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WEBENCH ®    Design Report

Design : 1194016/2195 TPS40210DGQR
TPS40210DGQR 6.0V-10.0V to 36.04V @ 1.0A

VinMin = 6.0V
VinMax = 10.0V
Vout = 36.0V
Iout = 1.0A

Device = TPS40210DGQR
Topology = Boost
Created = 7/24/16 7:26:55 AM
BOM Cost = $5.84
BOM Count = 23
Total Pd = 1.95W

Cbp
1.0 µF
10.127 mOhm

Cbyp
470.0 nF

Ccomp
18.0 nF

Ccomp2
820.0 pF

Cif lt
180.0 pF

Cin
10.0 µF
4.127 mOhm
Qty=  2

Cout
33.0 µF
25.0 mOhm
Qty=  2

Crc
91.0 pF

Css
56.0 nF

D1
VF@Io=  700.0 mV
VRRM=  60.0 V

L1
15.0 µH
16.9 mOhm

M1
VdsMax=  60.0 V
IdsMax=  40.0 Amps

Rcomp
17.4 kOhm
63.0 mW

Rg
7.15 Ohm
63.0 mW

Rif lt
1000.0 Ohm
63.0 mW

Rrc
309.0 kOhm
63.0 mW

Rsense
10.0 mOhm
500.0 mW

TPS40210

RC
SS

DIS/ EN

COMP FB

GND

ISNS

GDRV

VBP

VDD

PWPD

U1

Vout =  36.0V
Iout =  1.0A

Coutx
1.0 µF
4.402 mOhm

Rfb1
931.0 Ohm
63.0 mW

Rfb2
47.0 kOhm
100.0 mW

Vin

Iout

My Comments
No comments

Electrical BOM
# Name Manufacturer Part Number Properties Qty Price Footprint

1. Cbp MuRata GRM188R61C105KA93D
Series= X5R

Cap= 1.0 uF
ESR= 10.127 mOhm
VDC= 16.0 V
IRMS= 994.63 mA

1 $0.01
0603 5 mm2

2. Cbyp MuRata GRM155R61A474KE15D
Series= X5R

Cap= 470.0 nF
VDC= 10.0 V
IRMS= 0.0 A

1 $0.01
0402 3 mm2

3. Ccomp Yageo America CC0805KRX7R9BB183
Series= X7R

Cap= 18.0 nF
VDC= 50.0 V
IRMS= 0.0 A

1 $0.01
0805 7 mm2

4. Ccomp2 Yageo America CC0805KRX7R9BB821
Series= X7R

Cap= 820.0 pF
VDC= 50.0 V
IRMS= 0.0 A

1 $0.01
0805 7 mm2

5. Ciflt Kemet C0805C181K5GACTU
Series= C0G/NP0

Cap= 180.0 pF
VDC= 50.0 V
IRMS= 0.0 A

1 $0.01
0805 7 mm2

6. Cin MuRata GRM21BR61C106KE15L
Series= X5R

Cap= 10.0 uF
ESR= 4.127 mOhm
VDC= 16.0 V
IRMS= 2.46634 A

2 $0.03
0805 7 mm2

http://psearch.en.murata.com/capacitor/result/smd/?status%3Dall%26pid%3DGRM188R61C105KA93D
http://search.murata.co.jp/Ceramy/PnsearchViewAction.do?HnOFG%3DON%26HnNFG%3DON%26SEL%5FCNT%3D50%26sLang%3Den%26sKey%3DGRM155R61A474KE15D%26x%3D9%26y%3D9%26search%3Dstartwith
http://www.yageo.com/documents/recent/UPY%2DGPHC%5FX7R%5F6.3V%2Dto%2D50V%5F7.pdf
http://www.yageo.com/documents/recent/UPY%2DGPHC%5FX7R%5F6.3V%2Dto%2D50V%5F7.pdf
http://www.kemet.com/docfinder?Partnumber%3DC0805C181K5GACTU
http://psearch.en.murata.com/capacitor/result/smd/?status%3Dall%26pid%3DGRM21BR61C106KE15L
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# Name Manufacturer Part Number Properties Qty Price Footprint

