maxim
integrated.

Initial Design
1.0

Design Requirements

EE-Sim

DC-DC

Parameter Value
Minimum Input Voltage 11V
Maximum Input Voltage 42V
Nominal Input Voltage 24V
Input Steady-State Ripple 0.48V
Input Undervoltage Lockout Level 9.9V
Output Voltage 5V
Output Current 3.5A
Output Voltage Load Step Over/Undershoot 0.15V
BOM Priority Cost
Mode of Operation PWM
Switching Frequency 500kHz
Soft-start time 3ms
Ambient Temperature 25°C
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= Changing the input or output capacitance value is not recomended. It might degrade the transient response or loop stability,
= If the current level (starting current for Load Steps) is too low, AC, Steady State and Load Step analyses may fail when PFM/DCM mode is selectec

BOM
Ref Qty Part Number Manufacturer Description
M1 e  Meln 595k g Siere 0000 Sy
c1 2 C1210C225K1RAC Kemet f;foﬁzrggig lﬁf“': 100V X7R 10% SMD
c3 1 CCO402KRX7R8BB153 Yageo g&%%irg;“;czg;g%‘; 28V X7R 10% Pad
o CRM3 CRT1AZ2EKE 5L Murata Cap Ceramic 22uF 10V X7R 10% SMD 1206
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http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=3&l=b&uic=en-US&pn=x136
http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=3&l=none&uic=en-US&pn=101793
http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=3&l=none&uic=en-US&pn=se_38349350
http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=3&l=none&uic=en-US&pn=134759
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DC-DC
Res Thick Film 0402 470K Ohm 5%
R2 1 ERJ2GEJ474X Panasonic 0.1W(1/10W) £200ppm/°C Pad SMD
Automotive T/R
Res Thick Film 0402 191K Ohm 1%
R3 1 ERJ2RKF1913X Panasonic 0.1W(1/10W) £100ppm/°C Pad SMD
Automotive T/R
Res Thick Film 0402 42.2K Ohm 1%
R4 1 ERJ2RKF4222X Panasonic 0.1W(1/10W) £100ppm/°C Pad SMD
Automotive T/R
Res Thick Film 0402 26.7K Ohm 1%
R5 1 ERJ2RKF2672X Panasonic 0.1W(1/10W) £100ppm/°C Pad SMD
Automotive T/R
Res Thick Film 0402 10K Ohm 5%
R6 1 ERJ2GEJ103X Panasonic 0.1W(1/10W) £200ppm/°C Pad SMD
Automotive T/R
Simulation Results
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http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=3&l=none&uic=en-US&pn=se_25145982
http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=3&l=none&uic=en-US&pn=se_25401062
http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=3&l=none&uic=en-US&pn=se_28482445
http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=3&l=none&uic=en-US&pn=se_25454800
http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=3&l=none&uic=en-US&pn=se_28852737
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Phase Margin: 71.59° at a crossover frequency of 58.7kHz

12017307407 50 60 70 80 90 100 110

© 2018 Maxim Integrated. All rights reserved.
Page 4 of 24



maxim
integrated.

Efficiency - Sun Nov 25 2018 20:18:27

EE-Sim

DC-DC

EFFICIENCY_PLOT

Default

88 1

PYi'M Mode Efficiency (%)
[ } [ } [ m } [ }
= fo i =
1 1 1 1

-]
Lo ]
1

L |
Lo ]
1

Lagend

Efficiency

200m T 1.5

© 2018 Maxim Integrated. All rights reserved.

P
|OUT (&)

2.3 3 3.9

Page 5 of 24



maxim :
integrated. EE-Sim
DC-DC

POWER_LOSS PLOT Default
4 -

Lagend

B Power Loss
35 -

3_

2.5 7

M Mode Powsar Loss W)

EEIiIm | T T 1 T 1 1
500m 1 15 2 25 3 3.9

|OUT {A)

© 2018 Maxim Integrated. All rights reserved.
Page 6 of 24



maxim :
integrated. EE-Sim
DC-DC

JUNCTION_TEMPERATURE_PLOT Default
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Component Loss (W) % of total
Inductor losses 0.99 26.1
Losses in IC 2.8 73.9
Total 3.79 100

© 2018 Maxim Integrated. All rights reserved.

Page 8 of 24



EE-Sim

maxim
integrated.
DC-DC
Start Up - Sun Nov 25 2018 20:18:27
SWITCHING Default
3 Legend
M BsT
25
HLx
20 4
215 -
il
m
J
310 -
5 -
d
-5

© 2018 Maxim Integrated. All rights reserved.

Page 9 of 24



iegre EE-Sim

integrated.
DC-DC
INPUT Default
49 40 Legend
359 351 B vin
5] 3 - Win
M icin
259 251 Men uvLo
T 2 = 20 1
= il
g 15% 151
5 5
= 14710 A
S00m-+ 5
I
S00mq 5 A
-1 = -1{I 1 T T 1 1 T
0 m 2m am dm Sm am
Time (s)

© 2018 Maxim Integrated. All rights reserved.
Page 10 of 24



EE-Sim
DC-DC

maxim
integrated.

