[ ] A Project 402 (r -08-00 14:48:85.708

I3 TEXAS g 3 E-
INSTRUMENTS \

WEBENCH® Power Architect

SPRLY 3

s *» L £ oeomn
LM43603

Project Report

Project : 345212/24 : PA_Project_402 (modified from 401)
Created : 2017-06-09 14:48:35.766
Optimize project optFactor=4

Project Summary

1. Total System Efficiency 86.288 %

2. Total System BOM Count 55.0

3. Total System Footprint 2.459 kmm2
4. Total System BOM Cost $0.00

5. Total System Power Dissipation 2.701 W

--> Launch WEBENCH Power Architect.

My Comments
No comments

Sequencer Flag Table

Supply Sequencer Flag Load Load Name
SUPPLY_2 0 LOAD_1 LOAD #1
SUPPLY_3 0 LOAD_2 LOAD #2
SUPPLY_1 NA

Power Supplies

# Name NSID Description Vout lout Efficiency Foot- Cost Design Page
print
1. SUPPLY_1 UCC28740 Switcher : Flyback Controller with  24.0V  0.663 A 89.9% 1696 $9.77 246 14
Opto-coupler Feedback
2. SUPPLY_2 TPS54335A Switcher : 28V, 3A, Low Iq, 12V 1.0A 98.2% 747 $6.85 244 4

Synchronous, monolithic buck
converter with Eco-mode

3. SUPPLY_3 LM43603 Switcher : SIMPLE SWITCHER 5V 1.0A 94.7% 349 $3.56 245 9
Buck Regulator

Power Loads

# Name VLoad ILoad Description
1. LOAD #1 12V 1A VoutRipple=5%
2. LOAD #2 5V 1A VoutRipple=5%
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Project Diagram

WEBENCH® Power Architect Project ID : 24 PA_Project_402 (modified from 401) Power Architect 2017-06- 09 14:48:35.766
SOURCE AC 1 SUPPLY_1 SUPRLY 2
i LOAD_1
0V 280V 0.25A NaNA 24.0V, 0.66A 0.47A {‘; [12v. 2.0 oo
TPS54335A
SUPPLY_3
i LOAD_2
0.2A i 5V, 1.0A =
b ——————— JloaD#2
LM43603
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Electrical Procurement BOM

Manufacturer Part Number Description Quantity Budgetary Price Footprint
(mm?)
Panasonic 35SVPF22M CAPSMT_62_F61 1 $0.45 74
Panasonic 35SVPF82M CAPSMT_62_E12 1 $0.64 106
Kemet CO0805C104K5RACTU 0805 2 $0.01 14
Yageo America CCO0805KRX7R8BB104 0805 2 $0.01 14
Yageo America CCO0805KRX7R9BB561 0805 1 $0.01 7
Bourns CD214B-F3600 SMB 1 $0.14 44
Samsung Electro-MechanicsCL21C200JBANNNC 0805 1 $0.01 7
Vishay-Dale CRCWO0402115KFKED 0402 1 $0.01 3
Vishay-Dale CRCWO040212K7FKED 0402 1 $0.01 3
Vishay-Dale CRCWO0402178KFKED 0402 1 $0.01 3
Vishay-Dale CRCWO040219K6FKED 0402 1 $0.01 3
Vishay-Dale CRCWO04021K02FKED 0402 1 $0.01 3
Vishay-Dale CRCWO04021K30FKED 0402 1 $0.01 3
Vishay-Dale CRCWO04021K43FKED 0402 1 $0.01 3
Vishay-Dale CRCWO04021MO00FKED 0402 1 $0.01 3
Vishay-Dale CRCWO0402205KFKED 0402 2 $0.01 6
Vishay-Dale CRCWO040224K3FKED 0402 1 $0.01 3
Vishay-Dale CRCWO0402255KFKED 0402 1 $0.01 3
Vishay-Dale CRCWO040238K3FKED 0402 1 $0.01 3
Vishay-Dale CRCWO04027K15FKED 0402 1 $0.01 3
Vishay-Dale CRCW121810R0OFKEK 1218 1 $0.13 24
CUSTOM CUSTOM CUSTOM 2 $0.00 0
Vishay-Semiconductor DF10SA DF-S 1 $0.24 99
Panasonic EEUED2G470S CAPPR7.5-18X20 2 $0.71 800
Panasonic ELL-6UH471M ELL6UH 1 $0.30 67
Panasonic ERJ-6ENF1003V 0805 1 $0.01 7
Panasonic ERJ-8RQFR82V 1206 1 $0.03 11
MuRata GRM155R60J225ME15D 0402 1 $0.02 3
MuRata GRM155R60J474KE19D 0402 1 $0.01 3
MuRata GRM155R71H182KA01D 0402 1 $0.01 3
MuRata GRM219C81A475KE34D 0805 1 $0.03 7
MuRata GRM31CR71H475KA12L 1206 1 $0.07 11
MuRata GRM31MR71H105KA88L 1206 1 $0.03 11
MuRata GRM32ER61A476KE20L 1210 280 1 $0.26 15
MuRata GRM32ER61E226KE15L 1210 3 $0.18 15
MuRata GRM32ER71H475KA88L 1210 1 $0.21 15
Coiltronics HC1-100-R HC1 1 $1.32 225
Texas Instruments LM43603PWPR PWPO0O016F 1 $1.85 59
California Eastern PS2811-1 SSOP-4 1 $0.41 111
Laboratories
Yageo America RCO0603FR-0722RL 0603 1 $0.01 5
Yageo America RCO0603FR-07330KL 0603 1 $0.01 5
TDK SLF12565T-101M1R6-PF SLF12565 1 $0.70 210
Diodes Inc. SMBJ120A-13-F SMB 1 $0.10 44
STMicroelectronics STD16N65M5 DPAK 1 $2.23 102
Texas Instruments TL431AIDBZR DBZ0003A 1 $0.08 14
Texas Instruments TPS54335ADDAR R-PDSO- 1 $0.85 55
G8
Texas Instruments UCC28740DR R-PDSO- 1 $0.37 55
G7
SMC Diode Solutions UF4004TA DO-41 1 $0.04 43
Total 55 $12.70 2323.3814
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Design : 345212/244 TPS54335ADDAR

