x09: Microphone Bias Control Register

The microphone bias register controls which microphone bias voltage and bias resistors are used, as well as the
debounce time when a key press is detected.

READ /
BIT NAME WRITE DEFAULT | DESCRIPTION
Mic preamplifier Mute Control during button press
Enable/Disable of Mic preamplifier Mute, when button (active/passive multi-
7 DIS_MIC_MUTE R/W 0 button headset) is pressed.
0 — Mic Preamplifier is muted during button press. (Default)
1 — Mic Preamplifier is not muted during button press.
Microphone Preamplifier Gain Select
6 GAIN R/W 0 0=12dB
1=24dB
Microphone Bias Resistor Select
000 = 2.2 kQ
001 = 2.6 kQ
5-3 MICR R/IW 000 010 = 3.0 kQ
011 = Bypassed
1xx = Invalid
Microphone Bias Voltage Select
2 BIAS R/W 0 0=20V
1=26V
1-0 R/W 11 Reserved. Always write 00. Needs to be initialized to 00 after device power up.
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7.5.6.11 Register 0xOa: Reserved

READ /
BIT NAME WRITE DEFAULT | DESCRIPTION
7-0 R 0000 0000 | Reserved.

7.5.6.12 Register 0x0b: Revision ID Register

READ /
BIT NAME WRITE DEFAULT | DESCRIPTION
7-4 REV R 0011 Revision ID
3-0 R Reserved.
7.5.6.13 Register 0x0c: Reserved Register
READ /
BIT NAME WRITE DEFAULT | DESCRIPTION
7-0 R/W 0001 1100 | Reserved.
7.5.6.14 Registers 0x0d to 0x10: Reserved Registers
READ /
BIT NAME WRITE DEFAULT | DESCRIPTION
7-0 R/IW 0000 0000 | Reserved.
7.5.6.15 Register 0x11: Reserved
READ /
BIT NAME WRITE DEFAULT | DESCRIPTION
7-0 R/W 0000 0000 | Reserved. Always write 0 to this register.
7.5.6.16 Register 0x12: Reserved
READ /
BIT NAME WRITE DEFAULT | DESCRIPTION
7-0 R/W 0000 0000 | Reserved. Always write Ox01.
7.5.6.17 Register 0x13: Reserved
READ /
BIT NAME WRITE DEFAULT | DESCRIPTION
7-0 R/W 0000 0000 | Reserved. Always write 0x45.

7.5.6.18 Register 0x14: Reserved Register

READ /
BIT NAME WRITE DEFAULT | DESCRIPTION
7-0 R 0000 0000 | Reserved.
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7.5.6.19 Register 0x15: Keyscan Debounce Register
The keyscan debounce register controls the debounce time when a keypress is detected.

READ /
BIT NAME WRITE DEFAULT | DESCRIPTION

Keyscan Debounce Register

Debounce time set from 0.25 ms to 63.75 ms in 0.25 ms increments. The
programmed code plus 0.25 represents the debounce time directly, i.e. code
0x4F represents 20 ms of debounce.

7-0 KEY_DEB R/W 0000 0000

7.5.6.20 Register 0x16: Keyscan Delay Register

The keyscan delay register sets the timeout that the mic button press is masked from the system. At the end of
the delay time, the TPA6166A2 checks to see if a microphone is still present. If the mic is present, the system is
alerted by setting the MCSW bit in the status register, flagging an interrupt if IMCSW is set. If the mic is not
present after the delay time, then the system is flagged with an interrupt by setting MIC_IN, which signifies the
mic has been removed and no keypress was made. This prevents accessory removal from being detected as a
button press (due to RING2 and SLEEVE getting shorted during removal).

READ /
BIT NAME WRITE DEFAULT | DESCRIPTION
Keyscan Delay Register
: Delay time set from 1 ms to 256 ms in 1-ms increments. The programmed code
-0 KEY_DEL RIW 0000 0000 plus one multiplied by 1 ms represents the delay time, that is, code 0xC7
represents 200 ms of delay.

