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Introduction

This design guide covers various designs using

a select set of SIMPLE SWITCHER® products.

For each product, the first section contains
schematic, bill of material, technical tips and links
to WEBENCH® designs. The second page shows the
PCB layout and component placement suggestions
to ensure a robust design. For more details

please refer to the device datasheets and other
documentation referenced.

Two different product families are introduced: The
SIMPLE SWITCHER power modules and SIMPLE
SWITCHER discrete regulators and controller.
The SIMPLE SWITCHER power modules offer

the greatest ease of use and fastest design time
while the SIMPLE SWITCHER discrete regulators
and controllers offer the most design flexibility.

national.com/switcher

For more information comparing the two families
consult Power Designer 129: Comparing the
Merits of Integrated Power Modules versus
Discrete Regulators.

Both families are supported by the WEBENCH
design tool, which creates custom power supply
designs depending on the application requirements
and provides the bill of material needed to create
those designs.




LMZ1420x Designs
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Design Considerations

¢ The bulk Cyy input capacitor supplies the
instantaneous current demands of the IC and
must be sized to satisfy the input ripple current
requirement. Low ESR or ceramic capacitors are
suggested to minimize input voltage ripple. An
optional high frequency 1 pF ceramic cap can be
placed farther away to reduce noise.

¢ For Cqyr, low ESR capacitors such as ceramics
are recommended. This reduces output ripple but
make sure to account for a DC bias derating when
sizing the capacitor. COG, X7R or X5R dielectrics are

Component Values (BOM)

The following table summarizes the values
chosen for the designs listed here.

Common Components across all designs

recommended as they are stable across a larger
temperature range than others.

* The Reyr & Reys Circuit ensures robustness and
prevents early turn on of the IC as the main supply
voltage ramps up. If the supply voltage should rise
and fall at the UVLO voltage then the LMZ14203's
output may droop. Digital loads such as FPGAs are
highly sensitive to this and a monotonic rise.

* For further details refer to the Design
Documentation section.

Design Documentation

e Datasheets for: LMZ14203, LMZ14202, and LMZ14201

e AN-2024: LMZ1420x / LMZ1200x Evaluation Board

¢ AN-2052: National Semiconductor’'s SIMPLE
SWITCHER Power Modules and EMI

10 pF, X5R, 50V | 100 pF, X5R, 6.3V |22 nF, X7R, 16V 22 nF, X7R 16V 68.1kQ 11.8kQ
Design-Specific Components

VIN VOUT RFBT RFBB Rl]N
8to 42V 5V 562kQ |1.07kQ 100 kQ
6 to 42V 3.3V 3.32kQ [1.07 kQ 61.9 kQ
6to 30V 2.5V 226 kQ |1.07 kQ 47.5kQ
6 to 25V 1.8V 1.87kQ  [1.50 kQ 32.4 kQ
6to 21V 1.5V 1.00kQ [1.13kQ 28.0 kQ
6to 19V 1.2V 422k0 [8.45kQ 22.6 kQ
6to 18V 0.8V 0 39.2kQ 249 kQ
4

LMZ14203 PCB Design

Thermal vias under DAP
connect copper layers

Large, unbroken
copper planes provide best
thermal dissipation

Place input caps close
to module to reduce
noise

Rent and Renb limit
current in-rush at
startup

Input capacitor
footprint for conducted
EMI filter (Optional)

Uin EN

PCB effects on Thermal Performance

The SIMPLE SWITCHER power module’s TO-PMOD7
package is very effective at heat transfer and PCB
design has a great impact on the overall thermal
performance of the device. Commonly referred to as
0, this measures the device’s temperature rise for
a given power dissipation. Below are suggestions to
follow when designing your PCB. For more details
please refer to the datasheet and suggested further
reading provided at the end.
¢ Solder the package’s exposed pad DAP to ground
plane
¢ Use copper planes with a 2-ounce copper weight
e Connect the copper planes with thermal vias
 Larger unbroken PCB area provide better thermal
dissipation

national.com/switcher

increasing thermal dissipation

GND GND

Low ESR capacitors minimize
sutput voltage ripple. Ceramics
are best.

Sense feedback voltage as
close to load as possible as
ESR of wire length affects
accuracy (Vp,, = ESR *1,))

Footprint for a small
ceramic bypass cap for
high frequency filter
(Optional)

Suggested Further Reading

¢ AN-2026: The effect of PCB Design on the Thermal
Performance of SIMPLE SWITCHER Power Module

e AN-2020: Thermal Design by Insight, Not Hindsight

¢ AN-2078; PCB Layout For National Semiconductor’s
SIMPLE SWITCHER Power Module

¢ AN-2024: LMZ1420x / LMZ1200x Evaluation Board




LMZ14203 Inverting Buck-Boost Design LMZ14203 Inverting Buck-Boost PCB Design

Thermal vias under DAP
* connect copper layers

increasing thermal dissipation
U1 LMZ14203
NOTE: EP IS Large, unbroken
% CONNECTED copper pla;'les provide best
TO -VOUT thermal dissipation
11V 1o 37V
\_ﬁL‘I Place input caps close Low ESR capacitors minimize
to module to reduce sutput voltage ripple. Ceramics
- noise are best.
m 2 -k
<om2 23 = Cin2 ** e
Z2ZZOownh W 4 10 uF Rent and Renb limit
current in-rush at
I S feedback volt
ki startup cI.:;:el:neI?)adaas ;t;lss?lflee?s
ESR of wire length affects
Ron * | accuracy (Vp,y, = ESR * 1.9
100k —_— Input capacitor
. footprint for conducted
FS ON @ 10.5Vin EMI filter (Optional) On the inverting buck-
OFF @ 5.5Vin boost design the GND
! and Vo connections are
Renb p— ‘::E:MF - Co2 swapped.
11.8k ' 0.022 yF| 1.07k 1 pF 100 pF
S0V
g o +—o &—| -5 Vout
* Value differs from stock evaluation board
** Optional

Design Considerations

The LMZ14203 inverting design largely follow the
LMZ14203 design. As seen in the schematic, the
major difference is where the ground and Vgyr
connections are made. In addition, while the Reyr
& Reyg circuit can still be used, hysteresis occurs
which maybe undesirable.

For further details refer to the Design
Documentation section.