TPS54335ADDAR 21.6V-26.4V to 12.00V @ 1.0A

Design Report

Vout = 12.0V
lout = 1.0A

Device = TPS54335ADDAR
Topology = Buck

Created = 2017-06-09 14:48:32.960
BOM Cost = $2.62

BOM Count = 14

Total Pd = 0.49W

Vout = 12.0V
lout = 1.0A
Cboot
%OPIOm"OFhm
VIN BOOT —‘| L
1230 fohm
. TPS54335A o Py
(V8
gwn . %gtj kOhm
= —Cin 125.0 mW
228 RT VSENSE VW
COMP
——Cinx e o
. T ; i O
1.4gTopnm v ::gou:m
; Rt ssomw _L_ccomp2 2.0 mOhm
178.0 kOhm 181F Qy=3
63.0 mW
Ccomp
Tmo.o nF
=
Electrical BOM
# Name Manufacturer Part Number Properties Qty Price Footprint
1. Chboot Kemet CO0805C104K5RACTU Cap=100.0 nF 1 $0.01 |
Series= X7R ESR= 64.0 mOhm 0805 7 mm’
VDC=50.0 V
IRMS=1.64 A
2. Ccomp Yageo America CCO805KRX7R8BB104 Cap= 100.0 nF 1 $0.01 ]
Series= X7R VDC=25.0V 0805 7 mm’
IRMS=0.0 A
3. Ccomp2 MuRata GRM155R71H182KA01D Cap=1.8 nF 1 $0.01 =
Series= X7R VDC=50.0 V 0402 3 mm?
IRMS=0.0 A
4. Cin Panasonic 35SVPF22M Cap=22.0 uF 1 $0.45
Series=? ESR= 35.0 mOhm
VDC=35.0V
IRMS=2.6 A CAPSMT_62_F61 74 mm’
5. Cinx Kemet CO0805C104K5RACTU Cap=100.0 nF 1 $0.01 |
Series= X7R ESR= 64.0 mOhm 0805 7 mm?
VDC=50.0 V
IRMS=1.64 A
6. Cout MuRata GRM32ER61E226KE15L Cap=22.0 uF 3 $0.18 [ |
Series= X5R ESR= 2.0 mOhm 1210 15 mmz
VDC=25.0V
IRMS=3.67 A
7. L1 TDK SLF12565T-101M1R6-PF L=100.0 pH 1 $0.70
DCR= 123.0 mOhm
SLF12565 210 mm’
8. Rcomp Vishay-Dale CRCWO04021K43FKED Res= 1.43 kOhm 1 $0.01 =
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
9. Rfbb Vishay-Dale CRCWO04027K15FKED Res= 7.15 kOhm 1 $0.01 =
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
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http://capacitoredge.kemet.com/capedge2/DataSheet/Datasheet%2DC0805C104K5RACTU.pdf?pn%3DC0805C104K5RACTU
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%3DGRM155R71H182KA01D%26x%3D9%26y%3D9%26search%3Dstartwith
http://capacitoredge.kemet.com/capedge2/DataSheet/Datasheet%2DC0805C104K5RACTU.pdf?pn%3DC0805C104K5RACTU
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://product.tdk.com/inductor/ind/en/documents/inductor%5Fcommercial%5Fpower%5Fslf%5Fen.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 Qty. Price Footprint
10. Rfbt Panasonic ERJ-6ENF1003V Res=100.0 kOhm 1 $0.01 | |
Series= ERJ-6E Power= 125.0 mW 0805 7 mm?
Tolerance= 1.0%
11. Rt Vishay-Dale CRCWO0402178KFKED Res= 178.0 kOhm 1 $0.01 =
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
12. U1 Texas Instruments TPS54335ADDAR Switcher 1 $0.85 i

