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LM48860 Boomer®Audio Power Ampiiier Series Ground-Referenced, Ultra Low Noise, Fixed Gain
Stereo Headphone Amplifier

Check for Samples: LM48860

FEATURES

Fixed Logic Levels with Supply Voltage
Ground Referenced Outputs

High PSRR

Available in Space-Saving DSBGA Package
Ultra Low Current Shutdown Mode

Improved Pop & Click Circuitry Eliminates
Noises During Turn-On and Turn-Off
Transitions

No Output Coupling Capacitors, Snubber
Networks, Bootstrap Capacitors, or Gain-
Setting Resistors Required

Shutdown Either Channel Independently

APPLICATIONS

Mobile Phones

MP3 Players

PDAs

Portable Electronic Devices
Notebook PCs

KEY SPECIFICATIONS

PSRR at 217Hz (Vpp = 3.0V): 80dB (typ)

Stereo Power Output at Vpp = 3V, R, = 16Q,
THD+N = 1%: 40mW (typ)

Shutdown Current 0.1pA (typ)
Internal Fixed Gain: 1.5V/V (typ)
Operating Voltage: 2.0V to 5.5V

DESCRIPTION

The LM48860 is a ground referenced, fixed-gain
audio power amplifier capable of delivering 40mW per
channel of continuous average power into a 16Q
single-ended load with less than 1% THD+N from a
3V power supply.

The LM48860 features a new circuit technology that
utiizes a charge pump to generate a negative
reference voltage. This allows the outputs to be
biased about ground, thereby eliminating output-
coupling capacitors typically used with normal single-
ended loads.

Boomer audio power amplifiers were designed
specifically to provide high quality output power with a
minimal amount of external components. The
LM48860 does not require output coupling capacitors
or bootstrap capacitors, and therefore is ideally suited
for mobile phone and other low voltage applications
where minimal power consumption is a primary
requirement.

The LM48860 features a low-power consumption
shutdown mode selectable for either channel
separately. This is accomplished by driving either the
SD_RC (Shutdown Right Channel) or SD_LC
(Shutdown Left Channel) (or both) pins with logic low,
depending on which channel is desired shutdown.
Additionally, the LM48860 features an internal
thermal shutdown protection mechanism.

The LM48860 contains advanced pop & click circuitry
that eliminates noises which would otherwise occur
during turn-on and turn-off transitions.

The LM48860 has an internal fixed gain of 1.5V/V.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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Typical Application
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Figure 1. Typical Audio Amplifier Application Circuit

Connection Diagram
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Figure 2. DSBGA - Top View
See YZR0012 Package
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PIN DESCRIPTIONS

Pin Name Function

Al RIN Right Channel Input

A2 SGND Signal Ground

A3 LIN Left Channel Input

B1 ROUT Right Channel Output

B2 SD_LC Active Low Shutdown, Left Channel

B3 LOUT Left Channel Output

C1 Vss(cp) Charge Pump Voltage Output

c2 SD_RC Active-Low Shutdown, Right Channel

C3 Vpp Supply Voltage

D1 CCP- Negative Terminal - Charge Pump Flying Capacitor
D2 PGND Power Ground

D3 CCP+ Positive Terminal - Charge Pump Flying Capacitor

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

Absolute Maximum Ratings @

Supply Voltage 6.0V
Storage Temperature -65°C to +150°C
Input Voltage -0.3V to Vpp
Power Dissipation® Internally Limited
ESD Rating® 2000V
ESD Rating® 200V
Junction Temperature 150°C
Thermal Resistance

034 (typ) DSBGA 59.3°C/W

(1) The Electrical Characteristics tables list ensure specifications under the listed Recommended Operating Conditions except as otherwise
modified or specified by the Electrical Characteristics Conditions and/or Notes. Typical specifications are estimations only and are not

specified.

(2) If Military/Aerospace specified devices are required, please contact the Tl Sales Office/ Distributors for availability and specifications.