Component Values (BOM)

Design Documentation

¢ Datasheets for: LMZ14203, LMZ14202, and LMZ14201

¢ AN-2027: Inverting Application for the LMZ14203
SIMPLE SWITCHER Power Module

e AN-2024: LMZ1420x / LMZ1200x Evaluation Board

‘ RENT ‘ RENB ‘ RFBT ‘ RFBB ‘ R()N

11Vto 37V [-5V |10 pF, 50V X7R | 100 pF, 6.3V X5R |22nF, 16V X7R |22nF, 16V X7R |93.1kQ |11.8kQ [5.62kQ |1.07kQ |100 kQ
11V to 37V [-3.3V |10 pF, 50V X7R [100 pF, 6.3V X5R |22nF, 16V X7R |22nF, 16V X7R |93.1kQ [11.8kQ [3.32kQ [1.07kQ |100 kQ

PCB effects on Thermal Performance

The SIMPLE SWITCHER Power Module’s TO-PMOD7
package is very effective at heat transfer and PCB
design has a great impact on the overall thermal
performance of the device. Commonly referred to as
0,,, this measures the device’s temperature rise for
a given power dissipation. Below are suggestions to
follow when designing your PCB. For more details
please refer to the datasheet and suggested further
reading provided at the end.
 Solder the package’s exposed pad DAP to ground
plane
e Use copper planes with a 2-ounce copper weight
* Connect the copper planes with thermal vias
e Larger unbroken PCB area provide better thermal
dissipation

national.com/switcher

Suggested Further Reading

¢ AN-2027: Inverting Application for the LMZ14203
SSPM

* AN-2026: The effect of PCB Design on the Thermal
Performance of SIMPLE SWITCHER Power Module

e AN-2020: Thermal Design by Insight, Not Hindsight

e AN-2078: PCB Layout For National Semiconductor’s
SIMPLE SWITCHER Power Module




LMZ1200x Designs
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¢ The Rent & Reng circuit ensures robustness and
prevents early turn on of the IC as the main supply
voltage ramps up. If the supply voltage should rise
and fall at the UVLO voltage then the LMZ12003's
output may droop. Digital loads such as FPGAs
are highly sensitive to this and a monotonic rise.

Design Considerations/Performance

* The bulk Cy input capacitor supplies the
instantaneous current demands of the IC and
must be sized to satisfy the input ripple current
requirement. Low ESR or ceramic capacitors are
suggested to minimize input voltage ripple. An
optional high frequency 1 pF ceramic cap can be e For further details refer to the Design
placed farther away to reduce noise. Documentation section.

* For Cqyr, low ESR capacitors such as ceramics
are recommended. This reduces output ripple but
make sure to account for a DC bias derating when
sizing the capacitor. COG, X7R or X5R dielectrics are
recommended as they are stable across a larger
temperature range than others.

Design Documentation

¢ Datasheets for: LMZ12003 , LMZ12002, and
LMZ12001

e AN-2024: LMZ1420x/LMZ1200x Evaluation Board

¢ AN-2052: National Semiconductor’s SIMPLE
SWITCHER Power Modules and EMI

Component Values (BOM)

Common Components across all designs

10 yF, X5R, 50V |100pF,X5R,6.3V |22nF,X7R,16V |22nF,X7R16V |32.4k0 11.8k0

Design-Specific Components

Vin ‘VUUT ‘ Rear ‘ Reap ‘ Ron

8 to 20V 5V 5.62 kQ 1.07 kQ 100 kQ
6 to 20V 3.3V 3.32kQ 1.07 kQ 61.9 kQ
5.5 to 20V 2.5V 2.26 kQ 1.07 kQ 47.5k0
4510 20V 1.8V 1.87 kQ 1.50 kQ 324 k0
45t0 20V 1.5V 1.00 kQ 1.13kQ 28.0 kQ
45t0 19V 1.2V 4.22 kQ 8.45 kQ 226 kQ
4510 18V 0.8V 0 39.2k0 249 kQ
8

LMZ1200x PCB Design

Thermal vias under DAP
connect copper layers
increasing thermal dissipation

Large, unbroken
copper planes provide best
thermal dissipation

Place input caps close
to module to reduce
noise

Rent and Renb limit
current in-rush at
startup

Input capacitor
footprint for conducted
EMI filter (Optional)

PCB effects on Thermal Performance

The TO-PMOD-7 package of the SIMPLE SWITCHER
Power Module is so effective at heat transfer PCB
design has a great impact on the overall thermal
performance of the device. Commonly referred to as
0, this number measures the temperature rise of
the device gets for a given power dissipation. Below
are guidelines when designing your PCB. For more
details please refer to the datasheet and other
references provided at the end.
¢ Solder the package’s exposed pad DAP to ground
plane
¢ Use copper planes with a 2-ounce copper weight
¢ Connect the copper planes with thermal vias
e Larger unbroken PCB area provide better thermal
dissipation

national.com/switcher

Low ESR capacitors minimize
sutput voltage ripple. Ceramics
are best.

Sense feedback voltage as
close to load as possible as
ESR of wire length affects
accuracy (Vp,,, = ESR * 1.0

Footprint for a small
ceramic bypass cap for
high frequency filter
(Optional)

Suggested Further Reading

* AN-2026: The effect of PCB Design on the
Thermal Performance of SIMPLE SWITCHER
Power Module

e AN-2020: Thermal Design by Insight, Not Hindsight

e AN-2078: PCB Layout For National Semiconductor’s
SIMPLE SWITCHER Power Module

e AN-2024: LMZ1420x / LMZ1200x Evaluation Board




LMZ1420xH Designs

LMZ1420xH PCB Designs
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¢ The Rent & Reng circuit ensures robustness and
prevents early turn on of the IC as the main supply
voltage ramps up. If the supply voltage should rise
and fall at the UVLO voltage then the LMZ14203H’s
output may droop. Digital loads such as FPGAs are
highly sensitive to this and a monotonic rise.

Design Considerations/Performance

¢ The bulk Cyy input capacitor supplies the
instantaneous current demands of the IC and
must be sized to satisfy the input ripple current
requirement. Low ESR or ceramic capacitors are
suggested to minimize input voltage ripple. An
optional high frequency 1 pF ceramic cap can be
placed farther away to reduce noise.

e For further details refer to the Design
Documentation section

¢ For Cqyr, low ESR capacitors such as ceramics are
recommended. However, ceramics have a limited Design Documentation

voltage range and often a polymer electrolytic must Datasheets for: LMZ14203H. LMZ14202H
be used instead. Be aware that using high ESR caps and LMZl4201I;I ' '

may inadvertently trigger OVP, « AN-2089: LMZ1420xH Evaluation Board
¢ AN-2052: National Semiconductor’s SIMPLE
SWITCHER Power Modules and EMI
Component Values (BOM)

The following table summarizes the values chosen for the designs listed here.

