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PMP10618-Test Report

Wide V\y Multi-Rail Design

LM46002 SIMPLE SWITCHER® Converter and
LMZ21701 SIMPLE SWITCHER® Nano Module

Overview

This reference design demonstrates the wide input voltage capability and small solution size of
the LM46002 SIMPLE SWITCHER® Synchronous Buck Converter and the LMZ21701
SIMPLE SWITCHER® Nano Module. Figure 1 shows the block diagram of this design. The
LM46002 provides a regulated 12V rail from an input of 15V to 60V. The 12V rail is then
regulated down to 5V, 3.3V, and 1.8V rails using three LMZ21701 nano modules. Each rail

can provide up to 1A of load current.
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Design Specification

Input Voltage: 15V to 60V

Output 1 Voltage:
Output 1 Current:

Output 2 Voltage:
Output 2 Current:

12v
1A

sV
1A

Output 3 Voltage: 3.3V

Output 3 Current:

1A

Output 4 Voltage: 1.8V

Output 4 Current:

Schematic
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Figure 2. Schematic
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Bill of Materials

PMP10618 Wide VIN Multi-Rail Design

Designator Description Manufacturer PartNumber Quantity
Cb CAP, CERM, 0.47 pF, 16 V, +/- MuRata GRM155R61C474KEO1 1
10%, X5R, 0402
Chias, CAP, CERM, 2.2 pF, 16 V, +/- TDK C2012X7R1C225K 2
Cvcc 10%, X7R, 0805
Cff CAP, CERM, 68 pF, 50 V, +/- 5%, | MuRata GRM1555C1H680JA01D 1
COG/NPOQ, 0402
Cinl, Cin2 | CAP, CERM, 2.2 pF, 100 V, +/- MuRata GRM32ER72A225KA35L 2
10%, X7R, 1210
Cin3 CAP, CERM, 0.01 pF, 100 V, +/- | AVX 06031C103KAT2A 1
10%, X7R, 0603
Cin4, Cin5, | CAP, CERM, 22 puF, 25V, +/- MuRata GRM32ER71E226KE15L 3
Cin6 10%, X7R, 1210
Cinb CAP, AL, 47 pF, 80 V, +/- 20%, Panasonic EEE-FK1K470P 1
0.7 ohm, SMD
Coutl CAP, AL, 47 pF, 25V, +/- 20%, Panasonic 25SVPF47M 1
0.03 ohm, SMD
Cout2, CAP, CERM, 22 uF, 16 V, +/- TDK C2012X5R1C226K125AC 3
Cout3, 10%, X5R, 0805
Cout4
Cssl, CAP, CERM, 3300 pF, 50 V, +/- TDK C1005X7R1H332K 3
Css2, Css3 | 10%, X7R, 0402
FID1, FID2, | Fiducial mark. There is nothing to | N/A N/A 3
FID3 buy or mount.
H1, H2, H3, | Machine Screw, Round, #4-40 x B&F Fastener | NY PMS 440 0025 PH 4
H4 1/4, Nylon, Philips panhead Supply
H5, H6, H7, | Standoff, Hex, 0.5"L #4-40 Nylon | Keystone 1902C 4
H8
L1 Inductor, Shielded, Composite, 22 | Coilcraft XAL6060-223MEB 1
pH, 5.6 A, 0.06 ohm, SMD
Rbias RES, 10.0, 1%, 0.063 W, 0402 Vishay-Dale CRCWO040210R0OFKED 1
Renb RES, 210 k, 1%, 0.063 W, 0402 Vishay-Dale CRCWO0402210KFKED 1
Rent, Rfbt3 | RES, 1.21 M, 1%, 0.063 W, 0402 | Vishay-Dale CRCWO04021M21FKED 2
Rfbbl RES, 90.9 k, 1%, 0.063 W, 0402 Vishay-Dale CRCWO040290K9FKED 1
Rfbb2 RES, 44.2 k, 1%, 0.063 W, 0402 Vishay-Dale CRCWO040244K2FKED 1
Rfbb3 RES, 383 k, 1%, 0.063 W, 0402 Vishay-Dale CRCWO0402383KFKED 1
Rfbb4 RES, 118 k, 1%, 0.063 W, 0402 Vishay-Dale CRCWO0402118KFKED 1
Rfbtl RES, 1.00 M, 1%, 0.063 W, 0402 | Vishay-Dale CRCWO04021MO0FKED 1
Rfbt2 RES, 232 k, 1%, 0.063 W, 0402 Vishay-Dale CRCWO0402232KFKED 1
Rfbt4 RES, 147 k, 1%, 0.063 W, 0402 Vishay-Dale CRCWO0402147KFKED 1
Rpgl RES, 100 k, 1%, 0.063 W, 0402 Vishay-Dale CRCWO0402100KFKED 1
TP1 Test Point, Miniature, Red, TH Keystone VIN 1
TP2, TP4, | Test Point, Miniature, Black, TH Keystone GND 5
TP6, TPS,
TP10
TP3 Test Point, Miniature, Red, TH Keystone VOUT=5.0V 1
TP5 Test Point, Miniature, Red, TH Keystone VOUT=3.3V 1
TP7 Test Point, Miniature, Red, TH Keystone VOUT=1.8V 1
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TP9 Test Point, Miniature, Red, TH Keystone VOUT=12V 1
Ul 3.5V to 60V 2A Synchronous Texas LM46002PWP 1
Step-Down Voltage Regulator, Instruments
PWP0016A
U2, U3, U4 | 1A SIMPLE SWITCHER Nano Texas LMZ21701SIL 3
Module with 17V Maximum Input Instruments
Voltage, SILOO0BE
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Other Design Details

