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System Description

The design consists of two TPS7H2201-SP load switches supplying input power for a TPS50601A-SP
point of load converter in a redundancy configuration. The redundancy of the input voltage to the point of

load converter is critical in keeping important power lines to high priority parts of a satellite such as an
FPGA or microcontroller functioning.

Key System Specifications

% 1. Key System Specifications

PARAMETER A MAXIMUM SPECIFICATIONS DETAILS
Input power supply 0to5VDC 0to7VDC 3.1.1
Input current requirement O0to35A 0 to 7.5 A (set by load switch current limit) 3.1.1
Output voltage of POL converter 2.5VDC 2.5VDC W 3.1.1
Output current of POL converter 0Oto6 A 0 to 13 A (set by POL current limit) 311
Operating temperature 25°C -55°C to 125°C 3.1.1

HAIEH T OCP [ITUARHE FIRENZZEA R 3V ZE TV LR 514 % (POL) £
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2 System Overview
2.1 Block Diagram

Primary

VOUT

TPS7H2201-SP

TPS50601A-SP

Redundant i

TPS7H2201-SP

F—H
}_o

G—H

Kl 1. TIDA-070001 Block Diagram

2.2 Design Considerations

When using the TPS7H2201-SP as a current limiting load switch, the current limit must be calculated
based on the duty cycle and efficiency of the TPS50601A-SP. Since the load switch is limiting the input
and not the output current for the load switch, the input current will heavily depend on the duty cycle and
efficiency of the converter. The output voltage of the TPS7H2201-SP will degrade slowly after the
TPS50601A-SP turns off. The TPS50601A-SP has a minimum input voltage of 3 V. When the output
voltage of the TPS7H2201-SP is below 3 V and disabled, the TPS50601A-SP will stop lowering the
voltage and the charge stored on those capacitors will very slowly decrease. Enabling the TPS7H2201-SP
during this time may result in the TPS50601A-SP turning on faster than anticipated.

2.3 Highlighted Products

231 TPS7H2201-SP
+ Radiation Performance:
— Radiation Hardness Assurance (RHA) up to TID 100 krad(Si)

— Single Event Latch-up (SEL), Single Event Burnout (SEB), and Single Event Gate Rupture (SEGR)
Immune to LET = 75 MeV-cm?mg

— SEFI Immune to LET = 65 MeV-cm?mg
— SET Characterized to LET = 65 MeV-cm?mg
e Integrated Single Channel Load Switch
* Input Voltage Range: 1.5V to 7V
* Low On-Resistance (Rpy) of 34-mQ Maximum at 25°C and VIN =5V
* 6-A Maximum Continuous Switch Current
* Low Control Input Threshold Enables Use of 1.2-V, 1.8-V, 2.5-V, and 3.3-V Logic
» Configurable Rise Time (Soft Start)
* Reverse Current Protection (TPS7H2201-SP)

ZHCU614A—-December 2018—Revised July 2019 B AFIEHT OCP HITUAR BT IREC 225N HT 3V F TV MR G132 (Po%l_gl z,; 3
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* Programmable and Internal Current Limiting (FastTrip)
* Programmable Fault Timer (Current Limit and Retry Modes)
* Thermal Shutdown

