maxim :
integrated. EE-Sim
DC-DC

Initial Design
1.0

Design Requirements

Parameter Value
Output Configuration Adjustable Output Voltage
Minimum Input Voltage 7.5V
Maximum Input Voltage 14V
Nominal Input Voltage 12V
Input Voltage Ripple 0.5%
Output 1 Voltage 5V
Output 1 Current 3
Output 2 Voltage 3.3
Output 2 Current 3
Output 1 Voltage Rippple 1%
Load 1 Start Current 1.5A
Load 1 Step Current 3A
Load 1 Step Edge Rate 1A/us
Output 1 Voltage Load Step Over/Undershoot 5%
Output 2 Voltage Rippple 1%
Load 2 Start Current 1.5A
Load 2 Step Current 3A
Load 2 Step Edge Rate 1A/us
Output 2 Voltage Load Step Over/Undershoot 5%
Performance Priority Balance Efficiency and Size
BOM Priority Cost
Input Voltage Sense Enable
Preboost FSW reduced by 5 times Disable
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maxim

EE-Sim

DC-DC

integrated.
Parameter Value
Preboost Turn ON Threshold 8.8V
Preboost Output Voltage 12V
Preboost Inductor Current ration (LIR) 0.3
Preboost Peak Current Limit 11.93A
Mode PWM
Switching Frequency Output 1 1600000Hz

Switching Frequency Output 2
Ambient Temperature
Inductor 1 Current Ratio
Inductor 2 Current Ratio

Peak Current Limit Output 1

Peak Current Limit Output 2
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Equal to Switching Frequency of Output 1
25°C

0.3

0.3

5.175A

5.175A
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integrated.

Schematic

EE-Sim

DC-DC
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BOM
Ref Qty Part Number Manufacturer Description
Maxim 2V - 36V, Synchronous Dual Buck
u1 1 MAX17231 Intearated Controller with Integrated Boost and
9 20pA Quiescent Current

Cap Ceramic 0.1uF 50V X7R 10% Pad
C1 1 06035C104KAT2A AVX SMD 0603 125°C T/R
C2 5 GRM32ER71E226ME15 Murata Cap Ceramic 22uF 25V 1210 125C

Cap Ceramic 0.022uF 50V X7R 5%
C4 1 06035C223JAT2A AVX Pad SMD 0603 125°C T/R

Cap Ceramic 0.1uF 50V X7R 10% Pad
C9 1 06035C104KAT2A AVX SMD 0603 125°C T/R
CIN 1 C4532X5R1C336M250KA TDK Cap Ceramic 33uF 16V 1812 85C

Cap Ceramic 22uF 10V X5R 20%
COUT1 1 GRM21BR61A226MES51L Murata SMD 0805 85C Embossed T/R

H 0,

cout2 1 GRM32DR61C226KE18L Murata Cap Ceramic 22uF 16V XSR 10%
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SMD 1210 85C Embossed T/R
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Panasonic

TDK

AVX

KEMET
Corporation
KEMET
Corporation
KEMET
Corporation

ON
Semiconductor
ON
Semiconductor

Vishay

TDK

TDK

TDK

Fairchild
Semiconductor

Fairchild
Semiconductor

Fairchild
Semiconductor

Infineon
Technologies

Fairchild
Semiconductor

Panasonic

EE-Sim

Cap Aluminum Lytic 1000uF 25V 20%
(12.5 X 20mm) Radial 5mm 0.038
Ohm 1490mA 2000h 135C Bulk

Cap Ceramic 6.8uF 25V X5R 10% Pad
SMD 0805 85°C T/R

Cap Ceramic 0.0033uF 50V X7R 5%
Pad SMD 0402 125°C T/R

Cap Ceramic 0.0047uF 16V X7R 5%
Pad SMD 0402 125°C T/R

Cap Ceramic 8.2pF 50V C0G 5% Pad
SMD 0603 125°C T/R

Cap Ceramic 12pF 50V X7R 5% Pad
SMD 0603 125°C T/R

Diode Schottky 20V 0.5A 2-Pin SOD-
123 T/R

Diode Schottky 20V 0.5A 2-Pin SOD-
123 T/R

Diode Schottky 45V 15A 3-Pin(2+Tab)
SMPC T/R

Inductor Power Shielded Wirewound
2.2uH 30% 100KHz Ferrite 6.2A
15mOhm DCR Embossed Carrier T/R
Inductor Power Shielded Wirewound
2.2uH 30% 100KHz Ferrite 6.2A
15mOhm DCR Embossed Carrier T/R
Inductor Power Shielded Wirewound
1.5uH 20% 100KHz Metal 11A
10.67mOhm DCR T/R