(3) The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjuax, 034, and the ambient temperature,
Ta. The maximum allowable power dissipation is Ppyax = (Tyuax - Ta) / 634 Or the number given in Absolute Maximum Ratings,
whichever is lower. For the LM48860, see power derating curves for additional information.

(4) Human body model, applicable std. JESD22-A114C.
(5) Machine model, applicable std. JESD22-A115-A.

Operating Ratings

Temperature Range

Tumin < Ta < Tuax

-40°C £ Tp £85°C

Supply Voltage (Vpp)

2.0V < Vpp £ 5.5V

Copyright © 2008-2013, Texas Instruments Incorporated
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Electrical Characteristics Vpp = 3V W@
The following specifications apply for Vpp = 3V and 16Q load unless otherwise specified. Limits apply to T, = 25°C.

Symbol Paramet Conditi L 148860 Units
mbo arameter onditions L
y Typical® Limit® (Limits)
VDD =3.0V,
VN = 0V, inputs terminated 4 5.5 mA (max)
| Quiescent Power Supply Current | both channels enabled
b Full Power Mode Vpp = 5.0V,
VN = 0V, inputs terminated 4.2 mA
both channels enabled
SD_LC =SD_RC=GND 0.1 1 HA (max)
Isp Shutdown Current SD LC = SD RC= GND,
Vpp = 5.0V 0.1 1 HA (max)
Vos Output Offset Voltage R =32Q, Vy=0V 0.7 55 mV (max)
Ay Voltage Gain -1.5 VIV
AAy Channel-to-channel Gain 1 %
Matching
. 15 kQ (min)
Rin Input Resistance 20 25 kQ (max)
THD+N = 1% (max); f = 1kHz, .
R, = 16Q, (two channels in phase) 40 35 mw (min)
Po Output Power THD+N = 1% ( ) f= 1kH
= 1% (max); f = z, :
R, =32Q, (two channels in phase) 50 40 mWw (min)
Po = 20mW, f = 1kHz, R = 160 0.025 %
o . ) (two channels in phase)
THD+N Total Harmonic Distortion + Noise P = 25mW f= 1kHz R, = 320
O = m , = Z, L = 0
(two channels in phase) 0.014 %
VRlPPLE = ZOOmVpp, Input Referred
Iy Power Supply Rejection Ratio f=217Hz 80 73 dB (min)
Full Power Mode f = 1kHz 75 dB
f = 20kHz 60 dB
RL = 320, POUT =50mW,
SNR Signal-to-Noise Ratio f = 1kHz, BW = 20Hz to 22kHz, 105 dB
A-weighted
Viy Shutdown Input Voltage High Vpp = 2.0V to 5.5V 1.2 V (min)
Vi Shutdown Input Voltage Low Vpp = 2.0V to 5.5V 0.45 V (max)
RL = 16Q, Pg = 1.6mW,
XTALK Crosstalk f= 1kHz 75 dB
€0s Output Noise A-weighted filter, Vi = OV 8 uv
VSD = GND d
Input Terminate
Zour Output Impedance Input not terminated 30 20 kQ (min)
SD_LC =SD_RC = GND 30 kQ
I Input Leakage +0.1 nA

(1) “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur, including inoperability and degradation of
device reliability and/or performance. Functional operation of the device and/or non-degradation at the Absolute Maximum Ratings or
other conditions beyond those indicated in the Recommended Operating Conditions is not implied. The Recommended Operating
Conditions indicate conditions at which the device is functional and the device should not be operated beyond such conditions. All
voltages are measured with respect to the ground pin, unless otherwise specified.

(2) The Electrical Characteristics tables list ensure specifications under the listed Recommended Operating Conditions except as otherwise
modified or specified by the Electrical Characteristics Conditions and/or Notes. Typical specifications are estimations only and are not
specified.

(3) Typical values represent most likely parametric norms at Tp = +25°C, and at the Recommended Operation Conditions at the time of
product characterization and are not specified.

