"1 'WEBENCH® Fower Architect Project ID : 7 PA_Prolect_203 (modified from 202) Power Archltect 2013- 09- 28 05:40:26.289

I TEXAS ( sv-_w_ ‘ 0124 0.08a {L‘;_ 3.3v,0.24 :Im“’—l LoRo#1
INSTRUMENTS ) | Tesonz0
® . 0.04A Q; 3.V, 0.1A |:|L°‘°—2 Lorvs2
TPS560200
WEBENCH™ Power Architect —
P
I B 4R &
I8 : 3710063/7 : PA_Project_203 (modified from 202)
A% : 2013-09-28 05:40:26.289
Optimize project optFactor=2
T E B
1. BEHBRGEHE 89.295 %
2. BR4 BOM HE 14.0
3. BERSEKXRN 226.0 mm2
4. BRE BOM BRA& $1.71
5. Total System Power Dissipation 118.7 mW
--> &% WEBENCH Power Architect.
B8R 4 B
# B NSID 88 Vout lout ME  Foot- Cost Design JHE
print
1. SUPPLY_1 TPS560200 Switcher : 17V, 500mA,5-pin, Low 3.3V 0.2A 89.3% 131 $0.85 78 4
Ig Synchronous buck converter with
Advanced Eco-mode
2. SUPPLY_2 TPS560200 Switcher : 17V, 500mA,5-pin, Low 3.3V 0.1A 89.2% 95 $0.86 79 9
Iq Synchronous buck converter with
Advanced Eco-mode
IR LB
# AW VLoad ILoad L
1. LOAD #1 3.3V 0.2A VoutRipple=10%, Requires a separate supply
2. LOAD #2 3.3V 0.1A VoutRipple=10%, Requires a separate supply
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Project Diagram

WEBENCH® Power Architect Project ID : 7 PA_Project_203 (modified from 202) Power Architect 2013-09- 28 05:40:26.289
SOURCE DC_1L SUPPLY_1
7 LOAD_1
0.12A 0.08A {? 3.3V, 0.2A .
9V - gV : ]
10.0A max LOAD #1
TPS560200
SUPPLY 2
0.04A Q’ 3.3V, 0.1A LOAD_2
LOAD #2
TPS6560200
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WEBENCH® Power Architect 1 B

B XWBOM
#HE EHRS 15 B3 ¥E Budgetary Price K
(mm?°)
AVX 08053C104KAT2A 0805 2 $0.01 14
Kemet C0805C106K8PACTU 0805 2 $0.05 14
TDK C3216X5R0J226K 1206 2 $0.11 22
Vishay-Dale CRCWO040220K0FKED 0402 2 $0.01 6
Vishay-Dale CRCWO040261K9FKED 0402 2 $0.01 6
Bourns SDR0403-100ML SDR0403 1 $0.17 28
Bourns SRN6045-100M SRN6045 1 $0.16 64
Texas Instruments TPS560200DBVR R-PDSO-G5 2 $0.50 33
Total 14 $1.71 185
Copyright © 2013, Texas Instruments Incorporated 3 ti.com/webench
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WEBENCH® Power Architect 1 B