» Ceramic Package With Thermal Pad

232 TPS50601A-SP
» Radiation Performance:
— Radiation Hardened up to TID 100 krad(Si)
— ELDRS Free 100 krad(Si) to 10 mrad(Si)/s
— Single Event Latch-up (SEL) Immune to LET = 75 MeV-cm?/mg
— SEB and SEGR Immune to 75 MeV-cm?/mg, SOA Curve Available
— SET/SEFI Cross-Section Plot Available
» Peak Efficiency: 96.6% (VO = 3.3 V)
* Integrated 58-mQ/50-mQ MOSFETSs
* Power Rail: 3V to7VonVIN
*  6-A Maximum Output Current
» Flexible Switching Frequency Options:
— 100-kHz to 1-MHz Adjustable Internal Oscillator
— External Sync Capability: 100 kHz to 1 MHz
— Sync Pin Can Be Configured as a 500-kHz Output for Master/Slave Applications
e 0.804-V +1.5% Voltage Reference Overtemperature, Radiation, and Line and Load Regulation
» Monotonic Start-Up Into Prebiased Outputs
» Adjustable Soft Start Through External Capacitor
e Input Enable and Power-Good Output for Power Sequencing
» Power-Good Output Monitor for Undervoltage and Overvoltage
» Adjustable Input Undervoltage Lockout (UVLO)
e 20-Pin Ultra-Small, Thermally-Enhanced Ceramic Flatpack Package (HKH) for Space Applications

2.4 System Design Theory

The TPS7H2201-SP is a smart power load switch that allows multiple input voltages to supply the same
TPS50601A-SP allowing for redundancy in input power supplies. The redundancy allows for a high
reliability power supply for critical power rails. The TPS7H2201-SP also allows for current sensing of the
input voltage of the TPS50601A-SP for monitoring the health of the power supply.

4 iﬁgﬁﬁ% OCP HIJLAH TARES 223N 3V £ TV MiE R 51 # 5 (POL) &= ZHCU614A—-December 2018—Revised July 2019
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3 Hardware, Software, Testing Requirements, and Test Results
3.1 Required Hardware and Software

3.1.1 Hardware

Two power supplies are needed to provide voltage to the TPS7H2201-SP, up to 7 V, which is the
maximum voltage for the load switch. The power supplies in the following test setup need to supply up to
7.5 A of current set by the IL resistor of the individual load switches. The output load needs to be able to
sink up to 13 A from the TPS50601A-SP when the device output is shorted. The TPS50601A-SP was set
to an output of 2.5-V nominal. The surrounding temperature will be determined by the thermal maximum of
the TPS50601A-SP and the TPS7H2201-SP, which have a temperature range of —55°C to 125°C.
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3.2 Testing and Results
3.2.1 Test Setup
Tests were done with the following configuration, unless otherwise specified.
Primary
b r[\ T | ;
wn LA LA vour 0| L ssopr TIDA-070001
100 kQ cs ss =
33 kQ
ol OoN EN TPSTH2201-8P  pryver
e ovp ILTIMER 2000 pF 2000 pF 1 _| PVIN PWRGD 4.7 yF el
oo N L1 VIN PH '
660 uF
11.1kQ 576 kQ 10 kQ
132uF==00Q
= VSENSE []—m
e TPS50601A-SP
Redundant 3.4 kQ REFCAP L
470 nF =

VIN vouT
r —| 012 PFJ_ 1 a0 WF
100 kQ o " I O oD
OoN 53k RT GND
o N TPSTH2201SP  rrivier
14.9 kQ 4 COMP THERMAL PAD
. 2000 pF 0.01F !
ovp ILTIMER P 2000 pF s

&np ‘L T To 068 uF
1.1ka 576 k0 ‘

2. Test Setup

The tests were done with the following inputs/outputs, unless otherwise specified.

