maxim :
integrated. EE-Sim
DC-DC

Initial Design
1.0

Design Requirements

Parameter Value
Min. Input Voltage 10.8V
Max. Input Voltage 13.2V
Typ. Input Voltage 12V
Input Voltage Ripple 3%
Output Voltage 3.3V
Output Current 3A
Output Voltage Ripple 1%
Load Step Start Current 1.5A
Load Step Current 3A
Performance Priority Balance Efficiency and Size
BOM Priority Cost
Compensator Type Type 2
Ambient Temperature 25C
Inductor Current Ratio (LIR) 0.3
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BOM
Ref Qty Part Number Manufacturer Description
Maxim Low cost, Small, 3A DC-DC Converter in
vt 1 MAXTS04TETE Integrated 3mm by 3mm TQFN
C1 4 GRM21BC71H475KE 11 Murata Cap Ceramic 4.7uF 50V 0805 125C
. Cap Ceramic 1uF 16V X7R 20% Pad SMD
C2 1 EMK107B7105MA-T Taiyo Yuden 0603 125°C T/R
Samsung .
Cap Ceramic 0.1uF 50V X7R 20% Pad
C3 1 CL10B104MB8NNNC ’I\Eﬂlzg:]rgr-]ics SMD 0603 125°C T/R
Cap Ceramic 0.01uF 100V X7R 20% Pad
C4 1 C1608X7R2A103M0O80AA TDK SMD 0603 125°C T/R
Cap Ceramic 22uF 16V X5R 10% SMD
C5 3 GRM32DR61C226KE18L Murata 1210 85C Embossed T/R
Samsung .
Cap Ceramic 0.1uF 16V X7R 20% Pad
C6 1 CL10B104MOS8NNNC II\EAIZCC::;);“CS SMD 0603 125°C T/R
Cap Ceramic 0.01uF 100V X7R 20% Pad
Cc7 1 C1608X7R2A103M0O80AA TDK SMD 0603 125°C T/R
c8 1 06035A560JAT2A AVX Cap Ceramic 56pF 50V C0G 5% Pad SMD
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http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=0&l=b&uic=en-US&pn=x52
http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=0&l=none&uic=en-US&pn=25190247
http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=0&l=none&uic=en-US&pn=se_32184032
http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=0&l=none&uic=en-US&pn=se_45438909
http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=0&l=none&uic=en-US&pn=se_54363416
http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=0&l=none&uic=en-US&pn=25162503
http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=0&l=none&uic=en-US&pn=se_45433276
http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=0&l=none&uic=en-US&pn=se_54363416
http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=0&l=none&uic=en-US&pn=se_24607962

maxim :
integrated. EE-Sim

DC-DC
Cap Ceramic 0.015uF 50V X7R 5% Pad
C9 1 06035C153JAT2A AVX SMD 0603 125°C T/R
Samsung Cap Ceramic 240pF 50V COG 5% Pad
C11 1 CL10C241JBSBNNNC Electro—_ SMD 0603 125°C T/R
Mechanics
. Diode Small Signal Switching 100V 0.15A
D1 1 1N4148W-E3-08 Vishay 2-Pin SOD-123 T/R
L1 1 MSS1048-682NLB Coilcraft Inductor 6.8uH 30% 14.67mOhm 5.6A Isat
6.01A Irms
Res Thick Film 0603 10K Ohm 5%
R1 1 ERJ3GEYJ103V Panasonic 0.1W(1/10W) £200ppm/°C Pad SMD
Automotive T/R
Res Thick Film 0603 10K Ohm 5%
R2 1 ERJ3GEYJ103V Panasonic 0.1W(1/10W) £200ppm/°C Pad SMD
Automotive T/R
Res Thick Film 0603 4.53K Ohm 1%
R3 1 ERJ3EKF4531V Panasonic 0.1W(1/10W) £100ppm/°C Pad SMD
Automotive T/R
Res Thick Film 0603 21K Ohm 1%
R5 1 ERJ3EKF2102V Panasonic 0.1W(1/10W) £100ppm/°C Pad SMD
Automotive T/R
Res Thick Film 0603 4.75K Ohm 1%
R6 1 ERJ3EKF4751V Panasonic 0.1W(1/10W) £100ppm/°C Pad SMD
Automotive T/R
Res Thick Film 0603 47 Ohm 5%
R8 1 ERJ3GEYJ470V Panasonic 0.1W(1/10W) +200ppm/°C Pad SMD
Automotive T/R

Simulation Results

Efficiency - Mon Nov 19 2018 11:00:49
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http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=0&l=none&uic=en-US&pn=se_24607601
http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=0&l=none&uic=en-US&pn=se_45434722
http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=0&l=none&uic=en-US&pn=se_54301682
http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=0&l=none&uic=en-US&pn=25187854
http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=0&l=none&uic=en-US&pn=se_28861061
http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=0&l=none&uic=en-US&pn=se_28861061
http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=0&l=none&uic=en-US&pn=se_28858215
http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=0&l=none&uic=en-US&pn=se_28861249
http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=0&l=none&uic=en-US&pn=se_25176488
http://maxim.transim.com/pwm2/txd/Transim.VPS.txd?f=link&disti=0&l=none&uic=en-US&pn=se_25176476
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Losses

