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1.1 LINEAR TECHNOLOGY CORPORATION LTPOWERCAD™ Il DESIGN TOOL
LICENSE AGREEMENT/DISCLAIMER

Welcome to the Linear Technology LTpowerCAD™ Il Design Tool. The LTpowerCAD™ |l Design
Tool is a powerful power supply design tool program that significantly eases the tasks of selecting

component values, estimating power loss and efficiency, and optimizing the compensation loop.

This design tool is copyrighted. In accordance with the terms and conditions of the LTpowerCAD™

Design Tool License Agreement in the Appendix, upon acceptance of the agreement, you will be
granted a non-exclusive, non-transferable, royalty-free right solely to design supplies with Linear
Technology products. Linear Technology Corporation owns the LTpowerCAD™ |l Design Tool. You
may not redistribute, adapt, translate, reverse engineer, decompile, or disassemble the LTpower-
CAD™ || Design Tool. Upgrades, modifications, or repairs to this design tool will be strictly at the dis-

cretion of Linear Technology.

As always, Linear Technology has made the best effort to support our customers. However, due to
the external component value variations, it remains the customer’s responsibility to verify the pro-

gram's calculation results by actually building the circuit and evaluating its performance.

Note:

Please note that the current version of the LTpowerCAD™ I Design Tool only supports a limited
number of Linear Technology Monolithic and uModule Parts. For a full list of Linear Technology prod-

ucts and selection guideline, please visit www.linear.com or contact your local sales representative.




1.2 INSTALLATION REQUIREMENTS

Microsoft .NET Framework

e LTpowerCAD Il v2.0 uses components from Microsoft's .NET framework. Microsoft .NET Framework 3.5 SP1 or higher is
required to be installed on the system. This requirement, if not met, is automatically installed by the installer during the
installation process.

Microsoft SQL Server Compact

e LTpowerCAD Il v2.0 also uses Microsoft's SQL Server Compact. Microsoft SQL Server Compact 3.5 SP2 os required to
be installed on the system. This requirements, if not met, is automatically installed by the installer during the installation
process.




Where do | get these?

The LTpowerCAD Il v2.0 installer automatically detects if your system has these requirements installed during the installation
process. If the system does not meet the requirements the installer will ask and automatically download and install these
requirements. If for some reason your system has not installed these requirements which may be causing errors running the
program, these requirements are also available from the links below below.

Microsoft .NET Framework 3.5 SP1 (http://www.microsoft.com/en-us/download/details.aspx?id=22)

Microsoft SQL Server Compact 3.5 SP2 (http://www.microsoft.com/en-us/download/details.aspx?id=5783)

» Control Panel » Programs b Programs and Features

Control Panel Home

Uninstall or change a program
View installed updates Te uninstall a program, select it from the list and then click Uninstall, Change, or Repair.
& Turn Windows features on or
= Organize v  Uninstall  Change  Repair

Name Publisher Installed On  Size Version

. N ET * L?: Microseft NET Framewerk 4 Client Profile Microseft Corporation 2/11/2011 38BMEB 4030319
v | Microsoft Corporation 21172011 519ME 4030319
[ Microsoft [NET Framework 4 Multi-Targeting Pack Microseft Corporation 8/28/2012 834ME 4030319
ﬁ! Microsoft ASP.NET MVC 2 Microsoft Corporation 8/28/2012 482KB 20502170
ﬂMl(m;th ASP.NET MVC 2 - Visual Studio 2010 Toels Micreseft Corporation 8/28/2012 225MB 20502170

icrosoft Expression Blend 3 SDK Microsoft Corporation 8/28/2012 871MB 1013430

icrosoft Expression Blend 4 Microseft Corporation 8/28/2012 4.0.20525.0
Micrasoft Expression Blend SDK for NET 4 Microseft Corporation 8/28/2012 9.70ME  20.20525.0
icrosoft Expression Blend SDK for Silverlight 4 Microsoft Corporation 8/28/2012 111MB 20.20525.0

