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ABSTRACT

This application report evaluates CC2640 Wireless MCU DC power supply. CC2640 is Tl SimpleLink™
Bluetooth® Smart Wireless MCU that offers exceptional RF performance with ultralow-power consumption.
CC2640 incorporates linear and switching voltage regulators and this application report details the
performance and evaluation of these regulators.
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1 Introduction

Voltage regulators are the basic building blocks of any DC power supply. CC2640 wireless MCU
incorporates an on-chip internal DC-DC converter. Figure 1 shows CC2640 SoC (system-on-chip) block
diagram, which contains blocks for ARM® Cortex®-M3 CPU, RF core, sensor controller, general
peripherals, memory, and a DC-DC converter.

SimpleLink™ CC26xx wireless MCU

RF core

" ADC
&y -
Digital PLL
DSP modem

Main CPU

ARM®

Cortex®-M3

ARM®
Cortex®-M0

General peripherals / modules Sensor controller

[§H 4x 32-bit timers Sensor controller
engine

UART 2x SSI (SPI, pW, T1)
12-bit ADC, 200 ks/s

128 Watchdog timer
2x comparator

10/15/31 GPIOs TRNG SPI-I'C digital sensor IF

AES Temp. / batt. monitor Constant current source

32 ch. yDMA RTC Time-to-digital converter

DC-DC converter 2KB SRAM

Figure 1. CC2640 Block Diagram

One of the core advantages of the CC2640 SoC is that it has an integrated DC-DC converter block. The
CC2640 DC-DC converter incorporates both switching and linear regulators that support all power modes
and power-management features. Figure 2 shows how the CC2640 device uses a parallel DC-DC
switching regulator and low-dropout linear regulator (LDO).

Low-Dropout Regulator
(LDO)

DC-DC Switching Regulator

Figure 2. CC2640 DC-DC Converter
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2 Basics on Linear and Switching Regulators

Most of the CC2640 applications are battery powered. As the battery drains over a period of time, efficient
and clean voltage regulators are essential to provide a constant DC output to the respective subcircuits
maintaining the regulated voltage irrespective of any changes in input voltage and load currents. The
CC2640 uses LDOs and a DC-DC switching regulator to provide clean and regulated supply with the
highest efficiency.

2.1 Low-Dropout Voltage Regulator

LDO regulators are linear regulators with low-dropout voltage. Dropout voltage is the minimum voltage
required across the regulator to maintain output voltage regulation. Figure 3 shows a simplified LDO
circuit.

2

Figure 3. Linear LDO

The R1 and R2 resistors sense the output voltage which appears as a sense signal at the amplifier (Amp)
input. This error amplifier drives the pass transistor (M1) to constantly regulate the output voltage (V)
through the negative feedback loop by forcing the sense voltage equal to the reference (REF) voltage.

2.2 Switching DC-DC Regulator

The CC2640 has a built-in DC-DC switching regulator that offers higher efficiency and flexibility to support
different internal voltage supplies. Figure 4 shows a simple diagram of buck DC switching voltage

regulator.
Vin
r---——-—-— " """ "~"~"*"@~"~"~"="¥""¥"¥"¥"¥"7¥"¥7"/"¥7/7—/ =/ il
| |
| |
| |
| e M1 :
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: | Y Y'Y I | VOl{t
| 1 I
| _L |
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| = l
| |
| |
| |
L | -
Figure 4. Buck DC Switching Regulator
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3.1

3.2

3.3

Buck regulators reduce input DC level to lower levels. The controller switches the switch on and off, and
equivalent DC output voltage level is determined based on its pulse-switching duty cycle. The high-side
switch transistor (M1) alternately connects and disconnects input voltage (V,,) to the inductor (L). When
the high-side switch is on, the voltage drop across inductor induces increased current within the inductor
(current ramps up), which flows through the load (R,) and charges the capacitor (C). During switchoff time
current within inductor ramps down. The resultant DC load current is the average of these ramp up and
ramp down inductor currents and the time that no current flows through the inductor; these determine the
regulated output voltage level. See Linear and Switching Voltage Regulator Fundamental Part 1
Application Report (SNVA558).

Two characteristics determine what type of DC-DC is used based on the conducted inductor current.
When the current is continuously conducted through the inductor, the DC-DC is a continuous current
mode (CCM) DC-DC. Noncontinuous conduction DC-DCs are discontinuous current mode (DCM) DC-DC.
DC-DC controllers may use either pulse frequency modulation (PFM) or pulse width modulation (PWM).
The CC2640 uses a PFM DCM DC-DC.

