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Project Summary

1. Total System Efficiency 83.219 %

2. Total System BOM Count 45.0

3. Total System Footprint 2.323 kmm2
4. Total System BOM Cost $53.53

5. Total System Power Dissipation 11.383 W

--> Launch WEBENCH Power Architect.

My Comments
No comments

Sequencer Flag Table

Supply Sequencer Flag Load Load Name
SUPPLY_1 0 LOAD_1 LOAD #1
SUPPLY_2 0 LOAD_2 LOAD #2
SUPPLY_3 0 LOAD_3 LOAD #3
SUPPLY_4 0 LOAD_4 LOAD #4
SUPPLY_5 1 LOAD_5 LOAD #5
SUPPLY_6 NA

SEQUENCER NA

Power Supplies

# Name NSID Description Vout lout Efficiency Foot- Cost Design Page
print

1. SUPPLY_1 LMZ12008 Switcher : 20V, 8A SIMPLE 135V 70A 76.3% 467 $10.36 8943 4
SWITCHER Power Module

2. SUPPLY_2 LMZ31520 Switcher : 20A Synchronous buck, 1V  200A 86% 543 $15.92 8944 9
Integrated Power Solution

3. SUPPLY_3 LMZ12008 Switcher : 20V, 8A SIMPLE 25V 6.0 A 86.2% 568 $10.27 8945 14
SWITCHER Power Module

4. SUPPLY_4 LMZ22003 Switcher : 20V, 3A SIMPLE 18V 3.0A 75.6% 319 $5.85 8946 19
SWITCHER Power Module

5. SUPPLY_5 LMZM33602 Switcher : Step-Down Converter 3.3V 20A 86.1% 155 $5.78 8947 24

6. SUPPLY_6 LMZ34202 Switcher : SIMPLE SWITCHER 3.3V 0.001A 57.8% 198 $6.29 8949 31
Buck Module

7. SEQUENCER LM3880 Sequencer : Power Sequencer 3.3V 0.001A 0% 19 $0.48 8948 29

Power Loads

# Name VLoad ILoad Description

1. LOAD #1 135V 7A VoutRipple=10%

2. LOAD #2 1V 20 A VoutRipple=10%

3. LOAD #3 25V 6A VoutRipple=10%

4. LOAD #4 18V 3A VoutRipple=10%

5. LOAD #5 3.3V 2A VoutRipple=10%, Requires a separate supply, Up Sequence Order=0 delay=2.0

mSec, Down Sequence Order=0 delay=2.0 mSec
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Project Diagram

WEBENCH® Power Architect Project ID : 80 PA_Project_303 (modified from 301) Power Architect 2019- 05- 02 05:44:07.604
SOURCE DC_1 SUPPLY_1
i LOAD_L
5.43A 0.99A {f 1.35V, 7.0A —
11.5V- 12.5V | :
10.0A max ” LOAD #1
LMZ12008
SUPPLY_2
i LOAD_2
1.86A i 1V, 20.0A -
b f———————— JLoAD#2
LMZ31520
SUPPLY_3
i LOAD_3
1.39A {f 2.5V, 6.0A =
b —t"" |LoAD#3
LMZ12008
SUPPLY_4
i LOAD_4
0.57A {f 1.8V, 3.0A -
b : LOAD #4
LMZ22003
SUPPLY_ 5
i LOAD_5
0.61A {f 3.3V, 2.0A —
b —1" " |loAD#5
LMZM33602
SUPPLY_6 SEQUENCER
LMZ34202 LM3880
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Electrical Procurement BOM

Manufacturer Part Number Description Quantity Budgetary Price Footprint
(mm?)

Panasonic 16SVPF180M CAPSMT_62_F61 2 $0.44 74
Panasonic 20SVPG33M CAPSMT_62_B45 3 $0.40 160
Johanson Technology 250R07N1513v4T 0402 1 $0.01 3
Panasonic 2R5SVPE330MY CAPSMT_62_E61 1 $0.24 53
Panasonic 2R5TPE220MAZB 3528-21 1 $0.36 17
Panasonic 6SVPE220MW CAPSMT_62_E61 9 $0.20 160
TDK C3216X5R1E476M160AC 1206 2 $0.42 11
TDK C3225X7R1H106M250AC 1210 1 $0.50 15
Vishay-Dale CRCWO0402100KFKED 0402 3 $0.01 9
Vishay-Dale CRCWO040210KOFKED 0402 1 $0.01 3
Vishay-Dale CRCWO0402133KFKED 0402 1 $0.01 3
Vishay-Dale CRCWO040223K2FKED 0402 1 $0.01 3
Vishay-Dale CRCWO04022K15FKED 0402 1 $0.01 3
Vishay-Dale CRCWO0805732RFKEA 0805 1 $0.01 7
Panasonic EEFGX0D561R 7343-20 1 $0.69 59
Taiyo Yuden EMK107B7105KA-T 0603 2 $0.02 5
Panasonic ERJ-6ENF1071V 0805 3 $0.01 20
Panasonic ERJ-6ENF1331V 0805 1 $0.01 7
Panasonic ERJ-6ENF2261V 0805 1 $0.01 7
Panasonic ERJ-6ENF8871V 0805 1 $0.01 7
MuRata GRM155R71C104KA88D 0402 1 $0.01 3
MuRata GRM32ER60J107ME20L 1210 270 2 $0.52 15
MuRata GRM32ER71H475KA88L 1210 2 $0.55 15
Texas Instruments LM3880MF-1AE/NOPB R-PDSO- 1 $0.45 10

G6
Texas Instruments LMZ12008TZ/NOPB TZAL11A 2 $9.25 683
Texas Instruments LMZ22003TZX/NOPB TZAO7A 1 $5.23 199
Texas Instruments LMZ31520RLGT R- 1 $12.50 306