Microsoft Expression Design 4 Microsoft Corporation o/8/2012 70205160
Microsoft Expression Encoder 4 Pro Microsoft Corporation 872872012 1016390
@ Microsoft Expression Encoderd Screen Capture Codec  Micrasoft Corporation 872872012 675KB 4016390
[ Microsoft Expression Studio 4 Microsoft Corporation 8/28/2012 40205250
] Microsoft Expression Web 4 Microsoft Corporation 91972012 1013030
{5 Microsoft Help Viewer 10 Microsoft Cerporation 872872012 39TME 1030319
% Microsoft Mathematics Microsoft Corporation 8/28/2012 175MB 40
) Microsoft Mouse and Keyboard Center Microsoft Corporation 11/5/2012 201610
2 Microsoft Office 2010 Microsoft Corporation #/20/2012 640ME 14047631000
£ Microsoft Office Click-to-Run 2010 Microsoft Corporation 8/28/2012 14047631000
T3 Microsoft Office Enterprise 2007 Microsoft Corporation 971672012 12.0,6612:1000
€% Microsoft Office Fie Validation Add-In Microsoft Corporation 10/20/2012 795MB 14051305003
53 Microsoft Office Starter 2010 - English Microsoft Corporation 8/28/2012 14.0,5139.5005
 Microsoft Silverlight Microsoft Corporation /82012 103ME 41103290
 Microsoft Silverlight 3 SDK Microsoft Corporation #/28/2012 3IMB 30408180
& Microsoft Silverlight 4 SDK Microsoft Corporation 872872012 SLSME 40504010
[ Microsoft SQL Server 2005 Compact Edition [ENU]  Microsoft Corporation 8/20/2012 169ME 310000
5 Microsoft SQL Server 2008 (54-bit) Microsoft Corporation 8/28/2012
5 Microsoft SQL Server 2008 Browser Microsoft Corporation 82872012 794MB 10125310
5 Microsoft SQL Server 2008 Native Client Microsoft Corporation #/28/2012 637MB 1012590
5 Microsoft SQL Server 2008 R2 Data-Tier Application F... Microsoft Corporation a28/2012 30KE 105014474
5 Microsaft SQL Server 2008 R2 Data-Tier Application P... Microsoft Corporation 872872012 118ME 105014474
5 Microsoft SQL Server 2008 R2 Manegement Objects  Micrasoft Corporation 872872012 153MB 105014474
5 Microsoft SQL Server 2008 R2 Msnagement Objects (. Microsoft Corporation a28/2012 101MB 105014474
5 Microsaft SQL Server 2008 R2 Transact-SQL Languag...  Microsoft Corporation 8/28/2012 S3AME 105014474
5 Microsoft SQL Server 2008 Setup Support Files Microsoft Corporation 8/28/2012 394 MB_ 10127310
SQL — Microsoft Corporation B[38/3013 338 1B 3580800
[ Microsoft SQL Server Compact 35 5P2 x64 ENU Microsoft Corporation 8/28/2012 150ME 3580800
] Microsoft SQL Server Databese Publishing Wizard 14 Microsoft Corporation #/28/2012 101ME 10125128
5 Microsoft SQL Server System CLR Types Microsoft Corporation a28/2012 252MB 105014474
5 Microsaft SQL Server System CLR Types (64) Microsoft Corporation 872872012 BIZKE 105014474

[J Microsoft SQL Server VS5 Writer
=N U

Microseft Corporation 8/28/2012 359MB 10125310

5% Microsoft Corporation Product version: 3.5.8080.0 Size: 339 MB
l ﬂ Help link: http://go.microsoft.co




Installation Folder Permissions

e LTpowerCAD Il v2.0 requires proper configuration of permissions of its installation folder for proper operation. Folder
permissions are automatically configured by the installer during the installation process.

Where do | check this?

The LTpowerCAD Il v2.0 installer automatically configures permission settings of the installation folder during the installation
process. To check the permissions of your installation folder for Windows, go to your installation folder location and right click to
select Properties. On the Security tab select the Users account to see the folder permissions. The folder permissions for the user
should be set automatically set to Allow Eull Control. If for some reason these folder permissions are not set to Full Control, please
set these permissions manually as shown below.

| General I Sharing | Security | Previous \ersions | Custnmize|

Object name:  C:\Program Files &B6)\L TCA\L TpowerCADZ

Group or user names:
52 Administrators

82 Trustedinstaller

4| 1l

To change permissions, click Edit.

Pemissions for Users

Full control

Modify

Read & execute
Ligt folder contents
Read

Write

For special pemmissions or advanced settings.
click Advanced.

Leam about access control and permissions

ok || Cancel |




1.3 INSTALLING LTPOWERCAD II

Gettting the LTpowerCAD Il v2.0 Installer

LTpowerCAD Il v2.0 is installed with the LTpowerCAD Il v2.0 Installer. The install package can be downloaded directly from the
Linear Technology Website Design Tools Page http://www.linear.com/designtools/software/

DT O T T3
D § §

g e

To install LTpowerCAD Il v2.0, double click the "setup.exe" file to open the Installer Application for the program located in the
install package.