Supply Efficiency

Background Information

Figure 5 shows the basic regulator configuration. Supply efficiency is the ratio of power output (P,,) by a
regulator to the power inputted (P;,) to the regulator. See Equation 1.

P
n (%)= "24.100
B, 1)

Battery

I

PDUK
DC-DC/LDO 1

Figure 5. Basic Regulator Configuration

LDO Efficiency

To calculate efficiency, you must measure P, and P,,. For an LDO, efficiency is theoretically limited to the
ratio of the output to the input voltage. Consider that most power in an LDO is used by the pass transistor
and delivered to the load. If the pass device is a PMOS with its drain connected directly to the load and if

all input current is delivered to the load, the same current that flows into the pass device also flows out to

the load. The ratio of power out to power in for an LDO is approximately V,/V,,.

Switching Regulators Efficiency

For a switching DC-DC regulator, the output current and the input current are different. Due to the
switching of the inductor in the DC-DC regulator, the average current from the battery supply to the DC-
DC regulator is scaled by the duty cycle of the inductor switch. If the inductor of the DC-DC regulator is
connected to the supply only 25% of the time, the average current into the DC-DC regulator from the
battery supply is only 0.25 times the output current (assuming no losses). A buck DC-DC converter can
have a higher efficiency than an LDO because the current from the battery supply is reduced (if no losses
occur, a buck DC-DC regulator is 100% efficient).
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3.4 Evaluation Setup and Measurement Results

Figure 6 shows basic DC-DC and LDO configuration in CC2640, V, is the main supply to CC2640, |, is
the current through the main supply. Some of the CC2640 circuitry is directly powered by main supply.
This current in other circuits is designated as lorer. The bias current in LDO is Ig .5 and is obtained from
simulations. |y po @nd Iy pene are the input currents through LDO and DC-DC, respectively. loyr 1po @and
lour bpcoc @re the output currents from LDO and DC-DC, respectively. R is the external pullup resistor at
output of DC-DC and LDO whose value could be around 100 Q. I, is the current through the external pull
resistor when the output is pulled up. Vg is the output voltage with I, current through the output load,
which is CC2640 circuitry powered by the regulator.

NOTE: The pullup resistor is used only for measuring efficiency and is not generally present in an
application using the CC26XX and CC13XX.
Vin |y Iin

liN_Lpo , lj_EN
Text Point —

External Pull-up. T In ococ [
IN_DCDC

| v C |

v lpu | M1 — I

| |

lout_tpo | lout_pcoc | L |

% e

} T Controller | |

Vour : C :

| M2 — |

Vlour | |

| |

| I

Load | |

I |

L L bcoC !

Figure 6. DC-DC and LDO Configuration in CC2640

The first task in measuring efficiency is to measure lqer- When the DC-DC is turned off and the output of
the LDO is pulled up, which disables LDO, the total current drawn from the main supply is equivalent to
sum of lyryer @and LDO bias current after pullup Igias ap- leias ap IS Obtained from simulations.

The following steps summarize the DC-DC efficiency calculation procedure in CC2640.
1. Calculate the DC-DC output current.
(a) Turn off the DC-DC converter.

(b) Measure the input current through the main supply before DC-DC and LDO output are pulled up (I,y
= In_gp). (See Equation 2 and Equation 3.)

NOTE: With DC-DC turned off, the DC-DC input current (I, pepc) is negligible.

n_BP =loTHER *+ IBIAS _BP + IN_LDO + IN_DCDC @)
In 8P =loTHER * IBIAS BP * IN_LDO BP 3)
SWRA494 -December 2015 CC2640 Wireless MCU DC Supply Evaluation 5
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(c) Measure the input current through the main supply after DC-DC is turned off and LDO and DC-DC
output is pull up (liy = I _ap)- (See Equation 4 and Equation 5.)

NOTE: With DC-DC turned off, DC-DC input current (I, peoc) is negligible. With the LDO output
pulled up, the LDO input current (I, o) is also negligible.

In_ap = loTHer + IBias_ap + IN_LDo + IN_DCDC (4)
In_ap =lotHER * IBIAS_AP (5)
(d) Calculate Iy o g as follows from Equation 3 and Equation 5.
In_ap 8P =(Nn_BP—IIn_aP) — (1A BP — lBIAS_AP) ©)
(e) Measure the drop across pullup resistor while the DC-DC converter is off (Vg peoc orr)-
() Measure the drop across pullup resistor while the DC-DC converter is on (Vg pepc on)-
(g) Calculate the additional current draw when the DC-DC converter is on with tr;e R _pullup resistor
using Equation 7.

