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WEBENCH ®    Design Report

Design : 4766016/2 LM3409MY/NOPB
LM3409MY/NOPB 24.0V-32.0V to 3.50V @ 0.35A

VinMin = 24.0V
VinMax = 32.0V
Vout = 3.5V
Iout = 0.35A

Device = LM3409MY/NOPB
Topology = Buck
Created = 8/11/16 11:43:19 PM
BOM Cost = $0.00
BOM Count = 13
Total Pd = 0.5W

Cout
4.7 µF
3.0 mOhm

Cbyp
1.0 µF

Cin
1.0 µF
8.97 mOhm
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470.0 pF

D1
VF@Io=  570.0 mV
VRRM=  60.0 V
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100.0 µH
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IdsMax=  - 3.0 Amps
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1. Bypass Capacitor Connection : WEBENCH schematic configured for the selected PFET's total gate charge (Qg). If the Qg value is > 30 nC,
the Bypass Capacitor(Cbyp or CF) is connected from the VCC pin to CSN pin instead of the typically connected from VCC to Vin when Qg <
30nC.

Electrical BOM
# Name Manufacturer Part Number Properties Qty Price Footprint

1. Cbyp Taiyo Yuden EMK212B7105KG-T
Series= X7R

Cap= 1.0 uF
VDC= 16.0 V
IRMS= 0.0 A

1 $0.02
0805 7 mm2

2. Cin TDK C3216X5R1H105K
Series= X5R

Cap= 1.0 uF
ESR= 8.97 mOhm
VDC= 50.0 V
IRMS= 0.0 A

1 $0.02

1206 11 mm2

3. Coff Yageo America CC0805KRX7R9BB471
Series= X7R

Cap= 470.0 pF
VDC= 50.0 V
IRMS= 0.0 A

1 $0.01
0805 7 mm2

4. Cout MuRata GRM31CR71H475KA12L
Series= X7R

Cap= 4.7 uF
ESR= 3.0 mOhm
VDC= 50.0 V
IRMS= 4.98 A

1 $0.07

1206 11 mm2

5. D1 NXP Semiconductor PMEG6010CEH,115 VF@Io= 570.0 mV
VRRM= 60.0 V

1 $0.04

SOD-123F 12 mm2

6. D_LED CUSTOM CUSTOM LED 1 NA
CUSTOM 0 mm2

7. L1 Bourns SRN6045-101M L= 100.0 µH
DCR= 494.0 mOhm

1 $0.16

SRN6045 64 mm2

8. M1 Fairchild Semiconductor FDC5614P VdsMax= -60.0 V
IdsMax= -3.0 Amps

1 $0.23

SOT-23-6 15 mm2

9. Roff Vishay-Dale CRCW040214K7FKED
Series= CRCW..e3

Res= 14.7 kOhm
Power= 63.0 mW
Tolerance= 1.0%

1 $0.01
0402 3 mm2

http://www.yuden.co.jp/ut/product/pdf/djmk%5Fe.pdf
http://www.tdk.co.jp/tefe02/e4041%5Fc.pdf
http://www.yageo.com/documents/recent/UPY%2DGPHC%5FX7R%5F6.3V%2Dto%2D50V%5F7.pdf
http://search.murata.co.jp/Ceramy/PnsearchViewAction.do?HnOFG%3DON%26HnNFG%3DON%26SEL%5FCNT%3D50%26sLang%3Den%26sKey%3DGRM31CR71H475KA12L%26x%3D9%26y%3D9%26search%3Dstartwith
http://www.nxp.com/documents/data%5Fsheet/PMEG6010CEH%5FPMEG6010CEJ.pdf
http://www.bourns.com/data/global/pdfs/SRN6045.pdf
http://www.fairchildsemi.com/ds/FD/FDC5614P.pdf
http://www.vishay.com/docs/20035/dcrcwe3.pdf
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# Name Manufacturer Part Number Properties Qty Price Footprint

