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1. Total System Efficiency 75.751 %
2. Total System BOM Count 21.0
3. Total System Footprint 286.0 mm2
4. Total System BOM Cost $3.44
5. Total System Power Dissipation 1.023 W
--> Launch WEBENCH Power Architect.
Power Supplies
# Name NSID Description Vout lout Efficiency Foot- Cost Design Page
print
1. SUPPLY_1 TPS563200 Switcher : 17V, 3A,6-pin, Low Iq 33V 1.09A 92.1% 149 $1.05 21 14
Synchronous buck converter with
Advanced Eco-mode
2. SUPPLY_2 TPS62060 Switcher : 3MHz, 1.6A, Buck 1.2V 1.5A 76.5% 93 $1.01 19 4
Converter with Enable pin
3. SUPPLY_3 TPS62080 Switcher : 1.2A High Efficient Step 12V 0.75A 84.9% 44 $1.38 20 9
Down Converter in 2x2mm QFN
Package
Power Loads
# Name V0Load ILoad Description
1. XC3S50AN_Vccaux 3.3V 0.15A  VoutRipple=18%, SoftStart delay=1.0 mSec
2. XC3S50AN_Vcco#4 1.2V 0.5A VoutRipple=11%
3. XC3S50AN_Vcco#2 1.2V 0.5A VoutRipple=11%
4. XC3S50AN_Vcco#1 1.2V 0.5A VoutRipple=11%
5. XC3S50AN_Vcco#3 1.2V 0.5A VoutRipple=11%, SoftStart delay=1.0 mSec
6. XC3S50AN_Vccint 1.2V 0.25A  VoutRipple=10%, SoftStart delay=1.0 mSec
FPGAs, Processors
# Manufacturer Part Number Name Series Description
1. Xilinx XC3S50AN FPGA_1  Spartan-3AN  FPGA Xilinx Spartan-3AN XC3S50AN

http://www.xilinx.com/support/documentation/data_sheets/ds557.pdf
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Project Diagram

WEBENCH® Power Architect Project ID : 4 PA_Project_303 (modified from 302) FPGA Architect 2015- 07- 13 05:12:48.935
SOURCE DC_1 SUPPLY_1
i LOAD_L
{f 3.3V, 1.09A 0.15A =
10V - 14V b :
Loy L XC3S50AN_Vecaux
TPS563200 SUPRLY 2
0.65A {l‘; 1.2V, 15A 0.5A LOAD6
XC3S50AN_Veco#4
TPS62060 0.5A LOAD 4
¢————— | XC3S50AN_Vcco#2
0.5A LOAD_3
XC3S50AN_Vcco#1
SUPRLY_3
0.20A J‘@ 1.2V, 0.75A 0.5 LOAD_S
XC3S50AN_Veco#3
TPS62080 0.25A LOAD_2
L— | XC3S50AN_Vccint
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Electrical Procurement BOM