7.5.6.21 Register 0x17: Passive Multi Button Keyscan Data Register

The keyscan data register contains the data read from a keypress after the 10-bit ADC encodes the input voltage
level. The read keypress could come from a single switch or a passive multi-button device.

READ /
BIT NAME WRITE DEFAULT | DESCRIPTION
Keyscan Data Divider
Keyscan data should be inferred based on Equation 1. When the 10-bit ADC
output is less than 128 (that is_, 3 MSBs will be equal to 0), KEYDATA_DIV is set
7 KEYDATA_DIV R 0 to 0 and 7 LSBs are reported in KEYDATA.

When 10-bit ADC output is more than or equal to 128, KEYDATA DIV is setto 1
and 9 LSBs of ADC Data divided by 4 (and rounded off) are reported in
KEYDATA. This loses resolution for high value of Rswitch||Rmic, which is
acceptable.

Keyscan Data
6-0 KEYDATA R 000 0000 | B6-BO are read only bits that contain the data read from a passive keypress that
shorts the microphone to ground.

R
Rswitcn | Rmic = % (If KEYDATA_DIV = 0)
1

KEYDATA

R
Rswitch I Rmic =| —=gg>—— | (f KEYDATA_DIV =1)

KEYDATA )
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7.5.6.22 Register 0x18: Jack Detect Test Hardware Settings

READ /
BIT NAME WRITE DEFAULT | DESCRIPTION

Maximum Impedance During Short

Defines maximum impedance below which terminal is considered short. This
7 SHORT_Z R/W 0 information is used while detecting whether RING1 (terminal 2) is ground.
0=40Q

1=7Q

Threshold Impedance to Distinguish Between Headphone and line-out Load
Defines impedance below which load is Headphone and above is line-out.

6 HP_LO_TH RIW 0

0=700Q
1=15kQ
5-0 R 00 0000 | Reserved.
7.5.6.23 Register 0x19:State Register
READ /
BIT NAME WRITE DEFAULT | DESCRIPTION
Load State Force Enable
0 = Force configuration of the load into the state programmed by B6-BO0.
1 = State forcing disabled. B6-BO reports the configuration reported by the jack
7 FORCE RIW 1 configuration algorithm.

When FORCE bit is changed from 0 to 1, the TPA6166A2 will not re-un
accessory detection algorithm and configuration will continue to set to value
already written in STATE bits. System will need to reset and then set SHDN to
rerun accessory detection algorithm.

Accessory State
6-0 STATE R/W 000 0000 | Bits B6-BO represents accessory type
Refer to Table 6 for the state table.

Table 6. State Lookup for Register 0x19, Bits 6-0

B6-B0O COMMENTS TIP RING1 RING2 SLEEVE JACK_SEN
HEX BIN S
0x00 000 0000 Nothing Float Float Float Float Short
0x01 000 0001 Stereo Headset (HP with mic) HPL HPR Ground Mic Open
0x02 000 0010 HPL HPR Mic Ground Open
0x0A 000 1010 Mono Headset HPL Ground Ground Mic Open
0x0B 000 1011 HPL Ground Mic Ground Open
0x0C 000 1100 HPL HPL Ground Mic Open
0x0D 000 1101 HPL HPL Mic Ground Open
Ox0E 000 1110 HPL Float Ground Mic Open
OXOF 000 1111 HPL Float Mic Ground Open
0x10 001 0000 Stereo Headphone HPL HPR Ground Ground Open
0x11 001 0001 HPL Float Ground Ground Open
0x12 001 0010 Float HPR Ground Ground Open
Ox1A 001 1010 Stereo Line Out Audio Cable LOL LOR Ground Ground Open
0x1B 001 1011 Cap/Float |LOR Ground Ground Open
0x1C 001 1100 LOL Cap / Float | Ground Ground Open
Ox1F 001 1111 Unsupported Cap/ Float |Cap/Float |Ground Ground Open
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7.5.6.24 Register Oxla: Jack Detect Test Hardware Settings

READ /
BIT NAME WRITE DEFAULT | DESCRIPTION

Debounce Time during Jack Insertion/Removal Detection

Controls debounce time on comparators output during Jack Insertion / Removal
7 JACK_DEB R/W 0 Detection

0 = 3 ms (insertion and Sleep mode button press); 12 ms (removal detection)

1 =20 ms (insertion and Sleep mode button press); 80 ms (removal detection)

6 R 0 Reserved.

Pulse Test Repeat

Control the number of times the pulse test is repeated. The more times the test
is repeated, the more accurate the results will be. The final result is the average
of all the tests.