Trans MOSFET N-CH 30VDS
5.2mOhm@4.5V 5mOhm@6V 13nC
5.8nC 1.72nF 0.655nF 150°C 22A
41W 3°C/W 1.1mm 32.5mm”2 PQFN
5x6 8L (Power 56)

Trans MOSFET N-CH 30VDS
5.2mOhm@4.5V 5mOhm@6V 13nC
5.8nC 1.72nF 0.655nF 150°C 22A
41W 3°C/W 1.1mm 32.5mm”2 PQFN
5x6 8L (Power 56)

Trans MOSFET N-CH 30VDS
5.2mOhm@4.5V 5mOhm@6V 13nC
5.8nC 1.72nF 0.655nF 150°C 22A
41W 3°C/W 1.1mm 32.5mm”2 PQFN
5x6 8L (Power 56)

Trans MOSFET N-CH 30VDS
14mOhm@4.5V 13mOhm@6V 7.2nC
3.7nC 1.1nF 0.39nF 150°C 36A 28W
4.5°C/W 1.1mm 34mm*"2 PG-TDSON-
8

Trans MOSFET N-CH 30VDS
5.2mOhm@4.5V 5mOhm@6V 13nC
5.8nC 1.72nF 0.655nF 150°C 22A
41W 3°C/W 1.1mm 32.5mm”2 PQFN
5x6 8L (Power 56)

Res Thick Film 0402 51K Ohm 5%
0.1W(1/10W) +200ppm/°C Pad SMD

DC-DC
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maxim .
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DC-DC

Automotive T/R
Res Thick Film 0402 10K Ohm 1%
R2 1 ERJ2RKF1002X Panasonic 0.1W(1/10W) £100ppm/°C Pad SMD
Automotive T/R
Res Thick Film 0603 66.5K Ohm 1%
R3 1 ERJ3EKF6652V Panasonic 0.1W(1/10W) £100ppm/°C Pad SMD
Automotive T/R
Res Thick Film 0603 40.2K Ohm 1%
R4 1 ERJ3EKF4022V Panasonic 0.1W(1/10W) £100ppm/°C Pad SMD
Automotive T/R
Res Thick Film 0603 10K Ohm 1%
R5 1 ERJ3EKF1002V Panasonic 0.1W(1/10W) £100ppm/°C Pad SMD
Automotive T/R
Res Thick Film 0603 90.9K Ohm 1%
R6 1 ERJ3EKF9092V Panasonic 0.1W(1/10W) £100ppm/°C Pad SMD
Automotive T/R
Res Thick Film 0603 10K Ohm 5%
R7 1 ERJ3GEYJ103V Panasonic 0.1W(1/10W) £200ppm/°C Pad SMD
Automotive T/R
Res Thick Film 0603 10K Ohm 1%
R8 1 ERJ3EKF1002V Panasonic 0.1W(1/10W) £100ppm/°C Pad SMD
Automotive T/R
Res Thick Film 0402 51K Ohm 5%
R9 1 ERJ2GEJ513X Panasonic 0.1W(1/10W) £200ppm/°C Pad SMD
Automotive T/R
Res Thick Film 0402 51K Ohm 5%
R10 1 ERJ2GEJ513X Panasonic 0.1W(1/10W) +200ppm/°C Pad SMD
Automotive T/R
Res Thick Film 0603 10K Ohm 5%
R11 1 ERJ3GEYJ103V Panasonic 0.1W(1/10W) +200ppm/°C Pad SMD
Automotive T/R
Res Thick Film 0402 51K Ohm 5%
R12 1 ERJ2GEJ513X Panasonic 0.1W(1/10W) £200ppm/°C Pad SMD
Automotive T/R
Res Thick Film 0603 10K Ohm 5%
R13 1 ERJ3GEYJ103V Panasonic 0.1W(1/10W) £200ppm/°C Pad SMD
Automotive T/R
Res Thick Film 0402 51K Ohm 5%
R14 1 ERJ2GEJ513X Panasonic 0.1W(1/10W) £200ppm/°C Pad SMD
Automotive T/R
Res Thick Film 0603 10K Ohm 1%
R16 1 ERJ3EKF1002V Panasonic 0.1W(1/10W) £100ppm/°C Pad SMD
Automotive T/R
Res Thick Film 0603 23.2K Ohm 1%
R17 1 ERJ3EKF2322V Panasonic 0.1W(1/10W) £100ppm/°C Pad SMD
Automotive T/R
Res Thick Film 0402 3.57K Ohm 1%
Rc1 1 ERJ2RKF3571X Panasonic 0.1W(1/10W) £100ppm/°C Pad SMD
Automotive T/R
Res Thick Film 0402 5.6K Ohm 1%
Rc2 1 ERJ2RKF5601X Panasonic 0.1W(1/10W) £100ppm/°C Pad SMD
Automotive T/R
NIC Res Metal Strip 1206 0.012 Ohm 1%
Rcs1 1 NCSS12AFR0O12TRF 0.25W(1/4W) +75ppm/°C Pad SMD
Components TR
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http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=3&l=none&uic=en-US&pn=se_28860888
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http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=3&l=none&uic=en-US&pn=se_78714893