10. Rsns Panasonic ERJ-3RQFR56V
Series= ERJ-3R

Res= 560.0 mOhm
Power= 100.0 mW
Tolerance= 1.0%

1 $0.02
0603 5 mm2

11. Ruv1 Vishay-Dale CRCW040216K5FKED
Series= CRCW..e3

Res= 16.5 kOhm
Power= 63.0 mW
Tolerance= 1.0%

1 $0.01
0402 3 mm2

12. Ruv2 Vishay-Dale CRCW040249K9FKED
Series= CRCW..e3

Res= 49.9 kOhm
Power= 63.0 mW
Tolerance= 1.0%

1 $0.01
0402 3 mm2

13. U1 Texas Instruments LM3409MY/NOPB Switcher 1 $0.70

MUC10A 24 mm2
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http://www.panasonic.com/industrial/components/pdf/AOA0000CE3.pdf
http://www.vishay.com/docs/20035/dcrcwe3.pdf
http://www.vishay.com/docs/20035/dcrcwe3.pdf
http://www.ti.com/product/LM3409


WEBENCH®  Design

Copyright © 2016, Texas Instruments Incorporated 3 ti.com/webench

WEBENCH®  Design Report LM3409MY/NOPB : LM3409MY/NOPB 24.0V-32.0V to 3.50V @ 0.35A August 11, 2016 23:44:46 GMT-07:00

D1 Tj

Vin= 32.0V

24 25 26 27 28 29 30 31 32

Input Voltage (V)

67.1
67.2
67.3
67.4
67.5
67.6
67.7
67.8
67.9
68.0
68.1
68.2
68.3
68.4
68.5
68.6
68.7
68.8
68.9
69.0

D
1

 T
j(

d
eg

C
)

LED Rd

Vin= 32.0V

24 25 26 27 28 29 30 31 32

Input Voltage (V)

0.799999995

0.799999996

0.799999997

0.799999998

0.799999999

0.800000000

0.800000001

0.800000002

0.800000003

0.800000004

0.800000005

LE
D

 R
d

(O
h

m
)

Efficiency

Vin= 32.0V

24 25 26 27 28 29 30 31 32

Input Voltage (V)

70.75

71.00

71.25

71.50

71.75

72.00

72.25

72.50

72.75

73.00

73.25

73.50

73.75

74.00

E
ff

ic
ie

n
cy

(%
)

Toff

Vin= 32.0V

24 25 26 27 28 29 30 31 32

Input Voltage (V)

3.150578907

3.150578908

3.150578909

3.150578910

3.150578911

3.150578912

3.150578913

3.150578914

3.150578915

3.150578916

T
o

ff
(u

s)

M1 PdCond

Vin= 32.0V

24 25 26 27 28 29 30 31 32

Input Voltage (V)

- 0.000000005

- 0.000000004

- 0.000000003

- 0.000000002

- 0.000000001

0.000000000

0.000000001

0.000000002

0.000000003

0.000000004

0.000000005

M
1

 P
d

C
o

n
d

(W
)

Cin Pd

Vin= 32.0V

24 25 26 27 28 29 30 31 32

Input Voltage (V)

0.0001150

0.0001175

0.0001200

0.0001225

0.0001250

0.0001275

0.0001300

0.0001325

0.0001350

0.0001375

0.0001400

0.0001425

0.0001450

0.0001475

C
in

 P
d

(W
)



WEBENCH®  Design

Copyright © 2016, Texas Instruments Incorporated 4 ti.com/webench

WEBENCH®  Design Report LM3409MY/NOPB : LM3409MY/NOPB 24.0V-32.0V to 3.50V @ 0.35A August 11, 2016 23:44:46 GMT-07:00

M1 Pd

Vin= 32.0V

24 25 26 27 28 29 30 31 32

Input Voltage (V)

0.0105

0.0110

0.0115

0.0120

0.0125

0.0130

0.0135

0.0140

0.0145

0.0150

0.0155

0.0160

0.0165

M
1

 P
d

(W
)

Rsns Pd

Vin= 32.0V

24 25 26 27 28 29 30 31 32

Input Voltage (V)

0.068599995

0.068599996

0.068599997

0.068599998

0.068599999

0.068600000

0.068600001

0.068600002

0.068600003

0.068600004

R
sn

s 
P

d
(W

)

LED Vf

Vin= 32.0V

24 25 26 27 28 29 30 31 32

Input Voltage (V)