(VR_DCDC_ON - VR_DCDC_OFF)
Iy = R

)
(h) Calculate the total load current which can be assumed as current from LDO and is equivalent to
LDO input current (see Equation 8 and Equation 9).
lout =lout_bcoc + lout oo + lpu =lout_Lpo *IPU ®)
lour =IN_Loo_Bp *leu ©)
(i) Calculate the total DC-DC output current or load current (lo,r) from Equation 7, Equation 8, and
Equation 9 as follows.
(VR_pcoc_on — VR_bepcorr)
loutr = (n_Bp —In_ap) — (Bias_BP —lBiAs_AP) + R (10)

2. Measure the DC-DC input current.
(a) Calculate the current in other circuits as follows from Equation 5.
lotheR = IN_AP — lBIAS AP 11)
(b) Turn on the DC-DC converter.
(c) Measure the DC-DC input voltage (V).
(d) Measure the DC-DC and LDO output voltage (Vour).
(e) Measure the total input supply current (1,y).

NOTE: This input current from Equation 4 with the DC-DC converter turned on is as follows.

In = lotHer +lBIas_BP *+ IN_LDo + IN_pcpe (12)

(f) Calculate the total input current in DC-DC and LDO with the DC-DC converter on from Equation 12.
(See Equation 13 and Equation 14.)

In peoe + In oo + lias BP = In — loTHER (13)
n_peoc +Iin oo +leias_Bp =(in—Iin_ar) —laias_ap (14)
3. Calculate efficiency using Equation 15 and Equation 16.
P, V, x |
N (%) = 2T 100 = OUT ~ OuUT x 100
N Vin x (n_pcoc + IN_Loo + lsias_Bp) (15)
Vur  ( O ) ( L )+ (VR _pcoc_on — VR _bpepc oFF)
out XUIN_BP —IN_AP BIAS_BP ~ IBIAS_AP R
n (%) = x 100
Vin % (v —n_ap] —lgias ap) (16)
6 CC2640 Wireless MCU DC Supply Evaluation SWRA494 -December 2015
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Figure 7 shows the typical characteristics of the CC2640 regulator. At typical device operation when the
DC-DC effiency is enabled, most the input current is through DC-DC, that is, Iy pcpc + Iin oo + leias ep 1S
equivalent tp I,y pepc.

DCDC Efficiency

--------- <— Typical device operation

Efficiency

LDO Efficiency

Load Current
Figure 7. CC2640 Typical Efficiency Characteristics
For example, calculate the efficiency of CC2640 with V\y = 3V, Vot = 1.7 V, measured |,y = 10.5 mA.
Bias currents Igas gp = 62 PA and Igias ap = 15 PA. Voltage across a 100-Q pullup resistor is 380 mV and
400 mV when the DC-DC converter is off and on, respectively. The DC-DC input current is 15.3 mA and

2.3 mA previously to and prior to DC-DC and LDO output being pulled up, respectively. For more
information, see Equation 17.
[400 - 880]

1.7 x ([15.3 — 2.3] — [0.062 — 0.015] +
100 x 100 = 91.06%
3% ([10.5 — 2.3] - 0.015) 17)

Figure 8 shows a typical set of efficiency curves of a DC-DC converter.

n (%)=

100%

95%

90%

85%

Efficiency

80%

75% — Tao=-90°C
—— Ta=-40°C
Ta=27°C

70%
7 9 11 13 15 17
DC-DC Output Current (mA)

Figure 8. CC2640 Efficiency Across Temperature and Load Currents
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4 Load Regulation

4.1 Background Information

Load regulation is the ability of a regulator to maintain a given output voltage with respect to any load
current variations. Load regulation is defined as change in output voltage (AVout) divided by the change in
output load current (Alout). See Figure 9 for more information.

AV,

DCDC/LDO l

Load

Load Regulation =

Figure 9. Load Regulation

4.2 Evaluation Setup and Measurement Results

To measure load regulation, apply a load step to the output of the regulator and observe the output
voltage. To achieve a switching load, a switch board is used with a PNP switch as shown in Figure 10.

Al AV,

in in

Alout Load Current Switches from

DC-DC/LDO 0to 20 mAin 100 ps.

