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Go to https://www.analog.com/en/design-center/ltpowercad.html

Download & install LTpowerCAD Il program (Free) for your Windows PC

Questions?
LTpowerCAD@analog.com
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v PC with Microsoft Windows 7 or later OS
v' Microsoft .NET Framework 4.7.2 or Higher

v Microsoft Office Excel (for Legacy Excel design tools use only)

v LTspice SPICE simulation software (for Export to LTspice feature use)
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Installation

Double Click “Setup.exe” to Start LTpowerCAD Il v2.7.2 Design Tool Setup Wizard

Click “Next” “Next” “Next”

Click “Close” to complete the Installation

r » r N
) LTpowerCADV2.0 == ) LTpowerCADv2.0 == ) LTpowerCADv20 = by ) UpowerCADv20 = = |
‘Welcome to the LTpowerCADv2.0 Setup Wizard A Select Installation Folder A Confirm Installation A Installation Complete [l
The installe is ready ta install LT powerCAD2.0 on your computer. LTpomerCADv2.0 has been successfull instaled

The installer wil guide you thiough the steps required to install LTpowerCADY2.0 on your computer,

"wARNING: This computer program s protected by copyriaht law and internationsl reclies.
Unauthrized duplication or cistibution of this progtam, ar any porion of it may result in severe civl
or criminal penalties, and willbe prosecuted to the masimum exlent possible under the law.

The installer will install LT powerCAD 2.0 to the fallowing folder.

Tainstallin this folder, click "Next". Toinstal to a different folder. enter it below or click "Browss"

Folder.

IIZ \Program Files [x86)\LTCALT powerCAD 2y Browse.

Install LTpowerCADv2.0 for yourse, or for znyone who uses this computer:

© Eveyone

) dust me

Click "Next" to start the installation

Click "Close™ to exit

Please use Windows Update ta check for any crilical updates to the .NET Framewerk.

Cancel

< Back

Cancel <Back Neds |

Concel | [ <Back

J [

Nest> |

Concel | [ <Back | [ Hewr |

Close

£ * The installation will place a shortcut to LTpowerCAD Il on the desktop

FowErtEE Ll
Il et
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Designing with LTpowerCAD
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Supply Design Procedure PRV
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Part Search

/

Enter Supply Spec.

!

Search / Select Part

Design Tool l'
[ component}“ Power Stage Design \

Libraries 1 [Tepice™
.. . Export to LTspice™

Optimize Efficiency for more

simulation

(optional)

Loop / Transient Design

View layout 1

example (OPT) Design Summary / BOM /
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Main Window

powerCAD

1
Coemc |

Supply Design  System Design Simulation Open File

w7
R/

Sig. Chain Power Toolbox Contact Sync/Release

LTpowerCAD Il Design Tool V2.7.2 ANALOG
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LTsp\ce
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Start a Power Converter Design

Start an LTpowerPlanner™
System Block Diagram

Launch LTspice™ Simulation Tool

Open Chain Signal Power Configurator

Extra Tools, Programs

Sales / Support Contacts

LTpowerCAD Program Updates
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Part Search A
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[&F LTpowerCAD I1V2.7.2 — O X
ANALOG . POWER BY
Enter Supply » DEVICES Select any LTpowerCAD Design Tool v27.2 yunw
S eCIfI Catlo n AHEAD OF WHAT'S POSSIBLE™ Des | red Feat ures Copyright © 2021, Analog Devices Inc. All rights reserved. a
p Nonvener Specification Optional Features  Datasheet Schematic Pin Configuration Search Options
Synchronous f
Converter Topology | Search Parts
[ Burst
CamrerTpe
Output 1 Modul Run/ Enable 12V, 1Vur, 30A DG/DC pModule Regulator LA ey Al
Vin min. | 108] v voutt[alv 200N T o
Vin nom. - v loutl A [ Output Tracking - -_5"" —_E:;U' :::E-’::
Vin max. W Monolithic IC l E Remote Sensing o T Thier Mo po_ ] Keep Search Page Open
----------- Marginin TR IS 20 .
E I O PoerGogud %i«? _ P e
: \ = * " i TI3TE *
i — [] Parallel sk £ Fcour
Max. Paralleled i m Vot i [ conFa
i | contraller [] Low EMI/ Silent ) P iy )
Enter Fw. for Best Results Other : - Vout [ izc/PhBus = o T .
i = . -
Search for Frequency Faw. || Kbz i NYWI [ Isolated pec oo s e 1 ooooeee Find Part (####) I:l
Max. Height l:l mm Sea Irc h P rOd u Ct | I Cint. & EXt Comp. A St v p=
Best Pa rts \ ! — [ Automotive 71LEAD frm » xS0ty
- Solutions Types - 03 P Temp Grade R R A
< >
PWM Converters LDOs Protection Controllers Switch-Cap Converters
Search For Parts | Search For Solutions |
Design Tool -
) Desgn ool Website (2) part # (A) Topology (P Type (A Description (R) Vear Released () Total EFf. @ 500kHz or min. (%) (=) Total Ef. @ 2MHzormax (%) () Part# Outputs (2) Part # Phases (A) Part Min. Vin () (=) Part Max Vin (V) {
LTh454T Buck uMadule 30A DC/DC Step-Down pModule Regulator 2016 90.81 8378 1 1 47 15 0n
Launch
Web 46 B odule 0 DA ep Do D D odule ep 0 Regula 0 8 4 0
Design Tool
Web 636 od 0A d g 0 th O O g O p p 016 90.6 8
el
Web 636 od DA d g o] 1 d d 016 90.6 8
el
Web 0 ono 0 0 ono p-Do g o] 0 928 8 0
el
o LTC7130 Buck Manolithic 20Vin, 20A Monolithic Buck Converter with Ultra-Low DCR Sen|2016 9148 88.54 1 1 45 20 Q
[ 1T F _— LT3740 Buck Controller wide Operating Range, Valley Mode, No RSENSE Synchronous 2006 1 1 22 22 0
-2
* Legacy (Excel) —r— — — . e = = -
< >
Design Tool
g LTpowerCAD May Not Support All ADI/LT Power Parts. For More Parts Click The Web Search Button. Results : 43

* |f the tool launch icon is gray tool is not yet available  * If no operating conditions are entered then default solution (demo board configuration) will be launched
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Solutions Search

Search

Solutions
\

Built-in

Solutions

Your User
Solutions

Vin min.
Vin nom.

Vin max.

Max. Paralleled

- Built-In Solutions :

10,8 v

132 v

[&F LTpowerCAD 11 V2,72

ANALOG
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Converter Specification

Output 1

12 v

#0utputs | QOne ¥

1

Search Solutions

onverters

*WC»
Search For Pal

LDOs

Voutl
outl

Power
Supply

lout1

Search For Solutions

1| v
10 A

Protection Controllers

LTpowerCAD Design Tool vz72

Copyright © 2021, Analog Devices Inc. All rights reserved.

Converter Topology | Buck
Converter Type | All

Module
Vin
onolithic IC
Controller
Vout

i
|
|
|
|
!
1
|
|

-IH)—% iHb

Switch-Cap Converters

Datasheet Schematic

1.5V, 20A, 300kHz High Current Step-Down Converter

[

100

e

4T0pF
Ot
137k

= mkte—]
JL

VISR
Viggus

Visus

1 - e
:
100

Your
E

Pin Configuration

Vosns™|
Vosns'
TRACK/SS
]

Vs

v

=

by

o

Il o
TG

e

ToP ViEW
g
5223
R
[ TN
S ) fi6] scost
i
n | gdsw
SN0 | fia] oe
| 1] paun
|
SR 5] L
CFEE
5g=73
=
£a
a
g
=

UDE PAGKAGE
20-LEAD (3mm » 4mm) PLASTIC OFN

Touang = 125°C. B = A3°CW
EXPOSED PAD (PIN 21) 13 SEND. MUST BE SOLDERED TO PC3

O X

Fing

Controller

Ref Design 5-12Vin to 10A 1V 500

(A) Part Mame (=) Type (~) Solution Name (M) Minvin () (M) Max Vin () (D) #outputs (M) Vouri(y) (W lour1 (&) (%) EE1() (~) Solution Area (mm2)  (~) Fsw (kMz)  (A) #Phases  (A) Current Sensing  (~) Bench Verified  (~) Solution
LTC3867 Controller Ref Design 5-12Vin to 104 1V 50C| 5 14 1 1 10 84,56 203.4 514 1 Rsense False Rsense Sens
LTC3867 Controller Ref Design 5-12Vin to 104 1V 5005 14 1 1 10 36.3 1924 514 1 DCR False DCR Sensinc

10//

LTpowerCAD May Not Support All ADI/LT Power Parts. For More Parts Click The Web Search Button.