Common Components across all designs

4.7 uF, 100V, X7R |1o nF, 25V, X7R |22 nF, 50V, X7R |68.1 kQ |34 kQ |11.s kQ

Design-Specific Components

8 to 42V 5 100 pF, 6.3V, X5R 11.8 kQ 6.49 kQ 97.6 kQ
18 to 42V 12 47 yF, 35V, X5R 4.75 kQ 2.43kQ 187 kQ
18 to 42V 15 33 pF, 35V, Tantalum 475 kQ 1.91kQ 357 kQ
24 to 42V 18 33 pF, 35V, Tantalum 3.57 kQ 1.58 kQ 287 kQ
30 to 42V 24 47 yF, 35V, AL Polymer  |2.8 kQ 1.18 kQ 487 kQ
10

Thermal vias under DAP
connect copper layers
increasing thermal dissipation

SIMPLE SWITCHEF® Power Module
42V 3A LMZ214203H Module
W42V 2A LMZ14202H Eval
42V 1A LM211201H Board

Large, unbroken
copper provide best thermal
dissipation

SGND

Place input caps close
to module to
minimize noise

Rent and Renb limit
current in-rush at
startup

PCB effects on Thermal Performance

The TO-PMOD?7 package of the SIMPLE SWITCHER
power module is so effective at heat transfer PCB
design has a great impact on the overall thermal
performance of the device. Commonly referred to as
0, this number measures the temperature rise of the
device gets for a given power dissipation. Below are
guidelines when designing your PCB. For more details
please refer to the datasheet and other references
provided at the end.
* Solder the package’s exposed pad DAP to ground
plane
e Use copper planes with a 2-ounce copper weight
e Connect the copper planes with thermal vias
e Larger unbroken PCB area provide better thermal
dissipation

national.com/switcher

SGND

Low ESR capacitors minimize
output voltage ripple. Ceramics
are best but have limited
voltage range. Alternatives are
Polymer Tantalum or Oscons

Sense feedback voltage as
close to load as possible as
ESR of wire length affects
accuracy (Vo = ESR* 1,0

Suggested Further Reading

e AN-2026: The effect of PCB Design on the Thermal
Performance of SIMPLE SWITCHER Power Module

e AN-2020: Thermal Design by Insight, Not Hindsight

e AN-2078: PCB Layout For National Semiconductor’s
SIMPLE SWITCHER Power Module

e AN-2024: LMZ1420x / LMZ1200x Evaluation Board




LMZ10505 Designs
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Design Considerations/Performance

 The bulk Cyy input capacitor supplies the
instantaneous current demands of the IC and
must be sized to satisfy the input ripple current
requirement. Low ESR or ceramic capacitors are
suggested to minimize input voltage ripple.

¢ For Cqyr, low ESR capacitors such as ceramics
are recommended. This reduces output ripple but
make sure to account for a DC bias derating when
sizing the capacitor. COG, X7R or X5R dielectrics are
recommended as they are stable across a larger
temperature range than others.

Component Values (BOM)

The following table summarizes the values chosen for the
VIN VOUT IOUT cIN COUT cSS

5 (09 [5A |10uUF10VX5R  [100uF 63VXSR |27 nF 50V X7R
5 [12 [5A [10uF,10VX5R  [100uF 63VX5R |27 nF 50V X7R
5 [15 [5A |10uF,10VX5R  [100uF 63VX5R |27 nF 50V X7R
5 [18 [5A [47uF50VXSR |47pF63VXSR |27 nF 50V X7R
5/ |25 |[5A |47uF50VXSR [47pF63VXSR |27 nF 50V X7R
5/ (33 [5A [47uF50VXSR |47pF 16VXSR |27 nF 50V X7R

e The LMZ10505 features an internal Type ||
compensation network. To optimize load transient
performance, add a resistor and capacitor (Type llI
compensation) network across the upper feedback
resistor. Choosing these components changes
the crossover frequency of the converter and
affects responsiveness to load transients.These
components also affect phase margin which is a
measure of the stability of the power supply to load
transients.

e For further details refer to the Design
Documentation section

Design Documentation

¢ Datasheets: LMZ10505, LMZ10504, LMZ10503
e AN-2013: LMZ1050x SIMPLE SWITCHER Power
Module Quick Compensation Guide

designs listed here.

cCOMP R(20MP RFBT RFBB
390pF50VX7R (5110 |432k0  |340k0
390pF50VXIR (5110 |432kQ  |86.6k0
220pF50VX7R |9090  |61.9kQ |549kQ
180pF50VX7R |5230  [523kQ  [649kQ
100pF50VX7R 9310 [825kQ  |39.2kQ
100pF 50VX7R |9310  [825kQ  [26.7kQ
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LMZ10505 PCB Design

Place input capacitors
close to Power
Module to minimize
EMI and noise

Large, unbroken planes
of copper provide bes
thermal dissipation

g ]*%E
' ;hﬁ Bl T Jecom

Rent and Renb limit
current in-rush at
startup

1
Vin —---Lf'u -

2.95V to 5.5V

000 0L

EN Uin

PCB effects on Thermal Performance

The TO-PMOD?7 package of the SIMPLE SWITCHER
power module is so effective at heat transfer PCB
design has a great impact on the overall thermal
performance of the device. Commonly referred to as
0, this number measures the temperature rise of the
device gets for a given power dissipation. Below are
guidelines when designing your PCB. For more details
please refer to the datasheet and other references
provided at the end.
* Solder the package’s exposed pad DAP to ground
plane
e Use copper planes with a 2-ounce copper weight
e Connect the copper planes with thermal vias
e Larger unbroken PCB area provide better thermal
dissipation

national.com/switcher

GND GND

Thermal vias under DAP
connect copper layers
increasing thermal dissipation

LMZ1050x
Evaluation Board

SIMPLE SWITCHER ®
Power Module

Low ESR capacitors
minimize output voltage
. ripple. Ceramics are best.

Fblb mm

E]o

Place compensation
components close to IC to
minimize trace inductance

Uout Utr k

Suggested Further Reading

* AN-2026: The effect of PCB Design on the Thermal
Performance of SIMPLE SWITCHER Power Module