) setup

Do not install by instead double clicking the "MS.msi" in the installer package as this will prevent the installer from installing any
missing required Microsoft program requirements.

Installation Steps

To Install LTpowerCAD v2.0 follow the steps in the installer. For a typical installation no information is needed by the user, just click
the Next button in the installer windows until the final window in the installer is reached, then click Close to complete.




"4 TpowerCADY20 e = P

Welcome to the LTpowerCADv2.0 Setup Wizard A

The installer will guide you through the steps required ta install LT powerCAD 2.0 on your computer.

WARNMING: This computer program is pratected by coppright law and intemational treaties,
Unauthorized duplication or distibution of this program, or ary partion of it, may result in severe civil
or criminal penalties, and will be prosecuted to the maximum extent possible under the law.

q
0
bS]

8l LTpowerCADv2.0

Select Installation Folder A

The inzstaller will install LT powerCAD 2.0 to the following folder.

Toinstall in this folder, click “Next". To install to a different folder, enter it below or click *Browse™.

Folder:
C:%Program Files [<BESLTCALT powerCAD2Y Browse

Install LTpowerCADv2.0 for yourself, or for anyone who uses this computer:

@ Ewveryane

1 Just me

) LTpowerCADv2.0 =] = B

Confirm Installation A

The installer is ready to install LT powerCADY2.0 on vour computer.

Click "Mext" to start the installation

Cancel ] [ < Back ] [ Mext >




"8 LTpowerCADY20 =) (=] = |

Installation Folder Permissions |

D

[l

LTpowerCAD w2 requires appropriate setup of itz installation folder's permissions to allow it access
to its libranies. This installer will automatically configure the installation folder's security settings for
proper operation of the LT powerCAD +2 program.

Cancel ] [ < Back ] [ et >

1) [TpowerCADV2.0 =] L= 2 ]

Installation Complete A

LT powerCaDv2. 0 has been successiully installed.

Click "Close" to exit.

Please use Windows Update to check far any critical updates to the NET Framework.

Cancel < Back

LTpowerCAD v2.0 Shortcuts

After the installation has completed, LTpowerCAD v2.0 places a shortcut to the program on your desktop as well as a shortcut in
your Windows Start Menu LTpowerCAD v2.0 program folder. Double click any of these shortcuts to open the program and get

started with your LTpowerCAD v2.0 design.

. LTpowerCADW2.0
LT | TpowerCAD w2.0




2.1 START WINDOW & FEATURES

The Start Window is the start-up window of the program. From the Start Window :

Start a new Design

Open an Existing saved design

View Help File

View LTC Sales Contacts

View LTC Toolbox

Sync Release to get the latest design tools and version program

Start New Design

Open Existing Design

LTC Sales Contacts
LTC Toolbox

Syne Release

LTpowerCAD II Design Tool vz ‘ ' LlnEAQ
Copyright 2013, Linear Technology Corp. All rights reserved. TECHNOLOGY
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Start New Design :

Hit the Start New Design button to begin a new power supply design. Clicking this buton takes you to the Part Search Window
where you can enter the operating conditions for your application to find suitable parts to start designing with.

Start New Design

Open Existing Design :

Hit the Open Existing Design button to open a previosly saved design tool file. To open an existing LTpowerCAD Il v2.0 design tool
click on the LTC icon. To open an existing LTpowerCAD v1.x Microsoft Excel based design tool click on the Excel icon.

Open Existing Design

o F

Help :

Click the Help button to open the LTpowerCAD Il help file.

Help

LTC Sales Contacts :

Click the LTC Sales Contacts button to view contact for our Sales offices around the world. Phone, Fax and Sales office addresses
are available. Your local sales office is a great resource to help you get in touch with your local Field Sales Engineer as well
as your local Field Applications Engineer to help you with your power supply design needs.

LTC Sales Contacts

11



17 Linear Technology Corporation Sales Contacts

North America | Asia | Europe | South America and Australia
Northern / Western || Southern / Eastem

NORTHERN CALIFORNIA
BAY AREA

720 Sycamore Dr.

Milpitas, CA 95035

Tel: (405) 428-2050

CENTRAL VALLEY
2260 Dougiass Bivd, Ste 280
Roseville, CA 95661
Tel:(916) 787-5210