R-PDSO-G8 55 mm®

L Ipp Vout p-p
0.00390
0.240 0.00385
0.00380
0.235 0.00375
0230 0.00370
’ 0.00365
0.225 <0.00360
< B 0.00355
o 0220 & 0.00350
2 o0is = 0.00345
o 0.00340
0.210 > 000335
0.00330
0.205
0.00325
0.200 0.00320
0.00315
0.195 0.00310
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1.0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1.0
Output Current (A) Output Current (A)
-=\/in=21.6V==\Vin=24.0Vm=Vin=26.4V -=\/in=21.6V==\Vin=24.0V==Vin=26.4V
Duty Cycle Efficiency
57 972
56
97.1 /,
55 97.0 N
54 969 / \
- /7 N
QR =968
5 Sl //
@52 = 96.7 / \\ N\
(8] (&)
& S 966 / / N \\ \
> 50 O 965 / / \\ N\

5 = / N\
3 49 [0 96.4 N\ N\ \
48 96.3 / \ \

/ N
47 96.2 / \
46 96.1 / \,
45 96.0
0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1.0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1.0
Output Current (A) Output Current (A)
==\/in=21.6V==Vin=24.0V==\/in=26.4V ==\/in=21.6V==Vin=24.0V==\/in=26.4V
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http://www.panasonic.com/industrial/components/pdf/AOA0000CE2.pdf
http://www.vishay.com/docs/20035/dcrcwe3.pdf
http://www.ti.com/general/docs/suppproductinfo.tsp?distId=10&sourcesystem=digikeywebench&orderablePartNumber=TPS54335ADDAR
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Cout Pd Total Pd
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Output Current (A) Frequency
==\/in=21.6V==Vin=24.0V==\/in=26.4V ==Gain ==Phase + 180
Operating Values
# Name Value Category Description
1. CinIRMS 500.934 mA Current Input capacitor RMS ripple current
2. Cout IRMS 70.041 mA Current Output capacitor RMS ripple current
3. lin Avg 473.18 mA Current Average input current
4. Llpp 242.63 mA Current Peak-to-peak inductor ripple current
5. BOM Count 14 General Total Design BOM count
6. FootPrint 423.0 mm? General Total Foot Print Area of BOM components
7. Frequency 270.08 kHz General Switching frequency
8. IC Tolerance 12.0 mV General IC Feedback Tolerance
9. Mode CCM General Conduction Mode
10. Pout 12.0W General Total output power
11. Total BOM $2.62 General Total BOM Cost
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# Name Value Category Description
12. ICThetaJA Effective  34.0 degC/W Op_Point Effective IC Junction-to-Ambient Thermal Resistance
13. Low Freq Gain 79.68 dB Op_Point Gain at 10Hz
14. Vout Actual 11.989 V Op_Point Vout Actual calculated based on selected voltage divider resistors
15. Vout OP 120V Op_Point Operational Output Voltage
16. Cross Freq 7.894 kHz Op_point Bode plot crossover frequency
17. Duty Cycle 46.341 % Op_point Duty cycle
18. Efficiency 96.063 % Op_point Steady state efficiency
19. Gain Marg -18.975 dB Op_point Bode Plot Gain Margin
20. ICT]j 42.175 degC Op_point IC junction temperature
21. IOUT_OP 10A Op_point lout operating point
22. Phase Marg 60.232 deg Op_point Bode Plot Phase Margin
23. VIN_OP 264V Op_point Vin operating point
24. Vout p-p 3.879 mV Op_point Peak-to-peak output ripple voltage
25. CinPd 8.783 mW Power Input capacitor power dissipation
26. Cout Pd 3.27 pW Power Output capacitor power dissipation
27. IClIgPd 8.184 mW Power IC Iq Pd
28. ICPd 358.101 mwW Power IC power dissipation
29. LPd 123.603 mW Power Inductor power dissipation
30. Total Pd 491.808 mwW Power Total Power Dissipation
31. Vout Tolerance 3.414 % Vout Tolerance based on IC Tolerance (no load) and voltage divider
resistors if applicable
Design Inputs
# Name Value Description
1. lout 1.0 Maximum Output Current
2. VinMax 26.4 Maximum input voltage
3. VinMin 21.6 Minimum input voltage
4. Vout 12.0 Output Voltage
5. base_pn TPS54335A Base Product Number
6. source DC Input Source Type
7. Ta 30.0 Ambient temperature

