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TPS543C20 Stackable DC/DC Converter

Features Benefits

. 8tackat<}elDC/DF(a3 Con\(/)eét\e/r .y
- Output Voltage Range 0.6V to 5. 5. -
- ACM Fixed requency with CLK Sync > - Rower ASICs and System Rails

. i i No External Compensation
glélrlég frerential Remote Voltage ____, . 1710504 1vref accuracy over temp

*Fsw: ggg&ﬂ% ttg %Mﬂg é%Pg ) > o E%sl\)//l to optimize for efficiency and
«10 Vref choices: 0.6V to 1.1V eras i -
. s  Flexible Design for multiple Vouts
%91 Ssgr%gmces. SREH S Flexible Design for startup timing option
) HI—Il?cthSciH{r?)Cy OB CATEME LIS g g 1 Accuracy over temp &

Process

* Asynchronous Pulse Injection (AP1)/ - Option to better manage undershoot/

Body Braking Features

. : overshoot
%ﬁé‘&eﬂr@}} %?:r“m pitch 40Lad —> « High density & Easy Layout w/ single
« Stackable BC/DC Converter GND pad
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2-Phase Stackable: 2x the output current

Traditional 2-Phase DC/DC

2 Phase

Controller

SKIP#

PWM1 >

PWM2

vy

Power
Stage

Power
Stage

—

Advanced 2-Phase stackable
DC/DC

TPS543C20

TPS543C20
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Integrated Stacked High Current MOSFETS

Current

UF: 3mQ
TPS543C20  40A 4V t0 16V LF: 0.9m<2 Yes-2PH
Included Clip metal
20V FET
UF: 4.1mQ
TPS543B20 SEA 4V to 19V LF: 1.9_mQ NG
Included Clip metal
25V FET
High side FET
Copper Clip
Low side FET =—
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Grounded Thermal Advantage
Stacked FET

Side View

—>
PR T ) () () .
Mid Layer1 —>» \ h=s Al Al Al
-
Bottom —>
Interct

Control FET

Tl Can Use Ground Planes to Dissipate Heat More
Effectively and Run Cooler
Even if there is Similar Power Loss
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ldentify critical loops with high di/dt
currents

PWM Controller

High-side

HO
\(
gate driver ‘[://

Low-side

Vee y
————{1 Vi
Dgoor
gl R Cn oVl ]
¢
‘\__ CBOOT A \ }__V Q1 L —
e -@")ﬁ L
\ F
| | V
N SW ' ouT
) R S | B T
VCC
0 V\—— Cvee ||_' Q Cour
< 2
\ N M >'\ :jl
gatadiver | 7 ST e e e @ - j !
[ \
\_ PGND / g
— 4
GND

High frequency “power
loop”

...critical path area
reduction

In translating a converter schematic to a board layout, it's essential to pinpoint the high slew-rate
current (high di/dt) loops to recognize the layout-induced parasitic or stray inductances that

cause excessive noise, overshoot, ringing and ground bounce
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Equivalent RLC circuits for SW node ringing
— buck

Equivalent RLC circuit
SRS LR bl TR & . ] S [l after Q; turns ON
I T ] Lioop
- Peak amplitude + -
L Resonant frequency “
[ Voltage ; for = ! =160MHz ]
[ Overshoot ¢l el -
L \ \ .
[ Vi Lo |
: il ] Equivalent RLC circuit
)/ Damping | . after Q; turns OFF
Il a:_RLOJ I F I LLoop
lI ioop T 27 LioopCosst -
-
- : Qi off | Coss
T - ;RLOOP
, High Z
[ T Voltage ] Veu
: + Undershoot 1 ==
Q,0n
M400ns S0GSs 1T 4.0psht
Ch3 5.0V A Ch3 s 32V
=L
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Total Solution Area: 30 x 30mm

Boost cap , e BP and VDD caps

Snubber 6 resistors configuration

o Input Capacitor: tight
on quite side

loop between Vin and

Area = 3(mm X 30mm

Vre:2

e Fegliz , Output Capacitor: tight
C14 CSC11C15C16 Ul SN

| loop between LFET
and GND
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TPS543C20 Efficiency: 1Vout@ 5.4-12Vin