LTC3833 Controller Ref Design 5-12Vin to 10A 1V 50C|5 14 1 1 10 83.75 201.6 502 1 Rsense False Rsense Sens
LT86425 Monalithic Demo Board DC2560A 3 18 1 119 10 85.01 a9 2022 1 Internal True 3-18Vinto 1.
LTM4626 uModule Demo Board DC2665A-A 7 20 1 1 12 87.08 270.2 584 1 Internal True 7-20Vin to 1\
LTM4638 uModule Demc Board DC2665A-B 7 20 1 1 15 87.68 270.2 572 1 Internal True 7-20Vin to T\

\|Jser Solutions:
Results : 30

LTpowerCAD Il Design Tool Quick Start Guide. Copyright ©2021 Analog Devices, Inc. All rights reserved.
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Power Stage Design Tab

Part
Operating
Limits

Operating
Conditions

11//

[ LTpowerCAD Il V27.2 - LTC3251A DC 14324 modified for DCR sensetpc
File Help

Pouwser Stage Design H Loss Estimate & Break Down % Loop Comp. & Load Transient % Power Design Summary

[

|CinC Input Ceramic
[ MFR. MURATA

L_;EJ

Part# GRM32DR71E
C Nom. 22 uF

U1

b

T

ESR 4mQ
ESL nH
#Cap 2
1= Mtop1
1

TG g 1| FDMS7578

iL Ripple % 62(%

SW
‘Mbot1

i
' |
1 x|FDMS85585
BGp—-I¢

Cs1| 0.047 uF
SugRsl | 464 k0
Rs1 4.7 kQ

PlossRs1| 3.336 mW
Sug. Rp1 | 10000 kQ
Rp1 OPENKQ

LTC3851A - Synchronous Step-Down Switching Supply

Inductor

Desired iL Ripple 40 %

Sug- 1 L_Q.oRu Parallel Operation
L1 0.4 uH
b Current Limit # Paralleled 1
DCR| 1.85mQ
imi 9 lout / Phase 15A
MFR. WURTH Target lout? Limit Margin 130 %

Target lout Limit | 19.5A
ILIM Prog. | 50 ¥ mV

Output Voltage

1.492V
Voutl Ripple +/- | 1.431%

Vout1 Ripple (pk-pk) 42.691mV

Part# | 744311047
Vout1 Prog.

iL Peak | 19.666 A GND=30mV, FLOAT=50mV, INTVCC=75mV

Sense+

T

----- ‘ vouT
Gpgl, CQBl,
I I
N | I ‘I‘
[ [
Rp1 \ —L— Output Ceramic -1~ Output Bulk
A A S MFR, TDK - MFR. = PANASONIC
H H Part# CGA4J1X7RO) Part# EEFSX0G331E
Component Libraries
INom.. 10 pF C Nom. 330 pF
() Show All ®) Show Suggesteil-in Parts User Parfs 1 Parts  |Clear Search Entries ¢ | 97250F c 330 uF
* Loss values calculated at Vin nom. and lout max. ESR 1.01 mQ ESR 9mQ
All Parts | User Parts ESL | 048nH ESL | 12nH
i C 1 #C 2
(R vendor  (2) Name Arcalmmz) DC LossiW)  AC Loss(W) Total Losstw) ® P
Clear| (Iﬁa
COILCRAFT XAL7070-551ME |54 0.576 0.041 0.617
COILCRAFT XALT070-651ME 54 0.707 0.302 1.009
COILCRAFT XALBOBO-681ME |73 0.557 0.343 0.9
PANASONIC ETQPSMRGBYLC (100 0.707
PANASONIC ETQP4MRATKLC (109 0.624

Sense-

Key ——— i o [AA = —
ey S AAN[E S
Calculated :
Part Specs ————————————
MaxVin:| 38|V
Min Vin 4v
MaxVout:| 53|V )
Sugg. Max lout:| 1000/ & Vin(norm) 12V _ VIN
Min Sw. Freq.:| 250 kHz X
Max Sw. Freq. a 7C7|nB Input Bulk
Design Specs y—L| MFR. | PANASONIC
Vinmin:| 45V . Part# | 165VP150M
Vinnom:| 12|V cN =Tl
Vinmax:| 14|V po om- 3
Swiitching Freq:| 350 kHz c I-‘F
T Cin Total IRMS | 4.949 A ESR 30 mQ
Output Rail 1 Cin Total PLoss | 0.151W ESL nH
Vout1 :| 1492]v
loutT:|  15/A # Cap 1
Feedback Rt1 Cff1
Sug.Rt1 | 60.4kQ
Rt1| 604 kO
Cff1 oF VFB
Sug.Rb1| 69.8kQ Rb1 Cfit1
Rb1| 69.8k0Q
Cfit1 oF
-
Cth1 Rth1
| F——g—imi
| | Cthpt
Duty & Ton Compensation
Vout1 Duty [12.433% Cth1| 1000 pF
Ton1 @ Vin Max 304 ns Rth1 5.11 kQ
Toff1 @ Vin Min | 1909.8:ns Cthp1 220 pF
Sw. Freq.
Desired Fsw | 350 kHz FREQ
Sug. Rfreq | 97.6kQ
Rfreq| 976k — Rifreq
Act. Fsw | 350 kHz

.

Sensing Configurations

# Suggested Parts # Parts in Ubrary: 55
* 5o far only Wurth and Coilcraft provide AC loss estimations. Comparing AC loss between ver

Vendor Search Tools

% P STDK muflata @Pulse %sunida
[ — ] -

L —

LTpowerCAD Il Design Tool Quick Start Guide. Copyright ©2021 Analog Devices, Inc. All rights reserved.
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Suggested values & calc. parameters

User entered actual component
values & desired requirements

Design Steps

1. Select a switching frequency (f,)
higher f,,, smaller L/C size but higher loss

2. Select Inductor, Current sensing
Inductor affects its current ripple
Select sufficient DC & Saturation rated
Check current sensing setup and limit

3. Select input and output capacitors
Considering ripple, RMS current rating,
ESR, transient, etc.



Schematic Warnings

12//

C
Ceramic CIN
MIFR.
art #
C 22 uF
ESR 2 mi}
Cap 1

SW

’I >
TG :

Inductor
Desired iL Ripple 40 %
Sug. L1 0228 pH
L1 D56 pH
DCR 17 mQ
MFR.
Part =
iL Ripple % [JETEY%

iL Peak 21.63 A

Ploss Rsl
Sug. Rpl
Rpl

f||—|§Mbut1
BG ! | 0x

0.047 pF
6.98 kO
402 k0
274 mW

CQPEN k(2
715 k0

!
=

Current Limit
Target lout Limit Margin =~ 150 %
Target Iout Limit 30 A
iL pk@ Target Iout Limit  31.63 A
iL vhy@ Target lout Limit  28.37 A&

VRMG: Set 0.6V - 2V (or GMD=30mV, INTVCC=>5
VRNG 2V
Actual VRMNG 2V

Vsense max prog. 100 mv

Coc

I
[ ——

DCR Current Sensing
Act. Iol Limit = 96.34 A
iL1 Pk@ lol Limit  97.97 A
Wensl P@ Iol Max 266 mV
Wens1 Wly@ lol Max  16.93 mV
Vsnsl Rip. (pk-pk) | 9.66 mV

Warnings Guide for Proper Supply Design

LTpowerCAD Il Design Tool Quick Start Guide. Copyright ©2021 Analog Devices, Inc. All rights reserved.
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- Strong warning (recommendations / limits exceeded)

Soft Warning (parameter slightly outside recommended)



Design Curves vs Vin
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File Help

24 LTpowerCAD [l V2.7.2 - LTC3851A DC1432A modified for DCR sense.ltpe

@ Power Stage Design

E Loss Estimate & Break Down

= X
Loop Comp. & Load Transient

% Power Design Summary ‘

< @, & o5

S G

rKey
User Entry : l:l
Calculated : l:l
~Part Specs

Max Vin v

Min Vin v

Max Vout : 55|V
Sugg. Max lout:| 1000/ A
Min Sw. Freq.:| 250 kHz
Max Sw. Freq.:| 750 kHz

38

~Design Specs
Vinmin:| 43V
Vin nom : 12|V
Win ma : 14V
Switching Freq:| 330 kHz
Ta: 25/°C

Qutput Rail 1
Voutl:

lout1 : A

LTC3851A - Synchronous Step-Down Switching Supply

Project Name: = DC1432A-A Modified DCR Sense

Date:

Win(norm) 12 I [T Design Curves

=
3
Cin Total IRMS | 4.049/a
Cin Total Ploss | 0.151\W 1904
180A
17.0A
VOuT

Select Qutput Rail #:

Inductor Current @ lout Max vs. Vin

T62%
60%
58%

56%

Current

—
=
Cth1 Rth1|
| | vV 7.00 A
Cthpt
650 A
Duty & Ton Compens
Vout1 Duty | 12.4330% Cthi o
Tonl @ Vin Max | 304ns Rth1 £
Toff1 @ Vin Min | 1909.8ns cthpl | | S
550 A
Sw. Freq.