SOUTHWEST

LOS ANGELES

21243 Ventura Bivd, St2 238
Woodland Hills, CA 91364
Tel: (818 703-0835

ORANGE COUNTY
7585 Irvine Center Drive Ste, 120
Irvine, CA 82615

Tel:(349) 453-4650

PHOENIX
2085 East Technology Circle Ste, 101
Tempe, AZ 85284

Tel: (480) 777-1600

SAN DIEGO
5080 Shoreham Place, Ste 105
San Diego, CAS2122

Tel: (858) 6387131

PACIFIC NORTHWEST
DENVER

7007 Winchester Circle, Ste 130
Boulder, CO 80301

Tel: (303) 926-0002

PORTLAND
5005 SW Meadows R, St 410
Lake Oswiego, OR 97035

Tel: (503) 520-6930

SALT LAKE CITY
3826 South 4200 West
West Haven, UT 84401
Tel: (801) 731-8008

SEATTLE
2018 156th Avenue NE, Suite 100
Belevue, WA 98007

Tel: (425) 7485010

EASTERN CANADA
MONTREAL

591 Lzjeunasse.

Laval, Quebec H7X 3K4 Canada

Tel: (450) 689-2660

OTTAWA

21 de Jusn-Les-fins

Gatineau, Quebec J&T 687 Canada
Tel: (819) 775-3140

TORONTO
2187 Grand Ravine Drive

Oakvile, Ontario L6H 682 Canada
Tel:(305) 582-7238

WESTERN CANADA
3842 Sefton Street

Port Coquitiam, B.C. V38 3R? Canada
Tel:(604) 725-1204

2860 Lionel Cres SW
Calgary, Alberta T3E 652 Canada
Tel:(403) 455-3577

24521 Kimola Drive

Tel:(604)-763-3084

6087 163A Strest
Surrey BC V35 2H7 Canads
Tel:(775) 378-0738

CENTRAL

CHICAGO

2040 E. Algonquin Road, Suite 512
Schaumburg, IL 60173

Tel:(847) 825-0850

CLEVELAND
7550 Lucerne Drive, Suite 106
Middleburg Heights, OH 44130
Tel:(440) 239-0817

COLUMBUS
2526 Brandon Road
Columbus, OH 43221
440-239-0817 Tel

DETROIT
38111 West Six Mile Road Suite 143
Livania, MI 48152
7347791657 Tel

INDIANA
12225 Heatherstone Place
Carmel, IN 46033
3174431169 Tel

10WA
2040 E. Algonquin Road, Suite 512
Schaumburg, IL60173
847.925.0860 Tel

KANSAS
144085, Alden Court
Olathe, K5 65062
913.829.8844 Tel

MINNEAPOLIS
7805 Telegraph Road, Suite 225
Bloomington, MN 55438
9525030605 Tel

MISSOURI
2430 SE 5th Ter

Lees Summit, MO 64063
8166787525 Tel

ST.LOUIS
2617 Wynncrest Ridge Lane:
Wildwood, MO 63005
314-256-9308 Tel

WISCONSIN
613111110 Screer.
Pleasant Prairie, Wi 53158
262-697-5001 Tel

LTC Toolbox :

Click the LTC Toolbox button to open the LTC Toolbox which contains generic tools to help with calculations for your design. Sync
release function ensures you have the latest available tools and that they are all up to date.

LTC Toolbox

Settings  Help

LTpowerCAD Design Toolbox

Copyright 2013, Linear Technology Corp. All rights reserved.

Tool Description




Sync Release :

Click the Sync Release button to update your LTpowerCAD |l program with the latest design tools available as well as to get the
latest version of the LTpowerCAD Il v2.0 program. Clicking the Sync Release button takes you to the program updater which
downloads all the latest tools to your installed library and also makes sure you always have the latest version of the program.

Sync Release

Updating Releaselnfo.txt ... Success

LTpowerCAD Design Tool library was updated successfull

‘| m | »

13



2.2 PART SEARCH WINDOW & FEATURES

The Part Search Window helps you to find the right part for your supply requirements based on
your operating conditions. Begin the design process with the part's available design tool. From the

Part Search Window :

e Enter input operating conditions, output rail requirements as well as select optional
find qualifying parts in the library

