VinMin = 5.0V

I3 TEXAS VinMax = 13.0V
INSTRUMENTS Vout = 3.3V
lout = 2.0A
WEBENCH ® Design Report
Design : 4759963/9 LM5140QRWGRQ1
LM5140QRWGRQ1 5.0V-13.0V to 1.80V @ 1.0A
- T
| T

Device = LM5140QRWGRQ1
Topology = Buck

Created = 8/10/16 5:17:37 PM
BOM Cost = $6.09

BOM Count = 37

Total Pd = 0.89W
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1. This regulator device is qualified for Automotive applications. All passives and other components selected in this design may not be qualified
for Automotive applications. The user is required to verify that all components in the design meet the qualification and safety requirements for
their specific application.View WEBENCH(R) Disclaimer.

Electrical BOM

# Name Manufacturer Part Number Properties Qty Price Footprint
1. Cboot1 MuRata GRM155R60J104KA01D Cap=100.0 nF 1 $0.01 =
Series= X5R VDC=6.3V 0402 3 mm?
IRMS=0.0 A
2. Cboot2 MuRata GRM155R60J104KA01D Cap=100.0 nF 1 $0.01 «
Series= X5R VDC=6.3V 0402 3 mm’
IRMS=0.0 A
3. Ccomp1 MuRata GRM216R71H103KA01D Cap=10.0 nF 1 $0.01 |
Series= X7R VDC=50.0 V 0805 7 mm?
IRMS=0.0 A
4. Ccomp2 TDK C2012C0G1H151J Cap= 150.0 pF 1 $0.01 |
Series= COG/NPO VDC=50.0 V 0805 7 mm?
IRMS=0.0 A
5. Ccomp3 Yageo America CCO0805KRX7R9BB183 Cap=18.0 nF 1 $0.01 |
Series= X7R VDC=50.0 V 0805 7 mm®
IRMS=0.0 A
6. Ccomp4 TDK C2012C0G1H151J Cap= 150.0 pF 1 $0.01 |
Series= COG/NPO VDC=50.0V 0805 7 mm®
IRMS=0.0 A
7. Cin MuRata GRM32ER61E226KE15L Cap=22.0 uF 1 $0.16 [ ]
Series= X5R ESR=2.0 mOhm 1210 15 mm2
VDC=25.0V
IRMS=3.67 A
8. Cout_ch1 MuRata GRM188R60J106ME47D Cap=10.0 uF 2 $0.02 n
Series= X5R ESR= 9.0 mOhm 0603 5 mm?
VDC=6.3V
IRMS=2.74 A
9. Cout_ch2 MuRata GRM21BC80G226ME39L Cap=22.0 uF 1 $0.04 |
Series= X6S ESR= 3.578 mOhm 0805 7 mm?
VDC=4.0V
IRMS= 3.29633 A
10. Cres Taiyo Yuden EMK212B7105KG-T Cap=1.0 uF 1 $0.02 ]
Series= X7R VDC=16.0 V 0805 7 mm’
IRMS=0.0 A
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http://search.murata.co.jp/Ceramy/PnsearchViewAction.do?HnOFG%3DON%26HnNFG%3DON%26SEL%5FCNT%3D50%26sLang%3Den%26sKey%3DGRM155R60J104KA01D%26x%3D9%26y%3D9%26search%3Dstartwith
http://search.murata.co.jp/Ceramy/PnsearchViewAction.do?HnOFG%3DON%26HnNFG%3DON%26SEL%5FCNT%3D50%26sLang%3Den%26sKey%3DGRM155R60J104KA01D%26x%3D9%26y%3D9%26search%3Dstartwith
http://www.murata.com/products/catalog/pdf/c02e.pdf
http://media.digikey.com/pdf/Data%20Sheets/TDK%20PDFs/C%5FSeries%5FGeneralAppl%5FB11.pdf
http://www.yageo.com/documents/recent/UPY%2DGPHC%5FX7R%5F6.3V%2Dto%2D50V%5F7.pdf
http://media.digikey.com/pdf/Data%20Sheets/TDK%20PDFs/C%5FSeries%5FGeneralAppl%5FB11.pdf
http://search.murata.co.jp/Ceramy/PnsearchViewAction.do?HnOFG%3DON%26HnNFG%3DON%26SEL%5FCNT%3D50%26sLang%3Den%26sKey%3DGRM32ER61E226KE15L%26x%3D9%26y%3D9%26search%3Dstartwith
http://www.murata.com/products/capacitor/tech%5Fdata/pdf/grm188r60j106m.pdf
http://psearch.en.murata.com/capacitor/result/smd/?status%3Dall%26pid%3DGRM21BC80G226ME39L
http://www.yuden.co.jp/ut/product/pdf/djmk%5Fe.pdf
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Tolerance= 1.0%