. VinMin = 9.0V Device = TPS560200DBVR
I TEXAS VinMax = 9.0V Topology = Buck
INSTRUMENTS Vout = 3.3V B3 = 9/28/13 5:40:20 AM
lout = 0.2A BOMEL A = $0.85
® ;s Total Pd = 0.08W
WEBENCH witikE A = 131.0mm2
BOM & =7
Design : 3710063/78 TPS560200DBVR
TPS560200DBVR 9.0V-9.0V to 3.3V @ 0.2A
L1
VinMin = 9.0V 10.0 pH Vout = 3.3V
VinMax = 9.0V w1 " - Pt lout = 0.2
TPS560200
=™ SENSE ; Ribt
i I A 61.9 kOhm
="Vin ) GND 63.0 mW
T- ——Cinx
100.0 nF
A 280.0 mOhm
T 10.0uF ——Cout out
3.0 mohm ; Ribb 22048 GD
o
g ==
BN EHE S
# B HIiETS EHHS Bt Qy Price A/
1. Cin Kemet C0805C106K8PACTU Cap=10.0 pF 1 $0.05 =@
Series= X5R ESR= 3.0 mOhm 0805 7mm2
VDC=10.0 V
IRMS=1143 A
2. Cinx AVX 08053C104KAT2A Cap=100.0 nF 1 $0.01 =
Series= X7R ESR= 280.0 mOhm 0805 7mm2
VDC=25.0V
IRMS=0.0 A
3. Cout TDK C3216X5R0J226K Cap=22.0 yF 1 $0.11 0
Series= X5R ESR= 2.0 mOhm 1206 11mm2
VDC=6.3V
IRMS=3.62 A
4. L1 Bourns SRN6045-100M L=10.0 pH 1 $0.16
DCR= 58.6 mOhm
SRN6045 64mm2
5. Rfbb Vishay-Dale CRCWO040220K0FKED Res= 20.0 kOhm 1 $0.01 P
Series= CRCW..e3 Power= 63.0 mW 0402 3mm2
Tolerance= 1.0%
6. Rfbt Vishay-Dale CRCWO040261K9FKED Res= 61.9 kOhm 1 $0.01 ™
Series= CRCW..e3 Power= 63.0 mW 0402 3mm2
Tolerance= 1.0%
7. U1 Texas Instruments TPS560200DBVR Switcher 1 $0.50 !
R-PDSO-G5 16mm2
Copyright © 2013, Texas Instruments Incorporated 4 ti.com/webench
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http://www.kemet.com/kemet/web/homepage/kechome.nsf/file/Partial%20Copy%20%2D%20Ceramic%20Surface%20Mount%20Capacitors/%24file/F3102%5FCE.pdf
http://www.avx.com/docs/masterpubs/smccp.pdf
http://www.tdk.co.jp/tefe02/e412%5Fc.pdf
http://www.bourns.com/data/global/pdfs/SRN6045.pdf
http://www.vishay.com/docs/20035/dcrcwe3.pdf
http://www.vishay.com/docs/20035/dcrcwe3.pdf
http://www.ti.com/product/TPS560200

WEBENCH® Power Architect T B

L Ipp Vout p-p
0.343 0.0120
1 00115
0342 /, \ 0.0110 “
0.341 — 0.0105
. e i \
0.340 \ 0.0100 \
- \ 0.0095 \
0.339 —~0.0090 \
— \ < 0.0085 \
$OA338 \ ?‘0.0080 \
Q. 0337 o 0.0075 ‘
=3 \ + 0.0070 \
—1 0336 3 00065
0.335 > 0.0060
0.0055
0.334 \ 0.0050 \
0.333 0.0045 \
\ 0.0040 \
0332 0.0035
0.331 0.0030
0.02 0.05 0.08 01 012 015 018 0.2 0.02 0.05 0.08 01 012 015 018 0.2
lout(A) lout(A)
=-=\/in=9.0V =-=\/in=9.0V
Duty Cycle Efficiency
375 —
35.0 / 90.1 \
325 // 90.0 /
300 7 / \
y 89.9
<275 d - // \
<250 S 8938 / \
Qo >
g‘zz.s 8 89.7
O 200 / o / ‘
>175 / ‘G 896 / \
2 S =
S 150 prd i 895
125 / / \
/S 89.4
100 'l /
75 / 89.3
50 |- /
89.2
25
0.02 0.05 0.08 01 012 015 018 0.2 0.02 0.05 0.08 01 012 015 018 0.2
lout(A) lout(A)
=\/in=9.0V =-=\/in=9.0V
IC Tj Cin Pd
30.000000005
0.000075 a'
30.000000004 00000 ~\
A 70 / \
>
30.000000003 0.000065 / \
0.000060 /
30.000000002 Yy, \
—~ 0.000055
@) g / \
S 30.000000001 0.000050
s T 0000045 ‘/
T 30.000000000 a /
fy — 0.000040 / \
© 29:999999999 3 0000035 / \,/
299 0.000030 //
0.000025
29.999999997 /
0.000020 /
29.999999996 0.000015 |-
29.99 5 0.000010
002 005 008 01 012 015 018 0.2 0.02 0.05 0.08 0.1 012 0.15 0.18 0.2
lout(A) lout(A)
=-=\/in=9.0V =-=\/in=9.0V
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WEBENCH® Power Architect T B