PB4QFN-

N72
Texas Instruments LMZ34202RVQR RVQO0043A 1 $4.60 144
Texas Instruments LMZM33602RLRR RLRO0O18A 1 $4.20 99
Total 49 $54.33 2097.34
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- Vout = 1.35V Device = LMZ12008TZ/NOPB
I3 TEXAS lout = 7.0A Topology = Buck
INSTRUMENTS Created = 2019-05-02 05:43:56.495
BOM Cost = $10.36
® i BOM Count =5
WEBENCH Design Report Total Pd = 2.94W
Design : LMZ12008TZ/NOPB
LMZ12008TZ/NOPB 11.5V-12.5V to 1.35V @ 7A
Vout = 1.35V
VIN VouT lout = 7.0A
LMZ12008 Ribt
= 25 o
da FB
g\ﬁ" ss PGND AGND  NC
- —;C' | |
I \33!.% WF JT— .
27.0 mOhm Rfbb —4—Cout
; 1.07 kOhm 7T 560.0 pF
125.0 mW 3.0 mOhm Rload
=
Electrical BOM
# Name Manufacturer Part Number Properties Qty Price Footprint
1. Cin Panasonic 20SVPG33M Cap=33.0 uF 1 $0.40
Series= SVPG ESR=27.0 mOhm
VDC=20.0V
IRMS= 3.0 A CAPSMT_62_B45 53 mm’
2. Cout Panasonic EEFGX0D561R Cap=560.0 uF 1 $0.69
Series= GX ESR= 3.0 mOhm ‘ [
VDC=2.0V 7343-20 59 mm’
IRMS=10.2 A
3. Rfbb Panasonic ERJ-6ENF1071V Res=1070.00hm 1 $0.01 | |
Series= ERJ-6E Power= 125.0 mW 0805 7 mm?
Tolerance= 1.0%
4. Rfbt Vishay-Dale CRCWO0805732RFKEA Res= 732.00hm 1 $0.01 | |
Series= CRCW..e3 Power= 125.0 mW 0805 7 mm?
Tolerance= 1.0%
5. Ul Texas Instruments LMZ12008TZ/NOPB Switcher 1 $9.25
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Vout p-p Duty Cycle
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P
0.00475 |- 1100 |-
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Output Current (A) Output Current (A)
==\/in=115V==Vin=12.0V==Vin=12.5V ==\/in=115V==Vin=12.0V==Vin=12.5V
Efficiency M Vds Act
80 i : 0.0275
~ —
79 -
0.0250
78 — s
77 . 0.0225
6 0.0200
=75 =
9\174 200175
> 3]
273 < 0.0150
o 72 0
© T 0.0125
= 71 >
ig 70 = 00100
69 s
68 0.0075 ¥ 4
67 0.0050
66
00025 | ¥
65
64 0.0000
05 10 15 20 25 30 35 40 45 50 55 60 65 7.0 05 10 15 20 25 30 35 40 45 50 55 60 65 7.0
Output Current (A) Output Current (A)
==\/in=115V==Vin=12.0V==Vin=12.5V ==V/in=115V==Vin=12.0V==Vin=12.5V
IC Tj Cin Pd
7 0.16
575 015 /I
550 0.14 S
013
525 012
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%) 0.10
a5 go.og
S ©
=450 e 008
[ S o007
Q 425 0.06
40.0 008
/ 0.04
375 = 0.03 /
35.0 '/ 0.02
| 001
‘,
325 : 0.00
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Cin IRMS lin Avg
11
225 10 %
2.00 09 VA
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2150 o7 ///
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125 ::
£ 100 £ oe
S 0.4
0.75 S
7z 03
050
02 ,-‘
0.25 '/ b
0.1
05 10 15 20 25 30 35 40 45 50 55 60 65 70 05 10 15 20 25 30 35 40 45 50 55 60 65 70
Output Current (A) Output Current (A)
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0520
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e
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= 0.480 /A =
> 0. P / s
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O 0475 P ,
0470 e 075 s
0.465 /%,/ oso
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Cout Pd Total Pd
/ 3.00
0.000800 // 275 /
0.000775 / 250
0.000750 / 225 /
s P // g 2.00 /
S 0.000725 7S S 175
o // a /'
5 0.000700 ,/,/ r_j 1.50 /
§ g 2
0.000675 > 7
// 1.00
0.000650 /;,/ 075 ///
0000625 | 050 |-—@#>
0.25
05 10 15 20 25 30 35 40 45 50 55 6.0 65 7.0 0.5 1.0 15 20 25 3.0 35 40 45 50 55 6.0 6.5 7.0
Output Current (A) Output Current (A)
==\/in=11.5V==Vin=12.0V==\/in=12.5V ==\/in=11.5V==Vin=12.0V==\/in=12.5V
IC Pd
275 4
250 ,/
2.25 /,/
2.00 ol
g 175 /-‘/
o
Q 150
©
1.25
1.00 /
0.75 //
0.50 /
0.25
05 1.0 15 20 25 3.0 35 40 45 50 55 6.0 6.5 7.0
Output Current (A)
m=\/in=11.5V==\Vin=12.0V==Vin=12.5V
Operating Values
# Name Value Category Description
1. CinIRMS 2.307 A Capacitor Input capacitor RMS ripple current
2. CinPd 143.71 mW Capacitor Input capacitor power dissipation
3. Cout IRMS 518.36 mA Capacitor Output capacitor RMS ripple current
4. CoutPd 806.09 pw Capacitor Output capacitor power dissipation
5. ICIpk 7.898 A IC Peak switch currentin IC
6. ICPd 2.794 W IC IC power dissipation
7. ICT]j 57.943 degC IC IC junction temperature
8. IC Tolerance 20.0 mV IC IC Feedback Tolerance
9. ICThetaJA 10.0 degC/W IC IC junction-to-ambient thermal resistance
10. lin Avg 991.11 mA IC Average input current
11. Mllirms 2.465 A Mosfet Q lavg
12. M Vds Act 26.063 mV Mosfet Voltage drop across the MosFET
13. CinPd 143.71 mW Power Input capacitor power dissipation
14. Cout Pd 806.09 pw Power Output capacitor power dissipation
15. ICPd 2.794 W Power IC power dissipation
16. Total Pd 2.939 W Power Total Power Dissipation
17. BOM Count 5 System Total Design BOM count
Information
18. Cross Freq 19.404 kHz System Bode plot crossover frequency
Information
19. Duty Cycle 124 % System Duty cycle
Information
20. Efficiency 76.278 % System Steady state efficiency
Information
21. FootPrint 467.0 mm’® System Total Foot Print Area of BOM components
Information
22. Frequency 350.0 kHz System Switching frequency
Information
23. lout 70A System lout operating point
Information
24. Mode CCM System Conduction Mode
Information
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# Name Value Category Description
25. Phase Marg 39.754 deg System Bode Plot Phase Margin
Information
26. Pout 9.45 W System Total output power
Information
27. Total BOM $10.36 System Total BOM Cost
Information
28. Vin 125V System Vin operating point
Information
29. Vout 135V System Operational Output Voltage
Information
30. Vout Actual 1.347V System Vout Actual calculated based on selected voltage divider resistors
Information
31. Vout Tolerance 3.341% System Vout Tolerance based on IC Tolerance (no load) and voltage divider
Information resistors if applicable
32. Vout p-p 5.387 mV System Peak-to-peak output ripple voltage
Information
Design Inputs
# Name Value Description
1. lout 7.0 Maximum Output Current
2. VinMax 125 Maximum input voltage
3. VinMin 115 Minimum input voltage
4. Vout 1.35 Output Voltage
5. acFrequency 0.0 AC Frequency
6. base_pn LMZ12008 Base Product Number
7. source DC Input Source Type
8. Ta 30.0 Ambient temperature