Search for even more parts using the LTC parametric search on the web

View basic specs. and features for parts

Open part datasheets

Open design tool(s) for the part to begin the design process

part features to

= )
L7 LTpowerCAD Iv2.0
L ' LI n t ’ \D LTpowerCAD Design Tool v20
TECHNOLOGY Copyright 2013, Linear Technology Corp. All rights reserved.
Converter Specification Optional Features Search
Converter Topology Output Rail 1 [7] Burst Mode P
Converter Type All - Voutl 12 v [£] Synchronous FET
loutl 10 A [MIsolated
. LTC Web Search
Min. Input Voltage 45 vV [7] Run / Enable
Nom. Input Voltage 12V Output Rail 2 [C] sync. to External Clock Al Part
N arts
Max, Input Veltage 24 v Vout2 18 V [C Qutput Voltage Tracking
lout2 2 A [Z] Remote Voltage Sensing
Num, of Qutput Rails Two - [CI Margin Control
[7] Power Good Menitor
[Z] Paly-phase / Load Share
Find Part # : (##4#) [112C/PMBus Interface [¥] Always Keep Search Page Open
Design Tool ~ Website Part Name Type Desc. Topology MaxVin Min Vin Max lout/
el = LTC Web |LTC3880 | Controller| Dual Vo Current Mode PolyPhase Step-Down DC/DC Controller with PMBus Buck 24 45 30
LT T | Urcweb |LTC3860 | Controller|Dual Voltage Mode Buck Controller with Current Sharing (use LTC3861 for new designs) |Buck 24 3 20
el & LTC Web  |LTC3861 [ Contraller| Dual Voltage Made buck Controller with Accurate Current Sharing (ne Gate Driver) Buck 24 3 30
[g[ﬁ LTC Web 3850  Controller D B ode. Reco r 869 or 3865, B 4 2 0
Yo al & LTC Web |LTC3828  [Contraller| Dual Vo Buck Regulator. Use LTC3850/3855/3865/3869 for new designs. Buck 28 45 30
{7 T | Ucwen |LTC3707 | Controller|Dual Vo Buck Regulator. Use LTC3850/3855/3865/3869 for new designs. Buck 28 45 0
| & LTC Web || LTC3728L | Controller | Dual Vo Buck Regulater. Use LTC3850/3855/3865/3869 for new designs. Buck 28 45 30
0| [ | Ucwen |[LTC3838-2 |Controller| Dual, Fast, Accurate Buck Controller with Remote Vo Sense and Ext Vref Buck ] 45 30
iT F LTC Web [ LTC3865-1 [Controller | Dual Synchronous buck Contraller with Pin Selectable Qutputs (1% Vo error) Buck 38 45 30
(T [T | ucwep |LTC3865 |Controller|Dual Synchronaus buck Contraller with Pin Selectable Outputs (1% Vo error) Buck ) 45 30
(| [F | urcwen [L763838-1 [Controller| Dual Fast, Accurate Buck Controller with Dual Remote Vo Sense Buck |38 45 |30
(g E | Licweb 173838 [Controller| Dual, Fast, Accurate Buck Controller wit Remote Vo Sense, Valley I-Mode Buck 38 45 30
iT F LTC Web | LTC3868-1 [Controller |Low IQ, 24Vin 14Vo, 2-Phase Synchrenous Step-Down Controller Buck 24 4 20
e ~ [ETRTYS ITCIRAR Contrallar i 100 24Vin 14VA 2.Dhacs Sunrhranmie Stan-Nawn Cantrallar Rl 24 a n
4 »
LTpowerCAD currently supports design tools for a limited number of parts. For more part options click the LTC Web Search button.

14




Enter Supply Basic Requirements :

Enter the basic power supply requirements for the application in the top half of the Part Search Window.

Converter Specification :

Supply input and output basic specifications are entered in this region.

Converter Topology : Select the required converter topology to filter the part search results (All, Buck, Boost, Buck-
Boost,...)

Converter Type : Select the preferred converter type to filter the part search results (All, Monolithic, uModule
Regulator, Controller,...)

Min., Nom. Max. Input Voltages : Enter the expected minimum, nominal and maximum input supply voltage for the
converter

Num. of Output Rails : Select the number of output rails required (One, Two, Three,...)
Output Rail : Enter the desired output voltage and current required of each output rail

Converter Specification

Converter Topology All B Cutput Rail 1

Converter Type All -t VoutI 12 vV
loutl 2 A

Min. Input Voltage 5V

Mom. Input Voltage o v Cutput Rail 2

Max. Input Voltage 20 v Voutd 15 V
lout2 g A

Mum. of Cutput Rails Two x

15



Optional Features :

Select from a set of some common optional features available for LTC parts

Burst Mode : High Efficiency Light Load Current Operation

Synchronous FET : Synchronous power stage mosfet

Isolated : Isolated topology

Run/Enable : Run or enable pin available

Sync. to External Clock : Ability to synchronize switching frequency to an external clock signal
Output Voltage Tracking : Ability for output voltage to track an external reference signal

Remote Voltage Sensing : Ability to optionally remotely sense the output voltage for accurate output voltage
regulation at the point of load