Cin IRMS

0.16

0.15 /'

0.14 /'

)
N\

S:)’o.lz //

M

X 011 /

nl
N\,

C

=010 /

0.08 /

N

0.07

0.06

0.02 0.05 0.08 0.1 0.12 0.15

lout(A)
=\/in=9.0V

Pout

VO 35
=} =
o e
a 0.30
0.25
0.20
015 //
0.10 7
P
0.05
0.02 0.05 0.08 0.1 0.12 0.15
lout(A)
-\/in=9.0V
Cout Pd

0.000018400

0.000018375

0.000018350 \

0.000018325 N

0.000018300 \

2. 0.000018275 N

0.000018250 \

0.000018225 N

Cout Pd(W)

0.000018200 \

0.000018175 \

0.000018150

0.000018125

0.000018100

0.02 0.05 0.08 0.1 0.12
lout(A)
=\/in=9.0V

Copyright © 2013, Texas Instruments Incorporated

lin Avg

0.09590
0.09585
0.09580
0.09575
0.09570

009565

77 0.09560

S 0.09555

X 0.09550

+ 0.09545

S 0.09540

O 0.09535
0.09530
0.09525
0.09520
0.09515
0.09510

0.08 0.1 0.12 0.15 0.18 0.2
lout(A)
=\in=9.0V

Cout IRMS

0.08 0.1 0.12 0.15 0.18 0.2
lout(A)
-Vin=9.0V

Total Pd

0.080

0.075

0.070

0.065

0.060

gooss
=.0.050

°
O 0.045

— 0.040

+ 0.035
o

= 0.030

0.025

0.020

0.015

0.010

0.005

0.08 0.1 0.12 0.15 0.18 0.2
lout(A)
=\/in=9.0V
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WEBENCH® Power Architect 1 B

IClq Pd IC Pd
0.000720005
0.075
0.000720004 0.070
0.000720003 0065 //
0.060 /
0.000720002 0.055 /'
50.000720001 go.oso /l
5 2 0.045 >
- 0.000720000 T 0040 -
k=) © 0035
9 0.000719999 = 0.030 /
0.025 ”
0.000719998 0090 ///
0.000719997 0015
0.000719996 0.010 //
0.005
0.000719995
0.02 0.05 0.08 0.1 0.12 0.15 0.18 0.2 0.02 0.05 0.08 0.1 0.12 0.15 0.18 0.2
lout(A) lout(A)
-\/in=9.0V -\/in=9.0V
L Pd
0.00300
0.00275 //
0.00250 A
0.00225 '/
0.00200
S 000175
§0.00150 ///
-1 0.00125 /
0.00100 l/
0.00075 /
0.00050 //
0.00025
0.02 0.05 0.08 0.1 0.12 0.15 0.18 0.2
lout(A)
-\in=9.0V
THEHRE
# BN BE 251 L
1. Cin IRMS 113.102 mA Current AABRRFGFRICRER
2. CoutIRMS 95.848 mA Current B AR A REUEBER
3. linAvg 82.083 mA Current T4 A BT
4. Llpp 332.029 mA Current {5 ) 18 {8 B RERSUR BT
5. BOM ¥ & 7 General Total Design BOM count
6. K/ 131.0 mm2 General BOMA ##Y 5P 5 EFR
7. WE 626.21 kHz General FFR ML
8. Pout 660.0 mW General ok B
9. K BOM $0.85 General Total BOM Cost
10. Vout OP 3.3V Op_Point Operational Output Voltage
1. &z 37.354 % Op_point Ry d
12, ME 89.341 % Op_point RAME
13. ICTj 37.567 degC Op_point BRELRE
14. ICThetaJA 100.0 degC/W Op_point B IR R IR R A
15. IOUT_OP 200.0 mA Op_point lout BER
16. VIN_OP 9.0V Op_point Vini2 R
17. Vout p-p 3.566 mV Op_point (B )8 8 3 1 SUBL BB
18. CinPd 38.376 yW Power AMABRRRIDERER
19. Cout Pd 18.374 yW Power BRI ERER
20. EBEREASHERIIEFEHR 720.0 yw Power B RSHEREER
21. ICPd 75.673 mW Power BRI R
22. LPd 2.882 mW Power BRI R
23. E{kPd 78.743 mW Power BINEFER
w®iti A
# BN BE Ll
1. mWHEER 200.0 mA BAR@EHER
2. lout1 200.0 mAmps Output Current #1
3. Vin&X 9.0V BERABRE
4. Vin &D 9.0V BIERABRE
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WEBENCH® Power Architect 1 B