00 = Test runs once

01 = Test runs 2 times

10 = Test runs 4 times

11 = Test runs 8 times

Pulse Width Control
00 =50 ps

3-2 PULSE_WIDTH R/W 01 01=25ups

10 =100 ps

11 =200 ps

Pulse Amplitude Control
00 = VDD / 36 (50 mV)
1-0 PULSE_AMP R/IW 01 01 =VDD /72 (25 mV)
10 =VDD/ 18 (100 mV)
11 =VDD/ 9 (200 mV)

5-4 AC_REPEAT R/IW 01

7.5.6.25 Registers 0x1b: Reserved

READ /
BIT NAME WRITE DEFAULT | DESCRIPTION
7-0 R/W 0000 0000 | Reserved.

7.5.6.26 Register 0x1c: Clock Control
Write 0x00 to this register at power-up. This ensures best performance from the TPA6166A2.

READ /
BIT NAME WRITE DEFAULT | DESCRIPTION

Clock control for passive multi-button headset

0 = Clock is not turned on.

1 = Clock is turned on. Write this bit when passive multi-button functionality is
required with headset inserted and device is not in Sleep/Shutdown mode.
Along-with this bit, also write following sequence:

Register: 0x66, Value: OxF1

R/W 0 Register: 0x6F, Value: 0x01

Register: 0x66, Value: 0x00

When CLOCK_CONTROL is set to 0 (due to device going into Sleep/Shutdown
mode), write following sequence:

Register: 0x66, Value: 0xF1

Register: Ox6F, Value: 0x00

Register: 0x66, Value: 0x00

7-0 R/W 000 0001 | Reserved. Always write 000 0000

CLOCK_CONTRO
L

7.5.6.27 Register 0x1d: Enable Register 1

The Enable registers contain all of the bits that control the separate functional blocks for the TPA6166A2. The
system can either directly control these bits, or it can allow TPA6166A2 to automatically configure itself and
report in the Enable register which blocks are enabled. When the AUTO bits (B1-B0) are set to 01 or 10, the
Enable Registers are read only. The block enable bits do not need to be set to sense a jack removal. The jack
removal circuitry is active as soon as an inserted jack is detected.
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READ /
BIT NAME WRITE DEFAULT | DESCRIPTION

Full Device Shutdown Control
SHDN turns TPA6166A2 on and off. When SHDN is low, the device is in low
power mode and the jack insertion detect circuitry is active. Pull SHDN high to
turn on the device and run the jack configuration detect algorithm. Typically
SHDN will be held low until the system gets an interrupt from the indicating that

7 SHDN RIW 0 a jack has been inserted. The system will then pull SHDN high.
0 = TPA6166A2 in lowest power shutdown mode. During this mode, accessory
insertion/removal detection works only if jack switch not broken. If switch is
broken, status will be reported as if accessory is inserted (even if accessory is
not inserted or it is removed). SLEEP setting is ignored during this mode.
1 =TPA6166A2 is active. The jack configuration algorithm runs immediately
after SHDN is pulled high.
Sleep Mode Enable
Pull SLEEP high to enable the circuitry that looks for accessory insertion/removal
and button press (for headset with Mic) when TPA6166A2 is shutdown. When a
button press (for headset with Mic) is sensed, the MCSW bit in the status
register is set, generating an interrupt if IMCSW is set.
0 = TPAG6166A2 is in normal mode as long as SHDN is set.
1 =TPAB6166A2 is in sleep mode. During this mode, accessory insertion and

6 SLEEP R/W 0 removal detection works even for broken Jack switch. For Headset with Mic
cases, button press will generate an interrupt, which can be used for system
wakeup.
When device is programmed in Sleep mode (SLEEP=1), following sequence
must to used to ensure best performance:
Disable Auto mode and headphone amplifiers by programming register Ox1E,
bits D1DO0 to 00 and bits D7D6 to 00
Enable Auto mode by programming register Ox1E, bit D1DO0 to 01

