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Introduction — loop gain overview

Empirical loop gain measurement methods

Test setup and test examples
— Frequency analyzer setup
— Preparing converter for loop gain measurement
— Connecting equipment to circuit under test
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Introduction — Loop Gain Overview

« What is loop gain?
« Why do we measure loop gain?
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Introduction — What Is Loop Gain?

Loop gain: product of all
gains around feedback loop

T'(s)=G(s)- H(s)

Simple Feedback System
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Power J Vour
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FB
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DC/DC Converter Control System
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Why Do We Measure Loop Gain?

1) Loop gain is good indicator of stability
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Why Do We Measure Loop Gain?

2) Loop gain results guide us to improve load transient response
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Given the loop is stable, higher loop bandwidth improves transient response [1]
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Loop Gain Measurement Method
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Loop Gain Measured in Open-Loop Setup

VIN
power I Vour « Difficult to maintain correct
9 J L Vour . .
ﬁ B DC operating point due to
Y high DC gain
PWM JB_ COUT VlNJ
Comparator = = A » Easy to saturate circuits by
T injecting too much AC
-+ . T(s) o 2 Rrop disturbance

~< I

B X it is not practical to
measure loop gain
in open-loop setup

COMP

Error Amplifier Rgottom

HI
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Equivalent Circuit of Feedback System

Looking Backward <« --------------

|
1
Power }/'N Vour 1 ) ]
Stage v I Looking Backward Looking Forward
g L Vour | ool e - )
1 Z 1
C B ] 2
FWM JE_ T Thevenin's | I o o :
Comparator = = B A
R . A , Theorem | !
Rag ‘\\ | = I + I
. T(s) Rip | § D + oy
V. - ) I Vv Z.!
A = ¥ veY 7 e
L2 VCVSY V,(s)=-M(s)-V (s) ~ v
FB 3§
vS
COMP Error Amplifier RBOTTOM Y4 GND

T(s)=M(s)——

Z,+7Z,
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Loop Gain Measurement — Voltage Injection Method

When Z,=0 Q, T(S) =M(S) Measure open loop gain with feedback loop closed

‘~___—’

vevs | Vy(s)=-M(s)-V (s)

GND GND

T(s) -~ - -1
()() Ving (), VA(S)_I—T() INJ

System open-loop gain: T(s)= _II; ;Sj when Z, =0 Q
A
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System closed-loop response: VB(s) = (s) whenz,=0Q




Test Setup

* Frequency analyzer setup

« Selecting the correct injection isolator

* Preparing converter for loop gain measurement
* Minimizing error

6-11

W3 TEXAS INSTRUMENTS



Typical Loop Gain Measurement Setup

« Setting up equipment Vour
— Frequency analyzer ——  Power Stage
— Source injectionisolator | T ¢— 7 T TTTTTToTTTTTTo

P -

« Setting up power
supply
— ldentify voltage injection

point
_ Error Amp
— Connect equipment to COMP Compensator

circuit

-~ -

I
I
I
I
I
I
I
I
I
I
I
|
Injection Isolator @ @
A (B
Reorrom

Frequency Analyzer
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Frequency Analyzer’s Functions

~

* Provides AC voltage source: V, -

Receiver Receiver

« Measures response: I7A and V

» Calculates loop gain: 7(s) = —=*
V4

Voltage Source

Image reproduced with permission from AP Instruments, Inc.
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Injecting Sufficient AC Voltage

AP300 Specification: Measurable Signal Range @to 1.77V

System closed-loop response: VB(S) = ]fg?) INJ() A() = 1+—T() INJ(S)
) Gain from V,,, to V', and V - Both ¥, and ¥, should be
20 of sufficient amplitude for
o loop gain measurement
= 0 p— f = >§‘—\
S -10 . =
£ 2 // \\ At f~ 100 Hz, to have
2 -30 >
S _— 1ne 7 )| ‘VA INJ‘ SmV
o w®l Ve ® T » At f=300 kHz, to have
0.1 1 10 100 1000 -
Frequency (kHz) ‘V B INJ‘ >50 ,UV
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Excessive Voltage Injection Leads to Saturation

= GPS(s)
ower VQUT
d(s) Stage Jj L Vour
J Cour B \7
Pt 1 1T ) Ving
Comparator = = A
-+ I(s) . 2 Rrop

S - i

FB

COMP

Error Amplifier RBOTTOM

all
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What could happen if voltage
injection is excessive?