0.5MHz y 1MHz
: TPS543C20 Efficiency Performance
‘ —CAVin_1Vout_500kHz e 12Vin_1Vout_500kHz 12Vin_1Vout_1000kHz e 5 4Vin _1000kHz
100.00% = ;
N ™ /
N B /
AN
Y /
L = —~ /. /
v - /.
e _ -“'""--..__ ‘/
Janpy et — = — /
I /, ol f—) e e ——
2 [ / ——
c | o
K | 7 ' ~
Q
= [l if
w [ 7
/
’l /
o |
80.00% i
[ ]
| 1]
|
|
|
70.00% ’
0 5 10 15 20 25 30 35 40

lout [A]
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TPS543B20 Efficiency: 1Vout@ 5.0-16Vin
with Fsw at 0.5MHz and 1MHz

95.00%

90.00%

Efficiency Performance

e 5.0Vin_1Vout_No_Snuber-E8-Vout_500kHz_25C
e 0 .0Vin_1Vout_No_Snuber-E8-Vout_500kHz_25C
e 12.0Vin_1Vout_No_Snuber-E8-Vout_500kHz_25C

Efficiency []

85.00%

80.00%

lout [A]

e 16.0Vin_1Vout_No_Snuber-E8-Vout_500kHz_25C
/‘r —~—— e 5.0Vin_1Vout_No_Snuber-E8-Vout_1MHz_25C
\\ 9.0Vin_1Vout_No_Snuber-E8-Vout_1MHz_25C
_— T~ ———12.0Vin_1Vout_No_Snuber-E8-Vout_1MHz_25C
// // y / \\ ~——— \\\ —‘16.0V|n_1Vout_No_Snuber-E8-Vo ut_1MHz_25C
771 RSN
~— ~
I / \\\
/ /
VAVIaY, —~
[ f
I /
l / = [
L/ 7
5 10 15 20 25
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TPS543C20 Thermal Performance

IOUT = 40A IOUT = 40A

119.0 °C

118°C at FET

78°C at FET

L

"Sp3 58.4

VIN = 12V, Vout=0.9V, Fsw=500kHz, VIN = 12V, Vout=5V, Fsw=500kHz,

Thermal Equilibrium: 10 mins
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TPS543B20 Thermal Performance

IOUT = 25A IOUT = 25A

Sicco] [ sprord

Sp2 76

VIN =12V, Vout=1V, fsw=500kHz VIN = 12V, Vout=5V, fsw=500kHz

Thermal Equilibrium: 10 mins
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Ambient Temperature(C)

Safe Operating Area: TPS543C20

TPS543C20 SOA: 12Vin, 1.0Vout, 500kHz

110 l

110

100

~

90

[
Yo} o
o o

IR\

80 +—

50

=o—Nat Conv

emperature(C)
(0]
o

~
o

(O
o
|

-#-100 LFM
70 +—— 5
~4-200 LFM L
. - 7E 0
® 1 400 LFM Ambient Temp > 75 °C
at 40A 40
' ' ' ' ' ' ' 30
0 5 10 15 20 25 30 35 40

Output Current(A)

Note: The Tj = 125 °C for all data point
For more information of SOA:

TPS543C20 SOA: 12Vin, 5.0Vout,
500kHz

D
o
|

—Nat Conv
—100 LFM \\
N
—200 LFM \
——400 LFM ?
1I0 20 30 40

Output Current (A)

Ambient Temp > 47 °C
at 40A

http://www.ti.com/lit/an/slva766/slva766.pdf
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Ambient Temperature(C)

Safe Operating Area: TPS543B20

TPS543B20 SOA: 12Vin, 1.0Vout, TPS543B20 SOA: 12Vin, 5.0Vout,
500kHz 500kHz
110 110
n o o — i o =
100 ~= 100 \%
90 _ 90 \\ =
Ambient Temp > 90 °C o) \
80 at 25A A
70 +—— —4—Series]  —@—100 LFM ug,-70 | —=Seriesl —#—100LFM
60 +—— 560 +—
=200 LFM  =3=400 LFM ::E: TAT200LEM - =400 LM
50 ——— 50 +——
© N Ambient Temp > 80 °C
at 25A
30 : : . 30
0 5 10 15 20 25 0 5 10 15 20 25
Output Current(A) Output Current (A)
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2-Phase Stackable Efficiency: 275Watts
Output