Manufacturer Part Number Description Quantity Budgetary Price Footprint
(mm’)
AVX 08053C104KAT2A 0805 1 $0.01 7
Kemet C0805C680K5GACTU 0805 1 $0.01 7
Samsung Electro-MechanicsCL10A106MQ8NNNC 0603 1 $0.02 5
Vishay-Dale CRCW0402100KFKED 0402 2 $0.01 6
Vishay-Dale CRCWO040210KOFKED 0402 1 $0.01 3
Vishay-Dale CRCW0402178KFKED 0402 1 $0.01 3
Vishay-Dale CRCWO040233K2FKED 0402 1 $0.01 3
Vishay-Dale CRCWO040239K2FKED 0402 1 $0.01 3
Vishay-Dale CRCWO040264K9FKED 0402 1 $0.01 3
MuRata GRM188R60J475ME19D 0603 1 $0.02 5
MuRata GRM219R60J106KE19D 0805 1 $0.02 7
MuRata GRM31CR60J476ME19L 1206 1 $0.12 11
MuRata GRM32ER61E226KE15L 1210 1 $0.16 15
Taiyo Yuden JMK212BJ226KG-T 0805 1 $0.13 7
Bourns SRN3015-1R0Y SRN3015 1 $0.14 16
Bourns SRN8040-2R2Y SRN8040 1 $0.22 100
Texas Instruments TPS563200DDCR DDCO0006A 1 $0.52 10
Texas Instruments TPS62060DSGR DSGO0008A 1 $0.80 55
Texas Instruments TPS62080DSGR S- 1 $0.75 10
PWSON-
N8
TDK VLF252015MT-1RON VLF252015MT 1 $0.45 12
Total 21 $3.44 288
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- VinMin = 2.97V Device = TPS62060DSGR
I TEXAS VinMax = 3.63V Topology = Buck
INSTRUMENTS Vout = 1.2V Created = 7/13/15 5:12:47 AM
lout = 1.5A BOM Cost = $1.01
® . Footprint = 93.0 mm’
WEBENCH Design Report BOM Count = 7
Total Pd = 0.55W
Design : 4425714/19 TPS62060DSGR
TPS62060DSGR 2.97V-3.63V to 1.20V @ 1.5A
L1
ib()n#:onm
TPS62060DSG y
—{am o a2’
U1 _Mout_1
& Rfbt cff
Lo :;DE :gpggi ‘ ég%om%’)hm 68.0 pF
==& - Cout t 1
10 hohm _:10.(l)luF C)ou -
Rfbb
100.0 kOhm
63.0 mW
=
_GND_1
1 1
_Mout_2 _Vput_3
C)Iout_z C)out_s
Electrical BOM
i Name Manufacturer Part Number Properties Qi Price Footprint
1. Cff Kemet C0805C680K5GACTU Cap=68.0 pF 1 $0.01 =
Series= COG/NPO VDC=50.0V 0805 7 mm’
IRMS=0.0 A
2. Cin MuRata GRM188R60J475ME19D  Cap=4.7 uF 1 $0.02 =
Series= X5R ESR= 1.0 mOhm 0603 5 mm’
VDC=6.3V
IRMS=0.0 A
3. Cout Samsung Electro- CL10A106MQ8NNNC Cap= 10.0 uF 1 $0.02 =
Mechanics Series= X5R VDC=6.3V 0603 5 mm?
IRMS=0.0 A
4. L1 Bourns SRN3015-1R0Y L=1.0 uyH 1 $0.14 .
DCR=48.0 mOhm
SRN3015 16 mm®
5. Rfbb Vishay-Dale CRCWO0402100KFKED Res= 100.0 kOhm 1 $0.01 =
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
6. Rfbt Vishay-Dale CRCWO0402100KFKED Res= 100.0 kOhm 1 $0.01 -
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
7. U1 Texas Instruments TPS62060DSGR Switcher 1 $0.80 -
DSGO0008A 55 mm’
Copyright © 2015, Texas Instruments Incorporated 4 ti.com/webench
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Operating Values
# Name Value Category Description
1. CinIRMS 737.512 mA Current Input capacitor RMS ripple current
2. Cout IRMS 64.631 mA Current Output capacitor RMS ripple current
3. linAvg 648.38 mA Current Average input current
4. Llpp 223.89 mA Current Peak-to-peak inductor ripple current
5. BOM Count 7 General Total Design BOM count
6. FootPrint 93.0 mm? General Total Foot Print Area of BOM components
7. Frequency 3.0 MHz General Switching frequency
8. Pout 1.8 W General Total output power
9. Total BOM $1.01 General Total BOM Cost
10. Vout OP 1.2V Op_Point Operational Output Voltage
11. Duty Cycle 40.509 % Op_point Duty cycle
12. Efficiency 76.478 % Op_point Steady state efficiency
13. ICTj 59.05 degC Op_point IC junction temperature
14. ICThetaJA 65.3 degC/W Op_point IC junction-to-ambient thermal resistance
15. IOUT_OP 1.5A Op_point lout operating point
16. VIN_OP 3.63V Op_point Vin operating point
17. Vout p-p 932.873 uv Op_point Peak-to-peak output ripple voltage
18. CinPd 543.924 yW Power Input capacitor power dissipation
19. Cout Pd 0.0W Power Output capacitor power dissipation
20. ICPd 444.875 mW Power IC power dissipation
21. LPd 108.201 mW Power Inductor power dissipation
22. Total Pd 553.618 mW Power Total Power Dissipation
Design Inputs
# Name Value Description
1. lout 15 Maximum Output Current
2. lout1 1.5 Output Current #1
3. VinMax 3.63 Maximum input voltage
4. VinMin 2.97 Minimum input voltage
5. Vout 1.2 Output Voltage
Copyright © 2015, Texas Instruments Incorporated 7 ti.com/webench
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# Name Value Description