#* 2. Key System Specifications

PARAMETER SPECIFICATIONS
Input power supply 5VvDC
Output voltage 2.5VDC
Output current 6 A
Operating temperature 25°C
LSW EN threshold 485V
LSW OVP threshold 6V
LSW current limit, 1L 75A
LSW current limit timer, ILTIMER 1ms
LSW retry timer, RTIMER 1ms
LSW soft start 9ms
LSW maximum CS pin voltage 46V
POL soft start 4 ms
POL UVLO threshold 275V
6 HiGH T OCP HIJUAR B TR 22HANI 3V F TV MR 513 = (POL) & ZHCU614A—-December 2018—Revised July 2019
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3.2.2 Test Results
3.221 Leakage Current
Current flowing through disabled load switch was measured at no load and full load.
#% 3. Test Data
TEST DONE RESULT
Leakage current of disabled load switch with no load on POL converter 1.6 pA
Leakage current of disabled load switch with 6-A load on POL converter 0.75 pA
Operating temperature 25°C
3.2.2.2 Start-up
T b4
y
y..n.H"Mmmw,thH-.‘h - - 4
s +
D’_dl-'n.!-imuwu.uh-wl-w.—mnwUd.M'#Muh-wlA'mwupmﬁ"“‘J |
e T AT A i e
D«.-mwe--- et e R e ..,...-...-“"PA ]
B !
| e s e AT P et
(@ 500v @ s00v  |[400ms  25.0k/s @ / | 1zNov20is
D i3++0.000000s 1000 points 230V 00:18:32

K 3. Start-up Waveform Full Load With Phase Node

& 4. Waveforms for & 3

Waveform Number

Signal Values
1 Input Voltage to Load Switch Oto5V
2 Output Voltage of Load Switch Oto5V
3 Phase Node of POL Converter 0to 5V @ 100-kHz Switching Frequency
4 Output Voltage of POL Converter 0to25V

ZHCUG614A—-December 2018—Revised July 2019
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i 4. Start-up Waveform Full Load With Output Current

For the tests in & 3 and & 4, the input power to the load switch was ramped up with the load switch and
the POL converter enabled. 6 A of current was drawn from the output of the POL converter.

* 5. Waveforms for [ 4

Waveform Number Signal Values
Input Voltage to Load Switch Oto5V
2 Output Voltage of Load Switch Oto5V
3 Output Current of POL Converter Oto6 A
4 Output Voltage of POL Converter 0to25V
8 HAEHT OCP BIJLAR HFIRE 223NN 3V & TV MR 514 5 (POL) & ZHCU614A—-December 2018—Revised July 2019
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K 5. Start-up Waveform No Load With Phase Node

% 6. Waveforms for & 5

Waveform Number Signal Values
Input Voltage to Load Switch Oto5V
2 Output Voltage of Load Switch Oto5V
3 Phase Node of POL Converter 0to 5V @ 100-kHz Switching Frequency
4 Output Voltage of POL Converter Oto25V

ZHCUG614A—-December 2018—Revised July 2019
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K 6. Start-up Waveform No Load With Output Current Node

For the tests in %] 5 and 4| 6, the input power to the load switch was ramped up with the load switch and
the POL converter enabled. 0 A of current was drawn from the output of the POL converter.

% 7. Waveforms for & 6

Waveform Number Signal Values
Input Voltage to Load Switch Oto5V
2 Output Voltage of Load Switch Oto5V
3 Output Current of POL Converter 0A
4 Output Voltage of POL Converter Oto25V
10 iﬁéﬁﬁﬁ% OCP HIJLAH TARES 223N 3V £ TV MiE R 51 # 5 (POL) &= ZHCU614A—-December 2018—Revised July 2019
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3.2.2.3 Shutdown

o i by Ay
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1.54Y 00:43:30

% 8. Waveforms for & 7

K 7. Shutdown Waveform Full Load With Phase Node

Waveform Number Signal Values
Input Voltage to Load Switch 5t025V
2 Phase Node of POL Converter 0to 5V @ 100-kHz Switching Frequency
3 Output Voltage of POL Converter 25t00V
4 Output Voltage of Load Switch 5t025V

ZHCUG614A—-December 2018—Revised July 2019
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K 8. Shutdown Waveform Full Load With Output Current

For the test in ¥/ 7 and ¥/ 8, the input power to the load switch was ramped down. 6 A of current was
drawn from the output of the POL converter using a resistive load. The input voltage of the POL converter
dips below the UVLO and the device starts to turn off. The input voltage of the POL converter then starts
to increase because of the large dip in output current. This increase causes the POL to switch a few times

and discharge capacitors on the input of the POL converter.