Efficiency Performance
100.00%

95.00% /

y ]

—12.0Vin_5Vout_500kHz_25C

Efficienc

90.00% /

85.00%

lout [A]
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2-Phase Stackable Thermal: 275Watts
Output

78.40C
Camera Model FLIR T300 Sp1=IC1 78.4C
Image Date 11/9/2016 11:35:06 PM Sp2=Inductor1 64.6C
Image Name IR_0208.jpg Sp3=IC2 76.9C
Emissivity 0.95 Sp4=Inductor2 65C
Reflected apparent 20.0 °C
temperature
Object Distance 1.0 ft

Vin=12V, Vout=5V, lout=55A, Fsw=500kHz, Ta=room
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Stackable Operation 1.

 Direct SYNC, VSHARE and ISHARE connections between Master and Slave.

« Switching frequency is set by RT pin of Master, and pass to slave through SYNC pin.
SYNC pin of master will be configured as sync out by it's MODE pin.

« Slave receives clock from SYNC pin. It's RT pin determines the sync point for clock

phase shift.

Configured the
SYNC as output

———JVVV——r{]IWODE

I AM—
RT
1 1

Set the Fsw same

Master

TPS543C20

VSHARE [}

ISHARE [}

SYNC [

as single phase

L

Slave
VSHARE

ISHARE

TPS543C20

SYNC

Configured the
SYNC as input

MODE

RT i——AA——]
Open
sync Point

t

Set as 180°
phase shift
from Master
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Stackable Operation 2

Direct connection between external clock and SYNC pin of Master and Slave.
» Direct VSHARE and ISHARE connections between Master and Slave.

» SYNC pin of master will be configured as sync in by it's MODE pin.

« Master and Slave receive external system clock from SYNC pin. Their RT pin determine

the sync point for clock phase shift.

Configured the
SYNC as input

[
A== .
Syng Point

MODE

RT

Master

TPS543C20

VSHARE [}

ISHARE [}

SYNC [

VSHARE

Set as 0° phase shift of
SYNC frequency

ISHARE

SYNC

Slave

TPS543C20

MODE

Configured the
SYNC as input

RT [—MAN—
Open

Syncfoint v

L

System Clock

Set as 180° phase shift of

SYNC frequency
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2-Phase Stackable DC/DC schematic

PGOOD

EN

PGOOD

34—{35—{36—37[—38}—39}—|40]

33]

6E—8E—LE—9E—SEFVE—EE

(4

RAMP

MODE

RT

Ss

VSEL

SYNC

PGD

EN

EN
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VSEL

Ss

RT
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RAMP

RSP [1

32| VSHARE

FHVHSA [2€]
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TPS543C20 PGND
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PGND
PGND
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i s 2 o o z z z z gzFeWw
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Control Loop Topologies

Voltage Mode

PWM

COMP
>RQ

JL

CLOCK

m

LATCH
OUTPUT

OSC

1t

CLOCK

— Vour
+
TN

._

mis
=

ADVANTAGES
Single feedback loop
Good noise margin
Low impedance output

DISADVANTAGES

Slow dynamic response
Double-pole compensation
Output caps affect comp
V,\ affects loop gain
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Control Loop Topologies

Current - Mode

/1

Vin AN
Res o
I
CLOCK
VE
VS — —
LATCH
OUTPUT >

ouT

— v.. ADVANTAGES

Fast response to input voltage
changes

Single-pole compensation

Inherent current limiting

Parallelability with load sharing

DISADVANTAGES

Noise sensitivity to current
spikes

Two feedback loops

Need for slope compensation

Current limit “tail”
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ACM(Advanced Current Mode)-True Fixed
Frequency with Internal Compensation