Design Assistance

1. TPS54335A Product Folder : http://www.ti.com/product/ TPS54335A : contains the data sheet and other resources.
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WEBENCH Project Report

8 ti.com/webench

24 : PA_Project_402 (modified from 401) June 9, 2017 15:00:15 GMT-07:00


http://www.ti.com/product/TPS54335A

WEBENCH® Power Architect Project

13 TEXAS
INSTRUMENTS
WEBENCH ®

Design : 345212/245 LM43603PWPR

LM43603PWPR 21.6V-26.4V to 5.00V @ 1.0A

Design Report

LM43603PWP
ceoo

Vout = 5.0V
lout = 1.0A

Chboot
47000F

=cin

e
20 monm

Device = LM43603PWPR

Topology = Buck

Created = 2017-06-09 14:48:33.644
BOM Cost = $3.77

BOM Count = 12

Total Pd = 0.36W

Rt
1160 kohm
620mw

—Lcinx
10
7345 motm

2383

Ribt
1000.0 kohm
sa.0mw

L Cff
20.0pF

L_chlas

ATyF
4 monm

—Lcout
Sebkonm | 41045,
$65fonm

2550 kohm
sa.0mw

Vout = 5.0V
lout = 1.0A

==

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. Cbias MuRata GRM219C81A475KE34D Cap=4.7 uF 1 $0.03 |
Series= X6S ESR=5.591 mOhm 0805 7 mm’
VDC=10.0 V
IRMS=1.9219 A
2. Choot MuRata GRM155R60J474KE19D Cap=470.0 nF 1 $0.01 =
Series= X5R VDC=6.3V 0402 3 mm?
IRMS=0.0 A
3. Cff Samsung Electro- CL21C200JBANNNC Cap=20.0 pF 1 $0.01 |
Mechanics Series= COG/NPO VDC=50.0V 0805 7 mm?
IRMS=0.0 A
4. Cin MuRata GRM32ER71H475KA88L Cap=4.7 uF 1 $0.21 [ ]
Series= X7R ESR= 2.0 mOhm 1210 15 mm2
VDC=50.0 V
IRMS=5.35 A
5. Cinx MuRata GRM31MR71H105KA88L Cap=1.0uF 1 $0.03 [
Series= X7R ESR=7.389 mOhm 1206 11 mm®
VDC=50.0 V
IRMS=979.22 mA
6. Cout MuRata GRM32ER61A476KE20L Cap=47.0 uF 1 $0.26 [ ]
Series= X5R ESR= 3.037 mOhm 1210 280 15 mm2
VDC=10.0 V -
IRMS=4.6162 A
7. Cvcc MuRata GRM155R60J225ME15D Cap= 2.2 uF 1 $0.02 =
Series= X5R ESR=5.0 mOhm 0402 3 mm?
VDC=6.3V
IRMS=3.67 A
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http://psearch.en.murata.com/capacitor/result/smd/?status%3Dall%26pid%3DGRM219C81A475KE34D
http://search.murata.co.jp/Ceramy/PnsearchViewAction.do?HnOFG%3DON%26HnNFG%3DON%26SEL%5FCNT%3D50%26sLang%3Den%26sKey%3DGRM155R60J474KE19D%26x%3D9%26y%3D9%26search%3Dstartwith
http://www.samsungsem.com/servlet/FileDownload?type%3Dspec%26file%3DCL21C200JBANNNC.pdf
http://search.murata.co.jp/Ceramy/PnsearchViewAction.do?HnOFG%3DON%26HnNFG%3DON%26SEL%5FCNT%3D50%26sLang%3Den%26sKey%3DGRM32ER71H475KA88L%26x%3D9%26y%3D9%26search%3Dstartwith
http://psearch.en.murata.com/capacitor/result/smd/?status%3Dall%26pid%3DGRM31MR71H105KA88L
http://psearch.en.murata.com/capacitor/result/smd/?status%3Dall%26pid%3DGRM32ER61A476KE20L
http://www.murata.com/products/catalog/pdf/c02e.pdf
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# Name Manufacturer Part Number Properties Qty Price Footprint
8. L1 Coiltronics HC1-100-R L=10.0 pH 1 $1.32
DCR= 5.7 mOhm
HC1 225 mm’
9. Rfbb Vishay-Dale CRCWO0402255KFKED Res= 255.0 kOhm 1 $0.01 =
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
10. Rfbt Vishay-Dale CRCWO04021MO0FKED Res= 1000.0 kOhm 1 $0.01 =
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
11. Rt Vishay-Dale CRCWO0402115KFKED Res=115.0 kOhm 1 $0.01 =
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
12. U1 Texas Instruments LM43603PWPR Switcher 1 $1.85 ;
PWPOQ016F 59 mm’
L Ipp Vout p-p
12 0011
11 0.010
1.0 0.009
0.9 0.008
~0.8 ’ 2,0.007
< o
EOJ 50.006
106 § 0.005
05 0.004 ‘\
0.003 f
04 If \
I 0.002 /
0.3
0001 \\,
0.2
0.000
0.0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1.0 0.0 0.1 0.2 03 04 0.5 0.6 0.7 0.8 0.9 1.0
Output Current (A) Output Current (A)
m=\/in=21.6V==\Vin=24.0V==\/in=26.4V ==\/in=21.6V==\Vin=24.0V==\in=26.4V
Duty Cycle Efficiency
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o el
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o II
25 80 l
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0.0 8
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Efficiency (Log- Scale)