% 9. Waveforms for & 8

Waveform Number Signal Values
1 Input Voltage to Load Switch 5t025V
2 Output Current of POL Converter 6t00A
3 Output Voltage of POL Converter 25t00V
4 Output Voltage of Load Switch 5t025V

12
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9. Shutdown Waveform No Load With Phase Node
% 10. Waveforms for & 9
Waveform Number Signal Values
Input Voltage to Load Switch 5to0V
2 Output Voltage of Load Switch 5to0V
3 Phase Node of POL Converter 5to 0 V @ 100-kHz Switching Frequency
4 Output Voltage of POL Converter 25to0V
ZHCU614A—-December 2018—Revised July 2019 AFIEHT OCP HITLA HTHRIGLZIIAR 3V 2 TV MR 5 rt (POL) & 13

Figit
TIDUEL9 — http://www-s.ti.com/sc/techlit/ TIDUEL9
IR © 2018-2019, Texas Instruments Incorporated


http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUEL9.pdf

Hardware, Software, Testing Requirements, and Test Results

I

TEXAS
INSTRUMENTS

www.ti.com.cn

T A o ---‘_\“‘\
D \L‘\"M\. Py ) akom
" -
"
A"“"ﬁ[-“.
5 Pt i
3 e T B g - - a
e e A
M
o
s A (A ks
i?\
(@ 5.00v & 00V (100ms 1.00kS/s & . || 13Nov 2018
o 1000 points 4.00V 00:24:37

K] 10. Shutdown Waveform No Load With Output Current

)

For the tests in & 9 and 4] 10, the input power to the load switch was ramped down. O A of current was
drawn from the output of the POL converter.

% 11. Waveforms for[& 10

Waveform Number Signal Values
Input Voltage to Load Switch 5to0V
2 Output Voltage of Load Switch 5to0V
3 Output Current of POL Converter 0A
4 Output Voltage of POL Converter 25t00V

14

A
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3.2.2.4  Load Step
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Kl 11. Negative Load Step With Phase Node
% 12. Waveforms for [ 11
Waveform Number Signal Values
Phase Node of POL Converter 0to 5V @ 100-kHz Switching Frequency
2 CS Pin Voltage 236to0V
3 Output Current of POL Converter 6t00A
4 Output Voltage of Load Switch 48t052V

ZHCUG614A—-December 2018—Revised July 2019
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K 12. Negative Load Step With Input Voltage

For the tests in %] 11 and ¥ 12, the output current of the POL converter was stepped from 6 A to 0 A.

Z 13. Waveforms for & 12

Waveform Number Signal Values
1 Output Current of POL Converter 6t00A
2 Output Voltage of Load Switch 48t052V
3 Input Voltage of Load Switch 5t05.2A
4 Output Voltage of POL Converter 170-mV Increase
16 ggiiﬁi? OCP HILA B TFREE 25NN 3V £ TV MR 513 5 (POL) = ZHCU614A—-December 2018—Revised July 2019
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K 13. Positive Load Step With Phase Node
# 14. Waveforms for & 13
Waveform Number Signal Values

1 Phase Node of POL Converter 0to 5V @ 100-kHz Switching Frequency

2 Current Sense Pin of Load Switch 0to 2.36 V

3 Output Current of POL Converter Oto6 A

4 Output Voltage of Load Switch 52t048V
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K 14. Positive Load Step With Input Voltage
For the tests in 5] 13 and [§] 14, the output current of the POL converter was stepped from 0 A to 6 A.
% 15. Waveforms for & 14
Waveform Number Signal Values
1 Input Voltage of Load Switch Oto6 A
2 Output Voltage of Load Switch 52t048V
3 Output Current of POL Converter 52t05A
4 Output Voltage of POL Converter 180-mV Increase
18 HAEHT OCP BIJLAR HFIRE 223NN 3V & TV MR 514 5 (POL) & ZHCU614A—-December 2018—Revised July 2019
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3.2.2.5 Point of Load Converter Enable Toggle