e AN-2020: Thermal Design by Insight, Not Hindsight

e AN-2078: PCB Layout For National Semiconductor’s
SIMPLE SWITCHER Power Module

e AN-2022: LMZ1050x Evaluation Board




LMZ23603/5 Designs LMZ23605 PCB Design

Design Considerations |
* The Cyy input capacitor supplies the instantaneous = ,m
current demands of the IC and must be sized to — -
satisfy the input ripple current requirement. Low ESR AR “ Sense feedback voltage as
F)r ceramic capamtors are §ugge§ted to minimize Enatie E; A CIEGSSE :]f; ::*1?:: E:lg:fi:ﬁéi‘;ﬁ
input voltage ripple. An optional high frequency _L_‘ = 3 5 o accuracy
1pF ceramic cap can be placed farther away to Ty oer i f :l =" Rent ian?llul:ﬁ"al: g':r'[‘u'i;“”“‘
reduce noise. RE; Q LowESR caps minimize
* For Cqyr, low ESR capacitors such as ceramics o sl W "‘é'g,';']‘“:'i'{‘_l_"‘agri ::g’t'_" Place input caps close to
are recommended. This reduces output ripple but IE K i R
make sure to account for a DC bias derating when orger ). § SanCET _E?”F ]
sizing the capacitor. COG, X7R or X5R dielectrics are 5;5;;5 o | 3w Soleoe ZZEDE,hc T
recommended as they are stable across a larger -|_ prst: T
temperature range than others. ) )
e The Rent & Reyg circuit ensures robustness and o
prevents early turn on of the IC as the main supply
voltage ramps up. If the supply voltage should rise Design Documentation
and fall at th de UVL%.\/?I&:?B t(:]en ths LMFZF?E(XES ¢ Datasheets for: LMZ23605 and LMZ23603 Thermal vias under DAP Large, unbroken copper
(;.utput may. 'roop. !glta oads suc a'ls ' sare o AN-2085: LMZ2360x / LMZ2200x Evaluation Board cc;:::::a;t]s fﬁ:l:r?:; rl:}f;ls planes p:li;:‘lscil;;i:ﬂ thermal
ighly sensitive to this and a monotonic rise. o AN-2125: LMZ23605 Demonstration Board dissipation
e For further details refer to the Design
Documentation section
Component Values (BOM) PCB effects on Thermal Performance Suggested Further Reading
Common Components across all designs The SIMPLE SWITCHER power module’s TO-PMOD7 ¢ AN-2026: The effect of PCB Design on the Thermal
package is very effective at heat transfer and PCB Performance of SIMPLE SWITCHER Power Module
10 4F, X7R, 50V |100 UF. XTR, 6.3V |0_47 UF, XTR, 16V | 15 kO 122 kO 127 k0 1000 design has a great impa}ct on the overall thermal * AN-2020: Thermal Design by I.nsight, Not Hindsight
performance of the device. Commonly referred to as e AN-2078: PCB Layout For National
Common Components across all designs 0, this measures the device's temperature rise for Semiconductor's SIMPLE SWITCHER Power Module
C,y (opt) |c0UT (opt) |Rm (opt) |D1 (opt) a given power dissipation. Below are suggestions to o AN-2085: LMZ2360x / LMZ2200x Evaluation Board
150 uF, CAP, AL, 50V |220 pF, SP-CAP, 6.3V [23.70 0.5W, 5.1V follow when designing your PCB. For more details e AN-2125: LMZ23605 Demonstration Board

please refer to the datasheet and suggested further

Design-specific components . .
9n-sp b reading provided at the end.

Vin Vour Regr i ¢ Solder the package’s exposed pad DAP
10 to 36V 6V 15.4kQ 237k to ground plane
AL 2 AL b, ¢ Use copper planes with a 2-ounce copper weight
;to zzx ziz 22 :zg lg; :zg e Connect the copper planes with thermal vias
t I : ! .
0 e Larger unbroken PCB area provide better
6 to 36V 1.8V 1.87kQ 1.5k0 s
thermal dissipation
6 to 36V 1.5V 1.00 kQ 1.13kQ
6 to 36V 1.2V 1.07 kQ 2.05 kO
6 to 36V 1.0V 1.62 kO 6.49 kQ
6 to 36V 0.8V 0 8.06 kQ

14 national.com/switcher _




LMZ22008/10 Designs

Design Considerations

e The Cyy input capacitor supplies the instantaneous
current demands of the IC and must be sized
to satisfy the input ripple current requirement.
Low ESR or ceramic capacitors are suggested
to minimize input voltage ripple. An optional high
frequency 1pF ceramic cap can be placed farther
away to reduce noise.

e For Cqyr, low ESR capacitors such as Poscap or SP
caps are recommended. This reduces output ripple
but make sure to account for a DC bias derating
when sizing the capacitor.

* The Renr & Reyg circuit ensures robustness and
prevents early turn on of the IC as the main supply
voltage ramps up. If the supply voltage should rise
and fall at the UVLO voltage then the LMZ22008/10s
output may droop. Digital loads such as FPGAs are
highly sensitive to this and a monotonic rise.

e For further details refer to the Design
Documentation section

Component Values (BOM)

Common Components across all designs

3 x 10uF, 50V 2 x 330uF, 6.3V 0.47uF, 16V 1.5K

Vour Rear  Rrea  Vin Range
B 154k 237k 8520V
5V 562k 1.07k 7.20¢
33V 332k 107k 6..20V
25V 226k 107k 620V
1.8V 187k 150k 6.20V
1.5V 100k 113k 6..20V
12V 1.07k 205k 6..20V
1.0V 162k 640k 6..20V
0.8v 4.02k 6.20V

n o

L 12 Vi

—!Emane
Crr 4.7 nF (OPT)
AAA -
Yy
Ses Table 1
C;
sl Rrea
See Table

047 uF
(QF'T!I

Design Documentation

¢ Datasheets for: LMZ22010 and LMZ22008
¢ AN-2093: LMZ236xx / LMZ20xx Evaluation Board

12.7K

= Cour
l' I 2% 330 uF

NA

Common Components across all designs
C, (opt) ‘CUUT(opt) ‘ D1 (opt)
150 pF, CAP, AL, 50V |2 x 47uF, 10V 5.1V, 0.5W

Design-specific components

Vin ‘ Vour ‘ Rear
8.5to0 20V 6V 15.4 kQ
7to 20V 5V 5.62 kQ
6 to 20V 3.3V 3.32kQ
6 to 20V 2.5V 2.26 kQ
6 to 20V 1.8V 1.87kQ
6 to 20V 1.5V 1.00 kQ
6 to 20V 1.2v 1.07 kQ
6 to 20V 1.0V 1.62 kQ
6 to 20V 0.8V 0
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LMZ23610 W 12
LMZ23608 W
LMZ23606 W
LMZ2201Cc W

Power Module LMZ22006 B

- . SIMPLE SWITCHER ® | MZ722008 W
R_fraq_ad, o210 |

VIN UIN [[ ﬂ 6N

PCB effects on Thermal Performance

The SIMPLE SWITCHER Power Module’s TO-PMOD11
package is very effective at heat transfer and PCB
design has a great impact on the overall thermal
performance of the device. Commonly referred to as
0,,, this measures the device’s temperature rise for
a given power dissipation. Below are suggestions to
follow when designing your PCB. For more details
please refer to the datasheet and suggested further
reading provided at the end.
¢ Solder the package’s exposed pad DAP
to ground plane
* Use copper planes with a 2-ounce copper weight
e Connect the copper planes with thermal vias
e Larger unbroken PCB area provide better
thermal dissipation

national.com/switcher

Current Sharing
Evaluation Board

VouT SELECT

e My
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Suggested Further Reading

¢ AN-2026: The effect of PCB Design on the Thermal
Performance of SIMPLE SWITCHER Power Module

e AN-2020: Thermal Design by Insight, Not Hindsight

e AN-2078: PCB Layout For National Semiconductor’s
SIMPLE SWITCHER Power Module

e AN-2093: LMZ236xx / LMZ20xx Evaluation Board




LMZ12008/10 Designs

Design Considerations

¢ The C,y input capacitor supplies the instantaneous
current demands of the IC and must be sized
to satisfy the input ripple current requirement.
Low ESR or ceramic capacitors are suggested
to minimize input voltage ripple. An optional high
frequency 1 pF ceramic cap can be placed farther
away to reduce noise.