AV

out

Switch Board

M

Signal
Generator

Pulse rise and fall time: 100 ps
Period: 2.2 ms
Duty cycle: 50%
Level 1: 460 mV, Level 2: 920 mV

Figure 10. Load Regulation Evaluation Setup
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To switch DC-DC and LDO output load current from 0 to 20 mA (Alout = 20 mA) in 100 us, a pulse signal
is used with a 100-us rise and fall time, a 2.2-ms period, and a 50% duty cycle. In Figure 11, this pulse
signal is a yellow curve and drives the base of the switch. The DC-DC output voltage variation (AVout) is
the blue line. The total peak-peak change in output voltage is 5.8 mV, and approximately maximum
overshoot, that is, with the change output voltage (AVout) could be estimated to about 4 mV. The typical
load regulation is given less than 4 mV for change in output current from 0 mA to 20 mA. See Equation 18
and see Figure 12 for the results of the measurement.

AVout 4 mV

=—=02V/A
Alout 20 mA (18)

Load regulation =

coool2 N S

SRS o
—
=
=)
a

(@ 1.00v & 10.0mVAE [400us 1.25GS/s & - |25 Aug 2015
@+v0.00000s  5M points 40.0mv J10:52:00

Figure 12. Load Regulation Measurement Result (The red curve is the output of the LDO.)
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5 Line Regulation
5.1 Background Information
Line regulation is the ability of a regulator to maintain a specified output voltage with respect to any input
voltage variations. Line regulation is defined as change in output voltage (AVout) divided by change in
input voltage (AVin). See Figure 13 for more information.
Battery — A Vi,
L
A Vout
DC-DC/LDO l
Load
A\/OLII
Load Regulation = _
Figure 13. Line Regulation
5.2 Evaluation Setup and Measurement Results
To measure line regulation, apply a voltage step to the input of the regulator and observe the output. The
challenging part of measuring line regulation is providing a voltage step from a power supply. A high-
speed amplifier connected to a function generator is used to generate the voltage step. See Figure 14.
| | I | I Supply Voltage Switches from
1.8 V10 3.8V, in 100 ps.
Signal
Generator 1
Pulse rise and fall time: 100 s Switch Board
Period: 2.2 ms Al AV,
Duty cycle: 50%
A Iout
DC-DC/LDO
AVout
Load
Figure 14. Line Regulation Evaluation Setup
To switch DC-DC and LDO input supply voltage from 1.8 V to 3.8 V (AVin = 2 V) in 100 ps, a pulse signal
is used with a 100-ps rise and fall time, a 2.2-ms period, and a 50% duty cycle. In Figure 15, Input supply
voltage to DC-DC and LDO is the blue curve. The LDO (with the DC-DC converter turned off) output
voltage variation (AVout) is the red line. The total peak-peak change in output is approximately 8 mV.
Equation 19 gives the typical line regulation.
LDO Line regulation = AVO,Ut = gmv =0.004
AVin 2V (19)
10 CC2640 Wireless MCU DC Supply Evaluation SWRA494 -December 2015
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Line Regulation

gun —_— s ——— Trigd
" ] 64.00us €@ —1.80mv
C 40.00us (3 8.20mv
A104.0us A10.0mV_ |
[b]
- +
{* + ;Lfr:h: -
e
800uS 625M575 o 7 ]
@ 500my & 10.0mVuE B+v0.00000s 5M points 2.80V | i
Value Mean Min Max Std Dev |25 Aug 2015|
& max 3.714 v 3.715 3.714 3.716 553.6u 12:38:29
gMin 1.832V 1.833 1.832 1.835 962.6M

Figure 15. LDO Line Regulation Measurement Result

\When the DC-DC converter is turned on, the DC-DC output voltage variation (AVout) is the red line in
Figure 16. The total peak-peak change in output voltage is 55.4 mV, and approximately maximum
overshoot, that is, with the change output voltage (AVout) could be estimated to about 35 mV.

Equation 20 gives the typical line regulation.

. . AVout 35mV
DC -DC Line Regulation = — = =0.0175
AVin 2V (20)
4077512 ; —3 | eyl T
b] [T '
5 O -56.00us € —20.2mV
............ b § : 40‘00“5 @ 35.2mv
A96.00s A55.4mv
] B
4
D * (—'—‘“" £ N
'r .
S i.; .....
| : : __(soous 625MS/s o - ] : :
@Q 500mv @ 10.0mVAE )@+v0.00000 s SM points 280v )
value Mean Min Max Std Dev 25 Aug 2015
& Vax 3.722v  3.749 3.713 5.060 161.2m l12:45:35 l
| @D Min 1.844V  1.820 -59.92m  1.848 204.3m
Figure 16. DC-DC Line Regulation Measurement Result
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6 Power Supply Rejection Ratio

6.1 Background Information

Power supply rejection ration (PSRR) is the ability of a regulator to maintain the regulated output voltage
free of any input voltage fluctuations. PSRR could be considered similar to line regulator but inclusive of
frequency spectrum. For more information, see Equation 21 and Figure 17.