Margin Control : Ability to margin output voltage based on margin pin configurations
Power Good Monitor : Power Good pin to signal if output voltage is outside of requlation window

Poly-phase / Load Share : Ability to parallel output rails to share load current among paralleled phases to scale up
current capability

12C / PMBus Interface : 12C / PMBus compatible for power system communications & configuration

Optional Features

("] Burst Made

[ Synchronous FET

[ 1solated

[C] Run / Enable

[C] Syne. ta External Clack
] Output Voltage Tracking
["] Remate Vaoltage Sensing
] Margin Contral

[C] Power Good Maonitor
] Paly-phase / Load Share
[C]12C/PMBus Interface

16



Search for parts:

Search for parts within the LTpowerCAD Il program library or if a part is not in the library, check the LTC Parametric search
tables on the web to find the best part to fit your needs.

Search Tools :

Search Button:

Search the LTpowerCAD Il program library for a list of parts that qualify for your application requirements. The
search results are shown in the table in the lower half of the Part Search Window. If you know a specific part you
are looking a design tool for, after entering your Converter Specifications, you can look for that part directly by
entering the part number in the Find Part Num. search box.

Search ‘

Find Part Num. (#&#%#)

All Parts :

View a list of all parts within the current LTpowerCAD Il program library installed on your system

All Parts ‘

LTC Web Search :

The LTpowerCAD Il program library is constantly growing, so not all parts available from LTC may be

included. However, you can do an extensive search using the parametric tables on Linear Technology's website
to search through all parts available from Linear Technology to see what other parts may fit your needs by
clicking the LTC Web Search Button. The LTpowerCAD Il program will use your entered converter specification
values for the search.

LTC Web Search

17



17 Linear Technology - Parar:

€« - C | [ parametriclinear.com/Switching_Regulator#11646_Buck!1032_<=4.5/1033
[ Welcome to Team F.

=2411105_<=1.2!1034_>=1.211107_10:60\vinmin_4.5vinm ¢ | =
Getting Started With... B CustomActionInstal... g5 Create 2 folder with Adding and Removi Custom Actions Walkthrough: Using ... >

L7 LINEAR =
TECHNOLOGY T gk QUALITY CAREERS CONTACT MyLinear L
PRODUCTS ‘ SOLUTIONS DESIGN SUPPORT PURCHASE COMPANY
Power Management > Switching Regulator
Switching Regulator use the basictasles Flesse give us fesdback on cur new tables
Actual circuit performance depends on
(LITE PR SR external components, layout and thermal
considerations. Flease consultthe
Input  Vip (Min) [es [V Vip (Max) v Features ”EU‘E ”UHME datashestfor all final elecirical
L . specifications. For assistance in selecting
B a part, please contact your local sales
Output Vout lout Synchronous representative
Add/Remave Columns
11 of 32 Selected ¢
= showing 105 of 686 total progucts
Product Number  VinMin  VinMax  Switch Topology  Monolithic  Synchronous  Packages Output  Vout Vout
of ) V) Current (yesino) {yesino) Current  Min(v)  Max(V)
Outputs A) @)
— (53 +||[28 = - - — 12 < |[28 <||[116 =
Selections = vals vals = 1vals = = = = vals vals vals
[Compare] | | [«=45  Ji[=24 ]| | [Buck il [ [ | [1060 | |==12 |[z=12 |
[ LTasa1 1 45 38 18 Budk yes yes 15mm x 15mm x 10 06 L]
501mm BGA
Featured
1 a5 25 x Bue ez ves 18mm s 1Emm e 0 ss
LTMa628 4.32mm LGA, 15mm x
(polyphase) 15mm x 4.82mm BGA
[ 1 .5 2 12 Buck yes yes 15mmx 15mmx28mm | 12 0e s
LTM4601HV GA
a5 2 a7 Buoe yes yes 1mmx iEmmx2Emm | 12 0 B
LTMAB01AHV LGA, 15mm x 15mm x
2.42mm BGA
[&] 1 a8 2 14 Buox yes ves 15mmx 1Emmx28mm | 10 0e s
LTmasaoHv Le

Always Keep Search Page Open :

The check box option allows for the search window to remain open (not automatically closed) after a part is
selected from the search table to open its design tool.

Always Keep Search Page Open




LTpowerCAD Library Search Table :

Search results after clicking the Search button are displayed in the lower half of the Part Search Window. The search results
show a list of parts in the LTpowerCAD library on your system that qualify to meet or exceed your entered power supply design
requirements.