Cin-ESR
Il Control MOSFET - gate charge
I Synchronous MOSFET - diode Vforward during dead time
Il Cout-ESR
I Control IC - quiescent
B Control MOSFET - Rds_on
Il Synchronous MOSFET - Coss
Il Control MOSFET - Coss
I Control MOSFET - switching
Synchronous MOSFET - diode reverse recovery
Synchronous MOSFET - Rds_on
I Lout-AC+DC
I Synchronous MOSFET - gate charge

Component Loss (W) % of total

DC-DC
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Component Loss (W) % of total
Cin - ESR 0.00714 0.4
Control MOSFET - gate charge 0.021 1.3
Vioward aurng dead tme | 0.00084 0
Cout - ESR 0.000209 0
Control IC - quiescent 0.0132 0.8
Control MOSFET - Rds_on 0.46503 28.5
Synchronous MOSFET - Coss 0.004082 0.2
Control MOSFET - Coss 0.004082 0.2
Control MOSFET - switching 0.108621 6.6
Synchronous MOSFET - Rds_on 0.761947 46.6
Lout - AC + DC 0.206226 12.6
E?gf;’:rc;heronous MOSFET - gate 0.021 13
Total 1.634378 100

© 2018 Maxim Integrated. All rights reserved.

Page 7 of 24



maxim -
integrated. EE-Sim
DC-DC
AC Loop - Mon Nov 19 2018 11:00:49
BODE Default
1009 30 - Legend
019 25- Loop_Gain
.L:I:IFI_F'hEE-E
801 20 -
o /07 15 -
ik
o 60 1= 10 -
Ik
g 504E 5-
-
44 0
3049 5 -
2090 10 -
13 = -15 | 1 1

© 2018 Maxim Integrated. Al

1k 10k 100k
Frequency (Hz)

Phase Margin: 87.02° at a crossover frequency of 37.6kHz
v

203040 50 60 70 80 90 100 110

| rights reserved.

Page 8 of 24



maxim :
integrated. EE-Sim

DC-DC
Steady State - Mon Nov 19 2018 11:00:49
IC Default
127 Lagend
11 [ L
10 1 M
g - Moo
g PGOO
EM
E ?- et
0 COMP
g 67
2 5
4 4
3 -
2 -
‘I -
:I | ] ] ] | | |
0 2u 4y Bu Su 10u 12u 14u
Time (s)

© 2018 Maxim Integrated. All rights reserved.
Page 9 of 24



maxim .
integrated. EE-Sim
DC-DC
SWITCHING Default
219 207 Legend
21 18 1 L
1899 16 1™ =) r— - i Lx
184 14 MesT
174 1217
T 161210 1
= ]
g 1519 8-
3 1442 §-
134 44 -1 = = ———F
1.2 1 2
114 04— ~—
14 -2 1
gﬂﬂl‘l‘l = -4 T T T T T T T
0 2u 4y fu du 10u 12u 14y

© 2018 Maxim Integrated. All rights reserved.

Time (s)

Page 10 of 24



maxim :
integrated. EE-Sim

DC-DC
INPUT Default
2.25 1 12 1 Legend
7 121 IVIN
1.75 1 12 1 B
15 - 12 1 W icinea
1.25 - 12 - | KW
= 1 - Eu 4 ICVOD
= 750mq 012 - M voo
g a7 M icinzE
S 500m T %12 1
O =
250m - 12 1
0 - 12
-250m 12 1 \, w \1 v
500m - 12 1
-750m - 12 1
-1 = 12 T T T T T T
0 2u 4y ou du 10u 12u
Time (s)

© 2018 Maxim Integrated. All rights reserved.
Page 11 of 24



maxim

EE-Sim

integrated.
DC-DC
OUTPUT Default
154 3288 Legend
M icouT
14 3.284- M LoAD
W icouTs
— 190m 4=3.283 1
7"
= i}
0 S00m A E;“E.EEE .
3 T
= 250m 4~ 3.281
04 328
250m 4 3.279 \W \SU \W \W
S00m 4 3.278 1
| | | | 1 | 1
0 2u 4y Gu Su
Time (s)

© 2018 Maxim Integrated. All rights reserved.

Page 12 of 24



maxim -
integrated. EE-Sim
DC-DC
Load Step - Mon Nov 19 2018 11:00:49
IC Default
127 Lagend
1 M
10 - M
g - Moo
g PGOO
EM
E ?- et
0 COMP
35
25
4 4
3 -
2 -
‘I -
:I | ] ] 1
0 500u 1m 1.5m 2m
Time (s)

© 2018 Maxim Integrated. All rights reserved.