5 R 0 Reserved.
Microphone Bias Enable/Status
Set MIC_BIAS to enable the mic bias block. This bit is read only when AUTO

4 MIC_BIAS R/W 0 (B1-BO) is set to 01 or 10.
0 = Microphone bias is disabled.
1 = Microphone bias is active.
Microphone Amplifier Enable/Status
Set MIC_AMP to enable the mic amp. This bit is read only when AUTO (B1-B0)

3 MIC_AMP R/W 0 is set to 01 or 10.
0 = Microphone amp is disabled.
1 = Microphone amp is active.
Keyscan Enable/Status
KS enables the circuitry that decodes passive multi-button keypad or simple
microphone switch.

2 KS R 0 0 = Keyscan ADC is disabled.
1 = Keyscan ADC is enabled.
This bit is always Read Only (regardless of AUTO bits setting).

R Reserved.
0 R 0 Reserved.

7.5.6.28 Register Ox1le: Enable Register 2
Set Register Ox1E, Bit 4 to 1 to ensure the best performance from the TPA6166A2.

BIT

NAME

READ /
WRITE

DEFAULT

DESCRIPTION

LFTEN

R/IW

Left Headphone Enable/Status

Set LFTEN to enable the left channel of the DirectDrive headphone ampilifier.
This bit is read only when AUTO (B1-B0) is set to 01 or 10.

0 = Headphone amp left channel disabled

1 = Headphone amp left channel enabled

RGHEN

R/IW

Right Headphone Enable/Status

Set RGHEN to enable the right channel of the DirectDrive headphone amplifier.
This bit is read only when AUTO (B1-B0) is set to 01 or 10.

0 = Headphone amp right channel disabled

1 = Headphone amp right channel enabled
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READ /
BIT NAME WRITE DEFAULT | DESCRIPTION
Volume Adjustment Slewing
Volume changes are smoothed by stepping through intermediate steps. VSEN
5 VSEN RIW 0 also ensures that the volume automatically ramps from the minimum setting to
the programmed value at turnon and back to the minimum value at turnoff.
0 = Enabled
1 = Disabled
4 R/W 0 Reserved. Always write 1.
Jack Insertion Polling Speed
A fast polling speed tests for a jack insertion 3 times per second while a slow
polling speed tests for jack insertion every 2 seconds. This setting is valid only
3 FAST RIW 0 when mechanical TERMINALS switch is not operational. When mechanical
TERMINALS switch is operational, detection is instantaneous (excluding
debounce time and detection time).
0 = Slow polling mode, 2-sec delay between polls
1 = Fast polling mode, 333-ms delay between polls
Class-G Threshold
Select THRH selects the threshold at which the power supplies switch from
+0.9 V to £1.8 V. A higher threshold allows the TPA6166A2 output stage to be
2 THRH R/W 0 powered from +0.9 V for a higher percentage of the audio waveform, decreasing
power dissipation at the expense of dynamic distortion.
0 = Low Threshold
1 = High Threshold
Automatic Mode
Select Set AUTO to allow the TPA6166A2 to enable functional blocks depending
on the load. In auto mode the system merely reads the status of registers 0x1D
and Ox1E to find out what blocks are enabled. Setting AUTO makes bits register
0x1D and OxO1E read only. Clear AUTO to give the system control of what
functional blocks are active. The system would need to allow the jack
configuration detect algorithm to complete before enabling functional blocks.
) 00 = System controls which functional blocks are on. Registers 0x1D and Ox1E
1-0 AUTO RW 01 are R/W. SHDN and SLEEP settings are ignored.
01 = TPAB6166A2 enables functional blocks automatically depending on the
results of the jack configuration detect algorithm provided that SLEEP is set to O
(SHDN must be set to 1, otherwise device will go into low power state).
10 = TPA6166A2 enables functional blocks automatically depending on the
results of the jack configuration detect algorithm regardless of settings of SHDN
and SLEEP.
11 = Invalid.
7.5.6.29 Register Ox1F: Reserved
READ /
BIT NAME WRITE DEFAULT | DESCRIPTION
7-0 R 0000 0000 | Reserved.
7.5.6.30 Register 0x66: Clock Flex Register
READ /
BIT NAME WRITE DEFAULT | DESCRIPTION
7-0 CLOCK_FLEX R/W 0000 0000 | Reserved. Write OxF1 to use Register Ox6F, then set back to zero.
7.5.6.31 Register Ox6F: Clock Set Register
READ /
BIT NAME WRITE DEFAULT | DESCRIPTION
Write 0x01 when passive button detection is needed in Active mode. (accessory
7-0 CLOCK_SET R/W 0000 0000 |is inserted, and device is not in Sleep/Shutdown mode). Reset to 0x00 when the
device is going to sleep to save power.
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8 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.