Input Under Voltage Lock-out (UVLO)

PMP10618 Wide VIN Multi-Rail Design

The UVLO of the design is set using the precision enable feature of the LM46002. The
resistive divider formed by Rent and Renb in Figure 8 set the UVLO rising point to 14.5V. The
converter will wait until VIN has reached 14.5V before it turns on. This provides enough
headroom and helps avoid loading up the input supply with excessive load during startup.
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Figure 8. Input Under Voltage Lock-out setting.
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Power Good as Downstream Enable

The LM46002 Power Good (PG) flag is utilized to enable the other three downstream
converters. The logic signal named “V12V_OK” in the schematic (Figure 9) indicates the status
of the 12V rail. Once this PG flag is up, the three LMZ21701’s are enabled and start ramping
up their output voltages. The ramp up rate of each of the LMZ21701 output rails is set by their
soft start capacitors Cssl, Css2, and Css3.
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Figure 9. Power Good driving the downstream converters.
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Back-Biasing for Improved Efficiency

The LM46002 has a BIAS pin which can be used to provide back-bias to the LM46002 and
improve the conversion efficiency. The 5V rail is used to provide the back-bias as show in
Figure 10. The Rbias and Cbhias RC network provides a low pass filter for the BIAS rail.
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Figure 10. Bias connection for LM46002
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Typical Performance

Conversion Efficiency with Various Loads
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Figure 11. Efficiency
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Input Voltage UVLO

PMP10618 Wide VIN Multi-Rail Design
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Figure 12. Input UVLO
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Start Up

T U U U | U U U U | U U U U | I A U U | U U U U

- 2.0V/div

1MQ By:20.0M
ez 2.0vidiv 1MQ By:20.0Mm
@ 2.0vidiv 1MQ By:20.0Mm
@i 2.0vidiv 1MQ By:20.0Mm

Figure 13. Startup 15V input

A -fﬂ],.‘.l\' 2.0ms/div 500MS/s

2.0ns/pt
Run Sample
7 acgs RL:10.0M

Auto February 13,2015  09:55:57

The 12V rail ramps up first with the default soft start time of the LM46002. Then the Power
Good flag (not shown) on the 12V rail enables the other three regulators. The soft start time of
the rest of the regulators is guided by their soft start capacitors (all using 3300pF).
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PMP10618 Wide VIN Multi-Rail Design

I U U U U | U U U U | U U U T | I A U U | U U U U
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Figure 14. Startup 24V input

A -fﬂl,ﬂ\' 2.0ms/div 500MS/s

2.0ns/pt
Run Sample
20 acqgs RL:10.0M

Aute February 13,2015 09:44:07
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Figure 15. Startup 48V input
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A -fﬂl,ﬂ\' 2.0ms/div 500MS/s
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Shut Down
U U U U | U U U U | U U U U | U U U U | U T U U i

I U U U U | U U U U | U U U T | L A U U | U U U U

@ 2.0Vidiv 1MQ §y:20.0M A @i\ 109V 200ps/div 2.5GS/s 400ps/pt
ez 2.0vidiv MO By:20.0M Run Sample

@ 2.0vidiv 1MQ By:20.0M 1acqs RL:5.0M
@i 2.0vidiv 1MQ By:20.0M Aute February 13,2015  09:46:44

Figure 16. Shutdown
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Thermal Performance with Various Loads and Input Voltages

24.0

02/23/2015 18:39:51

Figure 17. 60V input, 0.5A load on 12V, 1A load on each of the rest rails.
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23.0

02/23/2015 18:33:59

Figure 18. 48V input, 0.5A load on 12V, 1A load on each of the rest rails.
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23.0

02/2372015 18:36:24

Figure 19. 24V input, 0.5A load on 12V, 1A load on each of the rest rails.
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24.0

02/23/2015 18:37:21

Figure 20. 15V input, 0.5A load on 12V, 1A load on each of the rest rails.
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24.0

02/23/2015 18:41:53

Figure 21. 60V input, 1A load on each rail.
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02/23/2015
Figure 22. 48V input, 1A load on each rail.