Page 13 of 24



iegra EE-Sim

integrated.
DC-DC
SWITCHING Default
37 18 Legend
459 16 IL
44 14 WX
M5t
a1 12
T 3 Eﬂl
= 1]
g 2975 8
3 i)
% 247 8
1549 4
S500m-+ 0
0- -2 T T T 1
0 500u 1m 1.5m 2m
Time (s)

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



iegre EE-Sim

integrated.
DC-DC
INPUT Default
3] Legend
4 - IVIN
Hin
3 - M icinza
Wi
2 ICVDD
Z % M voD
I M icinzE
& :
E| -
-1 1
-7 -
-3 = 12 T 1 T 1
i 500u m 1.5m 2m
Time {s)

© 2018 Maxim Integrated. All rights reserved.
Page 15 of 24



maxim

integrated. EE-Sim
DC-DC
OUTPUT Default
67 347 Legend
54 33751 B couT
4 3.35 1 M vour
B LoaD
31 33251 o |COUT3
Z
=
2
o |
i

0 S500u 1m 1.5m 2m

Time (s)

© 2018 Maxim Integrated. All rights reserved.

Page 16 of 24



maxim .
integrated. EE-Sim
DC-DC
Start Up - Mon Nov 19 2018 11:00:49
IC Default
127 Lagend
11 Hss
10 - Hre
g - Moo
: - PGOO
EN
E ?- T
- COMP
96"
25
4 -
3 -
2 -
1 __'__.d-
:| 7 1 I T ]

J 200u

© 2018 Maxim Integrated. All rights reserved.

T1m

Time (s)

1.5m

2m

Page 17 of 24



maxim

integrated. EE-Sim
DC-DC
SWITCHING Default
257 181 Legend
225 IL
2 W Lx
MesT

1.73 7

Current [£)
—
M —_—
LA n
1 1

—k
1

730m
200m

230m

1 200u

© 2018 Maxim Integrated. All rights reserved.

1m 1.5m
Time ()

Page 18 of 24



maxim :
integrated. EE-Sim

DC-DC
INPUT Default
337 Legend
3 IVIN
75 - Win
;. W icinza
| KW
_ 137 ICVDD
% L]
= 1 VDD
cC
i M icinze
S S500m -
[
:| -
500m -
-1 A
<15 1
-2 = 12 T T T ]
0 500u 1m 1.5m 2m
Time (s)

© 2018 Maxim Integrated. All rights reserved.
Page 19 of 24



iegre EE-Sim

integrated.
DC-DC
OUTPUT Default
15 - 4 Legend
M icouT
B osD
17 37
ICOUTS
ri . i
z 750m = 25
= ]
0 S00m E‘ 2
3 T
= 250md ~ 15
0 - 1A
-250m 500m -
S500m 0
| | 1 |
0 L00u 1m 15m 2m

Time (s)

© 2018 Maxim Integrated. All rights reserved.
Page 20 of 24



EE-Sim

maxim
integrated.
DC-DC
Line Transient - Mon Nov 19 2018 11:00:49
IC Default
Lagend
12 1
Mss
M
10 1 Ml voD
PGEoO
2 - EN
E COMP
|I| R Rt
g
i} Ei -
i)
=
4
2 -
:I | ] ] 1
0 500u T1m 1.5m 2m
Time (s)

Page 21 of 24

© 2018 Maxim Integrated. All rights reserved.



iegra EE-Sim

integrated.
DC-DC
SWITCHING Default
21 20 -| Legend
241 18- L
194 16 - Bix
184 14 BMcesT
1719 12
T 16410
= ]
g 154238
S 1442 5
137 4
129 2
1179 0
19 2+
Eﬂﬂl'l'l = -4 | T T T ]
0 S00u 1m 1.5m 2m
Time (s)

© 2018 Maxim Integrated. All rights reserved.
Page 22 of 24



maxim :
integrated. EE-Sim

DC-DC
INPUT Default
5 - 128 - Legend
27 126 - IVIN
44 124 Wi
W icinea
3 12.2 - | KW
ICVDD
= 2 12
Z % M voD
g11 §118 W icinzs
5 T
Y04 18
-1 4 114
-2 11.2 1
-3 11 1
-4 = 1':]5 T T T ]
0 S00u 1m 1.5m 2m
Time (s)

© 2018 Maxim Integrated. All rights reserved.
Page 23 of 24



maxim .
integrated. EE-Sim
DC-DC
OUTPUT Default
1.75 1 3.295 1 Legend
154 3292 M icouT
1254 329 - W vour
B osD
141  3.288 - W icouTs
T 750m - EE.EEE -
= il
g 200m - &3.282
5 T
= 280mq - 328
0 - 3.278
-250m - 3.275
S500m 3.272
-?5[“11 = 32? I T T T ]

!

© 2018 Maxim Integrated. All rights reserved.

300u

m

Time (5]

1.5m

2m

Page 24 of 24