Design Assistance

1. The 2nd Gen Modules are very easy to use and just need a basic design using a resistor divider at the feedback and input and output caps
to work. To design for UVLO you could click on the drop down menu in the '‘Change Inputs' menu and select the 'UVLO Enabled Design'. The
internal softstart time is set at 1.6mSec. If a longer softstart time is desired, you could change the preset to the desired amount and click on

'Submit'. Webench will then add an external softstartcap to the schematic.

2. LMZ12008 Product Folder : http://www.ti.com/product/LMZ12008 : contains the data sheet and other resources.
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- Vout = 1.0V Device = LMZ31520RLGT
I3 TEXAS lout = 20.0A Topology = Buck
INSTRUMENTS Created = 2019-05-02 05:44:01.452
BOM Cost = $14.84
® i BOM Count =9
WEBENCH Design Report Total Pd = 3.25W
Design : LMZ31520RLGT
LMZ31520RLGT 11.5V-12.5V to 1.00V @ 20A
Vout = 1.0V
1 1 lout = 20.0A
PH DNC
|— PVIN PWRGD
VIN VOouT
LMZ31520 _ . J
v uL FREQ_SEL |-
—Vin =] INH_UVLO
T —Lcin —Lcinx L cpvin J:' Coutx  —L-cout
o | S | 1908 B [ i
Q=2 oty 2 WGD";‘L’) ] ()out
SS SHEL AGND VADJ PGND
= Rsef =
= 2.15kohm =
63.0mwW
Electrical BOM
# Name Manufacturer Part Number Properties Qty Price Footprint
1. Cin TDK C3216X5R1E476M160AC Cap=47.0 uF 2 $0.42 11}
Series= X5R ESR=2.082 mOhm 1206 11 mm’
VDC=25.0V
IRMS=5.0279 A
2. Cinx Panasonic 16SVPF180M Cap= 180.0 urF 2 $0.44
Series= SVPF ESR=22.0 mOhm
VDC=16.0V
IRMS=3.3 A CAPSMT _62_F61 74 mm’
3. Cout Panasonic 2R5SVPE330MY Cap=330.0 uF 1 $0.24
Series= SVPE ESR=10.0 mOhm
VDC=2.5V
IRMS= 3.86 A CAPSMT_62_E61 53 mm’
4. Coutx Panasonic 2R5TPE220MAZB Cap=220.0 uF 1 $0.36 |l]
Series= TPE ESR= 35.0 mOhm
VDC= 25V 3528-21 17 mm’
IRMS=1.4A
5. Cpvin MuRata GRM155R71C104KA88D Cap=100.0 nF 1 $0.01 =
Series= X7R ESR= 1.0 mOhm 0402 3 mm?
VDC=16.0V
IRMS=0.0 A
6. Rset Vishay-Dale CRCWO04022K15FKED Res=2150.00hm 1 $0.01 -
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
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WEBENCH Project Report

Tolerance=1.0%

9

ti.com/webench

80 : PA_Project_303 (modified from 301) May 2, 2019 05:44:21 GMT-07:00


http://search.murata.co.jp/Ceramy/PnsearchViewAction.do?HnOFG%3DON%26HnNFG%3DON%26SEL%5FCNT%3D50%26sLang%3Den%26sKey%3DGRM155R71C104KA88D%26x%3D9%26y%3D9%26search%3Dstartwith
http://www.vishay.com/docs/20035/dcrcwe3.pdf

WEBENCH® Power Architect Project

# Name Manufacturer Part Number Properties Qty Price Footprint
7. Ul Texas Instruments LMZ31520RLGT Switcher 1 $12.50
R-PB4QFN-N72 306 mm’
Vout p-p Duty Cycle
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S
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Output Current (A)
m=\/in=11.5V==Vin=12.0V==Vin=12.5V
Operating Values
# Name Value Category Description
1. CinIRMS 5.654 A Capacitor Input capacitor RMS ripple current
2. CinPd 33.275 mw Capacitor Input capacitor power dissipation
3. CoutIRMS 410.813 mA Capacitor Output capacitor RMS ripple current
4. CoutPd 1.688 mW Capacitor Output capacitor power dissipation
5. Coutx IRMS 117.819 mA Capacitor Output capacitor_x RMS ripple current
6. Coutx Pd 485.85 pw Capacitor Output capacitor_x power loss
7. ICIpk 20.916 A IC Peak switch currentin IC
8. ICPd 3.212 W IC IC power dissipation
9. ICTj 57.624 degC IC IC junction temperature
10. ICThetaJA 8.6 degC/W IC IC junction-to-ambient thermal resistance
11. lin Avg 1.86 A IC Average input current
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# Name Value Category Description
12. CinPd 33.275 mw Power Input capacitor power dissipation
13. Cout Pd 1.688 mW Power Output capacitor power dissipation
14. Coutx Pd 485.85 pw Power Output capacitor_x power loss
15. ICPd 3.212 W Power IC power dissipation
16. Total Pd 3.247 W Power Total Power Dissipation
17. BOM Count 9 System Total Design BOM count
Information
18. Duty Cycle 8.758 % System Duty cycle
Information
19. Efficiency 86.031 % System Steady state efficiency
Information
20. FootPrint 552.0 mm? System Total Foot Print Area of BOM components
Information
21. Frequency 500.0 kHz System Switching frequency
Information
22. lout 20.0A System lout operating point
Information
23. Mode CCM System Conduction Mode
Information
24. Pout 20.0W System Total output power
Information
25. Total BOM $14.84 System Total BOM Cost
Information
26. Vin 125V System Vin operating point
Information
27. Vout 1.0V System Operational Output Voltage
Information
28. Vout Tolerance 1.08 % System Vout Tolerance based on IC Tolerance (no load) and voltage divider
Information resistors if applicable
29. Vout p-p 14.285 mV System Peak-to-peak output ripple voltage
Information
Design Inputs
# Name Value Description
1. lout 20.0 Maximum Output Current
2. VinMax 125 Maximum input voltage
3. VinMin 115 Minimum input voltage
4. Vout 1.0 Output Voltage
5. acFrequency 0.0 AC Frequency
6. base_pn LMZ31520 Base Product Number
7. source DC Input Source Type
8. Ta 30.0 Ambient temperature