® 0 © @ S0y —\(4.00ms ~25.0k8/5 Wi " 13 Nov 2018
m+v0.000000s 1000 points 360V 01,00:08
& 15. POL Enable Toggle High With Phase Node
% 16. Waveforms for & 15
Waveform Number Signal Value

Output Current of POL Converter Oto6 A
2 Phase Node of POL Converter 48Vto5V
3 Enable Pin of POL Converter 5to0V
4 Output Voltage of POL Converter 25t00V

ZHCU614A—-December 2018—Revised July 2019 AAGEMT OCP [ITUR T IRIS LA 3V £ TV Wi R 5857 (POL) Z 19
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K 16. POL Enable Toggle High With Input Voltage

For tests in ¥ 15 and ¥ 16, the enable of the POL converter was brought high with the load switch
already enabled.

% 17. Waveforms for & 16

Waveform Number Signal Value
1 Input Voltage of Load Switch 5V
2 Output Voltage of Load Switch 5t04.8V
3 Enable Pin of POL Converter Oto5V
4 Output Voltage of POL Converter 0Oto25V
20 igﬁﬁg% OCP FYTLA L TARB LA 3V E TV MR 514 (POL) 2 ZHCU614A—-December 2018—Revised July 2019
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K] 17. POL Enable Toggle Low With Phase Node

% 18. Waveforms for & 17

Waveform Number Signal Value
1 Output Current of POL Converter 6t00A
2 Phase Node of POL Converter 5t04.8V
3 Enable Pin of POL Converter Oto5V
4 Output Voltage of POL Converter 0Oto25V

ZHCUG614A—-December 2018—Revised July 2019
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K] 18. POL Enable Toggle Low With Input Voltage

For the tests in %] 17 and ¥/ 18, the enable of the POL converter was brought low with the load switch
enabled.

% 19. Waveforms for & 18

Waveform Number Signal Value
Input Voltage of Load Switch 5V
2 Output Voltage of POL Converter 48to5V
3 Enable Pin of POL Converter 5to0V
4 Output Voltage of POL Converter 25t00V
22 igﬁﬁ?% OCP HIJLAH TARES 223N 3V £ TV MiE R 51 # 5 (POL) &= ZHCU614A—-December 2018—Revised July 2019
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19. Load Switch Current Limit With Phase Node
% 20. Waveforms for & 19
Waveform Number Signal Value
1 Input Voltage of Load Switch 5and 5.2V
2 Phase Node of POL Converter 0to 4V @ 100-kHz Switching Frequency
3 Output Voltage of POL Converter 0Oto25V
4 Output Voltage of Load Switch 0.85t04V
ZHCU614A—-December 2018—Revised July 2019 B AFIEHT OCP HITUAR BT IREC 225N HT 3V F TV MR G132 (P%L)Q %%L 23
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K] 20. Load Switch Current Limit With Timer Pins

% 21. Waveforms for & 20

Waveform Number Signal Value
1 Input Voltage of Load Switch 5and 5.2V
2 RLTimer Pin of Load Switch 05V
3 ILTimer Pin of Load Switch 0to 0.6 V
4 Output Voltage of Load Switch 0.85t04V

For the tests in & 19 and K| 20, the load switch current limit was set to 3 A by changing the IL resistor to
15.4 kQ and the output current of the POL Converter was kept at 6 A. This behavior shown is the result of
the load switch stopping current flow. Since the current flow is stopping the output voltage of the load
switch will drop until it hits the undervoltage lockout of the POL converter. Once the undervoltage lockout
of the POL converter is reached the POL converter will turn off stopping the short. Since the short on the
output has stopped, the load switch will let current through again and increase the load switch output
voltage. The output voltage of the load switch increases and turns on the POL converter. This process will
repeat until either the short on the output goes away or one of the devices is disabled.