2

Name Manufacturer Part Number Properties Qi Price Footprint
. Css1 MuRata GRM155R61A563KA01D Cap=56.0 nF 1 $0.01 -
Series= X5R VDC=10.0V 0402 3 mm’
IRMS=0.0 A
Css2 MuRata GRM155R61A563KA01D Cap=56.0 nF 1 $0.01 =
Series= X5R VDC=10.0V 0402 3 mm®
IRMS=0.0 A
Cvccl MuRata GRM155C80J474KE19D Cap=470.0 nF 1 $0.01 -
Series= X6S VDC=6.3V 0402 3 mm’
IRMS=0.0 A
Cvcc2 MuRata GRM155C80J474KE19D Cap=470.0 nF 1 $0.01 -
Series= X6S VDC=6.3V 0402 3 mm®
IRMS=0.0 A
Cvdd MuRata GRM155C80J474KE19D Cap=470.0 nF 1 $0.01 -
Series= X6S VDC=6.3V 0402 3 mm’
IRMS=0.0 A
D1 ON Semiconductor MBRO0520LT1G VF@lo= 385.0 mV 1 $0.06 4
VRRM=20.0 V SOD-123 13 mm’
D2 ON Semiconductor MBRO0520LT1G VF@lo= 385.0 mV 1 $0.06 dEER
VRRM=20.0V SOD-123 13 mm’
L1 Bourns SDR0403-1R4ML L=1.4pH 1 $0.18 .
DCR= 38.0 mOhm
SDR0403 28 mm®
L2 TDK VLS252010ET-R68N L=680.0 nH 1 $0.15 O
DCR=62.0 mOhm VLS252010ET 11 mm’
M1 Texas Instruments CSD16411Q3 VdsMax= 25.0 V 1 $0.31 .
IdsMax= 56.0 Amps
TRANS_NexFET_Q3 18
mm’
M2 Texas Instruments CSD17579Q3A VdsMax= 30.0 V 1 $0.19 .
IdsMax= 20.0 Amps
TRANS_NexFET_Q3A 18
mm?
M3 Texas Instruments CSD16411Q3 VdsMax= 25.0 V 1 $0.31 .
IdsMax= 56.0 Amps
TRANS_NexFET_Q3 18
mm?
M4 Texas Instruments CSD17579Q3A VdsMax= 30.0 V 1 $0.19 .
IdsMax= 20.0 Amps
TRANS_NexFET_Q3A 18
mm?
R15 Vishay-Dale CRCWO040210ROFKED Res= 10.0 Ohm 1 $0.01 =
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?®
Tolerance= 1.0%
R16 Vishay-Dale CRCWO040210ROFKED Res=10.0 Ohm 1 $0.01 -
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
R17 Vishay-Dale CRCWO040210ROFKED Res= 10.0 Ohm 1 $0.01 =
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
R18 Vishay-Dale CRCWO040210ROFKED Res= 10.0 Ohm 1 $0.01 -
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
R19 Vishay-Dale CRCWO040210ROFKED Res=10.0 Ohm 1 $0.01 -
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
R20 Vishay-Dale CRCWO040210ROFKED Res= 10.0 Ohm 1 $0.01 =
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
Rcomp1  Vishay-Dale CRCWO04023K83FKED Res= 3.83 kOhm 1 $0.01 -
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
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http://search.murata.co.jp/Ceramy/PnsearchViewAction.do?HnOFG%3DON%26HnNFG%3DON%26SEL%5FCNT%3D50%26sLang%3Den%26sKey%3DGRM155R61A563KA01D%26x%3D9%26y%3D9%26search%3Dstartwith
http://search.murata.co.jp/Ceramy/PnsearchViewAction.do?HnOFG%3DON%26HnNFG%3DON%26SEL%5FCNT%3D50%26sLang%3Den%26sKey%3DGRM155R61A563KA01D%26x%3D9%26y%3D9%26search%3Dstartwith
http://search.murata.co.jp/Ceramy/PnsearchViewAction.do?HnOFG%3DON%26HnNFG%3DON%26SEL%5FCNT%3D50%26sLang%3Den%26sKey%3DGRM155C80J474KE19D%26x%3D9%26y%3D9%26search%3Dstartwith