Demgnﬂ‘ Website Part Name Type Desc. Topology Max Vin Min Vin  Max lout/
i7 l k3 LTC Web |LTC3880 | Controller| Dual Vo Current Mode PalyPhase Step-Down DC/DC Contraller with PMBus Buck 24 45 30 |+
Fe i? LTC Web |LTC3860 |Controller | Dual Voltage Mode Buck Controller with Current Sharing (use LTC3861 for new designs) | Buck 24 & 30
iT i? LTC Web | LTC3861 | Controller | Dual Voltage Maode buck Controller with Accurate Current Sharing (no Gate Driver) Buck 24 3 30
[ 65 || cwen [BIEEES troller Dual, 2-Pha Buck Controller. Pez 0 =
Al = m‘ LTC3828 | Controller| Dual Vo Buck Regulator, Use LTC3850/3855/3865/3869 for new designs. Buck 28 45 30
{J ﬁ [ LTC Web [ LTC3707  |Controller| Dual Vo Buck Regulator, Use LTC3850/3855/3865/3869 for new designs. Buck 28 45 30
(| = || tcwen [LTC3726L [Controller| Dual Vo Buck Regulator. Use LTC3850/3855/3865/3863 for new designs. Buck 28 a5 30

LU_L F [ LTC Web || LTC3838-2 | Controller | Dual, Fast, Accurate Buck Controller with Remote Vo Sense and Ext Vref Buck 38 45 30
iy F [ LTC Web || LTC3865-1 | Controller | Dual Synchronous buck Controller with Pin Selectable Outputs (1% Vo error) Buck 38 45 30
(7 [T | ticwep [LTC3865 |Controller| Dual Synchronous buck Controller with Pin Selectable Outputs (1% Vo error) Buck 38 45 30

r&] F LTC Web || LTC3838-1 | Controller | Dual, Fast, Accurate Buck Controller with Dual Remote Vo Sense Buck 38 45 30

@ F LTC Web [ LTC3838 |Coentroller| Dual, Fast, Accurate Buck Controller with Remote Vo Sense, Valley I-Made Buck 38 45 30

iy F LTC Web  |LTC3868-1 | Controller | Low IQ, 24Vin 14Vo, 2-Phase Synchronous Step-Down Controller Buck 24 4 20
I - [ BT ITrARAR Crantrallar Rurle 24 4 N N

Search Results :

L 108 24Vin 14VA 2-Dhacze Sunchranmue Stan-Nown Cantrallar
4

The Search Results in the Search Table show a list of qualifying parts including some basic information about each of the

qualifying parts. From the Search table results you can also click to open the datasheet of the part you may be interested to get
additional information. For a chosen part with available design tool(s), begin your power supply design by selecting the design tool
icon in the left column of the table to open the design tool for the part.

A brief Description of some of the Search Table column's are shown below.

Design Tool :

For a given row / part, the column holds spaces for two buttons. The left button (LTC logo), if active, indicates
that an LTpowerCAD v2.0 design tool is available for the part. The right button (MS Excel logo), if

active, indicates that an LTpowerCAD v1.x Microsoft Excel based design tool button is available for the part.
Click on either of these buttons to open the design tool for the part and start your power supply design.

Design Tool

g =

|.ﬂ’ =
g =

=
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Website :

For a given row / part, the column holds an LTC Web button. Click the button to open the datasheet for the part
to get detailed information about the part.

Website
| cweb |

| LTCWeb |

Other Columns :

The search results table also has many other columns to show some basic information for the part.
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2.3 DESIGN WINDOW & FEATURES

The Design Window displays the design tool for the part. Within this window we can optimize the
components in the supply design to create a power supply design that satisfies all of the details of
your design requirements. Some key information to get you started is highlighted below. A detailed
description of the Design Window and its features is given in the following sections.

Tab Structure of the Design Window

The Design Window is arranged into tabs (shown below). Each of the tabs covers different aspects of the supply design. Each Tab
is described in more detail in the following sections.

Cells Within the Design Window

Within each of the tabs are blue cells which allow you to enter your chosen operating conditions and component values. There are
also yellow cells which show key part information, suggested component values and calculated parameters to help guide you
through finalizing the system components. The yellow cells if highlighted in indicate warnings for the supply design, ie. a
parameter of the design is outside of the operating limits of the part, or the calculated parameter does not meet your

requirements. Blue cell entries may need to be adjusted to get rid of any warnings so the component design meets your
design requirements within the part's operating limits.