maxim
integrated.
NIC
Rcs2 1 NCSS12AFR012TRF
Components
Rcs3 1 ERJ6BWFRO10V Panasonic
Rosc 1 ERJ3EKF2002V Panasonic

Simulation Results

EE-Sim

Res Metal Strip 1206 0.012 Ohm 1%
0.25W(1/4W) £75ppm/°C Pad SMD
TR

Res Thick Film 0805 0.01 Ohm 1%
0.5W(1/2W) £300ppm/°C Pad SMD
Automotive T/R

Res Thick Film 0603 20K Ohm 1%
0.1W(1/10W) £100ppm/°C Pad SMD
Automotive T/R

DC-DC

Efficiency - Thu Nov 15 2018 14:55:37
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Legend

Vin = 12.0V, Vout 1= 5.02V
B vin =120V, Vout 2=3.32v
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Default

POWER_LOSS_PLOT

3.32V

M vin =12.0v, Vout 1=5.02V

Legend
s / M vin =12.0v, Vout 2
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....
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Il Ch 2 High side FET

B Ch 2 Sense Resistor
B Ch 1 High side FET
B Ch 1 Low side FET

Il Ch 1 Sense Resistor

I Ch2Llout-AC+DC

% of total

Loss (W)
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Component Loss (W) % of total
Ch 1 Lout-AC +DC 0.135788 45

Ch 2 Low side FET 0.349142 11.5

Ch 2 High side FET 0.872905 28.8

Ch 2 Sense Resistor 0.106519 3.5

Ch 1 High side FET 0.917381 30.3

Ch 1 Low side FET 0.403716 13.3

Ch 1 Sense Resistor 0.106734 3.5

Ch 2 Lout-AC +DC 0.13551 45

Total 3.027695 100

© 2018 Maxim Integrated. All rights reserved.
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Steady State - Thu Nov 15 2018 14:55:37
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OUTPUT2 Default
16 7 3322 1 Legend
14 - 3.322 - M oaD?
ICOUT2
1.2 1 33214
W ouT?
1 332 1
T S00m - = 332 1
= i}
g 500m 513 319 -
3 I
“ 400mq F3319-
200m - 3318 1
:| n 3315 T 0¥ ] i
-200m - 3318 1
400m - 3317 I I I I I I
0 000N 1u 1.5u 2u 2.5y Ju

Time (s)

© 2018 Maxim Integrated. All rights reserved.
Page 18 of 50



maxim .
integrated EE-Sim
DC-DC
Load Step - Thu Nov 15 2018 14:55:37
OUTPUT1 Default
3] 347 Legend
4 - £ - M vour
M iLoaD1
3 52 - — | M icouTi
2 - 5.1 -
Z = .
= o 1I''"-|||--||.I||n|.-|.|||-.n|||||--||.||
i1 9
4 ?
1k 43
-1 1 48 -
-2 47 -
'3 - '4Ei | ] ] | | ] ] | |
0 100u 300u 500u 700u 900u
Time {s)

© 2018 Maxim Integrated. All rights reserved.