7. Cout Panasonic 63SXV33M
Series= ?

Cap= 33.0 uF
ESR= 25.0 mOhm
VDC= 63.0 V
IRMS= 2.95 A

2 $1.25

CAPSMT_62_E12 106 mm2

8. Coutx MuRata GRM21BR71H105KA12L
Series= X7R

Cap= 1.0 uF
ESR= 4.402 mOhm
VDC= 50.0 V
IRMS= 1.677 A

1 $0.05
0805 7 mm2

9. Crc Samsung Electro-
Mechanics

CL21C910JBANNNC
Series= C0G/NP0

Cap= 91.0 pF
VDC= 50.0 V
IRMS= 0.0 A

1 $0.01
0805 7 mm2

10. Css MuRata GRM155R61A563KA01D
Series= X5R

Cap= 56.0 nF
VDC= 10.0 V
IRMS= 0.0 A

1 $0.01
0402 3 mm2

11. D1 Diodes Inc. B260A-13-F VF@Io= 700.0 mV
VRRM= 60.0 V

1 $0.09

SMA 37 mm2

12. L1 Coilcraft XAL1010-153MEB L= 15.0 µH
DCR= 16.9 mOhm

1 $1.71

XAL1010 160 mm2

13. M1 Infineon Technologies BSZ100N06LS3 G VdsMax= 60.0 V
IdsMax= 40.0 Amps

1 $0.39

PG-TSDSON-8 19 mm2

14. Rcomp Vishay-Dale CRCW040217K4FKED
Series= CRCW..e3

Res= 17.4 kOhm
Power= 63.0 mW
Tolerance= 1.0%

1 $0.01
0402 3 mm2

15. Rfb1 Vishay-Dale CRCW0402931RFKED
Series= CRCW..e3

Res= 931.0 Ohm
Power= 63.0 mW
Tolerance= 1.0%

1 $0.01
0402 3 mm2

16. Rfb2 Yageo America RC0603FR-0747KL
Series= ?

Res= 47.0 kOhm
Power= 100.0 mW
Tolerance= 1.0%

1 $0.01
0603 5 mm2

17. Rg Vishay-Dale CRCW04027R15FKED
Series= CRCW..e3

Res= 7.15 Ohm
Power= 63.0 mW
Tolerance= 1.0%

1 $0.01
0402 3 mm2

18. Riflt Vishay-Dale CRCW04021K00FKED
Series= CRCW..e3

Res= 1000.0 Ohm
Power= 63.0 mW
Tolerance= 1.0%

1 $0.01
0402 3 mm2

19. Rrc Vishay-Dale CRCW0402309KFKED
Series= CRCW..e3

Res= 309.0 kOhm
Power= 63.0 mW
Tolerance= 1.0%

1 $0.01
0402 3 mm2

20. Rsense Stackpole Electronics Inc CSR1206FK10L0
Series= ?

Res= 10.0 mOhm
Power= 500.0 mW
Tolerance= 1.0%

1 $0.11

1206 11 mm2

21. U1 Texas Instruments TPS40210DGQR Switcher 1 $0.80

S-PDSO-G10 24 mm2

http://psearch.en.murata.com/capacitor/result/smd/?status%3Dall%26pid%3DGRM21BR71H105KA12L
http://www.samsungsem.com/servlet/FileDownload?type%3Dspec%26file%3DCL21C910JBANNNC.pdf
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://www.diodes.com/datasheets/ds13004.pdf
http://www.coilcraft.com/pdfs/xal1010.pdf
http://www.infineon.com/dgdl/BSZ100N06LS3%5Frev2.3.pdf?folderId%3Ddb3a30431ddc9372011ebafa04517f8b%26fileId%3Ddb3a30431ddc9372011ebb132c97000a
http://www.vishay.com/docs/20035/dcrcwe3.pdf
http://www.vishay.com/docs/20035/dcrcwe3.pdf
http://www.yageo.com/documents/recent/PYu%2DRC0603%5F51%5FRoHS%5FL%5F7.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.seielect.com/Catalog/SEI%2Dcsr.pdf
http://www.ti.com/product/TPS40210
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IC Tj

Vin= 6.0V Vin= 8.0V Vin= 10.0V

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Output Current (A)

34.25

34.50

34.75

35.00

35.25

35.50

35.75
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C

)
Duty Cycle

Vin= 6.0V Vin= 8.0V Vin= 10.0V

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Output Current (A)
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Cin IRMS

Vin= 6.0V Vin= 8.0V Vin= 10.0V

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Output Current (A)

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

0.230

0.235

0.240

0.245

0.250

C
in

 I
R

M
S(

A
)

L Pd

Vin= 6.0V Vin= 8.0V Vin= 10.0V

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Output Current (A)