* Duty-cycle saturation
» Error amplifier saturation

» False triggering of over-current
protection

» False triggering of over-voltage
protection

* LDO driver and pass device
saturation
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Programmable Vgi.

Prog rammable vesaes | Phase [B-A] (¢

V 60.000 180.000

1.8V ~ SRC 48.000 & \4\\ 144.000

Vin Vour J_ * VB 36.000 \,\,\‘\\ 108.000

. el

e Vi High Vg at Low . i S e S D
47 u@ s 100 u@ Frequencies o AN ~] e
LD RTOP CFF -12.000 \ ~36.000

10 kQ —I— 1.5 nF -24.000 N \ 4‘ -72.000

Gnp__FB o I T e

RBOTTOM -60.000 ' ! -180.000

9.09 kQ Vggre is the voltage source of the frequency analyzer

(Image reproduced with permission from Ridley Engineering Inc.)

Error Due to Low | Va

Loop Gain Measurement 60 s / 180 N
. . 4 G| R N )" .« N I I 1 I 1 N | O e W A 1 |
with Different Vg, 45 ~ 135
— )‘ — = Vggc Programmed
m 30 - N ——==== Ver Programmed ———— O 90 +t—™~N—""— . T
) f e -
o 15 i o 45 7 N L
3 0 \ :; 0 7 } /\ T T \
5 15 g 4l ! — Vgc =10 mV, C
g 0 | Vsre =10 mV, Constant \ D-:. % N ..I‘/ jl 1 sre =10 mV, Constant
- = ‘ A\ 4 v -
— _ — Vgre =2 mV, Constant
45 Vgre =2 mV, Constant 135 ﬂﬁ i o
4 1
-60 180 =
0.1 1 10 100 1000 0.1 1 10 100 1000
Frequency (kHz) Frequency (kHz)
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Servo Control Vg,

o 3120 Analyzer Control Menu Monitor Receiver
Mlnlmum VSRC Start frequency: Wﬁm Slgnals
1.8V - N\ Stop frequency: 200k He ]
V|N VOUT —L oV, Qg sveep 20 < Steps/Decade Run Sweep
B
< 10 Frequency Step [Hz]
V ACvalts out | VAQneak 1012m  VRMS
TPS7A8300 100 p@ \7 INJ DCvots out = Tum On DC Voltage ch 103m  VAMS
A ‘Weveform: Sine >
LDO C | gt coupling [ac<ssv = Channel ratio CH2/CHT  ~
RTOP FF C itegrationtime:  [Medum v [~ Servo control
10 kQ —I— 1.5 nF @ Integration cycles: [3 Senvoon: [V VSRC Servo:
oD FB Deley e s | cremet Frmawwcnz <] | When CH1 or CH2
Communication with analyzer. ACvolts in: [200u VRMS Si nal < threshold, V
RBOTTOM AC out step size: |5 dB SRC
| veacvorson T ek increases per step size
9.09 kQ |

Generated by Venable Instruments' Stability Analysis Software and reproduced here
with permission from Venable Instruments.