6. Vout1 1.2 Output Voltage #1

7. base_pn TPS62060 Texas Instruments Base Part Number
8. source DC Input Source Type

9. ta 30.0 Ambient temperature

Design Assistance
1. TPS62060 Product Folder : http://www.ti.com/product/ TPS62060 : contains the data sheet and other resources.

Copyright © 2015, Texas Instruments Incorporated 8 ti.com/webench
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H VinMin = 2.97V Device = TPS62080DSGR
I TEXAS VinMax = 3.63V Topology = Buck
INSTRUMENTS Vout = 1.2V Created = 7/13/15 5:12:48 AM
lout = 0.75A BOM Cost = $1.38
® . Footprint = 44.0 mm’
WEBENCH Design Report BOM Count = 7

Total Pd = 0.16W

Design : 4425714/20 TPS62080DSGR
TPS62080DSGR 2.97V-3.63V to 1.20V @ 0.75A

Rpg
178.0 kOhm

63.0 mW
AN\
L1
1.0 pH
30.0 mOhm
VIN PG SW FYYY\
E’T\‘PS62080 _Tlo_ut_l
. ==Cln Md& Rfbt
- 0.0 |
—=_Vin %.o mpcl):hm GND VoS 64.9 kohm —— Cout
—l 63.0 mW 22.0 PF
PwPd EB 2.0 mOhm
Rfbb
39.2 kOhm ; Rload
63.0 mW
=
_GND_1
_T/o_ut_z
; Rload
Electrical BOM
# Name Manufacturer Part Number Properties Qty Price Footprint
1. Cin MuRata GRM219R60J106KE19D Cap=10.0 uF 1 $0.02 @3@
Series= X5R ESR= 3.0 mOhm 0805 7 mm?
VDC=6.3V
IRMS=0.0 A
2. Cout Taiyo Yuden JMK212BJ226KG-T Cap=22.0 uF 1 $0.13 @
Series= X5R ESR= 2.0 mOhm 0805 7 mm?
VDC=6.3V
IRMS=0.0 A
3. L1 TDK VLF252015MT-1RON L=1.0 uyH 1 $0.45 ()]
DCR= 30.0 mOhm VLF252015MT 12 mm’
Copyright © 2015, Texas Instruments Incorporated 9 ti.com/webench
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i Name Manufacturer Part Number Properties Qﬂ Price Footprint
4. Rfbb Vishay-Dale CRCWO040239K2FKED Res= 39.2 kOhm 1 $0.01 -
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
5. Rfbt Vishay-Dale CRCW040264K9FKED Res= 64.9 kOhm 1 $0.01 -
Series= CRCW..e3 Power=63.0 mW 0402 3 mm?
Tolerance= 1.0%
6. Rpg Vishay-Dale CRCW0402178KFKED Res= 178.0 kOhm 1 $0.01 -
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
7. U1 Texas Instruments TPS62080DSGR Switcher 1 $0.75 .
S-PWSON-N8 10 mm’
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Operating Values
# Name Value Category Description
1. CinIRMS 366.848 mA Current Input capacitor RMS ripple current
2. Cout IRMS 116.624 mA Current Output capacitor RMS ripple current
3. linAvg 291.86 mA Current Average input current
4. Llpp 404.0 mA Current Peak-to-peak inductor ripple current
5. BOM Count 7 General Total Design BOM count
6. FootPrint 44.0 mm? General Total Foot Print Area of BOM components
7. Frequency 1.986 MHz General Switching frequency
8. IC Tolerance 25.0 mV General IC Feedback Tolerance
9. Pout 900.0 mW General Total output power
10. Total BOM $1.38 General Total BOM Cost
11. Vout OP 1.2V Op_Point Operational Output Voltage
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# Name Value Category Description
12. Duty Cycle 36.048 % Op_point Duty cycle
13. Efficiency 84.95 % Op_point Steady state efficiency
14. ICTj 39.226 degC Op_point IC junction temperature
15. ICThetadA 65.1 degC/W Op_point IC junction-to-ambient thermal resistance
16. IOUT_OP 750.0 mA Op_point lout operating point
17. VIN_OP 3.63V Op_point Vin operating point
18. Vout p-p 1.309 mV Op_point Peak-to-peak output ripple voltage
19. CinPd 403.733 pW Power Input capacitor power dissipation
20. Cout Pd 27.202 yW Power Output capacitor power dissipation
21. ICIqPd 208.355 yw Power IC Ig Pd
22. ICPd 141.722 mW Power IC power dissipation
23. LPd 17.283 mW Power Inductor power dissipation
24. Total Pd 159.447 mW Power Total Power Dissipation
Design Inputs