Page 19 of 50



EE-Sim

maxim
integrated.
DC-DC
IC3 Default
3 Legend
M exTvCe
i M esToN
| A
FB3
=37
i
]|
J
B
- 7
'I -
EI ] | ] ] ] ] ] |
0 100u 300u 500u J00u 400u  Tm
Time {s)

© 2018 Maxim Integrated. All rights reserved.

Page 20 of 50



maxim

EE-Sim

integrated.
INPUT Default
i1 12 Legend
77 117 |Bat
g - M vEat
| T
: i
IN
_ 47 M NS
Z . M iciN
1
5 2
[
'I -
E| -
1 3
21 2
3 - 1 | |

3 100w

© 2018 Maxim Integrated. All rights reserved.

200u

Time (s)

DC-DC

Page 21 of 50



iegre EE-Sim

integrated.
DC-DC
IC1 Default
3 Lagend
45 - M rcooD1
Mcen
47 COMP1
1 s
=
7
m
J
:1; 2.5
2 -
15 -
1 - ~
Sﬂﬂm ] | ] ] ] ] ] | ] 1
0  100u 300u 500u 700u 900u
Time {s)

© 2018 Maxim Integrated. All rights reserved.
Page 22 of 50



iegre EE-Sim

integrated.
DC-DC
SWITCHING2 Default
a1 18 Legend
45 - M Lxz
s M oHz
Wi
3.3 MesT2
DLz
T 3 -5513
= d
i 257§
3 B
L 2 1=
1.5 1
149 21

S00m O - ——

a - -2 T T T T T T T T T |
0 100u 300u 200u 700u 900u

Time (s)

© 2018 Maxim Integrated. All rights reserved.
Page 23 of 50



maxim :
integrated. EE-Sim
DC-DC
SWITCHING1 Default
1 " T Legend
437 | Els
4- IR
Mo
3.5 - M Lx1
| M oH1
T 3 5510
= d
g 25182
3 B
3 R
1.5 -
1 -
S500m -
| |
0- 2 A I I

0 100u

© 2018 Maxim Integrated. All rights reserved.

300u

200u
Time ()

T00u

300u

Page 24 of 50



EE-Sim

maxim
integrated.
DC-DC
IC2 Default
7 Lagend
45 - COMP2
M En:
4 PGOODZ
3.5 1
2
il
g 37
Z
2.5 1
2 -
15 -—[ IL
1 ] | ] ] ] ] ] ] 1
0 100u 300u 500u 700u 300u
Time {s)

© 2018 Maxim Integrated. All rights reserved.

Page 25 of 50



maxim :
integrated. EE-Sim

DC-DC
SWITCHING3 Default
249 13 -
Legend
234 12- o ! x
IL3
221 111 L3
219 104 Bos
2 9
E1.EI . = 5
=181 74
c o
21743 5+
154" 51
1549 44
14 1 3
1349 21
1.2 1 14
11 = :| I I I I I I I I I 1
0 100Qu 300u 500u J00u 900u

Time (s)

© 2018 Maxim Integrated. All rights reserved.
Page 26 of 50



EE-Sim

maxim
integrated.
DC-DC
WEBSIM_VOLTAGE_ Default
3 Lagend
FSYMNC
1 FB2
FSELBST
BIAS
=4
il
m
R
i
e 7
'I -
1 1 1 1 1 1 1 1 1
0 100u 300u 200u 700u 300u  Tm
Time (s)

© 2018 Maxim Integrated. All rights reserved.

Page 27 of 50



maxim :
integrated. EE-Sim

DC-DC
OUTPUT2 Default
35 36 1 Legend
i1 37 = -
25 1 3.5 1 IcouT2
W voutz
2 345
1.5 1 3.4
T =
= 1 ] |1|335 7
i g
5 30dm-q 5 33 -|
o =
0 1 325 -
S500m A 3.2 1
-1 4 3.15 1
1.5 1 3.1 1
-2 = 335 T T T T T T T T T ]

0 100u 300u 200u 100u 300u

Time {s)