95 +
93 fr o /
92
91 /
90 /
S f/
X as L/
3 //
2 g6 //
2as // /
L 84 I
:z / jl
o —
79 /
78
1E-2 3.16E-2 1E-1 3.16E-1 1EO0
lout(A)
=21.6==24.0==26.4
Operating Values
# Name Value Category Description
1. CinIRMS 421.752 mA Current Input capacitor RMS ripple current
2. Cout IRMS 341.392 mA Current Output capacitor RMS ripple current
3. linAvg 202.71 mA Current Average input current
4. Llpp 1.183 A Current Peak-to-peak inductor ripple current
5. BOM Count 12 General Total Design BOM count
6. FootPrint 353.0 mm? General Total Foot Print Area of BOM components
7. Frequency 350.0 kHz General Switching frequency
8. Mode CCM General Conduction Mode
9. Pout 5.0W General Total output power
10. Total BOM $3.77 General Total BOM Cost
11. Low Freq Gain 66.178 dB Op_Point Gain at 10Hz
12. Vout Actual 4976 V Op_Point Vout Actual calculated based on selected voltage divider resistors
13. Vout OP 50V Op_Point Operational Output Voltage
14. Cross Freq 46.12 kHz Op_point Bode plot crossover frequency
15. Duty Cycle 19.249 % Op_point Duty cycle
16. Efficiency 93.19 % Op_point Steady state efficiency
17. Gain Marg -8.279 dB Op_point Bode Plot Gain Margin
18. ICT]j 43.402 degC Op_point IC junction temperature
19. ICThetaJA 38.9 degC/W Op_point IC junction-to-ambient thermal resistance
20. IOUT_OP 1.0A Op_point lout operating point
21. Phase Marg 44.648 deg Op_point Bode Plot Phase Margin
22. VIN_OP 26.4V Op_point Vin operating point
23. Vout p-p 10.917 mV Op_point Peak-to-peak output ripple voltage
24. CinPd 355.75 pWw Power Input capacitor power dissipation
25. Cout Pd 353.957 pW Power Output capacitor power dissipation
26. ICIgPd 132.0 yW Power IC Ig Pd
27. ICPd 358.263 mW Power IC power dissipation
28. LPd 6.364 mW Power Inductor power dissipation
29. Total Pd 364.44 mW Power Total Power Dissipation
30. Vout Tolerance 2.615% Vout Tolerance based on IC Tolerance (no load) and voltage divider
resistors if applicable
Design Inputs
# Name Value Description
1. lout 1.0 Maximum Output Current
2. VinMax 26.4 Maximum input voltage
3. VinMin 21.6 Minimum input voltage
4. Vout 5.0 Output Voltage
5. base_pn LM43603 Base Product Number
6. source DC Input Source Type
7. Ta 30.0 Ambient temperature

Design Assistance
1. LM43603 Product Folder : http://www.ti.com/product/LM43603 : contains the data sheet and other resources.
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13 TEXAS
INSTRUMENTS
WEBENCH ®

Design : 345212/246 UCC28740DR
UCC28740DR 90.0V-240.0V to 24.00V @ 0.67589A

u
Teschm
A

Design Report

Vout = 24.0V
lout = 0.68A

n
Tazope
603.529 mOhm

1H

D2
VE@lo= 400.0 mV.
ViU 101,758V
!
Ll

Device = UCC28740DR

Topology = Flyback

Created = 2017-06-09 14:48:34.957

BOM Cost = $0.00
BOM Count = 29
Total Pd = 1.85W

bt

cs 206.0 kohm
63.0 mW.