# Name Value Description

1. lout 750.0 m Maximum Output Current

2. lout1 750.0 m Output Current #1

3. SoftStart 1.0 ms Soft Start Time (ms)

4. VinMax 3.63 Maximum input voltage

5. VinMin 2.97 Minimum input voltage

6. Vout 1.2 Output Voltage

7. Voutl 1.2 Output Voltage #1

8. base_pn TPS62080 Texas Instruments Base Part Number

9. source DC Input Source Type
10. ta 30.0 Ambient temperature

Design Assistance

1. TPS62080 Product Folder : http://www.ti.com/product/TPS62080 : contains the data sheet and other resources.
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. VinMin = 10.0V Device = TPS563200DDCR
I TEXAS VinMax = 14.0V Topology = Buck
INSTRUMENTS Vout = 3.3V Created = 7/13/15 5:12:48 AM
lout = 1.09A BOM Cost = $1.05
® . Footprint = 149.0 mm’
WEBENCH Design Report BOM Count = 7
Total Pd = 0.31W
Design : 4425714/21 TPS563200DDCR
TPS563200DDCR 10.0V-14.0V to 3.30V @ 1.09024A
L1
2.2 pH
[TPS563200DDg Chst 13.0 mohm
R fﬂJ 1
N VST _Vput_1
GND VFB| Rfbt
=un N BET (e
L_Cin
[22.0 uF ——Cout
2.0 mOhm Rfbb g:’domughm
10.0 kOhm
63.0 mwW
J__ _GND_1
_Tm_ut_z __o_ut_3
C)out_z ()out_a
Electrical BOM
ﬁ Name Manufacturer Part Number Properties Qﬂ Price Footprint
1. Cbst AVX 08053C104KAT2A Cap=100.0 nF 1 $0.01 =
Series= X7R ESR= 280.0 mOhm 0805 7 mm?
VDC=25.0V
IRMS=0.0 A
2. Cin MuRata GRM32ER61E226KE15L  Cap=22.0 uF 1 $0.16 [E[l
Series= X5R ESR= 2.0 mOhm
VDC= 25.0 V 1210 15 mm’
IRMS=3.67 A
3. Cout MuRata GRM31CR60J476ME19L  Cap=47.0 uF 1 $0.12 [
Series= X5R ESR= 3.0 mOhm 1206 11 mm2
VDC=6.3V
IRMS=0.0 A
4. L1 Bourns SRN8040-2R2Y L=2.2puH 1 $0.22
DCR= 13.0 mOhm
SRN8040 100 mm’
5. Rfbb Vishay-Dale CRCWO040210KOFKED Res= 10.0 kOhm 1 $0.01 -
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
Tolerance= 1.0%
6. Rfbt Vishay-Dale CRCWO040233K2FKED Res= 33.2 kOhm 1 $0.01 =
Series= CRCW..e3 Power= 63.0 mW 0402 3 mm?
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# Name Manufacturer Part Number Properties Qty Price Footprint
7. U1 Texas Instruments TPS563200DDCR Switcher 1 $0.52 I
DDCO006A 10 mm®
L Ipp Vout p-p
1475 0016
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5.0 55.0
25 525
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Output Current (A) Output Current (A)
==\/in=10.0V==Vin=12.0V ==Vin=14.0V ==\/in=10.0V==Vin=12.0V ==Vin=14.0V
IC Tj Cin Pd
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() // — S 000040 /
. S
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S a ///
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Output Current (A)
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Cin IRMS lin Avg
0.400
055 ” 0375 /
0.50 /Q 0.350
. -
P 0.325 7
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0.40 o 0275 p
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Output Current (A) Output Current (A)