# EN BE B3
5. HHBE: 33V AHBE
6. Vout1 3.3 Volt Output Voltage #1
7. base_pn TPS560200 EEER¥SHNFRES
8. IR DC AR5
9. IHER 30.0 degC NERE
RIT B

1. TPS560200 Product Folder : http://www.ti.com/product/TPS560200 : contains the data sheet and other resources.
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WEBENCH® Power Architect 1 B

. VinMin = 9.0V Device = TPS560200DBVR
I TEXAS VinMax = 9.0V Topology = Buck
INSTRUMENTS Vout = 3.3V B3 = 9/28/13 5:40:22 AM
lout=0.1A BOMEL A = $0.86
® ;s Total Pd = 0.04W
WEBENCH witikE A1 = 95.0mm2
BOM & =7
Design : 3710063/79 TPS560200DBVR
TPS560200DBVR 9.0V-9.0V to 3.3V @ 0.1A
L1
VinMin = 9.0V 10.0 uH Vout = 3.3V
VinMax = 9.0V w1 " - Ao lout = 0.1
TPS560200
—EN SENSE ; Ribt
i I A 61.9 kOhm
="Vin ) GND 63.0 mW
T- ——Cinx
100.0 nF
1 cin 280.0 mOhm
T 5 e T Qe
20.0 kOhm 0 monm
63.0 mW
g ==
BN EHE S
# B HIiETS EHHS B Qy Price K4
1. Cin Kemet C0805C106K8PACTU Cap=10.0 pF 1 $0.05 =@
Series= X5R ESR= 3.0 mOhm 0805 7mm2
VDC=10.0 V
IRMS=1143 A
2. Cinx AVX 08053C104KAT2A Cap=100.0 nF 1 $0.01 =
Series= X7R ESR=280.0 mOhm 0805 7mm2
VDC=25.0V
IRMS=0.0 A
3. Cout TDK C3216X5R0J226K Cap=22.0 yF 1 $0.11 0
Series= X5R ESR= 2.0 mOhm 1206 11mm2
VDC=6.3V
IRMS=3.62 A
4. L1 Bourns SDR0403-100ML L=10.0 pH 1 $0.17 .
DCR= 180.0 mOhm
SDR0403 28mm2
5. Rfbb Vishay-Dale CRCWO040220K0FKED Res=20.0 kOhm 1 $0.01 ™
Series= CRCW..e3 Power= 63.0 mW 0402 3mm2
Tolerance= 1.0%
6. Rfbt Vishay-Dale CRCWO040261K9FKED Res=61.9 kOhm 1 $0.01 ™
Series= CRCW..e3 Power= 63.0 mW 0402 3mm2
Tolerance= 1.0%
7. U1 Texas Instruments TPS560200DBVR Switcher 1 $0.50 !
R-PDSO-G5 16mm2
Copyright © 2013, Texas Instruments Incorporated 9 ti.com/webench