* |Inside the converter

-
| ( 1
1 | VIN
| | -
[ Y . T et 1 (B¢ IRl sy
I r—f———— - - ——ff—————— | I Oscillator
| |
I Vier |
| : Transient Feed I : | —||:
I | Forward Veow® I
' l \\/ Yo LOOP ! PWNM
I EXT ;
- | 1 Gain I VRAMPI Comparator FUWMIEOGIC Driver o SW
I | ' and [ vV 1 I
I Level Shift S I
I Vego Veeer| 00> ! Ti_ | 0
L SN | el o -
1 Vrer & | - I 1 z |5
I | e Voltage Loop 1 255
--------—-—-;-_-_EE-_-__--;-_-_____= 1 E A
1
| 1 _ T r o | \|/
| '_- -------
| | R | " et = -~--t~=-==-==—===x
VIN o : Generator 1 I
I 1 Current |
| . Sensing and
| 1 | Holding : I
| Slo 1
e | | __ O T |
| 1 Compensation [ 1 I
| RAMP I -—— -
I Loop I
I A |
b e == ! ACM Converter
\ J
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Advanced DART Control

DART : Directly Amplified Ripple Tracking cOntrol topology

« TPS543C20 is a true fixed-frequency, non-comp IFET converter
 Fast loop response
» Wide LC stability range
» High Signal to noise ratio. Good jitter performance
» Ease of design

« DART Control can achieve
 True fixed frequency modulator

* No external compensation needed, ease of design
— One resistor to GND for control loop optimization

» “Constant phase” for over a decade
— Wide stability range to support large design parameter variation

» Supports very high frequency, low duty operation with small Jitter

Fast Transient Response and No External
Compensation with DART Control
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APl - Asynchronous Pulse Injection

Further Reducing Transient Undershoot

TPS543C20 EVM:
12Vin, 900mivout, S00KHZ 154 STEP, 5BUS

| | {
500 GENIEN
mV  1MQ By:20.0M
0mV 1MQ By:20.0M

Vout--API Disabled

Switch node
|

| | |
| |ﬂ‘_" /860mv

5.0us/div 1.0GS/s 1.0ns/pt |

!

98 acqgs RL:50.0k
Aute  April 15, 2016 0
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Body Brake

Further Reducing Transient Undershoot

File | Edit | “ertical | Horizitog | Trig | Dis ars leasure | Mask | Math | M .L"-.n:al':l' Liilties | Help 'n Tek ! !

‘ LN A O S O B B NN B | N S I A R B B B NN B B ‘ I

TP354£20 EVM: | . | |
‘ 12in, %\n’ouLWKHZﬁASTEPW \ ‘ 49 mV ‘

Vout — Body Brake Disabled

L L

SWltch node

L L L L L | L L L L | L L L L L L L L L L L L L L L L L L L | L L L L | L L L L | L L L L | L L L | |
&P 10.0v/div s00 KN i ) (@ / 959mv || 5.0ustdiv 1.06s/s 1.0ns/pt
7D 50.0mV O W 1MQ §y:20.0M - _ 1

mV 1MQ §,:20.0M

&P 50.0mV 5.0ps ] 909.091kHz Auto  April 14, 2016 16:00:05

137 acqs RL:50.0k
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ACM Constant Phase Character

VM control

0.9V, 500kHz, 10A Load and Vin =5V vs. 12V

Mag [B/A] (dB) |

50.000

40.000
30.000
20000
10.000

0.000 [/

-10.000

-20.000

Mag [B/A] (dB) |

TPS543C20-187K:0.9Vout,500kHz,0.47uH, 1x330uF+3x100uF,10A Rload on standard EVM--5.0Vi

-30.000
-40.000

-50.000

Phase [B-A] (deg)
200,000

160.000

120.000

80.000

40.000

0.000

fi -40.000

-80.000
-120.000
-160.000

-200.000

70000 100 1k 10k 100 k i
56.000 | \Mﬂ =
| e — YT
42.000 | —— 108.000
N =
28.000 W\ / PSR bt e r 72.000
14.000 [ | [ 36.000
w ===
0.000 | iy 0.000
\\\ \\
-14.000 -36.000
Phase stays almost flat for over o
-28.000 A 72,000
a decade l
-42.000 ) ) “ 7 -108.000
ss000 I\ TO support lots of design margin | | 145000
o0 [ I I e e ] 150,006 i
100 1k 10k 100 k 1M
I 1
Data M1 [m2 M2-M1 B
Frequency 5543 kHz 96.29 kHz 40.86 kHz
Magnitude -0.132 dB -6.201 dB -6.069 dB =
Phase 55.528 deg 55.539 deg 0.010 deg L
Master (Mag) 6.311dB 0.052 dB -6.259 dB
Master (Phase) 53.813 deg 54.286 deg 0.472 deg
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Single Phase Configuration—6 Pins to Setup:
Reference voltage or Vout