24 iﬁgﬁﬁ% OCP HYJLA H PRI 3V E TV IR 5145 (POL) 2 ZHCUB14A—-December 2018—Revised July 2019
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K 21. Breakdown of Load Switch Current Limit
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K] 22. POL Current Limit With Phase Node
%+ 22. Waveforms for [ 22
Waveform Number Signal Values
1 Input Voltage of Load Switch 5V
2 Output Voltage of POL Converter ov
3 Phase Node of POL Converter 0to 5V @ 100-kHz Switching Frequency
4 Output Voltage of Load Switch 5V
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i 23. POL Current Limit With Timer Pins

In this test, the current limit of the load switch was set at 7.5 A. The POL converter has an internal current
limit of 11 A to 13 A on the output that was tripped. This causes the POL converter to limit the input
current to around 3 A with the output voltage of the POL converter dropping. Since the current limit of the
POL converter limited the input current of the POL converter, the current limit of the load switch was not
tripped and continued functioning. The duty cycle commanded will be determined by the minimum on time

of the POL converter.

% 23. Waveforms for & 23

Waveform Number Signal Values
1 Input Voltage of Load Switch 5V
2 RLTimer Pin of Load Switch 05V
3 ILTimer Pin of Load Switch ov
4 Output Voltage of Load Switch 5V
ZHCU614A—-December 2018—Revised July 2019 AFIEHT OCP HITLA HTHRIGLZIIAR 3V 2 TV MR 5 rt (POL) & 27
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4 Design Files

4.1 Schematics

To download the schematics, see the design files at TIDA-070001.

4.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-070001.

4.3 PCB Layout Recommendations

The TPS7H2201-SP EVM has power planes for VIN1, VIN2, VOUT, and GND on the top layer. Layers 2
and 3 are mostly all GND, with some signal routing on layer 3. Layer 4 contains more power planes for
VIN1, VIN2, VOUT, and GND. Having multiple layers for each power plane allows for increased current
carrying capacity and very low trace resistance. Vias are placed under the TPS7H2201-SP to allow for a
thermal path from the top layer to the bottom layer.

For the TPS50601A-SP EVM that was used, it has PVIN, VIN, VOUT, and VPHASE all placed on the top
layer. PVIN, VIN, and VOUT are also placed on the bottom of the board to increase current carrying
capacity of the traces. The input decoupling capacitors (C8, C9, C10, C11, C12, C3, C4) are all located as
close to the IC as possible. Placing the capacitors close is required to help with mitigating high frequency
noise. The feedback resistors need to be placed as close to the FB pin as possible to prevent high
frequency noise as well. The voltage set point divider, frequency set resistor, slow start capacitor, and
compensation components are all routed to ground and placed close to a via to allow for high accuracy to
the ground of the circuit board.

43.1 Layout Prints

To download the layer plots, see the design files at TIDA-070001.

4.4  Altium Project

To download the Altium Designer® project files, see the design files at TIDA-070001.

45 Gerber Files
To download the Gerber files, see the design files at TIDA-070001.

4.6 Assembly Drawings
To download the assembly drawings, see the design files at TIDA-070001.
5 Related Documentation

1. TPS7H2201-SP Radiation Hardened 1.5-V to 7-V, 6-A Load Switch, SLVSDOO
2. TPS50601A-SP Radiation Hardened 3-V to 7-V Input, 6-A Synchronous Buck Converter, SLVSDF5
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E2E is a trademark of Texas Instruments.
Altium Designer is a registered trademark of Altium LLC or its affiliated companies.
All other trademarks are the property of their respective owners.

5.2 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES
NOT CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR
SERVICES OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR
SERVICES, EITHER ALONE OR IN COMBINATION WITH ANY Tl PRODUCT OR SERVICE.
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