WEBENCH I B#Rk#% 7 : PA_Project_203 (modified from 202)

September 28, 2013 05:41:00 GMT-7


http://www.kemet.com/kemet/web/homepage/kechome.nsf/file/Partial%20Copy%20%2D%20Ceramic%20Surface%20Mount%20Capacitors/%24file/F3102%5FCE.pdf
http://www.avx.com/docs/masterpubs/smccp.pdf
http://www.tdk.co.jp/tefe02/e412%5Fc.pdf
http://www.bourns.com/data/global/pdfs/SDR0403.pdf
http://www.vishay.com/docs/20035/dcrcwe3.pdf
http://www.vishay.com/docs/20035/dcrcwe3.pdf
http://www.ti.com/product/TPS560200
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—

<

o)
o
(=X

—

Duty Cycle(%)

(degC)

J

ICT

L Ipp Vout p-p
054100 / 001156 /
. / 0.01155 el
0.34075 0.01154 /
/ 0.01153 7
/ /!
0.34050 001152
S 001151 ~
0.34025 <= pd
/ 9001150 )
0.34000 & 001149 A
+ 001148 -
033975 S 0.01147 d
> 001146
0.33950 / !
/ 001145
033925 001144 )
/ 001143 7
0:33900 |7 0.01142
033875 001141
002 0.05 0.08 01 002 0.05 0.08 01
lout(A) lout(A)
=-=\/in=9.0V =-=\/in=9.0V
Duty Cycle Efficiency
225 / 89.25
/ 89.00
200 88.75 -
88.50 o
175 7 88.25 /
/ 8800 7/
15.0 < 87.75 /
/ 3 87.50 /
125 c
v S 8725 |
00 7 ‘5 87.00 |
l e el
75 0 86.50 |
/ 86.25 |
50 / 86.00 |
/ 85.75 1
25 8550 |4
/ 85.25
0.0
0.02 0.05 0.08 01 0.02 0.05 0.08 01
lout(A) lout(A)
-\/in=9.0V -\/in=9.0V
IC Tj Cin Pd
30.000000005
e
30.000000004 0.000055 /
0.000050
30.000000003 e
0.000045 7
30.000000002 /
0.000040 /
30.000000001
;o,ooooss //
30.000000000 @ 0.000030 /
c
29.999999999 o 0000028 /
26,95 0.000020 /
0.000015 /
29.999999997 /
0.000010 /
29.999999996 0.000005 |~/
29.99 5 0.000000
0.02 0.05 0.08 01 0.02 0.05 0.08 0.1
lout(A) lout(A)
-=\/in=9.0V -=\/in=9.0V
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Cin IRMS

0.02

0.05
lout(A)
=\/in=9.0V

Pout

0.08

0.1

0.325

0.300

0.275

0.250

0.225

S 0.200

k)
=

£ 0175
© 0.150

o

0.125

0.100

0.075

0.050

0.025 |-

0.000

0.000018250

0.000018225

0.000018200

0.000018175

0.000018150

0.000018125

0.000018100

Cout Pd(W)

0.000018075

0.000018050

0.000018025

0.000018000

0.02

0.05
lout(A)
-\in=9.0V

Cout Pd

0.08

0.1

N

N

N

0.02

0.05
lout(A)
=\/in=9.0V

Copyright © 2013, Texas Instruments Incorporated

0.08

11

0.0425
0.0400
0.0375
0.0350
0.0325
0.0300

~~0.0275

< 0.0250

' 0.0225

<C 0.0200

0.0175

0.0150

0.0125

0.0100

0.0075

0.0050

0.0025

0.0000

g(A

lin

0.09555
0.09550
0.09545
0.09540

009535
0.09530

S 0.09525

X 0.09520

0.09515

0.09510

0.09505

0.09500

0.09495

0.09490

0.09485

Cout

lin Avg

0.02

0.05
lout(A)
=\in=9.0V

Cout IRMS

0.08

0.1

0.02

0.05

0.08

lout(A)