Desired Fsw | 330 kHz

16.0A 1
R 1 15.0A
Feedback I 1ot
Sug Rt1| 604 KD
Rl 604KD 130A
CA oF 1204
[ 11.0A
Sug.Rb1| 69.8kD Rb1
Rb1| 698K0
cAirt o

Sug. Rfreq | 97.6 k1
Rfreq| 97.6 k0
Act.Fsw | 350kHz

——54%

Current Ripple

52%
50%

48%

50V 60V 70V 80V 90V 10.0V11.0V120V130V

Vin

iLpk iLvly iLde

Input Cap. RMS Current @ lout Max vs. Vin

50V 60V 70V 80V 90V 100V 110V 120V 130V
Vin

\ - @

OutputRail #1

IL Avg. Limit, lout Limit & lout Max vs. Vin

Design Curves vs. Vin

50V 60V 70V 80V 90V 100V 110V 120V 130V
Vin

ildc lout lout max

280 A
285A

280A-|

2754 |

50V 60V 70V 80V 90V 100V 110V 120V 130V
Vin

Designer:

Parallel Operation
# Paralleled 1
lout/Phase | 154

Qutput Voltage

Woutl Prog. | 1492V

Vout Ripple +/- | 1431%
Vout Ripple (pk-pk) |42,691 mV

vout
CoBJ _
I
|
[l
Dutput Ceramic ——  Output Bulk
MFR. TDK = MFR. | PANASONIC
Part | CGA4JXTRO) Part# EEFSKOG331E
Nom. 10 pF CMNom.| 330pF
€| 9725,F C | 330uF
ESR | 101mD ESR| @m0
ESL | 0d48rH ESL|  12nH
# Cap 1 #Cap 2

lodified with DCR Sense

* For reviewing design’s currents over the operating range (especially if Vin range is wide) to ensure chosen components have sufficient current ratings

LTpowerCAD Il Design Tool Quick Start Guide. Copyright ©2021 Analog Devices, Inc. All rights reserved.
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Layout Example

[T LTpowerCAD I1V2.7.2 - LTC3851A DC1432A modified for DCR senseltpc

File Help

Power Stage Design H Loss Estimate & Break Down % Loop Comp. & Load Transient % Power Design Summary
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[& Layout Example

Demo Board Layout Example
(Top & Bottom Layers Only)
TOP LAYER

BOTTOM LAYER

[ Layout Ecample - o

Power Stage PCB Layout (Buck)

L Rsense

=
’I-\ f‘\ :; 3 Kelvin Sense 1
[ T84 =]

Minimize the “hot Innp"AT

Key Layout Points : (see ADI App Notes AN136 and AN139 )

1) Minimize the ‘hot loop' length including ceramic Cin, top FET QT
and bottom FET QB to reduce EMI noise.
2) Minimize electrical and thermal impedance for high current paths: using
wide and short solid copper areas, multiple vias near power components.
3) Place controller circuits on GND or Vout area (or on PCB bottom side)
4) Kelvin Sense current sensing signal traces and avoid noise coupling

Conceptual Layout Example (Buck Power Stage)

Option 1
Foooo Rspsr 0pTy
1
o~
-
w offE T e —

Minimize the “hot loop”.

Option 2

Rth\r (OPT)

Vour

ze the “hot loop™.

g e e @ =5 = K
User Entry SN WS =E e E o
Calculated »
PartSpecs ——————————— _ _ H H
T, LTC3851A - Synchronous Step-Down Switching Supply \
Min Vin: 4V .
Vin{norm) 12V
Max Vout : 5.5V - VIN
Sugg. Max lout:| 1000| & | CinB  'nput Bulk CinC Input Ceramic
Min Sw. Freq.:| 250| kiz MFR. | PANASONIC i MFR. | MURATA Inducior
Max Sw. Freq.:|  750| kHz 'I'_ T Pa# 165VPISOM T Part# | GRM32DR71E o
—— CHNom. 150F — CNom.| 22)F Desired il Ripple  407%
[ Design Specs —————————— - ¢ [ 150F - c up Sug.L1 | 0:62|uH
Vinmin:| 4.3V Cin Total RMS | 49494 SR 30mO R 20 L1 O4uH
Vinnom:| 12V Cin Total PLoss | 0.151W ESL nH EsL nH DCR | 1.85m0
Vin max : 14|y Target lout Limil
: #Cap 1 #Cap 2 MFR. WURTH
Switching Freq:| 350 kHz Part# | 744311047 Target ITLLI
Ta:  25/°C VouT U1 D= ‘M10p1 iLRipple% = 62%
1 I =
Output Rail 1 | | | il Peakc 196564 GND=30m,
. 1lx| FOMSTS78
Voutl : M?E v Feedback Rt1 Cff1 TG el =
loutt: A Sug.Rt1| 604KQ
Rtl| 604 kD swW p—
oA P (VFB , |_jll Mbot1
1 I
Sug Rb1| 608D Rb1 Cfit1 BG | 1| FDMs83585
Rb1| 628Kk0 B
ciitt pF -
cs1 [ 0.047)F
—
- SugRsl | 464K0 DCR Current
Gth1 Rth1 Rt | ATKO et o] Lim
' ITH . lo1 Limit
PlossRs1| 3.336mW iL1 Pk@ lo1 Limit
Cthpi Sug. Rp1 | 10000 kO Vans1 Pk@ lo1 Max
Rpl] OPEN k1 VsnsT Rip. (pk-pk]
Duty & Ton Compensation
Voutl Duty [12.433(% Ctnl| 1000 pF Sense+
Ton1 @ Vin Max 304 /ns Rth1| 5.11kD
Toffl @ Vin Min | 1909.8/ns Cthpl | 220pF Select Rsense Sensing Cs1 T
Sw. Freq. Sense-
Desired Fsw | 350 kHz FREQ
Sug, Rfreq | 97.6 k2 GND
Rfreq| 7.6 k0 = Rireq
Act.Fsw | 350 kHz J—_ Reference Design - Linear Technolo:

14//

* Demo Board Top and Bottom Layer (Copper & Placement), Layout general guidelines

LTpowerCAD Il Design Tool Quick Start Guide. Copyright ©2021 Analog Devices, Inc. All rights reserved.




Loss Estimate & Breakdown Tab onas
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[0 TpowerCAD 11 V2.7.2 - LTC7802_Demo_Board_DC29224.tpc - b X
File Hel
12 45 Freeze Plots to Compare
@ Power Stage Design H Loss Estimate & Break Down Loop Comp. & Load Transient % Power Design Summary /
O u t p UtS on ; Design Specs For CCM Mode Only [ Inductor AC Loss Entered by User
= Vinmin:| 6V MOSFETs
=2 | —
Se pa rate Ta bS‘ 5 Vinnom:| 24V Control MOSFET Freeze Plots
g Vin max : 36V Vendor: |INFINEON . .
s ] Rail #1 (3.331V) Efficiency & Power Loss
| Sw. Freq:| 362 kHz Part : |BSCOSANCA ( ) Effi Y Rail #1 (3.331V) Power Loss Breakdown (Full Load)
= Vout:|3.331)V Velss: 40|V #rets:[1 | pes 100 %
g lout:| 20 A ag: 51 nc 0gd: |14 | nc
g Te i [25)%C Rdson: 657 | m0 qgs: |21 nC
. == Inductor Rg: |22 n Vmiller: |32 |V 0%
Specn°y or Select Inductor : (XALTE Vdiode: 092 | v vih: 18 v
L:| 08uH Noea | G|
Inductor & MOSFETSs oer: Blmn Ploss: 1063 |W/fet  Coss: (IR ) pF
— 8js: 30w ATja: 3315 °C 80%
= Bwa: | 247 °C/W S
\i Syne MOSFET
Vendar: |INFINEON
Inductor Loss Part : | BSCO22NO4I .
Tw:| 25 |°C Vdss: (40 |V #Fets: |1 pcs 0%
DCR @ Tw: | 208 | mO Qg:[151 |nc Qgd: |36 nC
DCR boss : (10851 W Rdson: (233 | mQ Qgs: |55 | nC
Py B Vdiode: (084 | v Vih:[18 |V
AC Loss Budrv Ploss: 1002 |W/fet  Coss: (830 pF g g
i 8a: 30 |cw ATa:[501 | °C v, g
User entered or g% 3
QT-I Estimate . & E
L v =
from Inductor o v Breakdown of All Losses
0%
Library (API) ! — .
Exrvrc“ca- ias v ) . @ Control Fet Conduction (0.372W,8.34%)
’ :l - = Control Fet Turn On (0.439W,9.84%)
FET Vmills Rail Total Pu;g‘; EL;Jss @ Full Load 0% = Control Fet Turn Off (0.251W,5.62%)
Pin: g W oo
External Bias —— i = Control Fet Drivi n.g (0.009W,0.2%)
: e “ Sync Fet Conduction (0.819W,18.35%)
Vgs Ploss: 9‘3 = w oo = Sync Fet Driving (0.028W,0.63%)
n: . % = Sync Fet Body Diode (0.182W,4.08%)
Viiller €= = Inductor DCR (0.849W,19.02%)
o) ";;t ;i'g; ; J— = Inductor AC (0.408W,9.14%)
g = 0% —t : . ! I i i ™ = Rsense (0.816W,18.28%)
== - = Cin Losses (0.28W,6.27%)
= Cout (0.01W,0.22%)
0% I I - |- I Looow
00A Z0A 404  60A  80A  100A 120A 140A  160A  180A 200A
Load Current (A}
Export data / Import bench data to compare =——3 D mper | [ Cleorimponee
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Power MOSFET Library