http://search.murata.co.jp/Ceramy/PnsearchViewAction.do?HnOFG%3DON%26HnNFG%3DON%26SEL%5FCNT%3D50%26sLang%3Den%26sKey%3DGRM155C80J474KE19D%26x%3D9%26y%3D9%26search%3Dstartwith
http://search.murata.co.jp/Ceramy/PnsearchViewAction.do?HnOFG%3DON%26HnNFG%3DON%26SEL%5FCNT%3D50%26sLang%3Den%26sKey%3DGRM155C80J474KE19D%26x%3D9%26y%3D9%26search%3Dstartwith
http://www.onsemi.com/pub%5Flink/Collateral/MBR0520LT1%2DD.PDF
http://www.onsemi.com/pub%5Flink/Collateral/MBR0520LT1%2DD.PDF
http://www.bourns.com/data/global/pdfs/SDR0403.pdf
http://product.tdk.com/inductor/ind/en/documents/inductor%5Fcommercial%5Fpower%5Fvls%5Fen.pdf
http://www.ti.com/lit/ds/symlink/csd16411q3.pdf
http://www.ti.com/lit/ds/symlink/csd17579q3a.pdf
http://www.ti.com/lit/ds/symlink/csd16411q3.pdf
http://www.ti.com/lit/ds/symlink/csd17579q3a.pdf
http://www.vishay.com/docs/20035/dcrcwe3.pdf
http://www.vishay.com/docs/20035/dcrcwe3.pdf
http://www.vishay.com/docs/20035/dcrcwe3.pdf
http://www.vishay.com/docs/20035/dcrcwe3.pdf
http://www.vishay.com/docs/20035/dcrcwe3.pdf
http://www.vishay.com/docs/20035/dcrcwe3.pdf
http://www.vishay.com/docs/20035/dcrcwe3.pdf
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Name Manufacturer Part Number Properties Qﬂ Price Footprint
. Rcomp2  Vishay-Dale CRCW04022K26FKED Res= 2.26 kOhm 1 $0.01 -
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
Rfbb2 Yageo America RT0805BRD0710K1L Res= 10.1 kOhm 1 $0.04 ]
Series=? Power= 125.0 mW 0805 7 mm?
Tolerance= 0.1%
Rfbt2 Yageo America RT0805BRD075K05L Res= 5.05 kOhm 1 $0.04 |
Series= ? Power= 125.0 mW 0805 7 mm’
Tolerance= 0.1%
Rsense1  Stackpole Electronics Inc  CSR1206FK10L0 Res= 10.0 mOhm 1 $0.11 [
Series=? Power= 500.0 mW 1206 11 mm?
Tolerance= 1.0%
Rsense2  Stackpole Electronics Inc CSR1206FK10L0 Res= 10.0 mOhm 1 $0.11 [0
Series=? Power= 500.0 mW 1206 11 mm>
Tolerance= 1.0%
u1 Texas Instruments LM5140QRWGRQ1 Switcher 1 $3.90 -
RWGO0040A 64 mm’
Duty Cycle 2 Duty Cycle 1
70.0
375 67.5
65.0
35.0 62.5
60.0
325 575
300 goso
275 b 50.0
5 475
25.0 450
O
2400
]
3%
175 :g'z
15.0 27:5
25.0
125 225
02 03 04 0506 070809101112 13 141516 17 18 19 20 02 03 04 0506 07 0809101112 13 141516 17 18 19 20
Output Current (A) Output Current (A)
==\/in=5.0V==Vin=9.0V==Vin=13.0V ==\/in=5.0V==Vin=9.0V=mVin=13.0V
Vout2 p-p Cin Pd
0.0049 0.0016
00048 0.0015
0.0047 0.0014 //
0.0046 00013 /
0.0045 0.0012
/,
0.0044 0.0011 7/
0.0043 §0.0010 /
0.0042 %’0.0009 //
0.0041 Qg /
50007 /4
0.0039 0.0006 V‘
0.0038 0.0005 / L
0.0037 0.0004 >
0.0036 0.0003 >
0.0002 —
0.0035 :
—"
0.0034 0.0001 p—
0.0000 | e=—