8.1 Application Information

This section describes a typical application of TPA6166A2 with a standard audio jack with battery voltage level
supply. The circuit detects what kind of device is plugged into the jack and delivers excellent audio quality.

8.2 Typical Application

Figure 32 shows a typical application circuit for the TPA6166A2 with a 5-terminal audio jack. Accessory
Detection describes all the accessory jack configurations the TPA6166A2 automatically detects.

1.8 V Supply
1.0pF11.0pFL 1.0pF 2.4-3.6 V Supply

—

CPVDD |CPVSS C1P.C1N VDD MICVDD

0.47 pF RING1
Class-G
M }7INL N L
Stereo Headphone EMI 2 :]
4

INR
[\ Amplifier L TP o : 1 v
0.47 pF ESD
Analog " pr ,GND1 )L Switch || Prot. |_§ JACK_SENSE 5 3 N

Baseband Mic Matri
l CGNDZ ) Bias faur RING2 o 5

g L Detection SLEEVE Filter
4/\_‘ MOUTP jj Circuit 4

MOUTN

10 kQ= 10 kQ
SDA
| SCL Digital igg
Digital IRQ Interface

Baseband and
Control

IPGND

Figure 32. Typical Application Circuit
8.2.1 Design Requirements

Table 7. Design Parameters

DESIGN PARAMETERS VALUE
VDD Supply voltage 1.7Vtol9V
MICVDD Microphone supply voltage 24Vto3.6V

8.2.2 Detailed Design Procedure

8.2.2.1 Charge Pump Capacitors

The CPVDD and CPVSS capacitor must be at least equal in value to the flying capacitor to allow maximum
charge transfer. Use low ESR (example: < 20 mQ at 1.3 MHz) ceramic capacitors to maximize charge pump
efficiency. X5R-type capacitors or better are required for best performance. Typical values are 1 pF to 2.2 uF for
the charge pump capacitors.
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Charge pump capacitors should be able to handle up to 2 V during normal operation. During IEC ESD strike on
jack terminals, voltage on these capacitors can go as high as 12 V for 30 to 40 ns. Capacitors rated for 6.3 V or
higher can typically handle such voltages for short durations without getting damaged.

8.2.2.2 Audio Input ac Coupling Capacitors

Input coupling capacitors block any dc bias from the audio source and ensure maximum dynamic range. Input
coupling capacitors also minimize TPA6166A2 turnon pop to an inaudible level. The input capacitors are in series
with TPA6166A2 internal input resistors, creating a high-pass filter. Equation 2 calculates the high-pass filter
corner frequency. The TPA6166A2 typical input impedance, Ry, is 20 kQ.

1
o R
TRINYIN )

For a given high-pass cutoff frequency, the minimum input coupling capacitor is:
1

INT 5 ¢ o
27TfCR|N (3)

Example: Select input coupling capacitor values to achieve a 20 Hz high-pass corner frequency. Equation 3
shows the input coupling capacitors must be at least 0.4 yF. Choose a 0.47-uF standard value capacitor for each
TPAB166A2 input. Use X5R-type or better capacitors for best performance.