Suggested MOSFETs for conditions (by lowest power loss) AECQ
/
Power MOSFET Library n
() Show All @ Show Suggested Control FET Key: Built-in Parts : User Parts : [] Show Only AEC-Q Parts  |Clear Search Entries|
Vin ()] lout (&) = Parallel FETs I:l pes. (for MOSFET Loss Calculation) Update Search
F|Iter All Parts User Parts
Search S, () Vendor (&) Name Control FET Loss (W) Area (mm2) Loss/Area (W/cm?) (#) Vdss(V) ®vgsiy  (RMRasim) (R ag
s ear| Clear]
VISHAY SiR4260P 1.167 32.9 3.35 40 45 10.19 93 A
INFINEON BSZ034N04LS  |1.184 116 10.24 40 45 332 13
INFINEON BSCO32ND4LS  |1.242 34 3.66 40 45 a1 13
REMNESAS RIK0O451DPB 1341 20.9 4.49 40 45 6.84 14
INFINEON BSZ028N04LS 1427 116 12.34 40 45 2.65 16
VISHAY SUAT2ADP 1428 3397.2 0.04 40 45 3.86 14.8
INFINEON BSZO9TNO4LS  |145 116 12.54 40 45 11.04 86
VISHAY SIR422DP 1459 329 4.44 40 45 6.38 16.1
INFINEON BSCO26MNO4LS  |1.491 34 4.39 40 45 255 16
INFINEON BSCO93N04LS-G |1.503 34 4.42 40 45 10.65 86
OMNSEMI FDMC8321L 1.506 116 13.03 40 45 261 21
AOS AONG144 151 31.5 4.8 40 45 262 22
TOSHIBA TPHTR204PL 1.528 328 4.66 40 45 6.74 12
TOSHIBA TPNTR504PL 1545 13 11.92 40 45 7.03 12
< >
# Suggested Parts: 198 #Parts in Library: 200
Vendor Links
T H 1 ALPHA & OMEGA
D infineon  NEXperia prumsuey TOSHIBA
ﬂ v Leading Innovation 2>

16//

Links to Vendor
Parametric Search
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Power MOSFET Library

) Show All @) Show Suggested Sync. FET 2y :  Built-in Parts : User Parts : show Only AEC-Q Parts  |Clear Search Entries

Add your

* Enter Parameters Into Green Cells To Add a New Component =

own Parts
Nin V) lout (&)  #Parallel FETs pes. (for MOSFET Loss Calculation) Update Search|

All Parts User Parts
() PartName @ vgsiy  ()Rastma) (R ogling (W)vgs2y  (A)Rds20
Cle
USER MEW PART 25 45 1 40 10 09
>
#5uggested Parts: O #Parts in Library: 200
Vendor Links

o

[T Tr—

(nfineon nexperia pAzsez: TOSHIBA |

LTpowerCAD Il Design Tool Quick Start Guide. Copyright ©2021 Analog Devices, Inc. All rights reserved.
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Power Inductor Library SRS

AHEAD OF WHAT'S POSSIBLE™

Suggested Inductors (by lowest power loss, AC Loss provided by Vendor API)
ol User Library

INDUCTOR Library

- INDUCTOR Library =
) Show Al ) Show Suggesifld? ®f Show Suggested w/ AC Loss infe Key: Built-in Parts : User Parts : [[] Show Only AEC-Q Parts  [Clear Search Entries
* Loss values calculated at Vin nom. and lout max. ) Show All ) Show Suggested @) Show Suggeste Key :  Built-in Parts : User Parts : [[] Show Only AEC-Q Parts  [Clear Search Entries]

All Parts | User Parts * Loss values calculated at Vin nom. and lout max: Enter Parameters Into Green Cells To Add a New Component *

(&) Vendor (A) Name Area(mm2) DCLoss(W)  AC Loss(W) Total Loss(W) (&) LiuH) O] LTo\[ (A)DCRmA) (A DCRTal(%) (W) 15at(a) [ON:-CT ) AlParts | User Parts
[«
COILCRAFT XAL6030-561ME|41.7 l0.688 l0.22 0.908 0.56 20 3.01 10 29 30 22 (&) Name [op) (®)LToli) (®pcRmn) (A DCRTol)  (A)15a04) (A)LDects)  (A)1Heatl
COILCRAFT | XAL6020-601ME|44.3 1.472 l0.197 1.669 0.6 20 6.45 10 25 30 185 fex k
COILCRAFT | XAL7070-551ME|54 0325 [0.19 0515 0.55 20 1.42 10 a3 30 29 USER NEW PART 20 30
COILCRAFT | XAL7070-651ME|54 0309 l0.081 048 0.65 20 1.75 10 40 30 265
COILCRAFT | XAL7030-601ME|64 l0.685 o257 0.942 0.6 20 3 10 36 30 23 ¢ >
COILCRAFT | XALB080-681ME[73 0314 [0.104 0418 0.68 20 138 10 38 30 37
COILCRAFT | XAL1030-561ME[123.9  [0.572 o212 0.784 0.56 20 25 10 44 30 32
COILCRAFT | MLC1555-551MI[182.2 0307 021 0517 0.55 20 134 10 357 20 223
COILCRAFT | XAL1350-63INE[187.4  [0.342 l0.169 0511 0.63 30 15 10 74 30 38
COILCRAFT  |SER2012-601ML[3587  [0.329 l0.228 0.557 0.6 20 1.44 20 97 10 35
COILCRAFT  |SER2012-681ML[358.7  [0.328 lo.114 0442 0.68 20 1.44 20 85 10 35
COILCRAFT  |SER2011-501 [392.6  [0.276 [0.23 0.506 05 20 12 20 100 20 40 #Suegested Pars: 0 e by 12
USER NEW PART 1 20 1 20 40 20 30
: - *So far only Wurth and Coilcraft provide AC loss estimations. Comparing AC loss between vendors may not be accurate due to different estimation methods
Vendor Search Toofs
= —
WE=: Vg pmesone BTDIK muRlala @Pulse Gsunida
| B Pomer s roesntion, x B * o - % 7 Igsmd Parts: 12 #Parts inLibrary: 14 WIRTH ELBCTRGnE — HHEETET I ELETROE fronie

* So far only Wurth and Coilcraft provide A . .. o o g o [y thods.

( Vendor Search Tools

NS 7
e/ =l Codlcnc

-

S

[ @ Pulse %sumida

Electronics

x s ee weson  am o mm MR apA mowk mamm

Passes conditions to

vendor for extra

T =0

analysis / comparisons ; v e
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Loop Compensation & Load Transient Tab

Adjust
Compensation
manually or
automatically

Check BW
and stability

Target
transient
performance

18//

[ LTpowerCAD Il V2.7.2

Sw. Freq:| 200 kHz

= Phs. Boost Desired 10| deg
Vout:|0.999 v

= Cff Sug 39| pF
lout:|  20/A

== cff pF
Ta:| 257%C

Cfit Sug 43 pf

Inductor | it pF

Inductor : | XALTE
L: [oesluH Desired PM 60 deg
DCR: | 175 mQ | compensation

Cthsug | 1500 pF

Cout r ceh| 2200 pF
Bulk Cap : [AMK3
Clactual) : | 330 uF RihSug | 576 ko
ESR: (14016 me2
ESL: |0391(nH

(== Rth 715 kO

Cthpsug | 220 pF

cthp| 220 pF
[_] use Suggested Compensation

(Based On LTpowerCAD Model)

Bode Plot

BW 3081 | kHz
PM (666  deg
Gain @ fsw/2 |-13.68 | dB
Gain @ -180°| 408 dB

Load Step

[ High| 20/a

Low| 15 A
[ avat| 100 Ans
AVo Target & Response
Target Total AVo = | 3

*®

*®

Target AvoRipple £ 1
AVoRipple £ | 085
Allowed AVoStep + | 215

AVoStep +
Total Vo =

*#

® R

Import / Export plot
data to compare

50d8

0dB

-50d8

Magnitude (dB)

-100 d8

-150 dB

-200 dB

200 deg

150 deg

100 deg

50 deg

0deg

Phase (deg)

50 deg

-100 deg

750 deg

200 deg

n  Feedback | Control To Output | Compensator | Output Z

File Help
i = .
Power Stage Design | |9 Loss Estimate & Break Down | =5 Loop Comp. & Load Transient

L Design Specs Loop Gain * For CCM.

= Vin min:| 108V

2 . — Feedback Divider

5 Vinnom:| 12|V

3 ) Desired BW | 8333 kHz

5 Vinmax:| 132V

S || Max. Phs. Boost | 1445 deg

100 Hz

Powier Design Summary

Freeze Plots
Rail #1 (0.999V) Loop Gain
2 7

1kHz 10 kHz 100 kHz 1 MHz
Frequency (Hz)

mg
e

o ==

1kHz 10 kHz 100 kHz 1 MHz
Frequency (Hz)

B
Import ‘ ’ Export ‘I ‘ Clear Imported

Loop gain, Output Impedance & inner loop plots
|

+ Estimation Based On LTpowerCAD Average Model (CCM Mode Only)
Load Transient

60 mV

40mV

20mv

Vout[AC Coupled] (V)
=
<

20 mv

-40 mv

2604
2404
220A
2004

g 1804

lout, il

16.0A

i
14.0A

120A

1004

| Show Time Based Response

¥ Show Zout Based Response
Rail #1 (0.999V) Load Transient

'|

.

|

!

‘l. #

sV A A Wil

F‘ [ Uit
18
11,
11
!
.
0s 100 us 200 us 300 us 400 us 500 us 600 us 700 us
Time (s)

100 us

200 us

300 us

400 us.