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

0.80

L 
P

d
(W

)

Rfb Pd

Vin= 6.0V Vin= 8.0V Vin= 10.0V

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Output Current (A)

0.027096496

0.027096497

0.027096498

0.027096499

0.027096500

0.027096501

0.027096502

0.027096503

0.027096504

0.027096505

R
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 P
d

(W
)

D1 Tj

Vin= 6.0V Vin= 8.0V Vin= 10.0V

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Output Current (A)

30.0

32.5

35.0

37.5

40.0
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45.0

47.5

50.0

D
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j(

d
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C
)
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Efficiency

Vin= 6.0V Vin= 8.0V Vin= 10.0V

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Output Current (A)

85.0

85.5

86.0

86.5

87.0

87.5

88.0

88.5

89.0

89.5

90.0

90.5

91.0

91.5

92.0

92.5

93.0

93.5

94.0

E
ff

ic
ie

n
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(%
)

Vout Actual

Vin= 6.0V Vin= 8.0V Vin= 10.0V

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Output Current (A)

36.038345860

36.038345861

36.038345862

36.038345863

36.038345864

36.038345865

36.038345866

36.038345867

36.038345868

36.038345869

V
o

u
t 

A
ct

u
al

(V
)

M1 TjOP

Vin= 6.0V Vin= 8.0V Vin= 10.0V

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Output Current (A)
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M
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P
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C

)

Vout p- p

Vin= 6.0V Vin= 8.0V Vin= 10.0V

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Output Current (A)

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.10

V
o

u
t 

p
-

p
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)

Coutx IRMS

Vin= 6.0V Vin= 8.0V Vin= 10.0V

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Output Current (A)

0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

0.040

0.045

0.050

0.055

0.060

0.065

0.070

0.075

C
o

u
tx

 I
R

M
S(

A
)

Coutx Pd

Vin= 6.0V Vin= 8.0V Vin= 10.0V

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Output Current (A)

0.0000000

0.0000025

0.0000050

0.0000075

0.0000100

0.0000125

0.0000150

0.0000175

0.0000200

0.0000225

0.0000250

C
o

u
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d

(W
)
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M1 PdCond

Vin= 6.0V Vin= 8.0V Vin= 10.0V

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Output Current (A)

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

M
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d

C
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d
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)

Cin Pd

Vin= 6.0V Vin= 8.0V Vin= 10.0V

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Output Current (A)

0.000055

0.000060

0.000065

0.000070

0.000075

0.000080

0.000085

0.000090

0.000095

0.000100

0.000105

0.000110

0.000115

0.000120

0.000125

0.000130

C
in

 P
d

(W
)

Cout Pd

Vin= 6.0V Vin= 8.0V Vin= 10.0V

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Output Current (A)

0.000

0.005

0.010

0.015

0.020

0.025

0.030
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0.040

0.045

0.050

0.055

C
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t 

P
d

(W
)

M1 Pd

Vin= 6.0V Vin= 8.0V Vin= 10.0V

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Output Current (A)

0.00
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2.75

3.00

3.25

3.50

3.75

4.00

4.25

M
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)

M1 Irms

Vin= 6.0V Vin= 8.0V Vin= 10.0V
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Output Current (A)
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L1 Irms

Vin= 6.0V Vin= 8.0V Vin= 10.0V

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
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Pout

Vin= 6.0V Vin= 8.0V Vin= 10.0V

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Output Current (A)

2.5

5.0

7.5

10.0

12.5

15.0

17.5

20.0

22.5

25.0

27.5

30.0

32.5

35.0

37.5

P
o

u
t(

W
)

SW Ipk

Vin= 6.0V Vin= 8.0V Vin= 10.0V

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Output Current (A)
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)

Iin Avg

Vin= 6.0V Vin= 8.0V Vin= 10.0V

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Output Current (A)
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)

Total Pd

Vin= 6.0V Vin= 8.0V Vin= 10.0V

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Output Current (A)
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Cout IRMS

Vin= 6.0V Vin= 8.0V Vin= 10.0V
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L Ipp
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IC Pd

Vin= 6.0V Vin= 8.0V Vin= 10.0V

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Output Current (A)
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Diode Pd

Vin= 6.0V Vin= 8.0V Vin= 10.0V
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Output Current (A)

0.00
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)

M1 Rdson

Vin= 6.0V Vin= 8.0V Vin= 10.0V

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Output Current (A)