3.499999995

3.499999996

3.499999997

3.499999998

3.499999999

3.500000000

3.500000001

3.500000002

3.500000003

3.500000004

LE
D

 V
f(

V
)

LED Pd

Vin= 32.0V

24 25 26 27 28 29 30 31 32

Input Voltage (V)

1.224999995

1.224999996

1.224999997

1.224999998

1.224999999

1.225000000

1.225000001

1.225000002

1.225000003

1.225000004

LE
D

 P
d

(W
)

Pout

Vin= 32.0V

24 25 26 27 28 29 30 31 32

Input Voltage (V)

1.224999995

1.224999996

1.224999997

1.224999998

1.224999999

1.225000000

1.225000001

1.225000002

1.225000003

1.225000004

P
o

u
t(

W
)

SW Ipk

Vin= 32.0V

24 25 26 27 28 29 30 31 32

Input Voltage (V)

0.405135126

0.405135127

0.405135128

0.405135129

0.405135130

0.405135131

0.405135132

0.405135133

0.405135134

0.405135135

SW
 I

p
k

(A
)



WEBENCH®  Design

Copyright © 2016, Texas Instruments Incorporated 5 ti.com/webench

WEBENCH®  Design Report LM3409MY/NOPB : LM3409MY/NOPB 24.0V-32.0V to 3.50V @ 0.35A August 11, 2016 23:44:46 GMT-07:00

Iin Avg

Vin= 32.0V

24 25 26 27 28 29 30 31 32

Input Voltage (V)

0.053

0.054

0.055

0.056

0.057

0.058

0.059

0.060

0.061

0.062

0.063

0.064

0.065

0.066

0.067

0.068

0.069

Ii
n

 A
vg

(A
)

LED Ipp

Vin= 32.0V

24 25 26 27 28 29 30 31 32

Input Voltage (V)

0.110270257

0.110270258

0.110270259

0.110270260

0.110270261

0.110270262

0.110270263

0.110270264

0.110270265

0.110270266

LE
D

 I
p

p
(A

)

Total Pd

Vin= 32.0V

24 25 26 27 28 29 30 31 32

Input Voltage (V)

0.425

0.430

0.435

0.440

0.445

0.450

0.455

0.460

0.465

0.470

0.475

0.480

0.485

0.490

0.495

0.500

0.505

T
o

ta
l 

P
d

(W
)

L Ipp

Vin= 32.0V

24 25 26 27 28 29 30 31 32

Input Voltage (V)

0.110270257

0.110270258

0.110270259

0.110270260

0.110270261

0.110270262

0.110270263

0.110270264

0.110270265

0.110270266

L 
Ip

p
(A

)

IC Pd

Vin= 32.0V

24 25 26 27 28 29 30 31 32

Input Voltage (V)

0.160

0.165

0.170

0.175

0.180

0.185

0.190

0.195

0.200

0.205

0.210

0.215

0.220

0.225

IC
 P

d
(W

)

Diode Pd

Vin= 32.0V

24 25 26 27 28 29 30 31 32

Input Voltage (V)

0.1125

0.1130

0.1135

0.1140

0.1145

0.1150

0.1155

0.1160

0.1165

0.1170

0.1175

0.1180

D
io

d
e 

P
d

(W
)



WEBENCH®  Design

Copyright © 2016, Texas Instruments Incorporated 6 ti.com/webench

WEBENCH®  Design Report LM3409MY/NOPB : LM3409MY/NOPB 24.0V-32.0V to 3.50V @ 0.35A August 11, 2016 23:44:46 GMT-07:00

M1 Tj

Vin= 32.0V

24 25 26 27 28 29 30 31 32

Input Voltage (V)

30.80

30.85

30.90

30.95

31.00

31.05

31.10

31.15

31.20

31.25

31.30

M
1

 T
j(

d
eg

C
)

LED Iavg

Vin= 32.0V

24 25 26 27 28 29 30 31 32

Input Voltage (V)

0.349999995

0.349999996

0.349999997

0.349999998

0.349999999

0.350000000

0.350000001

0.350000002

0.350000003

0.350000004

0.350000005

LE
D

 I
av

g
(A

)

M1 PdSw

Vin= 32.0V

24 25 26 27 28 29 30 31 32

Input Voltage (V)