Time (s)

500 us

600 us

700 us

LTpowerCAD Il Design Tool Quick Start Guide. Copyright ©2021 Analog Devices, Inc. All rights reserved.
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Load Transient

Time-based estimation
(cycle-by-cycle)

Right click plot to change
load step duration

\ pii 0
X

[ZT Setup Transient Duration O
y PLO WER BY
Simulation Time Scale Factor: 03

o |[ e |

* Estimation Based On LTpowerCAD Average Model (CCM Mode Only)
| Load Transient

SwlE

Show Time Based Response

™! Show Zout Based Response

Rail #1 (0.999V) Load Transient

— Impedance based estimation

(small signal)

100 mV/

Vout[AC

50 mv

0s 50us

250A

100 us

Time (s)

150 us

200 us

150A

Tout, iL (A)

3
S
b

00A

0s 50 us

100 us

Time (s)

IV

150 us

200 us
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Automatic Compensation

20//

Meet entered target
BW & Phase Margin

@ Power Stage Design

. Phs. Boost Desired 10 deg
Vout :| 0999 V
| Cff Sug 39| pf
lout: 20 A I
| cff 20 pf
Ta:| 25°C
Cfit Sug 24 pf
Inductor - [ oAt pF
Inductor : | XALTC .
L: | 065 uH Desired PM 60 deg
DCR: | 175 mQ Compensation

Bwa: | 278)°C !
a M Cthsug | 1300 pF

cth| 1300] pF

Rthsug| 536 ko

Ren| 536 K

CthpSug | 270 pF

cthp|  270| pF

Ceramic Cap 1 CGA4.
Use Suggested Compensation

C (actual) : (9973 uF

ma (Based On [ TpowerCAD Model)
ESL: | 048 nH
# 10 pcs
Bode Plot
{ Win 12 v
{ o 20 A
BW 3548 | kHz
Feedback Network PM 601 | deg
Vour Gain @ fow/2 -144 | dB
Ry cff Gain @ -180° -39.62 | dB

< Load Step

<
e
jﬁwfﬂ [ wigh| 20/ a

Rs [ it [ Low 15 A
[ ayat| 100 Adps

Comp. Network AVo Target & Response
COMP/ITH Target Total AVo + 3
Target AVoRipple £ 1
AvoRipple + | 0.88
L Allowed AVastep + | 212

Crip
Co AvoStep +
Total AVo +

RRRRRR

=] I
Loss Estimate 8 Break Down Loop Comp. & Load Transient % Power Design Summary

Rail #1 (0.999V) Loop Gain

50 dB

adf

50 dB

Magnitude (dB)

100 dB

-150d8

-200 dB
100 Hz 1kHz 10 kHz

o
£3

100 kHz

Frequency (Hz)

200 deg

150 deg

100 deg

50 deg

0 deg

Phase (deg)

50 deg

-100 deg

-150 deg

200 deg

100 Hz 1kHz 10 kHz

)

w
2

(=

100 kHz

Frequency (Hz)

T

| | Clear Imported |

1 MHz

[ P s

T MHz

LTpowerCAD Il Design Tool Quick Start Guide. Copyright ©2021 Analog Devices, Inc. All rights reserved.
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Voltage Mode

Power Stage
L.Cout Double Pole kHz
Cout ESR Zera min Kz
Show Control Ta Output Plot
1. d Poles, Zeroes
Desired BW 62.5
Desired PM 60
TeroZ1Sug | 041
TeroZ25ug | 041

Pole P1 Sug
PoleP2Sug | 625

DC Gain

Adjust / Set
Compensation

625

Poles / Zeroes im0
3. Target and Actual R,C

Show Target Plots

cr:| 5100/ 1800 pF

R2:| 332 931 k0

c2:| 820 820 pF

R3:| 265 365 k0

ez 75 27| pF

[] Set Actual to Target Values

Bode Plot

Load Step
v High
Low
AlfAt 10| Aps

AVo Target & Response
Target Total AVo =
Target AVoRipple =
AVoRipple =
Allowed AVoStep =
AVoStep =
Total AV =

Compensator | Control To Output | Loop Gain | Output Z |

Loop Gain | Load Transient

Only Impedance based estimation available

SO

[l Freeze Plots
Rail #1 (1.8V) Loop Gain

=

)
&

Magnitude (dB)

V

10 kHz

Frequency (Hz)

Rail #1 (1.8V) Load Transient

© =
=
=
3
=

Vout{AC Coupled] (V)
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Capacitor Library

22//

Actual capacitance at DC Bias
(derated) Total cap. Area for desired capacitance

/ /

CAPACITOR Library ﬂ
) Show All (®) Show Suggested Key: Built-in Parts : User Parts: [] Show Only AEC-Q Parts

All Parts User Parts

@ Vendor @ MName ® Cnom(pF) @ C @50% Vmax(pF) @ C @ Vmax (uF) C @ Vbias nom. (uF) #Pcs, to Equal Cnom  Area Each (mm2) Tot. Area to Equal Cnom (mm2) @ ESR(mQ) @ ESL(nH) @ Im

c

TDK CGA4J1X7ROJT06M125AC (10 8.892 6.624 9.7 1.03 2.5 2.6 1.01 048 6.51
TDK C2012X7R0J106K125AB 10 8.892 6.624 9.7 1.03 2.5 2.6 1.01 048 6.51
KEMET C000805C106K7PAC 10 95 & 9.7 1.03 2.5 2.6 1091201052 123 2.8838!
KEMET C000805C106K9PAC 10 8.759687 5079365079 9.7 1.03 2.5 2.6 1.091201052 123 8.8838!
KEMET C0603C106K7PAC 10 872 5 9.2 1.09 1.28 14 1.109647762 0.83 10.786:
KEMET C0603C106K9PAC 10 6.349206 3.174603175 9.1 1.1 1.28 1.4 1.109647762 0.83 10.786:
TOK CGA4IXBLOM0BK125AC |10 9,043 6.656 9.8 1.02 2.5 2.6 2.53 048 41
TDK C2012X8L0J106K125AC 10 9.043 6.656 9.8 1.02 2.5 2.6 253 048 41
TAIYO YUDEN IMKZ212AB7106KG-T 10 8 47 9.5 1.05 2.5 2.6 2.815785884 0.5953304 3.09
TAIYO YUDEN  |JMK212ABT106MG-T 10 8 47 9.5 1.05 2.5 2.6 2.815785884 05953304 3.09
MURATA GRM31CRe0J106KADT 10 9.69 854 9.9 1.01 5.12 5.2 29 0462 46
MURATA GRM31CRT0J106KAD1 10 9.59 842 9.9 1.01 5.12 5.2 29 0462 4.6
AVX 06036D106MAT2A 10 5.5 3 8.9 1.12 1.28 1.4 B) 039 3.5
TAIYO YUDEN JMK316AB7106KLHT 10 97 7 9.9 1.01 5.12 5.2 3.120260021 0.6774348 2.80
TAIYO YUDEN JMK316AB7106MLHT 10 97 7 9.9 1.01 5.12 5.2 3.120260021 0.6774848 2.86
TAIYO YUDEN JMF316AB7106KLHT 10 97 7 9.9 1.01 5.12 5.2 3.120260021 0.6774848 286
TAIYO YUDEN JMF316AB7106MLHT 10 97 7 9.9 1.01 5.12 5.2 3.120260021 0.6774348 2.80
TAIYO YUDEN JMKZ212ABJ106KGET 10 T 47 9.5 1.05 2.5 2.6 3.128771009 0.5460856 225
TAIYO YUDEN IMKZ12ABI106MGET 10 79 47 9.5 1.05 2.5 2.6 3.128771009 0.5460856 225
TAIYO YUDEN | JMK212ABJ106KGHT 10 79 47 9.5 1.05 2.5 2.6 3.128771009 0.5460856 225
TAIYO YUDEN JMKZ212ABJ106MGHT 10 T 47 9.5 1.05 2.5 2.6 3.128771009 0.5460856 225
TDK CGA3E1X7TOG106MOB0AC (10 8.245 5218 18.9 1.12 1.28 14 3.22 042 29

#5Suggested Parts: 91 #Partsin Library: 93
 Vendor Links
. : o Compary v SUNCON
passonic  muRata  KEMET {oha) vvovuoen @TDK /AN
INNGVATOR IN ELECTRONICS

LTpowerCAD Il Design Tool Quick Start Guide. Copyright ©2021 Analog Devices, Inc. All rights reserved.
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User Library

CAPACITOR Library
(O Show Al ® Show Suggested sy: Built-in Ports : User Parts : w Only AEC-Q Parts |Clear Search Entries|
* Enter Parameters Into Green Cells To Add a New Component *
All Parts | User Parts
() Name (®) Crom(uF) () C @50% Vmax(pf) (%) € @ Vmax (uf) (%) ESRm() (=) ESLinH
c = k
USER NEW PART 100 60 5 [5
#Suggested Parts: 0 #PartsinLibrary: 93
Vendor Links
SUNCON

Panasonic mullala KEMET

e vuoen STDK NV




Capacitor Derating

Capacitance [uF]

DC bias characteristics 22uF/6.3V Capacitor - 8
28 \ |
— == — == 22uUF @0V = = -
20 \
AN
17 \\\
14 \\
A AN 7.5uF @ 5V
\ (-65%)
8
T —
SNy 1 ? 3 4 5 7
DG Bias[V]

MLCC typically has significant capacitance reduction @ DC bias voltage
LTpowerCAD estimates the actual capacitance

23// LTpowerCAD Il Design Tool Quick Start Guide. Copyright ©2021 Analog Devices, Inc. All rights reserved.
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Component Estimation Settings

‘ BE (TpowerCAD

[ File Help

=3 = =
Power Stage Design H Loss Estimate & Break Down Lonp Comp. & Load Transient g Power Design Summary