60 180
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30 src Frog il 90 e e (O T L
—_ ~ i ~ —_ D
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) ( = N
g o ~ -
[}] 0 [}) 0 T T T
3 T s \
2 -15 . 1 o 45
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Frequency Analyzer- IF Bandwidth (Integration Time)

60.0

&% MANJING.nac - AP Instruments Frequency Response Analyze_ 50.0 il
|| File Edit View Graph Tools Help 200 %‘\\
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Image reproduced with permission from Ridley Engineering Inc. -100
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Using Injection Isolator with Correct Frequency Range

BODE BOX™: Injection Isolator +
Injection Isolator Pre-Connected Signal Receiver

INJECTION

FORMER
OUTPU:" TRANS
1o circuit

Active BODE BOX™

R
INJECTION ISOLATO

Sl

DLEY
ERII\IGINEERING from Analyzer

INPUT

o0Q
Image used with permission

! E 50Q 7
= 5 from Venable Instruments.
Image reproduced with permission from Ridley Engineering Inc. 512.949.3100 L%%)ELD

PATENT PENDING

Image used with permission from Venable Instruments.
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Setting Up Circuit for Loop Gain
Measurement

» ldentify correct voltage injection point
 Connect equipment to circuit under test
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Maintaining DC Static Operating Point

Insert small resistor (10 Q to 100 Q ) between point A and B to maintain ~ same static

operating point

VIN
Power -_T VOU.r
Stage vV
L Vour
: ﬁ 50 O
J 3_ 11 IVV\I
PWM v
Comparator = Ry SRC
- ‘\ -
Bt et \'} is the AC
R SRC
/l/] T source of
frequency
FB analyzer
COMP Error Amplifier Rgottom

HI
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Source Ry, =50 Q

Image reproduced
with permission
from AP

Instruments, Inc.
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Measuring Loop-Gain for VMC

TPS40425, Dual-Phase Buck Converter

Magnitude (dB)
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Simulated Bode Plot

140
\ \ 100
\
e\ 60
W\ TN
<N\ .
NN
L NA\RH
N\
\ -60
0.1 1 10 100 1000
Frequency (kHz)
——Magnitude = © Zeros ® Poles ——Phase

Measured crossover frequency and phase margin match simulation well!
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Phase (degree)
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Correct Voltage Injection Point

Impedance Requirement

Z

_ GND
Measured loop gain:

T (s) =T(s) RS !
s) = 1(s)- — |+ =
" ZI ZI

Injection point should have:

.| <<(z)
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|Zz| << |Z]|
Vi Discontinuous and
nonlinear point

%‘ Vour Best voltage
L 1 _injection point

Drivers

_———— =

PWM
Comparator «_

S~ -

+
%‘ Error Amplifier |
|Zz| << |ZJ|
Not accessible
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Measuring Loop Gain for LED Driver

0.7Q

I [V
16-46V =
GND| i_z le2 é ic1
1 R2 " 100 pF 00330 33 uF
100 kQ TPS40200D I
1RC Voo R3 =
;ss ISNSZ 1k
COMP DRV .
4FB  GND Eyat
C3— C4— F = 200 kHz LUGE! T?
o 1000 pF[470 pF S 1 v; 200 Ha
33pF | c5- L c6 100 uH v D1 Dimmird
L ) | t
04k 0-1uF 01 WF K o260 cs - e
4.7 yF== y. D2 4 o] Q2 1 PWM
1 16V N 2 GND
y.b3 R5
10 kQ
VIN
R8
07Q lour=0.7VI/RS8
1He  ooka
Strobe : =
Input Q3

J3 2N7002 -
(|m
a

pwm [
GND L<t? R10
10 kQ

Oot
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Multiple Feedback Paths

60 135 ~
ILoan(s)
= 40 - 90
= =
© 20 - - 45 o
E
S 01 Lo =
=
-20 - -45
-40 T T T — -90
0.01 01 1 10 100 1000
Frequency (kHz)
A\L| ol 2 A/div |, ILoan(s)

Ve L\ ™ Ty 100 mVidiv
> letp

Al 2 outioPEN) ()

V= Z (s) =
8 foCour OUT(CLOSED) 1+T(s)
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Zoutoren)(S)

vouT(S)

Zout(oPen)(S)

T(s) = H,(s)+H,(s)
7 (5) = ZOUT(OPEN) (s)
ourcrosen)™ = 1 H (s)VH ,(s)

« Bandwidth of T(s) can
predict transient
performance

* Loop gain with
feedback path 2
closed:

H,(s)
I1+H,(s)