Table 2. VSEL Pin Configuration

Pl

mmmmmm

EERRRRE

mmmmm

DEFAULT Vref (V) RESISTOR VALUE (k)"
0.6 0
0.7 8.66

0.75 154
0.8 237
0.85 34.8
0.9 51.
0.95 78.7
1.0 OPEM
1.05 121
1.1 187

(1) The E48 series resistors with no worse than 1% tolerance are

recommended

-
i
e l_.
avol

+

VSEL pin (36): Set the Vref and RSP/RSN directly to resistor divider Vout > 1.1V

WOUT
RTI‘lP
RSP
RBl:lT
RSN
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Single Phase Configuration—6 Pins to

Soft-Start

SS pin (37): 10 options to choose from table 1.

Table 1. SS Pin Configuration

SS TIME (ms) RESISTOR VALUE (kQ)"

0.5 0

1 8.66
2 15.4
5 23.7
4 OPEN
8 348
12 51.1
16 78.7
24 121
32 187

(1) The E48 series resistors with no more than 1% tolerance are recommended.

TP5543C20

avol

—
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Single Phase Configuration—6 Pins to Setup:
Switching Frequency

Resistor Rpr sets the continuous switching frequence selection by

20 x10° fgyx2
Rer = -
fog 2000

where
+ Ris the resistor from RT pin to GND, in (2

* fqu is the desired switching frequency, in Hz

Or use values below for standard Fsw:

¥ RSN-VISNLD — L 1w naw

TP5543C20

avol

—

(=T

SWITCHING FREQUENCY

VIN =12 V, VVE:I: 10V

RT = 66.5 k2

300

V|N =12 V, VVD= 1.0V

RT = 48.7 k(2

400

1\.lr||\'| =12 V, VVE:I: 1.0V

RT = 39.2 kQ

500

Vg switching frequency Max

1\.l'r||\|| =12 V, VVD: 1.0V

RT = 28.0 kQ

700

Fsw frequency for multi-phase is
1MHz

V|N =12 V, VVD= 1.0V

RT = 22.6 k2

kHz
850

1\.lr||\'| =12 V, V'U'D= 10V

RT =19.1 k2

1000

1\.lr|r.'| =12 V, VVD= 1.0V

RT = 15.4 k2

1200

1\.lr||\|| =12 V, V\;Dz 1.0V

RT = 8.06 kQ

2000
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Single Phase Configuration—6 Pins to Setup:
API/BB Selection Options

MODE pin (39): 6 options to choose

API/BB Resistor
Value—Pin 39

Both Off Open
API=On; BB = Off 15.4K Q 1 : TPesaaca0
Both ON at 1x 121K, APl = 15mV,
BB=30mV
Both ON at 2x 187K, APl = 25mV,
BB=30mV 5
(=]
Both ON at 3x 8.66K, API = 35mV, l *|
BB=30mV
Both ON at 4x 78.7K, API = 45mV,
BB=30mV

- When API enables, the RSP/RSN has high pass filter (2.5pF and 2.5MQ).
If the threshold is passing this frequency, API will be active.

- 1x stands for most sensitive and 4x stands for least sensitive
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Single Phase Configuration—6 Pins to Setup:

RAMP Selection Options
RAMP pin (40): 10 options to choose

Table 3. RAMP Pin-strapping Selection

Crame (PF) RESISTOR VALUE (k)
1 0
1.42 8.66
1.94 15.4
258 237
343 348
457 511
6.23 78.7
8.91 121
141 187
29.1 Open

(1) The E48 series resistors with tolerance of 1% or less are

recommended.