* For Cqyr, low ESR capacitors such as Poscap or SP
caps are recommended. This reduces output ripple
but make sure to account for a DC bias derating
when sizing the capacitor.

¢ The Reyr & Reyg circuit ensures robustness and
prevents early turn on of the IC as the main supply
voltage ramps up. If the supply voltage should rise
and fall at the UVLO voltage then the LMZ12008/10's
output may droop. Digital loads such as FPGAs are
highly sensitive to this and a monotonic rise.

e For further details refer to the Design
Documentation section

Component Values (BOM)

Vour Rrar Rrga Vi Range
BV 154k 237k B5.20V
5V 562k 107k 7..20V
33V 332 107k  6..20V
25V 226k 107k 6..20V
R
LMZ12010 12V 107k 205 620V
e e by
: -5 2 8 ' '
Vin S &6 = 8 2 8 8 Vaut
T il
Cpr 4.7 nF (OPT)
Enable j— = Regr
- AAA.
vy
Cour

Ses Table J.
Cas

Ciy rs Rrep

I I Ia:mpr °'[";P“T':I Seo Table ]:

s
g
%

Design Documentation
 Datasheets for: LMZ12010 and LMZ12008

o AN-xxxx: LMZ136xx / LMZ10xx Demonstration
Board

Common components across all designs (Rgnt and Rgyg — On EVB but not required)

3 x 10uF, 50V

2 x 330uF, 6.3V

0.47uF, 16V 1.5K 42.2K 12.7K NA

Common Components across all designs

Cyy (opt) | Cour (opt) | Rega (0pt) | D1 (opt)
2 x 0.047uF, 50V 2 x 47uF, 10V NA 5.1V, 0.5W
Design specific components

Vin | Vour | Regr | Regp

8.5 to 20V 6V 15.4 kQ 2.37kQ
7 to 20V 5V 5.62 kQ 1.07 kQ
6 to 20V 3.3V 3.32kQ 1.07 kQ
6 to 20V 2.5V 2.26 kQ 1.07 kQ
6 to 20V 1.8V 1.87 kQ 1.5kQ

6 to 20V 1.5V 1.00 kQ 1.13 kQ
6 to 20V 1.2v 1.07 kQ 2.05 kQ
6 to 20V 1.0V 1.62 kQ 6.49 kQ
6 to 20V 0.8V 0 4.02 kQ
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LMZ13610 M g™
LMZ13608 W g’a
LMZ13606 B
LMZ12010 W
LMZ12008 W
LMZ12006 W

Demo Board

SIMPLE SWITCHER ®
Power Module

PCB effects on Thermal Performance

The SIMPLE SWITCHER power module’s TO-PMOD11

package is very effective at heat transfer and PCB
design has a great impact on the overall thermal
performance of the device. Commonly referred to as
0,,, this measures the device’s temperature rise for
a given power dissipation. Below are suggestions to
follow when designing your PCB. For more details
please refer to the datasheet and suggested further
reading provided at the end.
¢ Solder the package’s exposed pad DAP
to ground plane
* Use copper planes with a 2-ounce copper weight
¢ Connect the copper planes with thermal vias
¢ Larger unbroken PCB area provide better
thermal dissipation

national.com/switcher

Suggested Further Reading

¢ AN-2026: The effect of PCB Design on the Thermal
Performance of SIMPLE SWITCHER Power Module

¢ AN-2020: Thermal Design by Insight, Not Hindsight

¢ AN-2078: PCB Layout For National Semiconductor’s
SIMPLE SWITCHER Power Module

e AN-xxxx: LMZ136xx / LMZ10xx Demonstration Board




LM2267x/LM22680 Designs
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Design Considerations/Performance _

¢ The bulk Cyy input capacitor supplies the
instantaneous current demands of the IC and
must be sized to satisfy the input ripple current
requirement. Low ESR or ceramic capacitors are
suggested to minimize input voltage ripple.

e For Cqyr, low ESR capacitors such as ceramics
are recommended. This reduces output ripple but
make sure to account for a DC bias derating when
sizing the capacitor. COG, X7R or X5R dielectrics
are recommended as they are stable across a
larger temperature range than others. Higher value
capacitors can be placed in parallel to provide
bulk capacitance during transient load steps.

Component Values (BOM)

The following table summarizes the values
chosen for the designs listed here.
Common Components across all designs

10 nF, 50V, X7R |1 uF, 100V, X7R |100v, Schottky Diode

Design-Specific Components

* The re-circulating diode, D1, should be a Schottky
due to its reverse recovery characteristics and low
forward voltage drop. This helps improve efficiency
of the converter.

¢ The schematic and PCB layout shown are for the
LM22677 but apply to all LM2267x/L\M22680 devices.
For BOM component choice using devices other
than LM22677 please use the WEBENCH links
below to run the designs.

e For further details refer to the Design
Documentation section

Design Documentation

¢ Datasheets: LM22670, LM22671, LM22672, LM22673,
LM22674, LM22675, LM22676, LM22677, LM22678,
LM22679, LM22680

e AN2024: LMZ1420x/LMZ1200x Evaluation Board

* AN-1246: Stresses in Wide Input DC-DC Converters

VIN VOUT cIN cOUT 1 RFB1 RFBZ Rt
45t042 |15 150 pF, 200V AL-EI | 680 pF, 2.5V AL Polymer  [47pH |1kQ | 1690 113kQ
45t042 |18 150 pF, 200V AL-EI  [680 pF, 2.5V AL Polymer  |47pH  [1kQ  [4020 102 kQ
45t042 |25 150 pF, 200V AL-EI | 470 pF, 4V AL Polymer 47pH  [1kQ 9530 82.5k0
45t042 |33 68 pF, 200V AL-El 180 pF, 6.3V AL Polymer  |10pH  |1kQ [158kQ |182kQ
Tto 42 5 150 pF, 200V AL-EI | 68 pF, 10V AL Polymer 10pH  |1kQ |287kQ |100kQ
18to42 (12 100 pF, 250V AL-El |33 pF, 16V AL-El 18pH [1kQ [845kQ [113kQ
24t042 |15 2.2 uF, 100V AL-EI 100 pF, 25V AL-El 2pH  [1kQ  [10.7kQ  [118kQ
36to42 |18 4.7 pF, 100V AL-EI |22 pF, 35V AL-El 2pH  |1kQ  |13kQ 110 kQ
36tod2 |24 2.2 yF, 100V AL-EI 100 pF, 35V AL-El 2pH  [1kQ  [17.8kQ  [165kQ
20