(4) Datasheet min/max specification limits are ensured by test or statistical analysis.
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External Components Description

(Figure 1)
Components Functional Description
Input coupling capacitor which blocks the DC voltage at the amplifier’s input terminals. Also creates a high pass-pass
1. Cy filter with R; at fc = 1/(2R;C,). Refer to the section Proper Selection of External Components, for an explanation of how
to determine the value of C;.
Input coupling capacitor which blocks the DC voltage at the amplifier’s input terminals. Also creates a high pass-pass
2. C, filter with R; at fc = 1/(2R;C,). Refer to the Power Supply Bypassing section for an explanation of how to determine the
value of C,.
3. Cs Output capacitor. Low ESR ceramic capacitor (£100mQ)
Cy Flying capacitor. Low ESR ceramic capacitor (£100mQ)
5 c Tantalum capacitor. Supply bypass capacitor which provides power supply filtering. Refer to the Power Supply
) 5 Bypassing section for information concerning proper placement and selection of the supply bypass capacitor.
6 c Ceramic capacitor. Supply bypass capacitor which provides power supply filtering. Refer to the Power Supply
) 6 Bypassing section for information concerning proper placement and selection of the supply bypass capacitor.
Copyright © 2008-2013, Texas Instruments Incorporated Submit Documentation Feedback 5
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Typical Performance Characteristics

THD+N vs Output Power
=3V, R =16Q

THD+N vs Output Power
p =3V, R, =16Q, f = 1kHz

f = 1kHz, 22kHz BW, one channel enabled 0 22kHz BW, two channels in phase
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Figure 3. Figure 4.
THD+N vs Output Power THD+N vs Output Power
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Figure 5. Figure 6.
THD+N vs Output Power THD+N vs Output Power
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Figure 7. Figure 8.
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Typical Performance Characteristics (continued)

THD+N Vs Output Power
=3.6V, R =32Q
f = 1kHz 22kHz BW, one channel enabled
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THD+N Vs Output Power
pp = 4.2V, R =16Q
f = 1kHz, 22kHz BW, one channel enabled
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THD+N vs Output Power
Vpp = 4.2V, R = 32Q
f = 1kHz, 22kHz BW, one channel enabled
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THD+N (%)
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THD+N vs Output Power
p = 3.6V, R =32Q, f = 1kHz
0 22kHz BW, two channels in phase
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THD+N vs Output Power
Vpp = 4.2V, R = 16Q, f = 1kHz
22kHz BW, two channels in phase
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THD+N vs Output Power
Vpp = 4.2V, R = 32Q, f = 1kHz
22kHz BW, two channels in phase
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Typical Performance Characteristics (continued)
THD+N Vs Frequency THD+N Vs Frequency
op = 3V, R = 32Q

=3V, R_=16Q
Po 20mW 22kHZ BW Po 20mW, 22kHZ BW
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Figure 15. Figure 16.
THD+N Vs Frequena/ THD+N Vs Frequena/
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Figure 18.

Figure 17.

THD+N vs Frequena/

THD+N vs Frequenc
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Figure 19. Figure 20.
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Typical Performance Characteristics (continued)

PSRR vs Frequenc(:ly PSRR vs Frequenc(:)y
VDD =3V, R|_ =16 VDD =3V, RL =32
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Figure 21. Figure 22.
PSRR vs Frequenc{y} PSRR vs Frequenc‘%
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Figure 23. Figure 24.
PSRR vs Frequenci)_/2 PSRR vs Frequenc
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Figure 25. Figure 26.
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Typical Performance Characteristics (continued)

Output Power vs Supply Voltage
R. = 16Q, f = 1kHz, 22kHz BW
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Power Dissipation vs Output Power
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Power Dissipation vs Output Power
Vpp = 5V, R, = 16Q, f = 1kHz
700
/
600 //
g
~ 500
=z
©)
400 A
o
) /
@ 300
o
]
= 200 /
o)
o
100 [
0

0 20 40 60 80 100 120
OUTPUT POWER/CHANNEL (mW)