==\/in=9.0V

Total Pd

0.1

0.0400

0.0375

0.0350

0.0325

0.0300

0.0275

0.0250

0.0225

0.0200

0.0175

Total Pd(W)

0.0150

0.0125

0.0100

0.0075

0.0050

0.0025

0.0000

0.02

0.05
lout(A)
=\/in=9.0V
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WEBENCH® Power Architect 1 B

IClq Pd IC Pd
0.000720005
0.0350
0.000720004 0.0325
0.000720003 0.0300 //
0.0275 /
0.000720002 0.0250 /
§ 0.0225
Eo.oomzoom go.ozoo /
o, 0000720000 T 00175
- O 0.0150
o 0.000719999 = i /
0.000719998 0.0100 (/
0.000719997 0.0075 //
0.0050
0.000719996 0.0025 /
0.000719995 0.0000
0.02 0.05 0.08 0.1 0.02 0.05 0.08 0.1
lout(A) lout(A)
-\/in=9.0V -\/in=9.0V
L Pd
0.0050
0.0045 //
0.0040
0.0035 ///
§0.0030
§0.0025
- 0.0020 /
0.0015 /
0.0010 //
0.0005 /
0.0000
0.02 0.05 0.08 0.1
lout(A)
-\in=9.0V
THEHRE
# BN BE 251 L
1. Cin IRMS 138.033 mA Current WMABREEIEREEER
2. CoutIRMS 94.892 mA Current B AR A REUEBER
3. linAvg 41.105 mA Current T4 A BT
4. Llpp 341.124 mA Current {8 32 5 BB R BR SUR BT
5. BOM ¥ & 7 General Total Design BOM count
6. XK/ 95.0 mm2 General BOMA ##) 57T S ER
7. L 381.946 kHz General FFR ML
8. Pout 330.0 mW General BmHhE
9. K BOM $0.86 General Total BOM Cost
10. Vout OP 3.3V Op_Point Operational Output Voltage
1. &z 22.858 % Op_point Ry d
12, ME 89.203 % Op_point RAME
13. ICTj 33.48 degC Op_point BRELRE
14. ICThetaJA 100.0 degC/W Op_point B IR R IR R A
15. IOUT_OP 100.0 mA Op_point lout BER
16. VIN_OP 9.0V Op_point Vini2 R
17. Vout p-p 11.563 mV Op_point 42 15 ) e (B B ) SUR B
18. CinPd 57.16 yW Power AMABRRRIDERER
19. Cout Pd 18.009 yW Power BRI ERER
20. EBEREASHERIIEFEHR 720.0 yw Power B RSHEREER
21. ICPd 34.805 mW Power BRI R
22. LPd 4.931 mW Power BRI R
23. Bk Pd 39.943 mW Power BInEFEH
w®iti A
# BN BE Ll
1. mWHEER 100.0 mA BAR@EHER
2. lout1 100.0 mAmps Output Current #1
3. Vin&X 9.0V BERABRE
4. Vin &D 9.0V BIERABRE
Copyright © 2013, Texas Instruments Incorporated 12 ti.com/webench
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WEBENCH® Power Architect 1 B

# EN Bia B3

5. HHBE: 33V W EE

6. Vout1 3.3 Volt Output Voltage #1

7. base_pn TPS560200 EEER¥SHNFRES
8. IR DC AR5

9. IERERE 30.0 degC HRRE

R BY

1. TPS560200 Product Folder : http://www.ti.com/product/TPS560200 : 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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