PSRR =20.l1og10 Vm—(w)
Vout (w)

(21)
@ Sine Wave AC + DC
Signal
Generator
Sine Wave Switch Board
lin(w) Vin(w)

lout(W)

DC-DC/LDO ﬁ
Vout(w)

Load

Figure 17. PSRR Measurement Setup

6.2 Evaluation Setup and Measurement Results

To measure PSRR, a sine wave is applied on top of the supply voltage of the regulator (the input voltage).
The sine wave generator produces a sine wave with a nonzero DC value. Amplitude of the sine wave is
kept low at first and then increased until it is measurable at the output. The ratio of the input sine wave
amplitude to the output sine wave amplitude is the PSRR.

Figure 17 shows the PSRR measurement setup. This setup is the same as for line regulation. Figure 18,
Figure 19, and Figure 20 show the measurement results of CC2640 LDO and DC-DC PSRR. In these
figures, blue curves are DC-DC/LDO sine wave applied at input and red curves are DC-DC/LDO output
sine wave. Sine waves of frequencies 1 kHz and 10 kHz were considered. DC-DC and LDO PSRR are
calculated in Equation 22, Equation 23, and Equation 24.

y
PSRRLDO1KHz = 20.Iog1O{M] - 20.Iog10( 1.846 j — 5508

Vout (W) 0.00325 22)
Vi

PSRRLDO10KHz = 20.log10 Vin(w) ) _ 20.|og10[ 1.514 j = 37.890B

Vout (w) 0.0193 23)
Vi

PSRRDCDC10KHz = 20.log10 M =20.log10 1.487 =35.21dB
Vout (w) .0258 (24)
12 CC2640 Wireless MCU DC Supply Evaluation SWRA494 -December 2015

Submit Documentation Feedback
Copyright © 2015, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWRA494

13 TEXAS
INSTRUMENTS

www.ti.com Power Supply Rejection Ratio

0 136.0us @ 11.8mv
0 88.00us @  26.2mV
A48.00us A14.4mV
e e 535MS7s o5
& 100V @ 10.0mVAE ) @+v0.00000s  5M points 3.30V |
Value Mean Min Max Std Dev —
@D Peak—Peak 1.846V  1.426 1.046 2.422 206.5m 25 Aug 2015
@D Frequency 996.4 Hz 998.9 996.4 1.000k 2.152 13:06:17
@) Peak—-Peak 3.250mV  13.92m 1.786m 27.57m 0.068m

Figure 18. LDO PSRR Measurement Result, Frequency 1 kHz

g

: (O 136.0ps © 252V
O  88.00us O 3.96V
i A48.004s A1.44V

. 800Ms 625MS/s T |
& 1.00V @ 10.0mvhE )|@+v0.00000s  SM points 3.30 V :
Value Mean Min Max Std Dev s
@D Peak—Peak 1.514V  1.463 1.429 1.680 46.11m
@) Frequency 10.01kHz 9.986k 9.966k 10.01k 28.48 13:02:55
@) Peak-Peak 19.30mV  19.62m 19.30m 19.93m 444,24

Figure 19. LDO PSRR Measurement Result, Frequency 10 kHz
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leoss12 f - - ] . Trig’d
: y! f : f
: I a 136.0us €@  11.8mv
T it o £2.00us ()  26.2mV
: A48.00us Al4.4mv
P R i S
2 :
D : :
R R -rorv PRI & 7
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Figure 20. DC-DC PSRR Measurement Result, Frequency 10 kHz
7 Summary

CC2640 Wireless MCU DC power supply is evaluated in this application report. Major specifications of a
DC supply are discussed. Procedure to calculate CC2640 supply efficiency is detailed along with the load
regulation, line regulation, and power supply rejection ratio parameters. CC2640 DC-DC regulator typically
shows more than 90% efficiency. CC2640 LDO has 0.2 V/A of load regulation and .004 line regulation,

with PSSR of 55 dB at 1 kHz and more than 37 dB at 10 kHz.
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1. CC2640 SimpleLink™ Bluetooth® Smart Wireless MCU data sheet (SWRS176)
2. Linear and Switching Voltage Regulator Fundamental Part 1 Application Report (SNVA558)
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve 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. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or 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 altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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