Design Assistance

1. LMZ31520 Product Folder : http://www.ti.com/product/LMZ31520 : contains the data sheet and other resources.
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. Vout = 2.5V Device = LMZ12008TZ/NOPB
I3 TEXAS lout = 6.0A Topology = Buck
INSTRUMENTS Created = 2019-05-02 05:44:02.176
BOM Cost = $10.27
® i BOM Count =7
WEBENCH Design Report Total Pd = 2.39W
Design : LMZ12008TZ/NOPB
LMZ12008TZ/NOPB 11.5V-12.5V to 2.50V @ 6A
Vout = 2.5V
VIN VouT lout = 6.0A
LMZ12008 Ribt
UL f'zzss.okgw
da FB
g\ﬁ" ss PGND AGND  NC
- LG | |
I \33!.% uE JT— .
27.0 mOhm Rfbb —4—Cout
; 1.07 kOhm T 220.0 pF
125.0 mwW 15.0 mOhm Rload
Qy=3
=
Electrical BOM
# Name Manufacturer Part Number Properties Qty Price Footprint
1. Cin Panasonic 20SVPG33M Cap=33.0 uF 1 $0.40
Series= SVPG ESR=27.0 mOhm
VDC=20.0V
IRMS= 3.0 A CAPSMT_62_B45 53 mm’
2. Cout Panasonic 6SVPE220MW Cap=220.0 uF 3 $0.20
Series= SVPE ESR= 15.0 mOhm
VDC=6.3V
IRMS=3.15 A CAPSMT_62_E61 53 mm’
3. Rfbb Panasonic ERJ-6ENF1071V Res= 1070.00hm 1 $0.01 | |
Series= ERJ-6E Power= 125.0 mW 0805 7 mm?
Tolerance= 1.0%
4. Rfbt Panasonic ERJ-6ENF2261V Res=2260.00hm 1 $0.01 [ ]
Series= ERJ-6E Power= 125.0 mW 0805 7 mm?
Tolerance= 1.0%
5 Ul Texas Instruments LMZ12008TZ/NOPB Switcher 1 $9.25
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Vout p-p Duty Cycle
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35 00132 / / / 321 25 //
o /7 —
> 00131 -~ . s Q 2100 |- = —
. =~ X
// 2075 —
0.0130 | : _——
~ 20.50 "
0.0129 o
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Output Current (A) Output Current (A)
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Efficiency M Vds Act
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P <
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0.0100
e 0.0075 /
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0.0050
76
0.0025
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Output Current (A) Output Current (A)
=\/in=115V==Vin=12.0V==Vin=12.5V =\/in=115V==Vin=12.0V==Vin=12.5V
IC Tj Cin Pd
53 i 0.18
52 0.17
51 0.16
451[9) 0.15
48 0.14
47 0.13
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O 45 011
344 %0.10
T4 @ 0.09
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o O 007
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Output Current (A) Output Current (A)
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Cin IRMS lin Avg
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UYI.SO $o_g s 4/
= g)o 8
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- c 0.7
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/ 02 s
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Pout IC Ipk
75
15
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13 // 65 Pt
/ ,
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8 7 / O 40 ,/
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4 / 30 /,
3 /-/ 25 P
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Cout IRMS M Irms
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mzo.ﬂs /7 // <iss
= 0770 /l - )
x — E 150
0765 7 7 =
3 0.760 ~ / s 12° /
o ! 1.00
0.755 / - /'
~~ / 0.75
0.750 > / . /7
0.745 / 0.50 /
0.740 ~ 0.25
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0.5 1.0 15 20 25 3.0 3.5 4.0 45 5.0 55 6.0 05 1.0 15 2.0 25 3.0 3.5 4.0 4.5 5.0 55 6.0
Output Current (A) Output Current (A)
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Cout Pd Total Pd
0.003200
0.003175 !
0.003150 2.25 /
0.003125 /
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0.003075 ,/ /
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0.8
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05 1.0 15 2.0 25 3.0 35 4.0 4.5 50 55 6.0
Output Current (A)
m=\/in=11.5V==Vin=12.0V=\in=12.5V
Operating Values
# Name Value Category Description
1. CinIRMS 2.456 A Capacitor Input capacitor RMS ripple current
2. CinPd 162.83 mW Capacitor Input capacitor power dissipation
3. Cout IRMS 797.837 mA Capacitor Output capacitor RMS ripple current
4. CoutPd 3.183 mwW Capacitor Output capacitor power dissipation
5. ICIpk 7.382 A IC Peak switch currentin IC
6. ICPd 2.228 W IC IC power dissipation
7. ICTj 52.28 degC IC IC junction temperature
8. IC Tolerance 20.0 mV IC IC Feedback Tolerance
9. ICThetaJA 10.0 degC/W IC IC junction-to-ambient thermal resistance
10. lin Avg 1.392 A IC Average input current
11. Mllirms 2.768 A Mosfet Q lavg
12. M Vds Act 28.993 mV Mosfet Voltage drop across the MosFET
13. CinPd 162.83 mW Power Input capacitor power dissipation
14. Cout Pd 3.183 mwW Power Output capacitor power dissipation
15. ICPd 2.228 W Power IC power dissipation
16. Total Pd 2.394 W Power Total Power Dissipation
17. BOM Count 7 System Total Design BOM count
Information
18. Cross Freq 11.349 kHz System Bode plot crossover frequency
Information
19. Duty Cycle 21.281 % System Duty cycle
Information
20. Efficiency 86.237 % System Steady state efficiency
Information
21. FootPrint 568.0 mm? System Total Foot Print Area of BOM components
Information
22. Frequency 350.0 kHz System Switching frequency
Information
23. lout 6.0 A System lout operating point
Information
24. Mode CCM System Conduction Mode
Information
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# Name Value Category Description
25. Phase Marg 51.925 deg System Bode Plot Phase Margin
Information
26. Pout 15.0 W System Total output power
Information
27. Total BOM $10.27 System Total BOM Cost
Information
28. Vin 125V System Vin operating point
Information
29. Vout 25V System Operational Output Voltage
Information
30. Vout Actual 249V System Vout Actual calculated based on selected voltage divider resistors
Information
31. Vout Tolerance 3.905 % System Vout Tolerance based on IC Tolerance (no load) and voltage divider
Information resistors if applicable
32. Vout p-p 13.819 mV System Peak-to-peak output ripple voltage
Information
Design Inputs
# Name Value Description
1. lout 6.0 Maximum Output Current
2. VinMax 125 Maximum input voltage
3. VinMin 115 Minimum input voltage
4. Vout 25 Output Voltage
5. acFrequency 0.0 AC Frequency
6. base_pn LMZ12008 Base Product Number
7. source DC Input Source Type
8. Ta 30.0 Ambient temperature