LM2267x/LM22680 PCB Design

National
Semiconductor

LM22670EVAL

GND

Route feedback trace away
from noise sources such as
inductor and diode

Sense feedback voltage as
close to load as possible as
ESR of wire length affects

accuracy (Vp,,, = ESR *I;,0)

Suggested Further Reading

e AN-1892: LM22677 Evaluation Board

e AN-1891: LM22679 Evaluation Board

e AN-1894: LM22673 Evaluation Board

e AN-1885: LM22670 Evaluation Board

e AN-1911: LM22680 Evaluation Board

e AN-1896: LM22672 Evaluation Board

e AN-1895: LM22671 Evaluation Board

e AN-1229: SIMPLE SWITCHER PCB
Layout Guidelines

e AN-1149: Layout Guidelines for Switching
Power Supplies

* Online Seminar: PCB Layout for Switchers

e AN-1157: Positive to Negative Buck-Boost
converter using LM267x

national.com/switcher

C, is the bulk input
capacitor and
provides power to
the regulator during
switching transitions.

Switch node has high
dV/dT transitions.
Keep small to reduce
radiated EMI

High dI/dT currents
run through the
ground trace of the
input capacitor, diode
and ground pin of I1C.
Placing these
components close to
each other minimizes
trace inductance and

Thermal vias under DAP 2 s
reduce noise spikes

connect to copper GND layer
and promote thermal
dissipation




LM2267x/LM22680 Inverting Buck-Boost Design LM2267x/LM22680 Inverting Buck-Boost PCB Design

R1
VIN 6V to 35V 255 kQ S
O—e—y . 4 4 2 VIN FB vouT E
LM22670-ADJ 'g
H en BOOT S
cz2 C1 ce 7R 4 This layout shortens
22 pF |+ __2.2 IJF- -2.2 }f_ i 1 C; :sa ;‘;;E::‘;L;P“t Wz = § traces carrying AC
P — pu— Tes Tor [ RT/SYNC GND SW provides power to the %// - currents. This reduces
4.7 pF | 4.7 uF regulator during Z % S ﬁetl::jﬂl]; ;.]r:eca:‘ :lé:];
D1 c4 csr = switching transitions. pG} 6 rungto reduce EMI and
60V 5A 120 yF : (— _l Sy
| vz
r. - VOUT -5V - 7 . '
] : Switch node has high
e * component not populated on LM22670INVEVAL evaluation board e e dv/dT transitions.
Thermal vias under DAP ; Keep small to reduce
connect to other copper filled radiated EMI
. B, . . . | d h 1
Design Considerations/Performance Design Documentation = ““ms'l'igﬁfﬁt e
* The LM22680 inverting buck-boost schematic o Datasheets: LM22670, LM22671, LM22672, LM22673,
shown above is similar to the LM22680 standard LM22674, LM22675, LM22676, LM22677, LM22678,
buck design but with some critical differences. LM22679, LM22680 Feedback is
C6 and C7 are additional capacitors connectingthe o AN-1888: LM22670 Evaluation Board Inverting referenced to ground
input to the negative output to provide additional Topology f:“:::ng;;:
phase margin for stability. The GND pin of the IC capacitors that
is also connected to —Vgur and the feedback pin's ;‘;‘;‘:;:‘mvgiﬂ::;;:::
references to ground. stability
¢ The design presented here can apply to any
of the LM2267x/LM22680 family. .
, Y _ Suggested Further Reading
e For further details refer to the Design
Documentation section. * AN-1888: LM22670 Evaluation Board Inverting
Topology and Application Notes
e AN-1229: SIMPLE SWITCHER PCB
Layout Guidelines
Component Values (BOM) ¢ AN-1149: Layout Guidelines for Switching
The following table summarizes the values chosen for the designs listed here. Power Supplies

* Online Seminar: PCB Layout for Switchers

‘ c0UT4
2.2 uF50V, X7R | 22 uF, 63V, AL-EI | 4.7 uF, X7R, 50V | 4.7 pF, 50V, X7R | 2.2 pF, 50V, X7R | 10 pH | 10 nF 50V, X7R | 120 pF AL Polymer, 6.3V | 2.55 k) | 7.32 kQ

22
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LM315x Designs LM315x Designs/LM315x PCB Design