« Bandwidth of Ty(s)
might not tell how
transient response
performs

Ty() =
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Multiple Feedback Paths — Isolated Converter

The correct injection point
includes all feedback paths

" fo=15kHz

20 \\ i

10

-10

-20 \
-30 [

=

Magnitude (dB)
74

| \w LV}
1
1
1
1
M 9.4 Ato 12.6 A Step
1

| | ’

180 . ’
T 150 /ﬁﬁ\ ,!! s

1 % 120 \ 4 Time: 50 psec/div

8 w0 \\ tp =16 usec
o 60 .
% % ™ Measured loop gain correlates
£ | | \\ well with transient response

-30 |

| 1
-60 \ Ip = =16.7 usec
0.1 1 10 100 4.fc
Frequency (kHz)
— V=54V, lgyr= 126A — V=54V, o = 8A
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Multiple Feedback Paths — D-CAP™ Control

Measured Loop Gain Calculated Loop Gain
50 1
cdn  14kHz — 52kHz \\_’ 50 kHz
30 \ I i E
a 20— 8 SEEETRIPS S 1A A S \
o . ! o 0
~ 10 t S
g . \ \ | ot 1 = S 6
2. 1:\ N c ;
€ 20 — L e e | L g :
g ——Setup 1 —Setup 2 | =
ReoTTOM s 0 i L Measurement matches
Frequency Analyzer -40 calcu |ati0n
= 1 10 100 1000
180 Frequency(kHz
/A\ q y(kHz)
§ 120 / \ <—>~tP = 5.2 ysec fc =48 ng
= 9 W - “’\‘,_\7__\ |
g 60 |y \\v\ // 7'-\J“*"ﬁ~*:—h—7, _
D 0 - —Setup 1—Setup 2 \ \ -t ‘Vour, 20mVidiv——
ﬁ 0 . \ \ — |
£ . S 1 IsTep, 2.5 Aldiv
< 60 S e - S
RBOTTOM< -90 £ i IL
i Frequency Analyzer 01 1 10 100 1000 Measurement matches transient
Frequency(kHz) response
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Maintaining AC Operating Point — DCAP™ Control

A DCAP™ regulator block diagram

4

119V

1

MODULATOR

MODULATOR 1 4 MODULATOR
', ReorTom 1 {1 Reotrom
iGND iGND GND
Fsw = 400 kHz, D = 10%
.. .4— Falling slope of \"/ N _ . . pin ripple
Vier - £ -2 7250 FB pin ripple Voo L it RippleatFB VAN, i similar to
determines PWM REF ==-=%"-">- pin s distorted REF ZRmmmmemme that at normal
| | | | modulation gain | | | | | | | | operation
PWM PWM PWM
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Measuring Loop Gain for PFC Converter

- - [=] R 6] 8] o
Challenges of measuring loop gain for 2 |Loop Gain of PMP5242, PFC SEPIC| =
power factor correction converter = LT f ' %
T E— Q
. \\ E’J
« Low control bandwidth T | 3
-‘é‘ o ,i_ o :
- [72]
* High output voltage g 8
] = ViN = V= T o
« Use DC input 2 150 v 0V ] g
'y 10 100 '
Frequency (Hz)
Isolator of correct High-voltage Oscilloscope for gain
frequency range frequency analyzer and phase measurement
.‘ = 3120 Analyzer Control Menu T T T T
| Voltage Node B
o ou’f::dz Startfrequency: [‘lﬂﬂ—i‘ Hz < g ]
2 Stop frequency: ‘-ZDk—ﬁ Hz i [5]
cwsen [0 Hddigh Voltage E
|NJEC'"0N |SOLATOR + (" Linear sweep: 10 :!\Fsue%%ep [Hz] g OR 8 | |
MHZ ACvolts out 1848m ﬂ |ng Y — Phase Shift
0.1 Hzt0 30 e v ,D—i]voc Turm On DC Voltage g (—r | Voltage Node A |
RIDLEY INPUTZ . Waveform: Sma—v ©° !l ! h ! I ! !
fi’::l::i & A;aly 3 | I(':‘p‘::\t:ogurzltii:i:nme: hAACe;:rUnUV % Senvo control E
: " Integration cycles ,W—A Servoon, v