Design Assistance

1. The 2nd Gen Modules are very easy to use and just need a basic design using a resistor divider at the feedback and input and output caps
to work. To design for UVLO you could click on the drop down menu in the '‘Change Inputs' menu and select the 'UVLO Enabled Design'. The
internal softstart time is set at 1.6mSec. If a longer softstart time is desired, you could change the preset to the desired amount and click on

'Submit'. Webench will then add an external softstartcap to the schematic.

2. LMZ12008 Product Folder : http://www.ti.com/product/LMZ12008 : contains the data sheet and other resources.

Copyright © 2019, Texas Instruments Incorporated 18

WEBENCH Project Report

80 : PA_Project_303 (modified from 301) May 2, 2019 05:44:21 GMT-07:00

ti.com/webench


http://www.ti.com/product/LMZ12008

WEBENCH® Power Architect Project

. Vout = 1.8V Device = LMZ22003TZX/NOPB
I3 TEXAS lout = 3.0A Topology = Buck
INSTRUMENTS Created = 2019-05-02 05:44:02.953
BOM Cost = $5.85
® i BOM Count =5
WEBENCH Design Report Total Pd = 1.74W
Design : LMZ22003TZX/NOPB
LMZ22003TZX/NOPB 11.5V-12.5V to 1.80V @ 3A
Vout = 1.8V
R LMZ22003 vouT lout = 3.0A
Rfbt
e e
—Vin 7<3°3‘,’2, WF —EN ss SYNC AGND
il 27.0 mOhm !
; Rbb ——Cout
LT o 3 Road
=
Electrical BOM
# Name Manufacturer Part Number Properties Qty. Price Footprint
1. Cin Panasonic 20SVPG33M Cap=33.0 uF 1 $0.40
Series= SVPG ESR=27.0 mOhm
VDC=20.0V
IRMS=3.0 A CAPSMT_62_B45 53 mm’
2. Cout Panasonic 6SVPE220MW Cap=220.0 uF 1 $0.20
Series= SVPE ESR= 15.0 mOhm
VDC=6.3V
IRMS= 3.15 A CAPSMT_62_E61 53 mm®
3. Rfbb Panasonic ERJ-6ENF1071V Res=1070.00hm 1 $0.01 | |
Series= ERJ-6E Power= 125.0 mW 0805 7 mm?
Tolerance= 1.0%
4. Rfbt Panasonic ERJ-6ENF1331V Res= 1330.00hm 1 $0.01 | |
Series= ERJ-6E Power= 125.0 mW 0805 7 mm?
Tolerance= 1.0%
5. Ul Texas Instruments LMZ22003TZX/NOPB Switcher 1 $5.23
TZAO7A 199 mm’
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Vout p-p Duty Cycle
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Cin Pd Cin IRMS
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Output Current (A) Output Current (A)
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M Irms Cout Pd
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Output Current (A)
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Operating Values
# Name Value Category Description
1. CinIRMS 1.106 A Capacitor Input capacitor RMS ripple current
2. CinPd 33.045 mw Capacitor Input capacitor power dissipation
3. CoutIRMS 284.915 mA Capacitor Output capacitor RMS ripple current
4. CoutPd 1.218 mwW Capacitor Output capacitor power dissipation
5. ICIpk 3.493 A IC Peak switch currentin IC
6. ICIqPd 12.5 mw IC IC Ig Pd
7. ICPd 1.705 W IC IC power dissipation
8. ICT]j 50.455 degC IC IC junction temperature
9. IC Tolerance 20.0 mv IC IC Feedback Tolerance
10. ICThetaJA 12.0 degC/W IC IC junction-to-ambient thermal resistance
11. lin Avg 571.11 mA IC Average input current
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# Name Value Category Description

12. M1lIrms 1.209 A Mosfet Q lavg

13. M Vds Act 89.008 mV Mosfet Voltage drop across the MosFET

14. CinPd 33.045 mw Power Input capacitor power dissipation

15. Cout Pd 1.218 mW Power Output capacitor power dissipation

16. IC Drive Pd 0.0W Power Driver power dissipation

17. ICPd 1.705 W Power IC power dissipation

18. Total Pd 1.739 W Power Total Power Dissipation

19. BOM Count 5 System Total Design BOM count
Information

20. Cross Freq 79.783 kHz System Bode plot crossover frequency
Information

21. Duty Cycle 16.234 % System Duty cycle
Information

22. Efficiency 75.642 % System Steady state efficiency
Information

23. FootPrint 319.0 mm? System Total Foot Print Area of BOM components
Information

24. Frequency 800.0 kHz System Switching frequency
Information

25. lout 3.0A System lout operating point
Information

26. Mode CCM System Conduction Mode
Information

27. Phase Marg 40.969 deg System Bode Plot Phase Margin
Information

28. Pout 54 W System Total output power
Information

29. Total BOM $5.85 System Total BOM Cost
Information

30. Vin 125V System Vin operating point
Information

31. Vout 1.8V System Operational Output Voltage
Information

32. Vout Actual 1.794V System Vout Actual calculated based on selected voltage divider resistors
Information

33. Vout Tolerance 3.648 % System Vout Tolerance based on IC Tolerance (no load) and voltage divider
Information resistors if applicable