Component Values (BOM)
= 3 "] The following table summarizes the values chosen for the designs listed here.
- Cn ¢ VIN HG 15 X
L L Common Components across all designs
"omaso —_I_Ic ) Casr ‘cavr ‘css ‘"" ‘Mz
i — L 470nF 16V X7R | 100 nF, 100V X7R | 15 nF,50V XTR | VdsMax=80V 100A | VdsMax=80V 100A
_;_ - : n " o = cff Rfb2 . .
T Ja o T -+ Design-Specific Components
) Rilim __ﬁ""' <>
i . - 61042V [12V [5A |27nF50VXTR |27.8724F56V | 1mF 25V Tantalum  [1uF10VXTR [64H 10k |10k |205k0 |51k
+ E e z 61042V [15V [5A |22nFS0VXTR |30.126pF56V 680 uF, 4V Tantalum  [1uF10VXTR |6pH |10k 205k0 [59k0
NI 61042V [18  [5A |16nF50VXTR |32.266pF,56V | 470 4F, 63V Tantalum [1uF10VXTR |6pH |10k 205k0  [665k0
1 61042V [25 [5A |1.1nF50VXTR |35.746 56V | 330 4F, 6.3V Tantalum [ 1uF10VX7R | 68pH |10k 205k0 |87k
61042V [33  [5A |820pF50VXTR |37.401 pF,56V | 220 4F, 6.3V Tantalum [ 1uF10VXTR | 10WH |10k 205k0  [845kn
= 71042 |5 |5A |560pF50VXTR |20742F50V |68 pF 20V Tantalum [ 1uF10VX7R |10pH | 10k0 2140|953k
B O L " s H 0t042[12 |54 |DNS |22pF 100VX7R [104F 16VX7R |22pF 10VXTR |10pH [10ka |191kQ |487ka 187k | 487MQ | 180 pF 50V X7R | 560pF, 50V X7R
I 0t42|18  [5A |DNS |10pF63VXTR [22yF 25VXTR |22F 10VXTR [39pH |976k0 {287k | 191k | 1.02M0 [59MO | 560 pF, 50V X7R | 1.8nF, 50V X7R
T u 104224 |5A |DNS |47uF100VXTR [10pF50VXTR |224F 10VXTR [18pH |10k [392k | 205k |467ka  [316MQ | 220 pF 50V XTR | 680pF, 50V XTR
BST YN
= N w ot = | 314230 [5A [DNS |220F 100VX7R [10pF50VXTR |224F 10VXTR [22pH [10k0 [487k | 191k |1.15M0 | 267 MO | 330 pF 50V X7R | 1.20F, 100V X7R
Rr Cr
]—: —|EN sw T ”
Lo Q LM315x PCB Design
T trace of the input capacitor, low side heat of all components. Use
e ) w2 MOSFET ground and IC ground pin. Place thermal vias and connect to
= sonn € - 5 o these components as close to each other as copper-filled layer for enhanced
possible to minimize trace inductance and thermal dissipation
= reduce noise spikes.
s National /
= Large, unbroken Semiconduclor
: . 1 id
Use top schematic for 5V and below. Use bottom schematic for 12V and above. “’r‘;‘;if.,':u’,;‘iiﬂ.f.‘,’,‘;. : -
r
dissipation for high The switch node area has high
side FET | dV/dT and minimized to
. | cinzcina! reduce radiated EMI. Notice
Design Considerations/Performance * The schematic and PCB layout shown are for the g b how the MOSFET layouts are a
. rt 3] e mirror image to accomplish
« Two schematics are presented depending on the LM3150 but apply to all LM315x devices. For BOM Nyooool Ie this.
- - - T %
desired output voltage. The schematic used when component choice using devices other than LM3150 S e = s
v i Place Cy,as close to IC
the output voltage is 12V or above uses Rr and Cr to zleqse use the WEBENCH links below ta run the as possible minimize L"g;]::: ;':l;f,:'d':;pp“
. . ) ise.
generate the necessary ripple voltage while the Cac esigns notse B ot gt
. . . H H ssipation ol low side
capacitor AC couples the signal to the feedback pin * For further details refer to the Design FET. However, this must
: ; : be balanced by the
for proper regulation. Documentation section. requirement to keep the
. . . . switch node small.
. Whep selecting M1 anfi M2 choosmgllow Rdson Design Documentation
FETs is necessary to minimize conduction losses.
HOWQVGF, pay attention to the FETs" gate charge (O.Q) hd Datasheet..LI.VI31.50, LM3151, LM3152, and LM31 53
requirements and the switching frequency to ensure ~ ° SMEZC& Minimizing FET Losses in a High Input Rail
that switching losses does not result in excessive uck Lonverter .
power dissipation ¢ AN1628: Minimizing FET Losses in a High Input Rail Suggested Further Reading
Buck Converter (Chinese)  AN-1900: LM3150 Evaluation Boards * AN-1149: Layout Guidelines for Switching
* AN1481: Controlling Output Ripple and Achieving e AN-1229: SIMPLE SWITCHER PCB Layout Guidelines ~ Power Supplies
ESR Independence in COT designs * Online Seminar: PCB Layout for Switchers

24 national.com/switcher _



LM557x Designs
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Design Considerations/Performance

* The schematic and PCB layout shown are for the
LM5576 but apply to all LM557x devices. For BOM
component choice please use the WEBENCH links
provided to create the designs.

e For further details refer to the Design
Documentation section.

Component Values (BOM)

Design Documentation

¢ Datasheets for: LM5576, LM5575, and LM5574

e AN-1570: LM5576 Evaluation Board

e AN-1569: LM5575 Evaluation Board

e AN-1568: LM5574 Evaluation Board

¢ Understanding and Applying Current-Mode
Control Theory

¢ Current Mode Modeling — Reference Guide

The following table summarizes the values chosen for the designs listed here.

Common Components across all designs

|csvp | Css |D1
100 nF, X7R, 25V |10 nF, X7R, 50V

Cgoor
22 nF, X7R, 50V

100V, Schottky

Design Specific Components

Vin Vour cCOMP cRAMP 1 R(:OMP cCOMPZ cIN cOUT cRAMP Regi | Rz Rt Reame

WVto75V |15V |47 nF, X7R,50V (120 pF, 50V |12 uH|12.44 k(| 680 pF, 47 yF, X7R,100V |680 pF, 25V, {120 pF,50V,COG |1kQ  |2260 243kQ  |Notused
X7,50V Tantalum

IVto75V [1.8V |2.2nF, X7R,50V (150 pF, 50V |15pH|23.7kQ |560 pF, 47 yF, X7R, 100V | 560 pF, 2.5V, |150 pF, 50V, COG |1kQ  |475Q 215khQ  |Not used
X7R, 50V AL-Polymer

WVto75V [25V |27 nF, X7R,50V [150 pF,50V (15 uH|21.5kQ |270 pF, 1pF, X7R,100V {220 uF, 4V, [150 pF, 50V, COG [1.02kQ [1.05kQ  [20.5kQ  |Notused
X7R, 50V AL-Polymer

WVto75V [33V |1.8nF X7R, 50V 180 pF, 50V |18 uH|28.7 kQ |150 pF, 2.2 uF, X7R,100V |180 pF, 6.3V, |180 pF,50V,COG |1kQ  |1.69kQ |205kQ  [Notused
C0G, 50V AL-Polymer

WVto75V [5V  |2.2nF, X7R,50V [330 pF, 50V (33 uH|34kQ |82 pF, 15 F, X7R,100V (180 pF, 16V, |330 pF, 50V, X7R [1kQ  [309kQ  [34kQ Not used
C0G, 50V AL-Polymer

36Vto 75V 12V |1.5nF X7R,50V [470 pF, 50V (47 uH|36.5kQ |Notused |1 pF X7R,100V |22 pF, 16V, |470 pF, 50V, X7R [1.02kQ (887kQ [205kQ  |Notused

X5R

36Vto 75V {15V |330 pF, X7R, 50V (560 pF, 50V |56 uH| 158 kQ | 150 pF, 1pF,X7R,100V {150 pF, 25V, (560 pF,50V,X7R [1kQ  [11.3kQ  [205kQ  |Notused
COG 50V AL-El

36V to 75V {18V |820 pF, X7R, 50V (680 pF, 50V |68 uH|69.8 kQ |180 pF, 1k, X7R,100V (27 pF, 25V, |680pF 50V, X7R [1kQ  [137kQ  [205kQ  [110kQ
COG, 50V AL-El