8.2.2.3 Suggested Output EMI Filter

To prevent noise getting radiated from headphone, EMI filters are often included on terminals connected to the
Jack. Figure 33 illustrates typical connection diagram of EMI filter implemented using ‘pi’ configuration.

120Q 1.2A (such as BLM18BB220SN1)

Pin1/2/3/4 from IC _L _L Jack Connector

33pF 33pF

Figure 33. EMI Filter

High-frequency impedance of RF beads in range of 100 MHz can impact IEC ESD performance on TPA6166A2
jack outputs (LOUT, PIN2_ROUT, PIN3, and PIN4). Higher impedances change the waveform during IEC strike
to make it wider, which subjects internal circuit to stress for longer duration. Use RF beads which are equal to or
less than 22-Q impedance at 100 MHz.
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8.2.3 Application Curve
The high quality and low distortion of the TPA6166A2 mic preamplifier is shown in Figure 34.

1

= — MICVpp =24V
2 — MICVpp=3.0V
3 —— MICVpp =3.
3 CVpp=3.6V
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Figure 34. Mic Preamplifier Total Harmonic Distortion + Noise vs Frequency

9 Power Supply Recommendations

The TPA6166A2 has two power-supply domains, VDD and MICVDD. The TPA6166A2 allows VDD and MICVDD
supplies to come up in any order. The Internal circuit of the TPA6166A2 has diodes between VDD and MICVDD
supply domain, which are reversed bias during normal operation. If MICVDD voltage is less than VDD, these
diodes can get forward bias and drive MICVDD. If the application requires that the MICVDD terminal not be
driven in such a condition, an external switch on MICVDD can be used. I1°C read/write and the accessory-
detection algorithm is disabled until both VDD and MICVDD supplies are up. During operation, if the MICVDD
supply goes below its normal operating voltage, the control-register contents are still preserved. Once the supply
comes up again, the accessory detection algorithm runs again to ensure the correct state. If the MICVDD supply
is not powered up, the SDA line can be clamped by TPA6166A2. This is due to the internal ESD protection
structure on SDA being biased based on MICVDD.

9.1 Decoupling Capacitors

The TPA6166A2 requires adequate power supply decoupling to ensure that output noise and total harmonic
distortion (THD) remain low. Use quality low equivalent-series-resistance (ESR) ceramic capacitors (X5R
material or better is required for best performance). Place a 1-yF capacitor within 5 mm of the VDD and MICVDD
terminal. Reducing the distance between the decoupling capacitor and VDD/MICVDD minimizes parasitic
inductance and resistance, improving TPA6166A2 supply rejection performance. Use 0402 or smaller size
capacitors if possible. Ensure that the ground connection of each of the capacitors has a minimum-length return
path to the device. Failure to properly decouple the TPA6166A2 may degrade audio or EMC performance.
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10 Layout

10.1 Layout Guidelines

The ground terminal must be connected to the ground plane as close as possible to the TPA6166A2, to minimize
any inductance in the path. Place the decoupling capacitor as close as possible to the supply terminal,
minimizing trace length (and thus the inductance) on the decoupling capacitor connection to ground.

Because INL and INR are single-ended inputs, take care to minimize noise on INL and INR with respect to
TPAB6166A2 ground. This is best achieved by using then same ground plane for the signal source and the
TPA6166A2 with a minimum inductance between them.

The accessory-detection algorithm requires trace capacitance to be minimized between TPA6166A2 and the
jack. Depending upon headphone impedance, trace resistance between TPA6166A2 and the jack impacts power
delivered to load. If trace resistance is much smaller than headphone impedance, power loss is given by
Equation 4. Trace resistance should be minimized based on acceptable power loss.

Trace Resistance

Headphone Resistance (4)

Power Loss =

To minimize crosstalk, trace resistance on RING2 (terminal 3) and SLEEVE (terminal 4) should be minimized.
This can be achieved by placing TPA6166A2 close to the jack. For cases where trace resistance is not small,
crosstalk is given by Equation 5. In such scenarios, best balance can be achieved by increasing trace width of
SLEEVE. RING2 has no constraint on maximum capacitance, and its trace width can be maximized to achieve
desired crosstalk performance.