Image used with permission from Generated by Venable Instruments' Stability Analysis Software and 20 ps/div
Ridley Engineering Inc. reproduced here with permission from Venable Instruments.
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Connecting Equipment to Converter

« How connection wires affect loop gain measurement
« Where to connect reference leads of two receivers

6-30
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Connection Wires Affect Loop Gain Measurement

TPS53355 Measured Loop Gain
V=12V ?
VOUT =12V 40 \ ——Single Pair, 0.5 Inches
Fsw = 400 kHz - T\
%10 Single Pair, 6 Inches \ A
§10

V\

N
o

w
o

[~
o5}
o

[
wu
o

120 /A\ —Single Pair, 0.5 Inches
A T
4 =TT\
/ —Single Pair, 6 Inches
\ N

Y
\

0.1 1 10 100 1000
Frequency (Hz)

o
o

w
o

Phase (degree)
3

o

%
]

o
S
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Bode plot measured with single-pair
6-inch long wires

Why does the gain increase at high frequency
while the phase drops rapidly?

Bode plot with 0.5-inch short wires to
connect receivers and adaptor to
converter under test
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How Connection Wires Affect Loop Gain Measurement

Receivers and adaptor share one pair of wires Receivers and adaptor use separate wires
v - B *+ Vprop - B v - B *+ Vprop —
V| V|
Power Stage o 2 W Power Stage o 51 W

T(s) :) Ua A

N _————-

Injection
Isolator

Injection
Isolator

Error Amp

Error Amp p ~
Compensator Al B

Compensator v
\'%
LREF Rportom \'@J T T

Frequency Analyzer

Frequency Analyzer

Z,(s)

Measured loop gain: % () +(1+1(s): 7 £ Recommendation:

T, (s)=- VB(S) = Z’NJ(S) + Use wires as short as possible

A 1+(1 +T(s)).L7(S) * Use separate wires for measurement
i i Zpy(s) and voltage injection

At high frequencies:

Ty o2

M ZINJ(+j°°)+ZL(+j°°)’
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Bench Verifications

Py

5 D

’ Measurement 9
P results are similar <
m 30 -\ 2
3 \/\
q, 20
3, AN
2 ., W
=

-20 - -

v One Pair of Wires

-30

180
" /“\ Two Pairs of Wires
Q
< /[ \
87 B VA
T / \ \
g,/ \N
©
L o ; ;
o ——Two Pairs, 6 Inches

0T ——Single Pair, 0.5 Inches T T TTTN

0.1 1 10 100 1000

Frequency (kHz)
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Considerations for Bode Box™

Receivers are pre-connected to output of injection isolator

v + Vprop -
out Vs T Connections
Power Stage W\
+

— R
Pt T4 INJ VINJ - VDRop +

J

——————

Error Amp
Compensator

Isolation

Bode Box

Frequency Analyzer

Receivers are forced to
sense voltage drops
across connection cable

Texas Instruments — 2018 Power Supply Design Seminar

Magnitude (dB)
N = [ N w » wu
o o o o o o o o

[uy
00 W
oo

Phase (degree)
' =
w w D (¥} N w1
o o o o o o o

(o2}
o

—Bode Box, 3 Feet T DN /

——Two Pairs, 6 Inches

T

T

10 100 1,000
Frequency (kHz)
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Which Is the Correct Reference Point?

Receiver A, B Coaxial Cables

Reference Clip

« For single-ended system, use controller
signal ground for reference

» For converter with fully differential remote
sensing, use remote negative sense for
reference

Image reproduced with permission from Ridley Engineering Inc.

and AP Instruments, Inc. Voltage Injection POint A and B
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LM4041-N Shunt-Regulator

12V

10 kQ

LM4041-ADJ

E Block Diagram

2 s ror
o % 9 .