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Pout Cout IRMS
3.75 P 0.500
350 0475
J/ 0.450 — NG
3.25 / 0.425 /- — \
3.00 e 0.400 ;‘ N —~
2.75 S 0375 y /4
P 0.350 /
250 —
/ < 0325
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<200 = 0275
5. & 0250 I
o 7 + 0.225
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125 S O 0175 1
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’
050 /7 0.075 ,’
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0.0 0.1 0.2 03 0.4 05 0.6 0.7 0.8 0.9 1.0 1.1 0 0.1 0.2 03 0.4 05 0.6 0.7 0.8 0.9 1.0 1.1
Output Current (A) Output Current (A)
==\/in=10.0V==Vin=12.0V ==Vin=14.0V ==\/in=10.0V ==Vin=12.0V ==Vin=14.0V
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ICIq Pd IC Pd
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Operating Values
# Name Value Category Description
1. CinIRMS 509.625 mA Current Input capacitor RMS ripple current
2. Cout IRMS 426.786 mA Current Output capacitor RMS ripple current
3. linAvg 279.11 mA Current Average input current
4. Llpp 1478 A Current Peak-to-peak inductor ripple current
5. BOM Count 7 General Total Design BOM count
6. FootPrint 149.0 mm? General Total Foot Print Area of BOM components
7. Frequency 781.477 kHz General Switching frequency
8. Pout 3.598 W General Total output power
9. Total BOM $1.05 General Total BOM Cost
10. Vout OP 3.3V Op_Point Operational Output Voltage
11. Duty Cycle 23.9% Op_point Duty cycle
12. Efficiency 92.074 % Op_point Steady state efficiency
13. ICTj 48.276 degC Op_point IC junction temperature
14. ICThetaJA 62.9 degC/W Op_point IC junction-to-ambient thermal resistance
15. IOUT_OP 1.09 A Op_point lout operating point
16. VIN_OP 140V Op_point Vin operating point
17. Vout p-p 7.929 mV Op_point Peak-to-peak output ripple voltage
18. CinPd 519.435 yW Power Input capacitor power dissipation
19. Cout Pd 546.438 yW Power Output capacitor power dissipation
20. ICIgPd 2.417 mW Power IC Ig Pd
21. ICPd 290.558 mW Power IC power dissipation
22. LPd 17.82 mW Power Inductor power dissipation
23. Total Pd 309.712 mW Power Total Power Dissipation
Design Inputs
# Name Value Description
1. lout 1.09 Maximum Output Current
2. lout1 1.09 Output Current #1
3. SoftStart 1.0 ms Soft Start Time (ms)
4. VinMax 14.0 Maximum input voltage
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# Name Value Description
5. VinMin 10.0 Minimum input voltage
6. Vout 3.3 Output Voltage
7. Vout1 3.3 Output Voltage #1
8. base_pn TPS563200 Texas Instruments Base Part Number
9. source DC Input Source Type
10. ta 30.0 Ambient temperature

Design Assistance
1. TPS563200 Product Folder : http://www.ti.com/product/TPS563200 : 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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