© 2018 Maxim Integrated. All rights reserved.
Page 28 of 50



maxim EE_SIm

integrated
DC-DC
PreBoost AC - Thu Nov 15 2018 14:55:37
BODE Default
430 7 105 Legend
. 7C -
400 73 M Loop Gain
330 1 3 Loop_Phase
300 - 25 -
— 20 T 0 }
Ez:m . g 25 -
E 150 - i 5 -
g 1001 c -75-
w a
2 5019 10 - \ \
14 -125-
50 1 -15 -
1004 175 -
-150 1 20 -

1 10 100 1k 10k 100k ™
Frequency (Hz)

Phase Margin: 55.94° at a crossover frequency of 0.5kHz
v

203040 50 60 70 80 90 100 110

© 2018 Maxim Integrated. All rights reserved.
Page 29 of 50



maxim .
integrated EE-Sim

DC-DC
Start Up - Thu Nov 15 2018 14:55:37
OUTPUT1 Default
137 37 Legend
12519 7 H vouT
. M iLoaD1
b
W couT
750m 5
T 500m = 4 1
= d
g 200m- 3
3 i)
I e I
-250m 11
S500m A )
J%0mq -1 A
-1 = -2 1 1 T 1 1 T T 1
0 m 2m im  4m Sm am Im gm
Time (s

© 2018 Maxim Integrated. All rights reserved.
Page 30 of 50



maxim
integrated.

IC3

EE-Sim

DC-DC

Default

Yoltage 4]
e
1

© 2018 Maxim Integrated. All rights reserved.

4m

Time {s)

Legend
B EexTice
M EsTON

Wen
FB3

Page 31 of 50



maxim :
integrated. EE-Sim

DC-DC
INPUT Default
1209 13 - Legend
1101 12 + st
1001 111 e
304 10 | THIY
801 9- IN
-
= 60qg 7- -
s 5042 5-
Z 47 s5-
01 4-
201 3-
101 2-
:|_ -I eyt s s sl e L L L e
10- 0~ T T T 1 T 1 1 |
J 1m 2m 3m 4m Sm Gm Im om

Time {s)

© 2018 Maxim Integrated. All rights reserved.
Page 32 of 50



iegre EE-Sim

integrated.
DC-DC
IC1 Default
3 Lagend
3 M FGooD1
4 1 HMcen
35 COMP1
; M re
= 254
il
2 29
2 15-
'I -
EEI::IlTI 7 /
:' L
500m
'1 | | | | | | | |
0 1m 2m Jm 4m G b Jm om

Time {s)

© 2018 Maxim Integrated. All rights reserved.
Page 33 of 50



maxim

EE-Sim

integrated.
SWITCHING2 Default
337 Legend
37 ML
5z W oHe
ML
21 BMcsT2
DL2
T 1.5
i1
3
= 500m -
07 4 T
S500m 2
17 0 IIIIVIA-L--_
-15 = -2 T T T T T T T ]
0 1m 2m Im 4m Om om im am

© 2018 Maxim Integrated. All rights reserved.

Time (s)

DC-DC

Page 34 of 50



iegrs EE-Sim

integrated.
DC-DC
SWITCHING1 Default
337 Legend
3 BMcsTi
5z | I
' Mo
21 W Lx
_ 1 B oH1
T 15 Eﬂﬂ
= il
i 113
3 T
“ 500m 4~
ﬂ -
S500m
-1 -
| | | | | | |
454 2 ] ! ! ] ] ] I

2m am dm Sm am Im 8m
Time (s)

[}
3 1

© 2018 Maxim Integrated. All rights reserved.
Page 35 of 50



maxim EE-Sim

integrated.
DC-DC

IC2 Default

3 Lagend
437 COMP2

41 ey
PGOOD2

Weltage W]
3
1

Time {s)

© 2018 Maxim Integrated. All rights reserved.
Page 36 of 50



EE-Sim

maxim
integrated.
SWITCHING3 Default
1209 18 Legend
1101 16 "ME
10049 14 L%3
909 12 | VK
8049 10
T N= 8
= i
g G015 6
3 5042 4
09 2 -
30 1 0
209 21
109 47
:| = -Ei T T 1 1 T 1 1 1
0 1m 2m 3m dm Sm Bm Im gm
Time {s)

© 2018 Maxim Integrated. All rights reserved.

DC-DC

Page 37 of 50



maxim
integrated.