Figure 31.
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Output Power vs Supply Voltage
R_ =32Q, f = 1kHz, 22kHz BW
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Power Dissipation vs Output Power
Vpp =3V, R = 32Q, f = 1kHz
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Power Dissipation vs Output Power
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Typical Performance Characteristics (continued)

Supply Current vs Supply Voltage
Vin = GND, No Load
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Power Derating Curve
VDD = 5V, RL =32Q

Power Derating Curve
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APPLICATION INFORMATION

SUPPLY VOLTAGE SEQUENCING

It is a good general practice to first apply the supply voltage to a CMOS device before any other signal or supply
on other pins. This is also true for the LM48860 audio amplifier which is a CMOS device.

Before applying any signal to the inputs or shutdown pins of the LM48860, it is important to apply a supply
voltage to the Vpp pins. After the device has been powered, signals may be applied to the shutdown pins (see
MICRO POWER SHUTDOWN) and input pins.

ELIMINATING THE OUTPUT COUPLING CAPACITOR

The LM48860 features a low noise inverting charge pump that generates an internal negative supply voltage.
This allows the outputs of the LM48860 to be biased about GND instead of a nominal DC voltage, like traditional
headphone amplifiers. Because there is nho DC component, the large DC blocking capacitors (typically 220uF)
are not necessary. The coupling capacitors are replaced by two, small ceramic charge pump capacitors, saving
board space and cost.

Eliminating the output coupling capacitors also improves low frequency response. In traditional headphone
amplifiers, the headphone impedance and the output capacitor form a high pass filter that not only blocks the DC
component of the output, but also attenuates low frequencies, impacting the bass response. Because the
LM48860 does not require the output coupling capacitors, the low frequency response of the device is not
degraded by external components.

In addition to eliminating the output coupling capacitors, the ground referenced output nearly doubles the
available dynamic range of the LM48860 when compared to a traditional headphone amplifier operating from the
same supply voltage.

OUTPUT TRANSIENT ('CLICK AND POPS') ELIMINATED

The LM48860 contains advanced circuitry that virtually eliminates output transients (‘clicks and pops'). This
circuitry prevents all traces of transients when the supply voltage is first applied or when the part resumes
operation after coming out of shutdown mode.

AMPLIFIER CONFIGURATION EXPLANATION

As shown in Figure 1, the LM48860 has two internal operational amplifiers. The two amplifiers have internally
configured gain.

Since this is an output ground-referenced amplifier, the LM48860 does not require output coupling capacitors.

POWER DISSIPATION

From the graph (THD+N vs Output Power , Vpp = 3V, R, = 16Q, f = 1kHz, 22kH BW, two channels in phase,
page 6) assuming a 3V power supply and a 16Q load, the maximum power dissipation point and thus the
maximum package dissipation point is 281mW. The maximum power dissipation point obtained must not be
greater than the power dissipation that results from Equation 1.

Pomax = (Tamax = Ta) / (834) 1

For the DSBGA package 6 j;p = 59.3°C/W. Tjuax = 150°C for the LM48860. Depending on the ambient
temperature, T,, of the system surroundings, Equation 1 can be used to find the maximum internal power
dissipation supported by the IC packaging. If the maximum power dissipation from the graph is greater than that
of Equation 1, then either the supply voltage must be decreased, the load impedance increased or T, reduced
(see power derating curves). For the application of a 5V power supply, with a 16Q load, the maximum ambient
temperature possible without violating the maximum junction temperature is approximately 110°C provided that
device operation is around the maximum power dissipation point. Power dissipation is a function of output power
and thus, if typical operation is not around the maximum power dissipation point, the ambient temperature may
be increased accordingly.
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POWER SUPPLY BYPASSING

As with any power amplifier, proper supply bypassing is critical for low noise performance and high power supply
rejection. Applications that employ a 3V power supply typically use a 4.7uF capacitor in parallel with a 0.1uF
ceramic filter capacitor to stabilize the power supply's output, reduce noise on the supply line, and improve the
supply's transient response. Keep the length of leads and traces that connect capacitors between the LM48860's
power supply pin and ground as short as possible.