S @ = o S OON B

| rKey
User Entry :
Calculated :
i Part Specs
Max Vin : 38|V
Min Vin : 45V
Max Vout:| 55|V
Sugg. Max lout:| 1000/ A
Min Sw. Freq.: 200 kHz
Max Sw. Freq.:| 2000 kHz
| - Design Specs —————————————————
Vinmin:| 108V
Vin nom : 12|\v
Vinmax:| 132 Vv
Switching Freq:| 200 kHz
| Ta: 25|°C
| output Rail 1
Vout1:| 0999V
lout1: 20 A

24//

lotal CIN RMS
lotal CIN Ploss

“eedback

i1 604 kQ
A1 604 kQ
1. 20pF
o1| 909kQ
b1/ 909kQ
it1 pF

aaad 5

~3833 - Fast Accurate Step-Down DC/DC Controller wi

Vin(norm) 12V V|N

5 _| CinB  Bulk CIN

! 1 MFR. NIPPON CHE!

oy | (_)|an Ceramic CIN

. MERN KEMET
I Part # |C1210C226K4
- CNom|  22uF
C | 11.55F
ESR 1mQ
# Cap 2

ssasiA T | Part# APSGI60ELLT
0.208 W = CNom 150F
C | 150 uF
ESR|  20mQ
# Cap 1
VOuT
Rt1 Cfft
Vosns+
Rb1 cfit

Vosns-

Cthiy ¢ _ Rtht
1 ITH
[ | Cthp
|1

Juty & Ton

Duty | 8.325%
1+ Max Ens
1Min |4537.5ns

Sw. Freq.
Fsw | 200 kHz
freq L 205 kQ

(freq OPEN kQ
Fsw | 200 kHz

Compensation
Cth1| 620 pF
Rth1  536kQ
Cthp1 | 270 pF

Rt

Rfreq

U1

SW

Cs1| 0.04
Sug Rs1 | 7.8
Rs1| 40i

Ploss Rs1 | 273
Sug. Rp1 1000(
Rp1| 7.1!

Sense+| T

Csi
Sense-

Differential Output Sensing

Project Name:
Date:

Designer:

[£T Component Estimation Settings

T LINEAR.

Inductors  Resistors

MLCCs  MOSFETs

Estimate Actual Capacitance at DC Bias :

Lo |

GND

L

ANALOG
DEVICES
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12VIN to 1V/20A Supply
09/10/2021
Yue Zheng

Voltage
0999 V
T4136my
0.707 %

VouT

Bulk Cout

MFR. TAIYO YUDEN

Part#  AMK325AC63
Nom| 330uF
ESR | 1402 mQ
ESL | 0.39nH

¥ Cap 1

- Pick tull component part# trom the capacitor library.
- Enable capacitance derating with DC bias. (for MLCC).

- If a component is missing from the standard library, user

can enter it manually based on vendor’s datasheet.

LTpowerCAD Il Design Tool Quick Start Guide. Copyright ©2021 Analog Devices, Inc. All rights reserved.



Output Impedance Model

25//

[ LTpowerCAD Il V2.7.2
File Help

@ Power Stage Design H Loss Estimate & Break Down

L Design Specs Loop Gain * For CCM Mode Only
3 V\{in min: 101§ z Feedback Divider Log:rG-in Feedt - To Output | C Output Z
= in nom : - = F
2 Desired BW | 8333 kHz .
£ Vi 1132V d QAl
3 o Max. Phs. Boost | 1445 deg [ Freeze Plots
Sw.Freq: 200 kHz = i
Vout :[0999V Phs. Boost Das ] deg Rail #1 (0.999V) Output Impedance
Cff Sug 39 pf
lout:| 20 A - & w
cff pF 2 g
Ta: {1 25|°C i
Cfit Sug 43| pf 10m0 ke =
Inductor it pF [9 Output Impedance Equivalent Circuit - [m)
Inductor :
L: | 056 uH Desired PM 60| deg ( POWER BY
OR: MO | compensation LI“EAD
Bwa: ‘W
° Cthsug | 2000 pF ™
Select
g leql: 4127  (nH)
Cout 1m0 1
Cth 2200 pF $
Bulk Cap : JMK3: 2 Leq2: 485 (nH)
; Rth St 402 kQ §
C(actual) : 325.9¢yF ug s Req: [ 85| tmane
ESR: 1402 mQ =
ESL: | 039 nH 2o B 0
#: 1 pcs
Cthp Sug 330] pF Equivalent circuit Zn
1002 - W [ ]
Ceramic Cap :|CGAA| Cthp REEN F Leg
C (actual) : |9.973 uF ["] Use Suggested Compensation Vour
ESR: | 1.01 mQ (Based On LTpowerCAD Model) ESR,
ESL: | 048 nH e
#: 1 pes ESL,
= J
Vin 2 v 120 deg 1
o 20A
BW 5012 | kHz
100 deg
Feedback Network PM 6697 | deg
Vour Gain @ fsw/2 -104 | dB
Ry ) of Gain @ -180° -37.79 | dB 80deg
<
> Load Step
g,ﬁ’vfﬂ High 20 A 60 deg
Rs [ T cpe low 10 A
AVAt[ 100 Alus | 40deg
Comp. Network AVo Target & Response i
COMP/ITH TargetTotal AVo £ | 3 % ¥ 20deg
Target AVoRipple + 1 % g
i 096
AVoRipple £ % 0deg
Ry i Allowed AVoStep ¢ 204 | %
o AVoStep %
Total AVo + % 20 ideg
-40 deg
-60 deg
100 Hz 7kHz 10 kHz 100 kiz 1MHz 10 MHz
Frequency (Hz)

—
Loop Comp. & Load Transient | =] Power Design Summary

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

Export Closed Model to Ltspice — Analyze & modify with external filter or parasitics

57 LTspice XVII - [zout.asc]

‘l: File Edit Hlerarchy View Simulate Tools Window Help

A

Roar U EmE &8 Eﬁ\@%\ £

Supply Output Impedance Small Signal Equivalent Circuit

- Created by LTpowerCAD Design Tool, Linear Technology Corp.

(f) ACH

v

'
! out
i
1
1
i
! Ceer Chulk
Vo (Real (Lea2} : {Coc} {Cob}
1 L i
H [~ Rser=(ESRc} T Rser={ESRb}
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* Useful for PDN analysis or circuit modification beyond LTpowerCAD estimations
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Conducted (DM) EMI Filter Design
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[&T LTpowerCAD 11 V2.7.2 - LTC38514 DC14324 modified for DCR sense.ltpe - O X
File Help
@ Power Stage Design E Loss Estimate & Break Down Loop Comp. & Load Transient % Power Design Summary ‘
ey ————————————: CAcA Y Y a =
I I
o A ARAE S @ = 9 S omE M
Calculated : l:l - o
~Part Specs [ZT Input EMI Filter Design i - o ®
Ve vin: Select Limits Use Suggested
Min Vin : deucted (Differential Mode) EMI Filter Design
Max Vout :
Sugg Max lout: EMI Specification : EMI Margin Desired: 0 | dBpv Use Suggested Values Show EMI Without Input Filter CursorX: 500.00 | kHz CursorY: 331 | dBpv
Min Sw. Freq, :
M S Fre: . n n n Rfp EMI Filter Attenuation | Impedance
Design Specs Rfp Rip| OPEN|Q Conducted EMI vs. CISPR22 Class B (PEAK) : 150kHz - 30MHz
Vinmin:| 45|V
Vin nom: 12|V v.. Lf v. 80 dBuv . I
Vin man : 14|V In& A |{YV\ I B I“E__ NO FI ter
Switching Freq:| 350/ kHz cda CcdB . .
=" Lf CinB CinC
Ta:| 25 e ER MER. — 70 dBuY
Output Rail 1 Part= -~ Part
Vaut1: Ctnom) 100 pF CdA o EET CSug. 680 pF N
L g. 1784 p o
)10 Ca| o _foa fhe o o = CISPR 22 Class B
ESR 5 mQ |; j DCR 5 mo E j C 680 pF CinB CinC 60 dBuY Nl T
£5R 5m0
- CES" —:"H = 3|pF oy : an MFR| PANASONIC | MFR|  MURATA
L — Ploss DCR | 0.122|w « Cops [ Parts  16SVP1S0M | Part® GRM32DR71E106F
cf C(nom) 150 pF Cnom) 22 pF R~
RdA MFR] c[150]uF c|10]ur g
e o parts RdB ESR 30 mo ESR 4mQ <
R Sug. 05150 L Com)  47|pF RSug. 02990 ESL 1 nH ESL 1/nH g
= C a7l RaB R 02990 =Caps 1 = Caps 2 3 sodmy
RdA% SR 3mo E "
ESL 1 nH § &
= = :cps = Input Filter 3
Note : CdA, RdA, CdB, RdB, Rfp are for optional dampin 30dBuv I I |
dA, R, Rip are for op P9 7o o With Filter |
Vs.
LISN Specification
i Actual EMI Margin (min.) | 0404/ dBuV @ 0348 MHz |
VinA VinB o 20 dBuv
. | < Input Filter LTC3851A
Vin
10 dBpv
ZII"«I GND . .
- Operating Conditions
- vin|_ 12V vout1| 1492lv  jout1]  15a I | || I H| |‘| |
Filter vs Input Impedance Fsw| 350 kHz 0dBuv | . | I 1 “ il
ZIN - ZOF Headroom (min) | 31444 d8 ®| 0.008] MHz 100 kHz 1 MHz 10 MHz 100 MHz
Frequency (Hz)
To
analyzer