02 03 040506070809101112 1314151617 1819 2.0
Output Current (A)

==\/in=5.0V==Vin=9.0V==Vin=13.0V
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http://www.vishay.com/docs/20035/dcrcwe3.pdf
http://www.yageo.com/documents/recent/PYu%2DRT%5F1%2Dto%2D0.05%5FRoHS%5FL%5F6.pdf
http://www.yageo.com/documents/recent/PYu%2DRT%5F1%2Dto%2D0.05%5FRoHS%5FL%5F6.pdf
http://www.seielect.com/Catalog/SEI%2Dcsr.pdf
http://www.seielect.com/Catalog/SEI%2Dcsr.pdf
http://www.ti.com/product/LM5140%2Dq1
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Operating Values
# Name Value Category Description
1. CinIRMS 858.098 mA Current Input capacitor RMS ripple current
2. Cout_ch1IRMS 239.754 mA Current Output Channel 1 Capacitor RMS ripple current
3. Cout_ch2 IRMS 317.581 mA Current Output Channel 2 Capacitor RMS ripple current
4. lin Avg 714.47 mA Current Average input current
5. L1lpp 830.533 mA Current Peak-to-peak inductor ripple current
6. L1Ilrms 2.014 A Current Inductor ripple current
7. L2Ipp 1.1A Current Inductor 2 peak to peak current
8. L2Imms 1.049 A Current Inductor ripple current
9. M1Irms 1.027 A Current MOSFET RMS ripple current
10. M2Irms 1.716 A Current MOSFET RMS ripple current
11. M3 Irms 383.336 mA Current MOSFET RMS ripple current
12. M4 Irms 923.609 mA Current MOSFET RMS ripple current
13. SW1 Ipk 2415A Current Peak switch current
14. SW2 Ipk 1.55 A Current Peak switch current
15. BOM Count 37 General Total Design BOM count
16. FootPrint 348.0 mm? General Total Foot Print Area of BOM components
17. Frequency 2.2 MHz General Switching frequency
18. IC Tolerance 12.0 mV General IC Feedback Tolerance
19. Pout1 6.6 W General Channel 1 output Power
20. Pout2 1.8 W General Channel 2 output Power
21. Total BOM $6.09 General Total BOM Cost
22. ch1 Mode CCM General Conduction Mode
23. ch2 Mode CCM General Conduction Mode
24. M3 TjOP 33.924 degC Op_Point M3 MOSFET junction temperature
25. M4 TjOP 33.336 degC Op_Point M4 MOSFET junction temperature
26. Duty Cycle 1 26.372 % Op_point Duty cycle for Channel 1
27. Duty Cycle 2 14.695 % Op_point Duty cycle for Channel 2
28. Efficiency 90.438 % Op_point Steady state efficiency
29. ICTj 33.145 degC Op_point IC junction temperature
30. IOUT1_OP 20A Op_point lout1 operating point
31. IOUT2_OP 1.0A Op_point lout2 operating point
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# Name Value Category Description
32. M1TjOP 37.092 degC Op_point M1 MOSFET junction temperature
33. M2TjOP 37.713 degC Op_point M2 MOSFET junction temperature
34. VIN_OP 13.0V Op_point Vin operating point
35. Vout1 OP 3.3V Op_point Operational Voltage 1
36. Vout1 p-p 4.42 mV Op_point Peak-to-peak output1 ripple voltage
37. Vout2 OP 1.8V Op_point Operational Voltage 2
38. Vout2 p-p 4.855 mV Op_point Peak-to-peak output? ripple voltage
39. CinPd 1.473 mW Power Input capacitor power dissipation
40. Cout_ch1 Pd 129.335 pw Power Ouput channel 1 capacitor power dissipation
41. Cout_ch2 Pd 360.868 ywW Power Ouput channel 2 capacitor power dissipation
42. ICPd 90.364 mW Power IC power dissipation
43. L1Pd 190.0 mW Power Inductor power dissipation
44, L2 Pd 77.5 mW Power Inductor power dissipation
45. M1 Pd 128.725 mW Power M1 MOSFET total power dissipation
46. M1 PdCond 12.967 mW Power M1 MOSFET conduction losses
47. M1 PdSw 115.758 mW Power M1 MOSFET switching losses
48. M2 Pd 139.468 mW Power M2 MOSFET total power dissipation
49. M2 PdCond 35.932 mW Power M2 MOSFET conduction losses
50. M2 PdSw 103.536 mW Power M2 MOSFET switching losses
51. M3 Pd 71.309 mW Power M3 MOSFET total power dissipation
52. M3 PdCond 1.787 mW Power M3 MOSFET conduction losses
53. M3 PdSw 69.522 mW Power M3 MOSFET switching losses
54. M3 Rdson 12.293 mOhm Power Drain-Source On-resistance
55. M3 Rdson 12.162 mOhm Power Drain-Source On-resistance
56. M4 Pd 60.434 mW Power M4 MOSFET total power dissipation
57. M4 PdCond 10.214 mW Power M4 MOSFET conduction losses
58. M4 PdSw 50.22 mW Power M4 MOSFET switching losses
59. M4 Rdson 12.2 mOhm Power Drain-Source On-resistance
60. M4 Rdson 11.973 mOhm Power Drain-Source On-resistance
61. Rsensel1 Pd 29.451 mW Power Current Limit Sense Resistor Power Dissipation
62. Rsense2 Pd 8.531 mW Power Current Limit Sense Resistor Power Dissipation
63. Total Pd 888.109 mW Power Total Power Dissipation
64. Cross Freq Ch1 40.429 kHz Bode plot crossover frequency
65. Cross Freq Ch2 27.893 kHz Bode plot crossover frequency
66. Phase Marg Ch1 56.133 deg Bode Plot Phase Margin
67. Phase Marg Ch2 68.03 deg Bode Plot Phase Margin
68. Vout Tolerance 666.67 m% Vout Tolerance based on IC Tolerance (no load) and voltage divider
resistors if applicable
Design Inputs