0.017899995

0.017899996

0.017899997

0.017899998
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0.017900001

0.017900002
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0.017900005
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m
)

M1 ThetaJA

Vin= 6.0V Vin= 8.0V Vin= 10.0V

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Output Current (A)
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20.000000002
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20.000000005
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M1 PdSw

Vin= 6.0V Vin= 8.0V Vin= 10.0V
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Loop Response

Gain Phase +  180

10 1,000 100,000

Frequency

- 80

- 70

- 60

- 50

- 40

- 30

- 20

- 10

0

10

20

30

40

50

60

70

80

G
ai

n
(d

B
)

- 150

- 125

- 100

- 75

- 50

- 25

0

25

50

75

100

P
h

ase +
 1

8
0

(d
eg

ree)

Operating Values
# Name Value Category Description
1. Cin IRMS 189.005 mA Current Input capacitor RMS ripple current
2. Cout IRMS 2.163 A Current Output capacitor RMS ripple current
3. Coutx IRMS 70.966 mA Current Output capacitor_x RMS ripple current
4. Iin Avg 6.325 A Current Average input current
5. L Ipp 654.73 mA Current Peak-to-peak inductor ripple current
6. L1 Irms 6.12 A Current Inductor ripple current
7. M1 Irms 6.551 A Current M1 MOSFET Irms
8. SW Ipk 6.444 A Current Peak switch current
9. BOM Count 23 General Total Design BOM count

10. FootPrint 541.0 mm2 General Total Foot Print Area of BOM components
11. Frequency 512.777 kHz General Switching frequency
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# Name Value Category Description
12. IC Tolerance 10.0 mV General IC Feedback Tolerance
13. M1 Rdson 17.9 mOhm General Drain-Source On-resistance
14. M1 ThetaJA 20.0 degC/W General MOSFET junction-to-ambient thermal resistance
15. Pout 36.0 W General Total output power
16. Total BOM $5.84 General Total BOM Cost
17. D1 Tj 47.5 degC Op_Point D1 junction temperature
18. Low Freq Gain 77.725 dB Op_Point Gain at 10Hz
19. Vout Actual 36.038 V Op_Point Vout Actual calculated based on selected voltage divider resistors
20. Vout OP 36.038 V Op_Point Operational Output Voltage
21. Cross Freq 2.395 kHz Op_point Bode plot crossover frequency
22. Duty Cycle 84.167 % Op_point Duty cycle
23. Efficiency 94.857 % Op_point Steady state efficiency
24. Gain Marg -11.693 dB Op_point Bode Plot Gain Margin
25. IC Tj 34.09 degC Op_point IC junction temperature
26. ICThetaJA 57.7 degC/W Op_point IC junction-to-ambient thermal resistance
27. IOUT_OP 1.0 A Op_point Iout operating point
28. M1 TjOP 106.96 degC Op_point M1 MOSFET junction temperature
29. Phase Marg 55.132 deg Op_point Bode Plot Phase Margin
30. VIN_OP 6.0 V Op_point Vin operating point
31. Vout p-p 96.557 mV Op_point Peak-to-peak output ripple voltage
32. Cin Pd 73.714 µW Power Input capacitor power dissipation
33. Cout Pd 58.493 mW Power Output capacitor power dissipation
34. Coutx Pd 22.169 µW Power Output capacitor_x power loss
35. Diode Pd 700.0 mW Power Diode power dissipation
36. IC Pd 70.89 mW Power IC power dissipation
37. L Pd 759.472 mW Power Inductor power dissipation
38. M1 Pd 3.848 W Power M1 MOSFET total power dissipation
39. M1 PdCond 1.121 W Power M1 MOSFET conduction losses
40. M1 PdSw 2.727 W Power M1 MOSFET switching losses
41. Rfb Pd 27.039 mW Power Rfb Power Dissipation
42. Total Pd 1.952 W Power Total Power Dissipation
43. Vout Tolerance 3.438 % Vout Tolerance based on IC Tolerance (no load) and voltage divider

resistors if applicable

Design Inputs
# Name Value Description
1. Iout 1.0 Maximum Output Current
2. VinMax 10.0 Maximum input voltage
3. VinMin 6.0 Minimum input voltage
4. Vout 36.0 Output Voltage
5. base_pn TPS40210 Base Product Number
6. source DC Input Source Type
7. Ta 30.0 Ambient temperature

Design Assistance
1. TPS40210 Product Folder : http://www.ti.com/product/TPS40210 : 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.
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