Cfb3
100.0nF

24.3 kOhm
630 mW.

% Rib4
19.6 kOhm
s.0mw

L Cout
82.0
353 Wonm

Vout_1

- 4qnz
™. Dz
045 monm A 4
A%,
s oA
TL
z s,
Nslm?l S
Rdd rs1=8'6 mOhms
22.0 Obu2toNp= 0.362
100.0 mate= 1§o.o HOhme
Rs1
20500
508
Dvdd
M1 — ! VFR@lo= 1.0 V
VdsMax= 650.0 VRRM= 400.0 V.
idsMax= 12.0
)
J— Cdd
CRY 4.7 uF
uCC28740 e
u1
Ric
1.3 KOhs
ssomn Rib3 Rs2

; Rebt
330.0 kOhm
100.0 mW

Rfbb
39.3 kOhm
82.0 MW

_GND1

C)oul_l

1. Rlc, Rtl and the feedback resistors for this design are a starting point, but may need adjustment based on the actual transformer used. For
more information please click the design assistance button.

Electrical BOM

# Name Manufacturer Part Number Properties Qty. Price Footprint
1. Ccompl Yageo America CCO805KRX7R9BB561 Cap= 560.0 pF 1 $0.01 | ]
Series= X7R VDC=50.0 V 0805 7 mm?
IRMS=0.0 A
2. Cdd MuRata GRM31CR71H475KA12L Cap=4.7 uF 1 $0.07 [
Series= X7R ESR= 3.0 mOhm 1206 11 mm’
VDC=50.0 V
IRMS=4.98 A
3. Cfb3 Yageo America CCO0805KRX7R8BB104 Cap=100.0 nF 1 $0.01 |
Series= X7R VDC=25.0V 0805 7 mm’
IRMS=0.0 A
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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.yageo.com/documents/recent/UPY%2DGPHC%5FX7R%5F6.3V%2Dto%2D50V%5F7.pdf
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#
4.