MICRO POWER SHUTDOWN

The voltage applied to the SD_LC (shutdown left channel) pin and the SD_RC (shutdown right channel) pin
controls the LM48860’s shutdown function. When active, the LM48860’s micropower shutdown feature turns off
the amplifiers’ bias circuitry, reducing the supply current. The trigger point is 0.45V for a logic-low level, and 1.2V
for logic-high level. The low 0.01pA (typ) shutdown current is achieved by applying a voltage that is as near as
ground a possible to the SD_LC/SD_RC pins. A voltage that is higher than ground may increase the shutdown
current. Do not let SD_LC/SD_RC float, connect either to high or low.

SELECTING PROPER EXTERNAL COMPONENTS

Optimizing the LM48860's performance requires properly selecting external components. Though the LM48860
operates well when using external components with wide tolerances, best performance is achieved by optimizing
component values.

Charge Pump Capacitor Selection

Use low ESR (equivalent series resistance) (<100mQ) ceramic capacitors with an X7R dielectric for best
performance. Low ESR capacitors keep the charge pump output impedance to a minimum, extending the
headroom on the negative supply. Higher ESR capacitors result in reduced output power from the audio
amplifiers.

Charge pump load regulation and output impedance are affected by the value of the flying capacitor (C4). A
larger valued C4 (up to 3.3uF) improves load regulation and minimizes charge pump output resistance. Beyond
3.3uF, the switch-on resistance dominates the output impedance.

The output ripple is affected by the value and ESR of the output capacitor (C3). Larger capacitors reduce output
ripple on the negative power supply. Lower ESR capacitors minimize the output ripple and reduce the output
impedance of the charge pump.

The LM48860 charge pump design is optimized for 2.2uF, low ESR, ceramic, flying and output capacitors.

Input Capacitor Value Selection

Amplifying the lowest audio frequencies requires high value input coupling capacitors (C1 and C2 in Figure 1). A
high value capacitor can be expensive and may compromise space efficiency in portable designs. In many
cases, however, the speakers used in portable systems, whether internal or external, have little ability to
reproduce signals below 150Hz. Applications using speakers with this limited frequency response reap little
improvement by using high value input and output capacitors.

As shown in Figure 1, the internal input resistor, R; and the input capacitors, C1 and C2, produce a -3dB high-
pass filter cutoff frequency that is found using Equation 2.

fisgg = 1/2MRNC  (HZ) )
The value of Ry can be found in the Electrical Characteristics tables.
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Demonstration Board PCB Layout
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Figure 38. Top Silkscreen

Figure 39. Top Layer

Figure 40. Midlayer 1

Figure 41. Midlayer 2
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
LM48860TL/NOPB ACTIVE DSBGA YZR 12 250 RoHS & Green SNAGCU Level-1-260C-UNLIM -40 to 84 GJ7
LM48860TLX/NOPB ACTIVE DSBGA YZR 12 3000 RoHS & Green SNAGCU Level-1-260C-UNLIM -40 to 84 GJ7

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

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

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

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If 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.

© ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material 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.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel ) l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
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)
LM48860TL/NOPB DSBGA YZR 12 250 178.0 8.4 1.68 | 2.13 | 0.76 4.0 8.0 Q1
LM48860TLX/NOPB DSBGA | YZR 12 3000 178.0 8.4 168 | 213 | 0.76 | 4.0 8.0 Q1
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TAPE AND REEL BOX DIMENSIONS
e
7
e S
N s
e 7
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM48860TL/NOPB DSBGA YZR 12 250 208.0 191.0 35.0
LM48860TLX/NOPB DSBGA YZR 12 3000 208.0 191.0 35.0

Pack Materials-Page 2



MECHANICAL DATA
YZR0012

L - @ @ DIMENSIONS ARE IN MILLIMETERS
DIMENSIONS IN ¢ ) FOR REFERENCE ONLY
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NOTES: A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.
B. This drawing is subject to change without notice.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2021, Texas Instruments Incorporated
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