Default
Legend

IC
M Fe
W vce
MODE
49 RT
RESETE
s
W

Time {s)

Page 11 of 24

© 2018 Maxim Integrated. All rights reserved.



maxim .
integrated. EE-Sim
DC-DC
OUTPUT Default
7] 2] Legend
45 4 45 - ICO
4 1 41 W vour
35 - 35 MiouT
37 37
T 2594 = 25-
= i}
i 219 27
d 154 2 15-
17 1
S00m - S00m
0 - { -
500m L00m o
-1 = -1 T T T T T T
0 1m 2m Im 4m Om om

Time (s)

© 2018 Maxim Integrated. All rights reserved.

Page 12 of 24



maxim
integrated.

Line Transient - Sun Nov 25 2018 20:18:27

EE-Sim

SWITCHING

Default

30

23

[
[}

Yoltage W]
= o

0 200u 400u 600u 800u
Time s)

© 2018 Maxim Integrated. All rights reserved.

Tm

oy 4

Legend

BesT
WL

DC-DC

Page 13 of 24



maxim :
integrated. EE-Sim

DC-DC
INPUT Default
77 457 Legend
69 401 W viN
54 351 My
Hicn
44 3
Men uvLo
3 _E 25
Z
= 21n 20
uj}
2118 s
a [
044 10
1 1 5
-2 0
A
-4 = -1{| T T T T T T T

0 200u 400u B00u B0u Tm 1dm Tdm

Time (s)

© 2018 Maxim Integrated. All rights reserved.
Page 14 of 24



EE-Sim

maxim
integrated.
DC-DC
IC Default
67 Legend
M rs
3 W vce
MODE
i RT
RESETE
% Mss
934 Mcr
3
2 -
1 -
ﬂ A 1 | | 1 | | |
0 200u 400u 600u S00u 1m 1.2m 1.4m

Time {s)

Page 15 of 24

© 2018 Maxim Integrated. All rights reserved.



mf:g";;ted.. EE-Sim
DC-DC
OuTPUT Default
45 4983 agen:
44 4982 couT
354 4981 W vour
34 498 Wiout
254 4479
%’ 2—%4.9?5
318 —E-;.ﬂ??
14 4478
500m - 4.975
04 4974
S00m 4 4473
44 49724 . . . .

0 200u 400u 600

© 2018 Maxim Integrated. All rights reserved.

Time (5]

800u

Page 16 of 24



EE-Sim

maxim
integrated.
DC-DC
Steady State - Sun Nov 25 2018 20:18:27
SWITCHING Default
30 T T ] i | Lagend
MesT
25 1
- =] R . = HLx
20 1
215
d
5]
3
310 -
5 -
a
'\5 ] | ] ] ] |
a Tu 2u au dy Su Bu
Time s)

© 2018 Maxim Integrated. All rights reserved.

Page 17 of 24



maxim :
integrated. EE-Sim

DC-DC
INPUT Default
49 40 Legend
354 351 VIN
21 a4 Win
Hicn
259 251 Men uvLo
T 2 = 20 4
- il
g 1549151
3 T
= 14710
S00m - 5 -
0 - 0
S500m 5§ -
-1 = -13 T T T T T T
| 1u 2u Ju 4y Su fu

Time (s)

© 2018 Maxim Integrated. All rights reserved.
Page 18 of 24



EE-Sim

DC-DC

maxim
integrated.
IC Default
67 Legend
B
3 Wvco
MODE
. RT
RESETB
% Mss
934 Mcr
3
2 -
'I -
ﬂ T 1 1 1 1 1 1
Q 1u 2u Ju 4y Su Gu
Time {s)

© 2018 Maxim Integrated. All rights reserved.

Page 19 of 24



maxim

EE-Sim

DC-DC

Default

integrated.
OUTPUT
49 435521
30 4351
31 4331
20 457391
% 2 —%4.9?5 -
g g
3 1.5 -g 4377 1
11 43761
500m 9 439757
14 49744
-200m < 43873
J

© 2018 Maxim Integrated. All rights reserved.

Legend
ICO

W vour

Wiour

Page 20 of 24



maxim
integrated.

Load Step - Sun Nov 25 2018 20:18:27

EE-Sim

SWITCHING

Default

30

23

[
[}

Yoltage W]
= o

0 200u 400u 600u 800u
Time s)

© 2018 Maxim Integrated. All rights reserved.

Tm

oy 4

Legend

BesT
WL

DC-DC

Page 21 of 24



maxim
integrated.

INPUT

EE-Sim

DC-DC

Default

Currznt [#)

0

© 2018 Maxim Integrated. All rights reserved.

600u

Time (s)

800u

Legend

M viN
Win
Micn
Men uvLo

Page 22 of 24



EE-Sim

maxim
integrated.
DC-DC
IC Default
67 Legend
M rs
3 W vce
MODE
i RT
RESETE
% Mss
934 Mcr
z
T |
'I -
| | 1 | | |
1.2m 1.4m

i 1
0 200u 400u  600u  800u 1m
Time {s)

Page 23 of 24

© 2018 Maxim Integrated. All rights reserved.



maxim :
integrated. EE-Sim

DC-DC
OUTPUT Default
49  525- Legend
3.5 1 5.2 uin ICO
34 515 - W vour
254 51 Wiour
24  505-

Currznt [#)
o
1
Yoltage W]
[y |
I 1

17 435 1
500m - 43 1
0 - 435 -
-300m - 43 1
-1 7 475 1
-1.5 - 47 T T T T T T T
0 200u 400u 600u 800u Tm 12m 1dm

Time (s)

© 2018 Maxim Integrated. All rights reserved.
Page 24 of 24