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19

Name Manufacturer Part Number Properties Qty. Price Footprint
Cin Panasonic EEUED2G470S Cap=47.0 uF $0.71
Series= ED ESR=609.53 mOhm
VDC=400.0 V ‘
IRMS=840.0 mA ]
CAPPR?7.5-18X20 400 mm’
Cin2 Panasonic EEUED2G470S Cap=47.0 uF $0.71
Series= ED ESR=609.53 mOhm
VDC=400.0 V ‘
IRMS= 840.0 mA ]
CAPPR7.5-18X20 400 mm?
Cout Panasonic 35SVPF82M Cap=82.0 uF $0.64
Series=? ESR=20.0 mOhm
VDC=35.0V
IRMS=4.0 A
CAPSMT_62_E12 106 mm’
D1 Bourns CD214B-F3600 VF@lo=1.2V $0.14 '
VRRM=600.0 V
SMB 44 mm*
D2 CUSTOM CUSTOM VF@Ilo=400.0 mV NA
VRRM= 101.755 V CUSTOM 0 mm?
Dac Vishay-Semiconductor DF10SA VF@lo=1.1V $0.24
VRRM= 1,000.0 V
DF-S 99 mm?
Dvdd SMC Diode Solutions UF4004TA VF@lo=1.0V $0.04 -
VRRM= 400.0 V ;
DO-41 43 mm
Dz Diodes Inc. SMBJ120A-13-F Zener $0.10 .I
SMB 44 mm*
L1 Panasonic ELL-6UH471M L=470.0 uH $0.30 ’
DCR= 1.68 Ohm ()
ELL6UH 67 mm’
M1 STMicroelectronics STD16N65M5 VdsMax= 650.0 V $2.23
ldsMax= 12.0 Amps
DPAK 102 mm’
o1 California Eastern PS2811-1 Optocoupler $0.41
Laboratories EE 2
SSOP-4 111 mm
Rcs Panasonic ERJ-8RQFR82V Res= 820.0 mOhm $0.03 [
Series= ERJ-8R Power= 250.0 mW 1206 11 mm’
Tolerance= 1.0%
Rdd Yageo America RCO0603FR-0722RL Res=22.0 Ohm $0.01 n
Series=? Power= 100.0 mW 0603 5 mm?
Tolerance= 1.0%
Rfb3 Vishay-Dale CRCWO0402205KFKED Res= 205.0 kOhm $0.01 -
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
Rfb4 Vishay-Dale CRCWO040219K6FKED Res=19.6 kOhm $0.01 =
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
. Rfbb Vishay-Dale CRCWO040238K3FKED Res= 38.3 kOhm $0.01 -
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
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http://industrial.panasonic.com/www%2Ddata/pdf/ABA0000/ABA0000CE123.pdf
http://industrial.panasonic.com/www%2Ddata/pdf/ABA0000/ABA0000CE123.pdf
http://www.bourns.com/data/global/pdfs/CD214B%2DF350%5FF3600.pdf
http://www.vishay.com/docs/88574/dfsa.pdf
http://www.smc%2Ddiodes.com/propdf/UF4001%20THRU%204007%20N0115%20REV.B.pdf
http://www.diodes.com/datasheets/ds19002.pdf
http://www.panasonic.com/industrial/components/pdf/AGM0000CE9.pdf
http://www.st.com/web/en/resource/technical/document/datasheet/CD00288956.pdf
http://www.panasonic.com/industrial/components/pdf/AOA0000CE3.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
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# Name Manufacturer Part Number Properties Qty. Price Footprint
20. Rfbt Yageo America RCO0603FR-07330KL Res= 330.0 kOhm 1 $0.01 n
Series=? Power= 100.0 mW 0603 5 mm?
Tolerance= 1.0%
21. RI Vishay-Dale CRCW121810ROFKEK Res=10.0 Ohm 1 $0.13
Series= CRCW..e3 Power= 1.0 W
Tolerance= 1.0% 1218 24 mm?
22. Rlc Vishay-Dale CRCWO04021K30FKED Res= 1.3 kOhm 1 $0.01 =
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
23. Ropt Vishay-Dale CRCWO04021K02FKED Res=1.02 kOhm 1 $0.01 =
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
24, Rsl Vishay-Dale CRCWO0402205KFKED Res= 205.0 kOhm 1 $0.01 =
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
25. Rs2 Vishay-Dale CRCWO040224K3FKED Res= 24.3 kOhm 1 $0.01 =
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
26. Rtl Vishay-Dale CRCWO040212K7FKED Res= 12.7 kOhm 1 $0.01 =
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
27. Tl CUSTOM CUSTOM Lp=941.556 pH 1 NA
Rp=870.0 mOhm CUSTOM 0 mm®
Leakage L=5.179 pH
Ns1toNp= 0.25
Rs1= 8.6 mOhms
Ns2toNp= 0.362
Rs2=700.0 pOhms
28. Ul Texas Instruments UCC28740DR Switcher 1 $0.37 i
R-PDSO-G7 55 mm’
29. VR Texas Instruments TL431AIDBZR Voltage References 1 $0.08 l
DBZ0003A 14 mm’
Snubber Pd IC Tj
0.10 30.122899 ’
0.09 s 30.122898
pd
0.08 30.122897
o /
§007 / 3012289 ,
E / %30.122895 /
0.06 o /
5 // T,30.122894
0 0.05 / ': /
o) 30.122893 /
2 0.04 e o /
c 4
(9] 30.122892 /
0.03 30.122891 /
0.02 o 30.122890 /
yd /
0.01 30.122889
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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.vishay.com/docs/20035/dcrcwe3.pdf
http://www.vishay.com/docs/20035/dcrcwe3.pdf
http://www.vishay.com/docs/20035/dcrcwe3.pdf
http://www.ti.com/product/UCC28740
http://www.ti.com/product/TL431A
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Diode2 Pd Efficiency
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Operating Values
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# Name Value Category Description
1. CinIRMS 178.344 mA Current Input capacitor RMS ripple current
2. Cin2 IRMS 454.3 mA Current Input Capacitor Cin2 RMS Ripple Current
3. Cout IRMS 1.285A Current Output capacitor RMS ripple current
4. linrms 200.74 mA Current RMS Input Current
5. T1lprim RMS 320.979 mA Current Transformer Primary RMS Current
6. T1 Iprim pk 942.683 mA Current Transformer Primary Peak Current
7. T1llIsl1 RMS 1.292 A Current Transformer Secondaryl RMS Current
8. T1llslpk 3.697 A Current Transformer Secondaryl Peak Current
9. Avg Rectified Vin 114.648 V General Average Rectified Voltage for the AC Line Period
10. BOM Count 29 General Total Design BOM count
11. FootPrint 1.683 k mm? General Total Foot Print Area of BOM components
12. Mode DCM General Conduction Mode
13. Pout 16.221'W General Total output power
14. Total BOM $0.0 General Total BOM Cost
15. Vout Actual 24.04V Op_Point Vout Actual calculated based on selected voltage divider resistors
16. Vout OP 24.0V Op_Point Operational Output Voltage
17. Duty Cycle 34.781 % Op_point Duty cycle
18. Efficiency 89.787 % Op_point Steady state efficiency
19. Frequency 44.903 kHz Op_point Switching frequency
20. ICTj 30.123 degC Op_point IC junction temperature
21. ICThetaJA 141.5 degC/W Op_point IC junction-to-ambient thermal resistance
22. IOUT_OP 675.89 mA Op_point lout operating point
23. M1TjOP 31.71 degC Op_point M1 MOSFET junction temperature
24. Min Rectified Vin 102.019 V Op_point Minimum voltage seen at rectified input
25. Peak Rectified Vin 127.278 V Op_point Peak voltage seen at rectified input
26. Vin_OP_RMS 90.0V Op_point AC Input RMS Voltage
27. Vout p-p 73.933 mV Op_point Peak-to-peak output ripple voltage
28. Avg Bridge Diode Pd  225.63 mW Power Average Power Dissipation in the Bridge Diode over the AC Line Period
29. CinPd 19.387 mW Power Input capacitor power dissipation
30. CoutPd 33.016 mwW Power Output capacitor power dissipation
31. Diode2 Pd 270.756 mW Power Diode2 power dissipation
32. ICPd 868.547 pW Power IC power dissipation
33. M1Pd 32.786 mW Power M1 MOSFET total power dissipation
34. Snubber Pd 103.321 mW Power Snubber Power Dissipation
35. Total Pd 1.845 W Power Total Power Dissipation
36. Xformer Pd 671.138 mW Power Transformer power dissipation
37. Vout Tolerance 2.136 % Vout Tolerance based on IC Tolerance (no load) and voltage divider
resistors if applicable
Design Inputs
# Name Value Description
1. lout 675.89 m Maximum Output Current
2. VinMax 240.0 Maximum input voltage
3. VinMin 90.0 Minimum input voltage
4. Vout 24.0 Output Voltage
5. line_fsw 60.0 Light Output in Lumen
6. base_pn UCC28740 Base Product Number
7. source AC Input Source Type
8. Ta 30.0 Ambient temperature
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Design Assistance