0.0105

0.0110

0.0115

0.0120

0.0125

0.0130

0.0135

0.0140

0.0145

0.0150

0.0155

0.0160

0.0165

M
1

 P
d

Sw
(W

)

Operating Values
# Name Value Category Description
1. Cin IRMS 113.7 mA Current Input capacitor RMS ripple current
2. Iin Avg 54.027 mA Current Average input current
3. L Ipp 110.27 mA Current Peak-to-peak inductor ripple current
4. LED Iavg 350.0 mA Current LED Average Current
5. LED Ipp 14.821 mA Current LED Ripple Current
6. SW Ipk 405.135 mA Current Peak switch current
7. BOM Count 13 General Total Design BOM count
8. FootPrint 163.0 mm2 General Total Foot Print Area of BOM components
9. Frequency 279.342 kHz General Switching frequency

10. IC Tolerance 54.0 mV General IC Feedback Tolerance
11. Mode CCM General Conduction Mode
12. Pout 1.225 W General Total output power
13. Toff 3.151 us General Fixed Off Time
14. Total BOM $0.0 General Total BOM Cost
15. D1 Tj 68.939 degC Op_Point D1 junction temperature
16. Vout OP 3.5 V Op_Point Operational Output Voltage
17. Duty Cycle 11.991 % Op_point Duty cycle
18. Efficiency 70.856 % Op_point Steady state efficiency
19. IC Tj 41.245 degC Op_point IC junction temperature
20. ICThetaJA 50.0 degC/W Op_point IC junction-to-ambient thermal resistance
21. IOUT_OP 350.0 mA Op_point Iout operating point
22. LED Rd 800.0 mOhm Op_point LED DynamicResistance
23. LED Vf 3.5 V Op_point Total LED Forward Calculated Voltage
24. M1 Tj 31.294 degC Op_point MOSFET junction temperature
25. M1 Tj 31.294 degC Op_point MOSFET junction temperature
26. VIN_OP 32.0 V Op_point Vin operating point
27. Cin Pd 115.961 µW Power Input capacitor power dissipation
28. Diode Pd 117.997 mW Power Diode power dissipation
29. IC Pd 224.901 mW Power IC power dissipation
30. L Pd 75.644 mW Power Inductor power dissipation
31. LED Pd 1.225 W Power LED Power Dissipation
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# Name Value Category Description
32. M1 Pd 16.595 mW Power M1 MOSFET total power dissipation
33. M1 PdCond 0.0 W Power M1 MOSFET conduction losses
34. M1 PdSw 16.595 mW Power M1 MOSFET switching losses
35. Rsns Pd 68.6 mW Power LED Power Dissipation
36. Total Pd 503.86 mW Power Total Power Dissipation
37. Vout Tolerance 1.543 % Vout Tolerance based on IC Tolerance (no load) and voltage divider

resistors if applicable

Design Inputs
# Name Value Description
1. Iout 350.0 m Maximum Output Current
2. VinMax 32.0 Maximum input voltage
3. VinMin 24.0 Minimum input voltage
4. Vout 3.5 Output Voltage
5. application LED_DRIVER LED Application
6. base_pn LM3409 Base Product Number
7. LED_Architect N LED Architect Project
8. ledparallel 1.0 Number of LED in parallel
9. ledpartnumber Custom LED Part number

10. ledseries 1.0 Number of LED in series
11. line_fsw 60.0 AC Line Frequency
12. source DC Input Source Type
13. Ta 30.0 Ambient temperature

Design Assistance
1. Application Hints Bypass Capacitor Connection WEBENCH schematic configured for the selected PFET's total gate charge (Qg)If the Qg
value is > 30 nC, the Bypass Capacitor(Cbyp or CF) is connected from the VCC pin to CSN pin instead of typically connected from VCC to Vin
when Qg < 30nC. Please see the datasheet for further design guidance. http://www.ti.com/lit/ds/symlink/LM3409HV.pdf

2. LM3409 Product Folder : http://www.ti.com/product/LM3409 : contains the data sheet and other resources.

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.

http://www.ti.com/product/LM3409
http://www.ti.com/corp/docs/legal/termsofuse.shtml
http://www.ti.com/corp/docs/legal/termsofuse_estore.shtml