First few orders of harmonics determine the filter size.
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EMI Filter Plots
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DM EMI Noise — Estimated vs. Measured

ANALOG
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LTpowerCAD EMI Estimation vs. Bench [100k - 30MHz] LTpowerCAD EMI Estimation vs. Bench [100k - 30MHz]
No EMI Filter With EMI Filter
100 100
Fsw=750kHz No EMI filter With EMI filter
90
80 I - Fsw=750kHz
) Estimated
L/C filter resonance
60 —T— —] 60 A\ - - -

50 |

Es
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100000

1000000

s Bench Data == LTpowerCAD Exported

10000000

/

<

100000

1000000

s Bench Data === LTpowerCAD Exported

10000000

* L TC3851 single phase buck demo board (12Vin, 1.5Vout, 15A, 750kHz)
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Output Fil

ter

[z Qutput L/C Filter

X
Enable Additional Vout L/C filter VoutB @ lout Max :
VoutB: 1402 WV
VoutB Ripple (pk-pk):| 0011 |mV
Power Supply I
L Vourt L
—— B (1]
U fRemate] a
d
[ Filter Inductor Filter Ceramic Filter Bulk
MEFR SUNLCRD MER TDK MEFR
Part# ;| WTX0430T1RSMTI Part# ;| C2012X5R0G476M Part#:
Ls:| 1500 |nH C:| 47 \F C: Wk
Rs:| 7.8 mQ ESR: 08 mQ ESR: m()
ESL:| 048 |nH ESL: nH
#Cap: 3 #Cap:

Vout Sense / Feedback Options :
[ Sense Vout at Supply's Local Qutput (VoutA)
Sense Vout at Supply's Remote Output (VoutB)

Note :

Bodeplots will be updated, but in this case the LTpowerCAD load transient plots will not

be updated as they may be inaccurate. Use LTSPice to check load transient performance.
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Loop Comp. & Load Transient @ Power Design Summary

* For CCM Mode Only

Loop Gain | Feedback | Control To Output | Compensator | Qutput Z
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Freeze Plots
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* Estimation Based On LTpowerCAD Average Model (CCM Made Only)
Load Transient

200 mV
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Show Zout Based Response
Rail #1 (1.492V) Load Transient
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Power Stage Design Summary Tab

Solution Area Estimation
(1st order, single sided PCB)
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Estimate & Break Down

=

Loop Comp. & Load Transient % Power Design Summary
Print Summary Report

LTC3833 Supply Design Summary

T LINEAR.

<

Project Info: 12VIN to TV/20A Supply, 09/10/2021, Yue Zheng
Design Specifications
Steady State :
Rail # Vin Min. Vin Nom. Vin Max. Fsw. Vo AVo AVo% lo Max AiLp-p AiL% iLpk Duty Ton min. Toff min.
1 | |‘H}.8V |12v ‘13.2\: |200 kHz | |0.999v |14.14 mv |u.7% | |ZDA ‘m‘m ‘35% |23.52A | |a.33% 378 ns 4538 ns
Efficiency and Loop :
Rail # Vo lomax Eff @lomax  Ploss@lomax Loop BW Loop PM Step Low Step High Step Slew AVo@Step  AVo@Step %
1 |0.999v jzop\ 190.93 % |1.992w I |39.B1 kHz |se.53 deg | |15A |20A |100A/|Js jss.sos?zanslu-s‘m
Rec dations and Warnings :
Message
Rail #1 Inductor Peak Current at Actual Current Limit at Vin nom. Exceeds Inductor’s Saturation Current Rating (40A).|
Power Components
Power Components Bill Of Materials : Export BOM
Ref. Des. Value Quantity Description  Mfr. Name Mfr. Part # Pkg. (Imperial) L(mm) W(mm) H(mm) User Note
u1i 1 IC LINEAR TECH |LTC3833 4 3 08
Lol 0.65uH 1 IND COILCRAFT | XAL7070-651MEB 7.5 7.2 7
Cinb1 150uF 1 CAP NIPPON CHEM APSG160ELL151MFO5S v |[6.3 6.3 5]
Cinc1 Cine2 22uF 2 CAP KEMET C1210C226K4PAC l 1210 ~ (3.2 25 2.1
Cob1 330pF 1 CAP TAIYO YUDEN | AMK325AC6337MM-PE 1210 ~ 3.2 2.5 28
Coc1 Coc2 Coc3 Cocd Coc5 Cocb Co| 10pF 10 CAP TDK CGA4IIXTROJI06M125AC | 0805 v 2 1.25 1.25
Mtop1 25v 1 FET INFINEON | BSCO26NE2LS5 PG-TDSON-8 - [635 535 11
Mbot1 LY 1 FET TOSHIBA TPWR6003PL v |52 6.3 083
Power Components Footprint :
# Components 18
Max. Height ; mm
Component Clearance (d) 1 mm
3978 | mmn2
* Power Components Area (Excludes ICs) ———————— |
0617 in~2

4226 mm#2

* Power Components Area (Includes ICs) .
0.655 in*2

ANALOG
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Design Performance
Overview

——— Design Warnings

Power Stage
Components BOM
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Print Summary Report

Home Tools Home Tools

@Signln
BEeEERQ @O : /s RPO® 7« - 3 BEAT ©L

Project Summary.pdf x

(BT LTpowerCAD I1V2.7.2

File Help
@ Power Stage Design Lass Estimate 8 Break Down ;‘;‘; Loop Comp. 8 Load Transient Wﬂmmﬂy @ A\
rmsm Maxvm‘r—“\‘v |S| ST 77 m LTC3833 Supply Dasign Summary Report
. . . @ Output Rolls : Vout! = 0.999Y / 204 (mas.)
Print report showing Design Summary
Schematic, Performances, BOM, Size EST——
DI | i
4 4
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ANALOG

Design Shortcut — Solution Library DS

AHEAD OF WHAT'S POSSIBLE™

@ Power Stage Design E Loss Estimate & Break Down % Loop Comp. & Load Transient % Power Design Summary

[ User Entry : @ ©‘ @‘ 0‘

Calculated :

W B

-Part Specs
Max Vin:| 38V

Selutions Library

Min Vin : 4V Built-In Sol
Max Vout:| 5.5V ® Part Nam @ Solution Name @ Solution Description @ File Name
Sugg. Max lout:| 1000/ A
Min Sw. Freq.:|  230] kiz =
Max S, F 70| kn LTC3851A-1 DC1432 A-B 45 12 14 Voutl = 1.5V lout] = 15A 1.5V/15A with Rsense LTC3851A-1 DC1432 A-B.ltpc
ax Sw, Freq, : z
LTC3851A-1 DC1432A-B Modified DCR 45 12 14 Vout1 = 1.5V lout1 = 15A 1.5V/154A Design with DCR Sense LTC3851A-1 DC1432A-B Modified Dt
 Design Specs
n > Vinmin:| 45|V LTC3851A DCIT1A-A 45 12 14 Voutl = 1.5V lout] = 154 1.5V/154 with Rsense LTC3851A DC11T1A-Altpe
Vinnom: 12V LTC3851A DC1171A-B Modified 45 12 14 Voutl = 1.5V lout] = 154, 1.5V/154 DCR sense LTC3851A DC1171A-B Modified.ltpc
Vin max : 14|V LTC3851A DC1432A-A Rsense 45 12 14 Vout1 = 1.5V lout] = 154 1.3V/154 with Rsense LTC3851A DC14324-A Rsenseltpc
Switching Freq: 350 kHz LTC3851A Ref Design 12Vin to 1V 20A 108 12 132 Voutl = 1V loutl = 20A 1V/204 with DCR Sense LTC3851A Ref Design 12Vin to 1V 20
Ta 5 C LTC3851A Ref Design 12Vin to 3.3V 20A 108 12 13.2 Vout1 = 3.3V lout1 = 20A 3.3V/204 DCR Sense LTC3851A Ref Design 12Vinto 3.3V 2
Qutput Rail 1 LTC3851A Ref Design 12Vin to 5V 20A 108 12 132 Voutl = 5V lout1 = 20A 5V/20A DCR Sense LTC3851A Ref Design 12Vin to 5V 20
& g
Woutl:| 1482V
‘muﬂ 58 LTC3851A Ref Design 5-26Vin to 3.3V 8A 5 12 26 Voutl = 3.3V lout] = A Small size, DCR sense LTC3851A Ref Design 3-26Vin to 3.3\
out :
LTC3851A DC14324 modified for DCR sense (4.5 12 14 Vout1 = 1.5V lout1 = 15A 1.5V/154 DCR Sense LTC3851A DC1432A modified for DC
. . < >
Built-in
Solutions User's So
Part Name Solution Name Vin [min] (V) Vin [nom] (V) Vin [max] (V) Rail Voltage(s) (V) COutput Currents(s) (4) Description File Name
LTC3851A Test Solution Name 1 45 12 14 Vout1 = 1.5V lout1 = 15A Test Solution Description 1 LTC3851A Test_Solution_Name_1.Itp:
< >
User
Solutions
Save User
Designs
to Library
‘Add This Project As A New Solution
Mew Solution Name : | | [] Bench Verified Designer Name : ‘
New Sclution Description : | | [] ADI Internal Only
Save New Solution Import Solution Overwrite Selected Solution

* Leverage existing designs / modify for a quick solution
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Export to LTspice for Simulation

@ Power Stage Design H Loss Estimate & Break Down % Loop Comp. & Load Transient

g:ﬂ Power Design Summary

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

- Key
User Entry :
Calculated :
Part Specs
Max Vin : 38V
Min Vin : 45V
Max Vout : 55V
Sugg. Max lout: 1000 A
Min Sw. Freq.: 200 kHz
Max Sw. Freq.:| 2000 kHz
Design Specs
Vinmin: 108 Vv
Vin nom : 12 v
Vinmax:| 132V
Switching Freq: 200 kHz
Ta: 25(°C
Output Rail 1
Vout1: 0999V
lout1: 20 A
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¥ simulation madel Is nof found, please “Eyno
dranzematatug  opNens pirentsuso

relesse”.