1. Application Hints Rlc Rlc provides the function of feed-forward line compensation to eliminate change in IPP due to change in di/dt and the
propagation delay of the internal comparator and MOSFET turn-off time. For best results the chosen value may need to be adjusted based on
board, FET and transformer parasitics. Rtl Rtl is added to prevent excessive diode current and limit lopt to the maximum value necessary for
regulationThe Rtl value may be adjusted for optimal limiting later during the porotype evaluation process. Rfbt & Rfbb The feedback resistors
will set the output voltage of the circuit. The values chosen may need to be fined tuned based on the final Transformer turns ratios and the
voltage across the output diode at close to zero current. Rfb3 & Cfb3 Rfb3 is necessary to limit the current into FB and to avoid excess draining
of Cvdd during this type of transient situation.The value of Rfb3 is chosen to limit the excess Ifb and Rfb4 current to an acceptable level when
the optocoupler is saturatedCfb3 helps improve the transient response and is estimated initially by equating the time constant to 1ms. This can
later beadjusted for optimal performance during prototype evaluation Rfb4 Rfb4 speeds up the turnoff time of the optocoupler in the case of a
heavy load-step transient condition. This value tends to fallwithin the range of 10k and 100k. A tradeoff must be made between a lower value
for faster transient response and a higher value forlower standby power. Rfb4 also serves to set a minimum bias current for the optocoupler
and to drain dark current Part Description The UCC28740 isolated-flyback controller provides Constant-Voltage (CV) using an optical coupler
toimprove transient response. Constant-Current (CC) regulation is accomplished through Primary Side Regulation (PSR) techniques. Please
see the datasheet for further design guidance. http://www.ti.com/lit/ds/symlink/ucc28740.pdf

2. UCC28740 Product Folder : http://www.ti.com/product/UCC28740 : 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.

Copyright © 2017, Texas Instruments Incorporated 22 ti.com/webench

WEBENCH Project Report 24 : PA_Project_402 (modified from 401) June 9, 2017 15:00:15 GMT-07:00



http://www.ti.com/product/UCC28740
http://www.ti.com/corp/docs/legal/termsofuse.shtml
http://www.ti.com/corp/docs/legal/termsofuse_estore.shtml