WEBSIM_VOLTAGE_

EE-Sim

DC-DC

Default

G -
45
4
3.9 7
3 -
2.5 7
2
1.3 7

Weltage W]

© 2018 Maxim Integrated. All rights reserved.

dm

Time {s)

Sm

am

Lagend

FSYNC
FB2
FSELBST
BIAS

Page 38 of 50



EE-Sim
DC-DC

maxim
@ integrated.

Default

Legend

OUTPUT2

B iLoaD?
W icouT?
W ours

dm

Jm 4m Sm Bm Tm

2m

m

0
500m
y

L) =Beis,
I I 1 1 I I I 1 I I 1 1
22w - £ EE S £ E £
] waung

Time (3]

© 2018 Maxim Integrated. All rights reserved.

Page 39 of 50



maxim EE-Sim

integrated.
DC-DC
AC Loop - Thu Nov 15 2018 14:55:37

BODE Default
1759 160 - Legend
Bl 140 Loop_Gain2
1239 120 - N Loop Phasel
1004 100 1 N Loop_Gain1

151 a0 - M Loop_Phaset

E 50 - E 60 -

o 2515 40 -

E d i 20

i s

o]

32543 1 N

o
S0 20 -
-5 40 -
009 60 -
1259 80 -
-150 - -100 T T T T T 1

1 10 100 1k 10k 100k ™
Frequency (Hz)

Phase Margin (output #1): 55.78° at a crossover frequency of 71.6kHz
v
20 30 40 50 60 70 80 90 100110
Phase Margin (output #2): 56.77° at a crossover frequency of 72.8kHz
v

203040 50 60 70 80 90 100110

© 2018 Maxim Integrated. All rights reserved.
Page 40 of 50



maxim .
integrated. EE-Sim
DC-DC
Line Transient - Thu Nov 15 2018 14:55:37
OUTPUT1 Default
1757 5024 Legend
159 5023 TR T G | | W vour
B . ‘ ‘ ‘ B ILosD
' ' M icouTi
149 5.0
Z 750m 4= 5.02
Z g
£ soom {35.00-ST NN N O N IR
& =
250m 4 5.018
04 5017
250m 4 5.016
S00m 4 5.015
1 | | 1 | | | 1 | | 1
0 100u 300u S00u 700u 300u
Time (s)

© 2018 Maxim Integrated. All rights reserved.

Page 41 of 50



EE-Sim

maxim
integrated.
DC-DC
IC3 Default
3 Legend
M ExTvee
i M esToN
Mcen:
FB3
=37
d
o
J
B
= 7 4
1 -
:I ] ] | ] ] ] ] | ] |
300u 500u J00u 900u  Im

0  100u
Time {s]

Page 42 of 50

© 2018 Maxim Integrated. All rights reserved.



iegre EE-Sim

Current [£)

Weltage

integrated.
DC-DC
INPUT Default
189 131 \ Lagend
169 12 1 ! H Bat
144 111 B vEst
174 10 - _ THIY
04 9 N
W s
8= 8- My
Ei -
4 -
E -

-2 37

44 2- =

-Ei = 1 T T 1 1 T 1 1 T T 1
0  100u 300u 500u 700u 900u

Time (s)

© 2018 Maxim Integrated. All rights reserved.
Page 43 of 50



maxim :
integrated. EE-Sim
DC-DC

IC1 Default

© 2018 Maxim Integrated. All rights reserved.
Page 44 of 50



maxim :
integrated. EE-Sim
DC-DC

SWITCHING2 Default

© 2018 Maxim Integrated. All rights reserved.
Page 45 of 50



maxim :
integrated. EE-Sim
DC-DC

SWITCHING1 Default

© 2018 Maxim Integrated. All rights reserved.
Page 46 of 50



maxim :
integrated. EE-Sim
DC-DC

IC2 Default

© 2018 Maxim Integrated. All rights reserved.
Page 47 of 50



maxim :
integrated. EE-Sim
DC-DC

SWITCHING3 Default

© 2018 Maxim Integrated. All rights reserved.
Page 48 of 50



maxim :
integrated. EE-Sim
DC-DC

WEBSIM_VOLTAGE_ Default

© 2018 Maxim Integrated. All rights reserved.
Page 49 of 50



maxim :
integrated. EE-Sim
DC-DC

OUTPUT2 Default

© 2018 Maxim Integrated. All rights reserved.
Page 50 of 50