34. Vout p-p 14.805 mV System Peak-to-peak output ripple voltage
Information

Design Inputs

# Name Value Description

1. lout 3.0 Maximum Output Current
2. VinMax 125 Maximum input voltage
3. VinMin 115 Minimum input voltage

4. Vout 1.8 Output Voltage

5. acFrequency 0.0 AC Frequency

6. base_pn LMZ22003 Base Product Number

7. source DC Input Source Type

8. Ta 30.0 Ambient temperature

Design Assistance

1. The 2nd Gen Modules are very easy to use and just need a basic design using a resistor divider at the feedback and input and output caps
to work. To design for UVLO you could click on the drop down menu in the '‘Change Inputs' menu and select the 'UVLO Enabled Design'. The
internal softstart time is set at 1.6mSec. If a longer softstart time is desired, you could change the preset to the desired amount and click on
'Submit'. Webench will then add an external softstart cap to the schematic.

2. LMZ22003 Product Folder : http://www.ti.com/product/LMZ22003 : contains the data sheet and other resources.
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Device = LMZM33602RLRR
Topology = Buck

Created = 2019-05-02 05:44:03.726
BOM Cost = $5.78

BOM Count =8

Total Pd = 1.06W

UL = z.un

" Vout = 3.3V
I3 TEXAS lout = 2.0A
INSTRUMENTS
® .
WEBENCH Design Report
Design : LMZM33602RLRR
LMZM33602RLRR 11.5V-12.5V to 3.30V @ 2A
LMZM33602RLR
==
g =0 J—Cff
—_— 150.0 pF
=8 b=
T“Vin —Lcin

=

Rl
23.2 kOhm
63.0 mW

Rfbb
10.0 kOhm
63.0mw

—Cout
100.0 uF
Shm

1.0 m
Qty=

2

O

iH

1. The input capacitor included in the BOM only contains a small filter capacitor that should be placed near the IC. Depending on where the
power supply is laid out in the system additional bulk capacitance may need to be added to filter the line ripple.

Electrical BOM

# Name Manufacturer Part Number Properties Qty. Price Footprint
1. Cff Johanson Technology 250R07N1513v4T Cap= 150.0 pF 1 $0.01 =
Series= COG/NPO VDC=25.0V 0402 3 mm?
IRMS=0.0 A
2. Cin TDK C3225X7R1H106M250AC Cap=10.0 uF 1 $0.50 [ |
Series= X7R ESR= 1.0 mOhm 1210 15 mm?
VDC=50.0 V
IRMS=5.0 A
3. Cout MuRata GRM32ER60J107ME20L Cap= 100.0 uF 2 $0.52 [ |
Series= X5R ESR= 1.0 mOhm 1210 270 15 mm2
VDC=6.3V -
IRMS=6.0 A
4. Rfbb Vishay-Dale CRCWO040210K0OFKED Res= 10000.00hm 1 $0.01 =
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
5. Ribt Vishay-Dale CRCWO040223K2FKED Res=23200.00hm 1 $0.01 =
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
6. Rt Vishay-Dale CRCWO0402133KFKED Res= 133000.00hm 1 $0.01 =
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
7. Ul Texas Instruments LMZM33602RLRR Switcher 1 $4.20
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Vout p-p Duty Cycle
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Output Current (A) Output Current (A)
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lin Avg Pout
ya p
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IC Pd
11 Loop Response
1.0 / 70 175
09 / 60 Ty 150
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0.8 4 40 x 25 g
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d 8 N o3
s // -30 N\ -25 E
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-70
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 10 1,000 100,000
Output Current (A) Frequency (Hz)
==\/in=11.5V==Vin=12.0V==\/in=12.5V ==Gain ==Phase + 180
Efficiency (Log- Scale)
90
s .
o e
e //
270 b4
\5 65 //
S 60
S o /
i s0 /
45
40
30
3.16E-2 1E-1 3.16E-1 1EO0
lout(A)
m=]]5==120==125
Operating Values
# Name Value Category Description
1. CinIRMS 938.554 mA Capacitor Input capacitor RMS ripple current
2. CinPd 880.88 pW Capacitor Input capacitor power dissipation
3. Cout IRMS 388.298 mA Capacitor Output capacitor RMS ripple current
4. CoutPd 75.388 pW Capacitor Output capacitor power dissipation
5. ICIgPd 62.5 pW IC IC Ig Pd
6. ICPd 1.06 W IC IC power dissipation
7. ICT]j 50.041 degC IC IC junction temperature
8. ICThetaJA Effective  18.9 degC/W IC Effective IC Junction-to-Ambient Thermal Resistance
9. lin Avg 612.93 mA IC Average input current
10. CinPd 880.88 pW Power Input capacitor power dissipation
11. Cout Pd 75.388 pW Power Output capacitor power dissipation
12. ICPd 1.06 W Power IC power dissipation
13. Total Pd 1.062 W Power Total Power Dissipation
14. BOM Count 8 System Total Design BOM count
Information
15. Cross Freq 17.923 kHz System Bode plot crossover frequency
Information
16. Duty Cycle 29.753 % System Duty cycle
Information
17. Efficiency 86.143 % System Steady state efficiency
Information
18. FootPrint 155.0 mm? System Total Foot Print Area of BOM components
Information
19. Frequency 302.254 kHz System Switching frequency
Information
20. Gain Marg -21.43 dB System Bode Plot Gain Margin
Information
21. lout 20A System lout operating point
Information
22. Low Freq Gain 69.054 dB System Gain at 1Hz
Information
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# Name Value Category Description
23. Mode CCM System Conduction Mode
Information
24. Phase Marg 70.816 deg System Bode Plot Phase Margin
Information
25. Pout 6.6 W System Total output power
Information
26. Total BOM $5.78 System Total BOM Cost
Information
27. Vin 125V System Vin operating point
Information
28. Vout 3.3V System Operational Output Voltage
Information
29. Vout Actual 332V System Vout Actual calculated based on selected voltage divider resistors
Information
30. Vout Tolerance 3.44 % System Vout Tolerance based on IC Tolerance (no load) and voltage divider
Information resistors if applicable
31. Voutp-p 4.419 mV System Peak-to-peak output ripple voltage
Information
Design Inputs
# Name Value Description
1. lout 2.0 Maximum Output Current
2. VinMax 125 Maximum input voltage
3. VinMin 115 Minimum input voltage
4. Vout 3.3 Output Voltage
5. acFrequency 0.0 AC Frequency
6. base_pn LMZM33602 Base Product Number
7. source DC Input Source Type
8. Ta 30.0 Ambient temperature