36Vto75V |24V |1nF X7R,50V [1nF50V |100 |57.6kQ |220pF, 1pF,X7R,100V [33pF 35V, |[1nF50V,X7R [1kQ  [187kQ  [205kQ |75kQ

pH COG, 50v AL-El
42Vto 75V {30V |470 pF, X7R, 50V (1nF,50V  |100 |124kQ |150 pF, 1pF,X7R,100V (56 pF 50V, |[1nF50V, X7R [1kQ [237kQ [205kQ  |57.6kQ
pH C0G, 50V AL-El
26

LM557x PCB Design

Chout IC regulator and diode
charges dissipate the most heat of all
gate of components. Use thermal vias
internal to connect to copper GND layer
MOSFET

for enhanced thermal
dissipation

National COM?NENT
: ®

o "N

Semiconductor

High d1/dT currents GND

run through the input
capacitor ground,
anode of diode, 1S and
PGND pins of IC.
Minimize this area to
reduce parasitic
inductance and
resultant noise spikes

Place compensation
components close to IC to
minimize trace inductance
and away from noise sources
such as inductor and diode

GND

Route feedback trace away
from noise sources such as
inductor and diode

Suggested Further Reading

e AN-1570: LM5576 Evaluation Board

e AN-1569: LM5575 Evaluation Board

e AN-1568: LM5574 Evaluation Board

e RD-128 Reference Design Document

* AN-1566: Techniques for Thermal Analysis of
Switching Power Supply Designs

e AN-1229: SIMPLE SWITCHER PCB Layout Guidelines

e AN-1149: Layout Guidelines for Switching Power
Supplies

e Online Seminar; PCB Layout for Switchers

national.com/switcher




LMZ1-Series Power Modules

EMI EN55022/CISPR22
Class B Certification

Output Current
(A) Max.

3/4/5
1723
1/2/3

Operating Junction
Temperature (°C)

-40to 125
-40t0 125
-4010 125
-40t0 125
-40t0 125

Features

TO-PMOD-7
TO-PMOD-7
TO-PMOD-7
TO-PMOD-11
TO-PMOD-11

LMZ10503/04/05
LMZ12001/02/03
LMZ14201/02/03
LMZ12008/10 8/10
LMZ13608/10 8/10

Extended Temperature and High Output Voltage Power Modules

295t05.5
45t020
6to0 42

61020
6to0 36

08t05
08t06
08t06
08to6
08to6

EMI EN55022/CISPR22
Class B Certification

Mil Std-883
Tesing
(4 v

Output Current
(A) Max. Temperature (°C) | Features
550 125 EN, SS
-55t0 125 EN, SS
550 125 EN, SS
-40t0 125 EN, SS

LMZ10503/04/05EXT | 3/4/5
LMZ12001/02/03EXT | 1/2/3
LMZ14201/02/03EXT | 1/2/3
LMZ14201H/02H/03H |1/2/3

LMZ2-Series Power Modules

295t055
451020
6to42
6t042

EMI EN55022/CISPR22

NEW

Output Adjustable Operating Class B Certification
Current (A) Input Output Voltage |Junction
Product ID Max. Voltage (V) |(V) Temperature (°C) | Features Conducted* |Packaging
EN, SS, Freq Sync
EN, SS, Freq Sync
EN, SS, Freq Sync, Current Share
LMZ23608/10 EN, SS, Freq Sync, Current Share
*Additional input filter required
Non-Synchronous Regulators
Product ID Output Current (A) | Input Voltage (V) | Adjustable Output Voltage (V) | Frequency Range (kHz) | Adj. On/Off Pin | PWM Mode | Packaging
LM22671/74 05 451042 1.285t0 37 200 to 1000 Adj v/- v Voltage PSOP-8
LM22672/15 1 451042 1.285t0 37 200 to 1000 Adj v/- v Voltage PSOP-8
LVI22680 2 451042 1.285t0 37 200 to 1000 Adj v v Voltage PSOP-8
LM22670/73/76 | 3 451042 12851037 20010 1000 Adj viH-| -wiv | Voltage :,gé"&g Wi,
LM22677/78/19 | 5 451042 1.285t0 37 200 to 1000 Adj v/-- | v/Iv/- | \Voltage T0263-7 Thin
LM25574 05 6to 42 1.23t0 40 50 to 1000, Sync v v Current TSSOP-16
LM25575 15 6to 42 1.23t0 40 50 to 1000, Sync (4 v Current eTSSOP-16
LM25576 8 6to0 42 1.23t0 40 50 to 1000, Sync v v Current eTSSOP-20
L5574 05 6t075 1231070 50, Sync v v Current TSSOP-16
L5575 15 6t075 1231070 50, Sync v v Current eTSSOP-16
LM5576 3 6t075 1231070 50, Sync v v Current eTSSOP-20
Synchronous Regulators
ProductID Output Current (A) | InputVoltage (V) | Adjustable OutputVoltage (V) | Frequency Range (kHz) | Sync | PWM Mode Packaging
LM3103 0.75 451042 06t038 up to 1000 Adj — coT eTSSOP-16
LM3100 15 4510 36 081032 up to 1000 Adj — coT eTSSOP-20
LMI3102 25 4510 42 0.8 t0 38 up to 1000 Adj — | CcoT eTSSOP-20
LM2852 2 2.85t055 08t03.3 500, 1500 — Voltage Mode eTSSOP-14
LM2853 3 3t0o55 08t033 550 — Voltage Mode eTSSOP-14
LM2854 4 295t055 08to5 500, 1000 — Voltage Mode eTSSOP-16

Synchronous Controllers

ProductID | InputVoltage (V) OutputMin (V) | OutputMax (V) | Feedback Tolerance (%) | Frequency Range (kHz) and Sync Packaging
LM3150 6to 42 06 Adj 150 up to 1000 Adj eTSSOP-14
LM3151 6to 42 38 818} 1.50 250 eTSSOP-14
LM3152 6t033 33 33 150 500 eTSSOP-14
LM3153 61018 33 33 150 750 eTSSOP-14
National
Semiconductor

© National Semiconductor Corporation, January 2011. National, &, Powerwise and WEBENCH are registered trademarks of National
Semiconductor. All other product names are trademark or registered trademarks of their respective holders. All rights reserved.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Communications and Telecom www.ti.com/communications
Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers
Data Converters dataconverter.ti.com Consumer Electronics Www.ti.com/consumer-apps
DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy
DSP dsp.ti.com Industrial www.ti.com/industrial
Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical
Interface interface.ti.com Security www.ti.com/security
Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Power Mgmt power.ti.com Transportation and Automotive www.ti.com/automotive
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2011, Texas Instruments Incorporated
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