Crosstalk (dB) = 20 |og10( Trace Resistance )

Headphone Resistance + Trace Resistance

®)
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10.2 Layout Example

10.2.1 Pad Sizing

When determining the pad size for the WCSP terminals, use nonsolder mask defined (NSMD) land. With this
method, the solder mask opening is made larger than the desired land area, and the opening size is defined by
the copper pad width. Figure 35 and Table 8 show the appropriate diameters for a WCSP layout.

—j ’« Copper Trace Width

Solder Pad Width

— Solder Mask Opening

r Copper Trace Thickness

Solder Mask Thickness 1
T 1

N

M0200-01

Figure 35. Land Pattern Dimensions

Table 8. Land Pattern Dimensions @@ ®)

SOLDER PAD COPEEE PAE SOLDER MASK ® COPPER STENCIL® @) STENCIL

DEFINITION OPENING THICKNESS OPENING THICKNESS

275 pm x 275 pym sq.
(rounded corners)

Nonsolder mask

defined (NSMD) 100 pm thick

230 uym 310 ym 1 0z. max. (32 ym)

(1) Circuit traces from NSMD-defined PWB lands should be 75 ym to 100 uym wide in the exposed area inside the solder mask opening.
Wider trace widths reduce device standoff and impact reliability.

(2) Best reliability results are achieved when the PWB laminate glass transition temperature is above the operating range of the intended
application.

(3) Recommended solder paste is type 3 or type 4.

(4) For a PWB using a Ni/Au surface finish, the gold thickness should be less 0.5 mm to avoid a reduction in thermal fatigue performance.

(5) Solder mask thickness should be less than 20 um on top of the copper circuit pattern.

(6) Best solder stencil performance is achieved using laser-cut stencils with electro polishing. Use of chemically etched stencils results in
inferior solder paste volume control.

(7) Trace routing away from WCSP device should be balanced in X and Y directions to avoid unintentional component movement due to
solder wetting forces.

Table 9. Package Dimensions

D E
Max. = 2470 pm Max. = 2470 pm
Typ. = 2440 pm Typ. = 2440 pm
Min. = 2410 pm Min. = 2410 pm
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11 Device and Documentation Support

11.1 Development Support
See TPA6166A2EVM User's Guide, SLOU381.

11.2 Trademarks

DirectPath is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

11.3 Electrostatic Discharge Caution

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

11.4 Glossary

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

12 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
@) Drawing Qty @ ©) @ (/5)
TPA6166A2YFFR ACTIVE DSBGA YFF 25 3000 Green (RoHS SNAGCU Level-1-260C-UNLIM -40 to 85 SMB
& no Sh/Br)
TPA6166A2YFFT ACTIVE DSBGA YFF 25 250 Gg[eens('s/?aH)S SNAGCU Level-1-260C-UNLIM -40 to 85 SMB
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
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | 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
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
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)
TPAG6166A2YFFR DSBGA YFF 25 3000 180.0 8.4 254 | 254 | 0.76 4.0 8.0 Q1
TPAG6166A2YFFT DSBGA YFF 25 250 180.0 8.4 254 | 254 | 0.76 4.0 8.0 Q1
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPAG6166A2YFFR DSBGA YFF 25 3000 182.0 182.0 20.0
TPAG166A2YFFT DSBGA YFF 25 250 182.0 182.0 20.0
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PACKAGE OUTLINE
YFFO0025 DSBGA - 0.625 mm max height

DIE SIZE BALL GRID ARRAY

?

0.625 MAX

B R P G G B |

BALL TYP
0.30
0.12

SYMM

i ¢

TYP4—‘
l

D: Max = 2.47 mm, Min = 2.41 mm

[16] S E: Max = 2.47 mm, Min = 2.41 mm

TYp -
25X 303
[ [0.01500 [c|A[B]

4223786/A 06/2017

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.
2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT
YFFO0025 DSBGA - 0.625 mm max height
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NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
For more information, see Texas Instruments literature number SNVA009 (www.ti.com/lit/snva009).
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EXAMPLE STENCIL DESIGN
YFFO0025 DSBGA - 0.625 mm max height
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NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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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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