# Name Value Description

1. lout 2.0 Maximum Output Current

2. lout1 2.0 Output Current #1

3. lout2 1.0 Output Current #2

4. VinMax 13.0 Maximum input voltage

5. VinMin 5.0 Minimum input voltage

6. Vout 3.3 Output Voltage

7. Voutl 3.3 Output Voltage #1

8. Vout2 1.8 Output Voltage #2

9. base_pn LM5140-Q1 Texas Instruments Base Part Number
10. source DC Input Source Type
11. ta 30.0 Ambient temperature

Design Assistance

1. The LM5140-Q1 is qualified for Automotive applications. All passives and other components selected in this design may not be qualified for
Automotive applications. The user is required to verify that all components in the design meet the qualification and safety requirements for their

specific application

2. LM5140-Q1 Product Folder : http://www.ti.com/product/LM5140%2Dq1 : contains the data sheet and other resources.
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WEBENCH® Design

Texas Instruments' WEBENCH simulation tools attempt to recreate the performance of a substantially equivalent physical implementation

of the design. Simulations are created using Texas Instruments' published specifications as well as the published specifications of other

device manufacturers. While Texas Instruments does update this information periodically, this information may not be current at the time the
simulation is built. Texas Instruments does not warrant the accuracy or completeness of the specifications or any information contained therein.
Texas Instruments does not warrant that any designs or recommended parts will meet the specifications you entered, will be suitable for your
application or fit for any particular purpose, or will operate as shown in the simulation in a physical implementation. Texas Instruments does not
warrant that the designs are production worthy.

You should completely validate and test your design implementation to confirm the system functionality for your application prior to
production.

Use of Texas Instruments' WEBENCH simulation tools is subject to Texas Instruments' Site Terms and Conditions of Use. Prototype boards
based on WEBENCH created designs are provided AS IS without warranty of any kind for evaluation and testing purposes and are subject to
the terms of the Evaluation License Agreement.
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