Design Assistance

1. LMZM33602 Product Folder : http://www.ti.com/product/LMZM33602 : contains the data sheet and other resources.
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13 TEXAS
INSTRUMENTS
WEBENCH ®

Design : LM3880MF-1AE/NOPB
Design 8948 - LM3880MF-1AE/NOPB

Design Report

Vout = 3.3V
lout = 0.0A

LM3880DBV

Rflagl

100.0 kOhm
3.0 MW Rflag2
100.0 kOhm

63.0 mW

S

Device = LM3880MF-1AE/NOPB
Topology = SEQUENCER

Created = 2019-05-02 05:44:04.697
BOM Cost = $0.48

BOM Count =4

Total Pd = 0.0W

Rflag3
100.0 kOhm
63.0 mW

_Hagl

VvCcC FLAGL

T _Hag2
T _Hags3

EN U1 FLAG2

T

FLAG3

GND

Electrical BOM

# Name Manufacturer Part Number Properties Qty Price Footprint
1. Rflagl Vishay-Dale CRCWO0402100KFKED Res=100000.00hm 1 $0.01 =
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
2. Rflag2 Vishay-Dale CRCWO0402100KFKED Res= 100000.00hm 1 $0.01 =
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
3. Rflag3 Vishay-Dale CRCWO0402100KFKED Res=100000.00hm 1 $0.01 =
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
4. Ul Texas Instruments LM3880MF-1AE/NOPB Switcher 1 $0.45
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Sequencer UP/ DOWN sequence

8.0
75

7.0
6.5

6.0
55

5.0

45

4.0
35

3.0
25

2.0

15

1.0
05

0.0000 0.0025 0.0050 0.0075 0.0100 0.0125

0.0150 0

time (seconds) (seconds)
==Enable==Flag 1 ==Flag 2 ==Flag 3

Operating Values

.0175 0.0200

# Name Value Category Description
1. Total Pd 82.5 pw Power Total Power Dissipation
2. BOM Count 4 System Total Design BOM count
Information
3. FootPrint 19.0 mm? System Total Foot Print Area of BOM components
Information
4. Total BOM $0.48 System Total BOM Cost
Information
5. Flag Voltage 3.3V Flag Voltage
6. Flagl Down delay 6.0 ms Flag Delay
(From EN high to low)
7. Flagl Up delay (From 2.0 ms Flag Delay
EN low to high)
8. Flag2 Down delay 4.0 ms Flag Delay
(From EN high to low)
9. Flag2 Up delay (From 4.0 ms Flag Delay
EN low to high)
10. Flag3 Down delay 2.0ms Flag Delay
(From EN high to low)
11. Flag3 Up delay (From 6.0 ms Flag Delay
EN low to high)
12. Flags Used 2.0 Flags Used
13. Total Flags 3.0 Total Flags
14. Vcc 3.3V Vce
Design Inputs
# Name Value Description
1. lout 10p Maximum Output Current
2. VinMax 3.3 Maximum input voltage
3. VinMin 3.3 Minimum input voltage
4. Vout 3.3 Output Voltage
5. acFrequency 0.0 AC Frequency
6. base_pn LM3880 Base Product Number
7. source DC Input Source Type
8. Ta 30.0 Ambient temperature

Design Assistance

1. LM3880 Product Folder : http://www.ti.com/product/LM3880 : contains the data sheet and other resources.
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Device = LMZ34202RVQR
Topology = Buck

Created = 2019-05-02 05:44:05.707
BOM Cost = $5.95

BOM Count=7

Total Pd = 0.0W

Vout = 3.3V
lout = 0.0A

H Vout = 3.3V
13 TEXAS lout = 0.0A
® .
WEBENCH Design Report
Design : LMZ34202RVQR
LMZ34202RVQR 11.5V-12.5V to 3.30V @ 0.001A
LMZ34202RVQ
PVIN VouT
PVIN VOouT
E PVIN VOouT
VOouT
INH_UVLO VOouT
VouT
s —L_cin —L_cinx —]ck vout
= Vin 4.7 uF 1.0 uF —]ss TR VBSEL
-—_ 1.0 mOhm 1.0 mOhm -
Qty= 2 Qty= 2 —l RT SENSE+
=1 RTSEL
PWRGD_PU =
vapy U1 -
PWRGD =
1 PH
1 PH VERSA- COMP
=1 PH
Rset |1 one f—
e i oNe—
.0O0m
_L_ AGND PGND
- AGND PGND
AGND PGND
AGND PGND
AGND PGND
AGND PGND
AGND PGND
_L_

‘o <>Iout
oy out N

220.0 uF
15.0 mOhm

N

.||_

1. The input capacitor included in the BOM only contains a small filter capacitor that should be placed near the IC. Depending on where the
power supply is laid out in the system additional bulk capacitance may need to be added to filter the line ripple.

2. If there is no VinTyp specified, WEBENCH will use the VinMax value. To change the VinTyp value, click on the "Change Design Inputs"
button under the Optimization Tuning knob. In some applications, while the design requires the input voltage to be a wide range, for a majority
of the time, it is operating at a much lower voltage than the maximum input voltage. Sizing the inductor based on the maximum input voltage
may yield an inductance much larger than typically needed, causing a larger footprint for the overall design. At the same time, components such
as the input capacitor must be rated based on the maximum input voltage. WEBENCH now supports the use of this additional input voltage

specification.