PMP10618 Wide VIN Multi-Rail Design

25.0

18:47:50

25



I3 TEXAS
PMP10618 Wide VIN Multi-Rail Design INSTRUMENTS

26.0

02/23/2015 18:49:04
Figure 23. 24V input, 1A load on each rail.
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Output Voltage Ripple

PMP10618 Wide VIN Multi-Rail Design

U U U U | U U U U | U U U U | Tyl T U | U U U U

@i 50.0mV/div

E-I-W,ﬂm\r 1.0psidiv 5.0GS/s IT 1.0ps/pt

Stopped Single Seq l
1acgs RL:10.0M

1, By20.0M
Q&2 20.0mV/div 1y By:20.0m
@& 20.0mV/div 1 By:20.0m
@4 20.0mV/div 1 By:20.0m

Auto  February 13, 2015

14:34:28

Figure 23. Output voltage ripple, 48V input, 1A load on each rail.
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I U U U U | U U U U | U U U U | Tyl T U | U U U U

@i 50.0mV/div

1, By20.0M
Q&2 20.0mV/div 1y By:20.0m
@& 20.0mV/div 1 By:20.0m
@4 20.0mV/div 1 By:20.0m

E-I-W,ﬂm\r 1.0psidiv 5.0GS/s IT 1.0ps/pt

Stopped Single Seq l
1acgs RL:10.0M
Aute February 13,2015 14:33:38

Figure 24. Output voltage ripple, 24V input, 1A load on each rail.
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PMP10618 Wide VIN Multi-Rail Design

I U U U U | U U U U | U U U U | Tyl T U | U U U U

@i 50.0mV/div

1, By20.0M
Q&2 20.0mV/div 1y By:20.0m
@& 20.0mV/div 1 By:20.0m
@4 20.0mV/div 1 By:20.0m

E-I-W,ﬂm\r 1.0psidiv 5.0GS/s IT 1.0ps/pt

Stopped Single Seq l
1acgs RL:10.0M
Aute February 13,2015  14:35:11

Figure 25. Output voltage ripple, 15V input, 1A load on each rail.
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Load Transient

U U U U | U U U U | U U U U | Tyl T U | U U U U

- I I M I I P N S R |
@ 500mAJdiv iMQ By:20.0M E-fd.zﬂm}\ 10.0ms/div 200MS/s 5.0ns/pt

&4 50.0mVidiv 1 By:z0.0m Run Sample
10 acgs RL:20.0M

Auto February 23, 2015 16:50:24

Figure 26. 10% to 100% load step on the 1.8V rail
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U U U U | U U U U | U U U U | Tyl T U | U U U U

" " " | " " " " | " " " " | " " " " | " " " " " " | " " " " Il " " " " | " " " " |
@ 500mAJdiv iMQ By:20.0M E-fd.zﬂm}\ 10.0ms/div 20.0MS/s 50.0ns/pt
@i 50.0mvidiv 1, By20.0M Preview
0 acgs RL:2.0M
Aute February 23,2015 17:00:11

Figure 27. 10% to 100% load step on the 3.3V ralil
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I U U U U | U U U U | U U U U | Tyl T U | U U U U

— I I — I I i i—— i b————
@ 500mAJdiv iMQ By:20.0M E-fd.zﬂm}\ 10.0ms/div 200MS/s 5.0ns/pt
&4 50.0mVidiv 1 By:z0.0m Stopped
66 acqs RL:20.0M

Aute February 23, 2015 16:55:04

Figure 28. 10% to 100% load step on the 5.0 V rail
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U U U U | U U U U | U U U U | Tyl T U | U U U U

@ 500mAJdiv iMQ By:20.0M E-fd.zﬂm}\ 10.0ms/div 20.0MS/s 50.0ns/pt
@4 100mv/div 1 By:z0.0m Stopped
9 acgs RL:2.0M
Aute February 24, 2015 14:45:42

Figure 29. 10% to 100% load step on the 12V rail

33



IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third party
intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims, damages,
costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (https:www.ti.com/legal/termsofsale.html) or other applicable terms available either
on ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's
applicable warranties or warranty disclaimers for Tl products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2021, Texas Instruments Incorporated


https://www.ti.com/legal/termsofsale.html
https://www.ti.com

	Overview
	Design Specification
	Schematic
	Board Layout
	Bill of Materials
	Other Design Details
	Input Under Voltage Lock-out (UVLO)
	Power Good as Downstream Enable
	Back-Biasing for Improved Efficiency

	Typical Performance
	Conversion Efficiency with Various Loads
	Input Voltage UVLO
	Start Up
	Shut Down
	Thermal Performance with Various Loads and Input Voltages
	Output Voltage Ripple
	Load Transient