TPS543C20

mmmmm

TPS543C20 is defined to be ease-of-use, for most applications, we
recommend ramp resistor to be 187 kQ to achieve the optimized jitter and loop
response. For detailed design procedure please see the WEBENCH® Power

Designer.
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Single Phase Configuration—6 Pins to Setup:
OCP setup

ILIM pin (30): OCP detects near peak inductor 4 t

loce = Vium/(16 % Rpsion)) = knpiripple) /2 : AEREE N ’ ‘T—_:
_ Vum 1 « Vin - Vout) X Vour : |
16 % Rpson) 2 *L* fsw Vin

Wher& | & TPS543C20
*  Ropsion) is the On-resistance e low-side MOSFET. 4 al Ta f

5 of Inductor

Current Ripple

Use Rdson = 0.62mQ for above equation due to die sense
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SYNC in Single Phase Configuration

SYNC pin (35): External frequency must be
higher or equal to RT setting

111111

TPS543C20

mmmmm
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TPS543C20 VOUT Regulation: 4Vin-14Vin

-40C to 105C

Load Regulation Performance

Load Regulation Performance

L0 I e e Sy S S S R S T T T T T L0 I e e Sy S S S R S T T T T
A A T T
REREEERERRERREE P L P 1 EEREEREERERRERRE P P [T I

e _ Hz : 3mV Variat
300kHz : 3mV Variation == 500kHz : ariation

0.905 e 12 OVin_0 9Voul_300%Hz_25C 0.905 -

S
6 v W4
—— e — 12 OVin_0 8Voul_300KHz_40C =
s —_— r e 14 0Vin_0.Vout_30085z_40C = T H
5 09 1 ; EEE= e 4 OVin_0 SVt 300kHe_B5C 5 09 : e
H e s s H !
T 12.0vin_0.9Vout_3008Hz_85C
e 14 OVin_0 $Vout_3004Hz_85C
e OV _0 SVout_300kHz_105C
S
o o e e

0.895 e v o 0.895

0.89 0.89
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35

lout [A] e £A3
Load Regulation Performance

081 177 | TTTT1 TTTTTTI TP T T T
T
e §.00in_0 S¥iout_1MEZ_25C
0.805 e 2 i 5 25
i s 250
0 e, b4t
0 3
— 12.00¥in_0.$i0ut_1MHz_-40C
:— + + t =+ e 14.0VI7_0 S0 _TNIHE_40C

s o

0 it 3
g — B 12 0Vin_0 Weut_1MHz_85C
T T T e 14.0in_0 S¥lout_TMHz_BEC
e 0 e At 05
Rt s
e 2 o
0.895 i D s

0.89 1

0 5 10 15 20 25 30 35

lout [A]

Private”

1 0¥in_ SVoul_500KHz_25C
———5.00n_0 8Veun 500kHz_25C
e 12 OVin_0 8Vout_S004Hz_25C
— . 0VIN_0.9VoU_S00KHZ_25C
— 1 0Min_0 SWoul_500KH2_40C
8.0%in_0 SVout_500kHz_40C
— 12 0Vin_0.8Voul_500KHzZ_40C
— 14.0Vin_0.9Vou_S00KHz_40C
e 4 DMn_0 SVt 500kHz_B5C
80%in_0 SVoul_500kHs_B5C
12.0vin_0.9Vout_S00k¢z_ 85C
—— 14 0Vin_0 8Voul_S00KHz_BSC
e OMn_0 S0t 500KHz_105C
8.0%n_0 SVoul_S00kH:_105C
e 12.0Vin_0.9Vou_SODRHE_105C
— 14 OVin_0 SVout_5008H2_105C

TexAs
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Fault Protection

Input Voltage UVLO
— 3.8V UVLO for Vbias and VIN

UV Protection
— 83% of reference voltage

OV Protection
— 117% of reference voltage

Over Current protection
— Fixed HS OCP and programmable LS OCP

Hiccup for OV, UV, OC
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Summary

Advanced Control Scheme

— TPS43C20 is a true fixed-frequency, non-comp IFET converter
 Fast transient response
* Wide LC stability range with “Constant Phase” Character
+ Ease of design
« Supports very high frequency, low duty operation

Advanced Integrated MOSFET

— Very low (sub-mQ) Rdson, high efficiency performance
* TPS543C20:~3.0/0.9mQ
« TPS543B20:~4.1/1.9mQ

Full of Feature sets
— True remote sense.
— Sync capability, sync IN/OUT
— Very tight OC accuracy (+/-10%)
— API/Body brake function to help transient
— 2-phase Stackable. Good design flexibility

Other:
— 40A/25A versions in same package
— Low bias voltage support (down to 4V)

W3 TEXAS INSTRUMENTS



Thank you !
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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).
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