Vani J__ INTVCC
¢TI R Vin INTVoo Extvos
- Run Voul
uni:"FZ
22y romes
v c‘.== @ |:
Node: Before simulation, sef the Vrag Pin .w ™ L]
with oarrect comnsotion / voligs biss for funssescrs.
_ﬂ‘_“ll.lm Lot
design Ll _ _
ca g W
o ; £ . oot [ comt |
et " I oot gem):i
11 RIHOIIDPE x{nCoai} | xiaCob
6 R1
T e o
4 BensaRs1
b (n-ﬁl]’(mu
:u_ Trask/8 Benss.
oz
q- BOND POND. —p
Wosnze  Vosms- —

@-—u

L S v P = = ~ [ S
gt “AAd Ja/d ¢ o S OUN W
i
N LTspice IV - 1tc3833 EXAMPLE 12 [ B S|
File View PlotSettings Simulation Tools Window Help - o
J@|E‘?‘Jf e BEd B s+ A&/ L0 5 =3 YD IO D Dimi]de op
[ £ hc3833 EXAMPLE asc | ¥ 103833 EXAMPLE raw |
1, 1tc3833 EXAMPLE.asc [ = | @ ][ 58| | ¥ 13833 EXAMPLE raw ==
V[out) I[Loadstep1)
LTC3833 - Fast, High Efficiency Synchronous Buck Supply (DCR Sense Solution) :

N

Check Start-Up

13v Viswl]
SR L T A R
qy—t--{-4-
v-t--{H-1f
5Y—t--{F- 1l
Yt --{F- 1l

-1v
244

il

ILo1)

Check Load Transient

——————————————————————————————————————————————————————

1 I
0.6ms 0.9ms 1.2ms 1.5ms 1.8ms 2.1ms
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Design Tools are all Bench Verified
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Magnitude(dB)

The small signal model of every part in LTpowerCAD has been verified against LTC standard demo board bench results

150

Example Onl
80 . P y

Example Only

Load Tr

ansient Ap

proximation

.Y ..... cetepuseeafeccancanaeerend 105

90

£
//]
/e

%

. .....'.....'T.‘ 70

N\ n Z w0

\ . '\‘ % 30 I
40 ..... ."[.\Q\.. .,}.,} ..i . LoadTrans‘ientAppl'oxir;nat\rb 1 b : & A
N |
N |
\\- /\ | IR L Y o 20 ol TR

[ Time(usec)

— o

ol (@)
Phase(deqg)

1\ ‘g

!
|

20 heanea sescdaenned 4 cetenscasddanne i
0 \... _30 . Time(:ec) N B
20 heees S 1 S 1 51 4+ .75 2: |
-40 -120 TPk-PKi3): 127mV | Ampl(2}: 1.03V
01 1 10 100 1000

Frequency(KHz)
—Mag —mag_Exp ——Phase ——Ph_Exp

* It remains the user’s responsibility to verify their estimated performance against their own bench prototype’s performance
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Legacy Excel-Based Design Tools

B

36/ 15 September
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Power Components Selection Ao

AHEAD OF WHAT'S POSSIBLE™

In the design spreadsheet, power components design is guided with schematic interface:

Values in yellow cells are calculated / recommended by design tool.

Note: Click on a capacitag symbol to link to the library.

LTM4603 Bopp=. 11.47 mivpp
Vin Inductor peak current= 6.25 A +hvoivo= 0.17 %
- Vin Vout > e Vo
[Irags g = 2.52 A l _T_Ci“ L) - _T_ Ceo _T_ 3.325V @ 5A
MFR _|__ Ccomp/ITH 1 I I
Part = — J__ = =
C 10 pF — | GHND Vib Cref Cutput Bulk Caps, Ch A Output Ceramic Caps, Cce
Ripple RMS 3 A MFR MFR
#of caps 1 cﬁo.w Part # Part #
Rref — C 100" uF C 22 uF
13.42 k2 Cp ESR 3 mil EZR 8 m0l
13.30 |0 ESL 1.2 nH ESL 1.6 nH
1.0% #of Ch 1 #of Cce 1

D degrading of capacitors is not considered, ple enter actual capacitance.

Values in blue cells are selected/ entered by user.

37/ 15 September
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Power Stage Performances

C,y RMS Current Peak Inductor Current Real Vo value and ripples

\ LTM4603 &\;‘Dpp:‘ 11.47 mvpp
Inductor peak current=. 6.25 A +AV oM o= 0.17 %
Vin Vout » e Vo
(s M;};]; . -T-Ci,, LT - l Cee _T_ 3.325V @ 5A
_|__ Ccomp/ITH . . I I
Part # = —
C 10 pF —_— | GND Vib Cref Qutput Bul Caps, Ch Output Ceramic Caps, Cce
Ripple RMS (2]~ MFR MFR
# of caps 1 Cco@ Part # Part #
Rref e C 100 pF C 22 |F
13.42 kQ Cp ESR 3 mQ ESR 8 mo
E 13.30 kO ESL 1.2' nH ESL 1.6 nH
1.0% J #of Ch 1 #of Cce 1

RED fonts give “warnings” of
undesirable design values

15 September
38// 2021 P
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Control Loop Optimization SRS

AHEAD OF WHAT'S POSSIBLE™

In the design spreadsheet, control loop design can be fine tuned:

Sliding bar for compensation adjustment.

Part if - Smeall Sigral Modeling and Compensation Tuning / Rasat |
Compensation Component Tuning and Design ¥erification /
Remote sense W Dftersrtlal Sensng [ Oirsct Lecal Senddrg
Coe ¥ 47 pF c, 1 3 0 pF
Y. 1 L4 ara v eh G| 1 l L 0 pF
I. 4 3 5.00 A [ Ceck B congart currert lcad
Actual waltage loop bandwidth, [F,_...a]= 351 kH:z Actual wotlage loop phase margin® o ui.al= 8032 deg
¥oltage Loop Gain Dutput Impedance
a0 T 120 jali]
L i dicti = = snu.- 'E )
IN preaiction — -
00p galn preaictio T w0l & |[E ol g Output Impedance
£ B0 =v| it 2
g vl 2E T 4
n E 1A
R0 £ = 1L ]
= o m £
-z0 -30 = e
-40 -60 o1

Frequency[kHz) Frequency[kHz)
Maguitede—— Phaze Fo----- Fzwl2 —— Maguitede— Phase

Load Transient Approzimation [Second Order Approzimation; duty cycle and error amplifier saturation is not taken into consideration;
valid only with stable system]

Load Step, [Istep]= i A Absolute Load Step slew rate, [dildt]= 1 Alusec
Arerage ¥out orershootfunder shoot & Load Tramsiest
Istep[A] 20 ] ) .

0 ' = : : :
R Ao O boeoed RS
Conmverter — U R Tk F----- kil F------ com-- Fbhbbl
o0& ':' ED b----- -{---F------ - boeem-- - d----- -
o Y80 oo TR 1omee- boooee- bo e oo oo oo
00 F----- —- - - e ————— hm=——— - -

120 10017 \ | ' '

20 a 20 40 1) a0 00 120
Time [usec]

Load transient predictionT

ime Scale 4 *

15 September
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Export for LTspice™ Simulation

In the design spreadsheet, click the “Export To LTspice” button:

Export To LTspice

ANALOG
DEVICES
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View Layout Example

Note: Clidk on a capacitor symbol to link to the library
LTM4603 B¥opp= 12.56 rnpp
Vin Inductor peak current=. 337 A = 0.19 %
L L Vin Vout & - L =¥ e plog pice o AD 460 EE
_ File Edit Hierarchy Yiew Simulate Tools Window Help
lrnss = 1.92AJ’ Cin LY Cb'L PE H T 4 Qoak B O5R% t1hef A8 0 - ®2 +
MFB I Cl:nmp."lTH I 4, LTM4B03 asc ¥ LTM4E0S 3w
Part# = | =
C 10| pF GND Vib Cref Output Bulk Caps, CL|®
Ripple RM= 3 A MFR : 1.1V
#of caps 1 Cecomp ) Part# lu::
Rref C 100" uF |- ooy
13.42 kOO Cp ESR 3 mopl: 0.7V
13.30 k) ESL 1.2 nH 0.6v
1.0% #of Ch 1 0.5V

DC voltage and temperature degradation of capacitors are na

My | 0.4V

N 0.3v
0.2v
0.1y
0.0v

0.1V
0.2V
0.3V
0. 4v

0.5V
0.0ms 0.6ms 1.2ms 1.8ms 2Z.4ms 3.0ms|

If the LTspice™ simulator is installed, it will be automatically opened:

Link to download free LTSpice™ simulator:

15 September

4077 5021
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https://www.analog.com/en/design-center/design-tools-and-calculators/ltspice-simulator.html
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