Electrical BOM

# Name Manufacturer Part Number Properties Qty Price Footprint
1. Cin MuRata GRM32ER71H475KA88L Cap=4.7 uF 2 $0.55 [ |
Series= X7R ESR= 1.0 mOhm 1210 15 mm?
VDC=50.0 V
IRMS=6.0 A
2. Cinx Taiyo Yuden EMK107B7105KA-T Cap= 1.0 uF 2 $0.02 n
Series= X7R ESR= 1.0 mOhm 0603 5 mm’
VDC=16.0 V
IRMS=0.0 A
3. Cout Panasonic 6SVPE220MW Cap= 220.0 uF 1 $0.20
Series= SVPE ESR= 15.0 mOhm
VDC=6.3V
IRMS= 3.15 A CAPSMT_62_E61 53 mm’
4. Rset Panasonic ERJ-6ENF8871V Res= 8870.00hm 1 $0.01 |
Series= ERJ-6E Power= 125.0 mW 0805 7 mm?
Tolerance= 1.0%
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# Name Manufacturer Part Number Properties Qty Price Footprint

5 Ul Texas Instruments LMZ34202RVQR Switcher 1 $4.60

RVQO043A 144 mm®

Vout p-p Duty Cycle
0.0011175 132
0.0011150 131
0.0011125 1.30
0.0011100 1.29
0.0011075 1.28
__0.0011050 ;\o\ 127
2.0.0011025 T 126
©0.0011000 T1zs
20.0010975 O 124
-
3 00010950 2123
> 0.0010925 A 122
0.0010900 121
0.0010875 120
0.0010850 119
0.0010825 118
0.0010800 117
0.0099999950 0.0099999975 0.0100000000 0.0100000025 0.01000¢ 0.0099999950 0.0099999975 0.0100000000 0.0100000025 0.01000¢
Output Current (A) Output Current (A)
==Vin=115V==Vin=12.0V ==Vin=125V ==\in=115V==Vin=12.0V ==Vin=125V
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78.25 30.07125
78.20 30.07100
30.07075
78.15 30.07050
78.10 30.07025
78.05 30.07000
< 3006975
< 78.00 O 30.06950
& 7705 D 3006925
S . T 3006900
§ , = 30.06875
= 7785 () 30.06850
i = 30.06825
77.80 30.06800
77.75 30.06775
1770 30.06750
. 30.06725
77.65 30.06700
77.60 30.06675
0.0099999950 0.0099999975 0.0100000000 0.0100000025 0.01000¢ 0.0099999950 0.0099999975 0.0100000000 0.0100000025 0.01000¢
Output Current (A) Output Current (A)
=Vin=115V==Vin=12.0V ==Vin=125V =Vin=115V==Vin=12.0V ==Vin=125V
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Cin Pd
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Output Current (A) Output Current (A)
==\/in=115V==Vin=12.0V==Vin=125V ==\/in=115V==Vin=12.0V==Vin=125V
lin Avg Pout
0.003325
0.003300 0.033000004
0.003275 0.033000003
0.003250 0.033000002
o 0003225 §0.033000001
S
[o2]
; 0003200 \50.033000000
o
0.003175
£ Q- 0.032999999
0.003150
0.032999998
0.003125
0.032999997
0.003100
0.032999996
0.003075
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Output Current (A) Output Current (A)
m=\/in=11.5V==Vin=12.0V=\in=12.5V m=\/in=11.5V==Vin=12.0V==\in=12.5V
Cout IRMS Cout Pd
0.00002575
0.04140 0.00002570
0.04135 0.00002565
0.04130 0.00002560
0.00002555
0.04125
&\ 0.00002550
gy 0:04120 = 000002545
5 0.04115 a:_ 0.00002540
- -
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o 8 0.00002530
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Output Current (A) Output Current (A)
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Total Pd ICIq Pd
0.008600 0.0008125
0.008575 0.0003100
0.008550 0.0003075
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Operating Values
# Name Value Category Description
1. CinIRMS 6.915 mA Capacitor Input capacitor RMS ripple current
2. CinPd 23.912 nW Capacitor Input capacitor power dissipation
3. Cout IRMS 13.401 mA Capacitor Output capacitor RMS ripple current
4. CoutPd 2.694 pwW Capacitor Output capacitor power dissipation
5. ICIgPd 312.5 pw IC IC Ig Pd
6. ICPd 1.599 mW IC IC power dissipation
7. ICT]j 30.011 degC IC IC junction temperature
8. ICThetaJA 14.0 degC/W IC IC junction-to-ambient thermal resistance
9. linAvg 357.34 pA IC Average input current
10. CinPd 23.912 nW Power Input capacitor power dissipation
11. Cout Pd 2.694 pwW Power Output capacitor power dissipation
12. ICPd 1.599 mW Power IC power dissipation
13. Total Pd 1.887 mW Power Total Power Dissipation
14. BOM Count 7 System Total Design BOM count
Information
15. Duty Cycle 117.121 m% System Duty cycle
Information
16. Efficiency 57.749 % System Steady state efficiency
Information
17. FootPrint 243.0 mm? System Total Foot Print Area of BOM components
Information
18. Frequency 3.078 kHz System Switching frequency
Information
19. lout 1.0 mA System lout operating point
Information
20. Mode PFM System Conduction Mode
Information
21. Pout 3.3 mw System Total output power
Information
22. Total BOM $5.95 System Total BOM Cost
Information
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# Name Value Category Description
23. Vin 125V System Vin operating point
Information
24. Vout 3.3V System Operational Output Voltage
Information
25. Vout Tolerance 612.12 m% System Vout Tolerance based on IC Tolerance (no load) and voltage divider
Information resistors if applicable
26. Vout p-p 1.14 mV System Peak-to-peak output ripple voltage
Information

Design Inputs

# Name Value Description

1. lout 1.0m Maximum Output Current
2. VinMax 125 Maximum input voltage
3. VinMin 115 Minimum input voltage

4. Vout 3.3 Output Voltage

5. acFrequency 0.0 AC Frequency

6. base_pn LMZ34202 Base Product Number

7. source DC Input Source Type

8. Ta 30.0 Ambient temperature

Design Assistance
1. LMZ34202 Product Folder : http://www.ti.com/product/LMZ34202 : contains the data sheet and other resources.

Important Notice and Disclaimer

Tl provides technical and reliability data (including datasheets), design resources (including reference designs), application or other design
advice, web tools, safety information, and other resources AS IS and with all faults, and disclaims all warranties. These resources are intended
for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate Tl products for your application, (2)
designing, validating and testing your application, and (3) ensuring your application meets applicable standards, and any other safety, security,
or other requirements.

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

Providing these resources does not expand or otherwise alter TI's applicable Terms of Sale or other applicable terms available either on ti.com
or provided in conjunction with TI products.
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