[72)

e
"lg VRes*

(14

[

w

(4
> —1— FB

& O-

Magnitude (dB)

GND is the reference point
V\\y is injected between Vg ¢
and Rop

B

Frequency Analyzer

60

50
40
30

20

10

4
Phase (degree)

0

-10
-20
-30

1.0E+2 1.0E+3 1.0E+4 1.0E+5 1.0E46

Frequency (Hz)
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Magnitude (dB)

*  Vgyur is the reference point
* V,y, is injected between

Frequency
Analyzer

degree)

Phase

1.0E+2 1.0E+3 1.0E+4 1.0E+6

Frequency (Hz)

1.0E+5
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Check Stability Over All Conditions

i 30~ VAN
Con_1pensat|on network s!lould be PRl A
designed so that system is stable over o i \\
all conditions: TS

E:nzo \\\\* =t=ic \\

- Over input voltage range © - v T EoAp
« Over output current range 2T v on o
- Over temperature range TR
 Over output voltage range /\\\<‘
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Summary

Prepare circuit for test

— ldentify correct voltage injection point
* Impedance looking backward should be as small as possible
* Injection point should include all output feedback paths

— ldentify correct reference point

Setup frequency analyzer with correct voltage source amplitude

Select right injection isolator

Maintain same DC and AC static operating point

Receivers should not include voltage drops on connection wires

Check stability over all conditions
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Derivation of Closed-Loop Responses

When Z, =0 Q, T(s) = M(s)

VCOM

Texas Instruments — 2018 Power Supply Design Seminar

I713(5) = 'T(S)’VA(S)
Vg () = Vy(s) -V ()= - (T(s)+1)-V ,(5)

= VA(S) - - T(S)+] ]NJ()
T
= VB(S) = T(Sfj‘] [NJ()
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How Z, Affects Loop Gain Measurement

: e - 28 20 2,5
"""" . . 5) - 5)) -
. Te , Vp(s) =-M(s)- V (s) - %-VA(S) = -(M(S)Jrzj(s)]-VA(S)
VY(S) = -M(S)-VA (s) Measured loop gain:
GND T =g MO
Loop gain: 7(s) = M(S).#% T (s)= T(s)-(l+ 28} 28
= M(s) = T(s)-£]+§j—gjj v

Texas Instruments — 2018 Power Supply Design Seminar 6-42



Tl Worldwide Technical Support

Tl Support

Thank you for your business. Find the answer to your support need or get
in touch with our support center at

www.ti.com/support

China:
http://www.ti.com.cn/guidedsupport/cn/docs/supporthome.tsp

Japan:
http://www.tij.co.jp/guidedsupport/jp/docs/supporthome.tsp

Technical support forums

Search through millions of technical questions and answers at TI's E2E™
Community (engineer-to-engineer) at

e2e.ti.com

China:
http://www.deyisupport.com/

Japan:
http://e2e.ti.com/group/jp/

Tl Training

From technology fundamentals to advanced implementation, we offer
on-demand and live training to help bring your next-generation designs to
life. Get started now at

training.ti.com

China:
http://www.ti.com.cn/general/cn/docs/gencontent.tsp?contentld=71968

Japan:
https://training.ti.com/jp

Important Notice: The products and services of Texas Instruments
Incorporated and its subsidiaries described herein are sold subject to Tl's
standard terms and conditions of sale. Customers are advised to obtain the
most current and complete information about Tl products and services before
placing orders. Tl assumes no liability for applications assistance, customer’s
applications or product designs, software performance, or infringement of
patents. The publication of information regarding any other company’s products
or services does not constitute TI's approval, warranty or endorsement thereof.

B011617

The platform bar and E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

I3 TEXAS
INSTRUMENTS SLUP387



IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it 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 TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have 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. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl 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 TlI 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 TI 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 YOU 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 TI 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 TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).

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


http://www.ti.com/sc/docs/stdterms.htm
http://www.ti.com/lit/pdf/SSZZ027
http://www.ti.com/lit/pdf/SSZZ027
http://www.ti.com/sc/docs/sampterms.htm