Other Controls Within the Design Window

The Design Window is also arranged with a few other controls, such as selection buttons, drop down lists and sliders for adjusting
various parameters of the design. More detail of these additional controls is available in the following sections.

Power Stage Design Tab :

H..-..r--nn-u-.;— o e
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Loss Estimate & Break Down Tab :
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1. POWER STAGE DESIGN TAB

The Power Stage Design Tab offers a user friendly schematic interface for your power supply
design. It details important steady state aspects of your design such as output capacitor design for
output voltage ripple requirements, inductor design for inductor current ripple design, current
sensing network for current limit design. It also details all critical component values including
feedback network, power stage mosfet choice, and compensation network components used in the
design in a quick to review and easy to read schematic format. Other features of the Power Stage
Design Tab include :

e A printable, image capturable, zoomable interactive schematic with various controls to help you
select configurations, suggest component values and guide your design with value warnings and
information

e A side bar listing a summary of the basic operating conditions for your application such as input
voltages, switching frequency and input and and output voltages for each of the output rails of your
design

e Option to view design steps / design wizard

e Option to view an example layout image for your supply

e Option to export your project to LTSpice for time based simulations to see other performance
aspects of your design

A more detailed description of some of these features available on the Power Stage Design Tab are
shown below:
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Operating Conditions Summary :

A summary section is located on the left of the Power Stage Design Tab listing a basic summary of the operating conditions for the

application as well as information for the basic suggested maximum ratings for the part used in the design.




~Part Specs

Max Vin EHART

Min Vin : 45 V

Max Vout: 125 V

Sugg. Max lout : 25 A
Design Specs

Vin max : 20V

Vin nom : 0 Vv

Vin min : 5V

Switching Freq: 500 kHz

Output Rail 1

Voutl : 12 V

lowtl : B A
Output Rail 2

Vout2 15 V

lout? B A
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Interactive Schematic Interface :

Schematic of your supply including critical components for the design, and tools to help you optimize these critical component
values. The schematic includes information for the different important groups of components in the schematic. Suggested values,
calculated parameters and warnings help you with proper component value choices.

LTC3A55 - Dual, 2-Phase Synchronous Step-Down Supply et e

Schematic Cells :

The schematic is arranged with different cells (textboxes) located in the region of components of the schematic which detail
component values and their related calculated parameters. The different types of cells are detailed below.

Blue cells :

Enter your chosen component values here

Yellow cells :

Show suggested component values and calculated design parameters to help guide you through the system'’s
component design.
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Schematic Buttons & Drop Down Lists :

The schematic is also arranged with other controls such as buttons and drop down lists to help select between different part
configuration options and select among discrete parameters available for the part
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Selection Buttons :

Click selection button to toggle between different configuration options for the part. For example, for parts that can be
configured for either DCR Current Sensing or Rsense Current Sensing options a button is available on the controller
package in the schematic image. For this example you can Click the Select Rsense Sensing button to elect an

Rsense current sensing configration is desired for the part. The selection then modifies the schematic to reflect your
configuration selection.

Example :

DCR Sensing Configuration Selected with Selection Button

sSwi sSw2
Mbotl

Rsl  1x FDMSSSS.EI‘ BG1 BG2 -lﬁ- ;

€s1 0.047 uF LT Cs2 0047 pF

4

T — Cs2
SugRsl 307 ki Sug ReZ 307 k0
Rl 402 kD SGND PGND —L RsZ2 402 kD
FlossRsl 213 mW 6 =  Plommsz 21imw  GemANA——
Rp1l Sug.Rpl 222 kD SugRp? 213 kD Rp2

Rpl 715 k0 Rp2 = 715 k2

SENSE1* SENSE2*

Select Rsense Sensing

SENSE1™ SENSE2™

Rsense Sensing Configuration Selected with Selection Button
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Drop Down Lists :

Choose a value from the drop down list to select between discrete parameter values available for the part. To use,
place cursor over the Drop Down List control to open the drop down list. Move the cursor over a value in the list and
click to make the selection of that value. For example, for parts that have an extenally programmable maximum
current sense voltage threshold (for current limit programming) the drop down list allows the user to select a value
from the discrete set of values that are available to be programmed for the part.

Example :

Programming Current Limit Threshold with Drop Down List

Current Limit
Target loutl Limit Margin 150 #

Target loutl Limit 12 A

Schematic Zooming & Panning :
Located above the schematic there are buttons to allow for zooming in and out of the schematic as well as zoom fitting the
schematic to the screen. The schematic can also be panned while zooming in.

Zooming In / Out and Zoom Fit of the Schematic :

For any of the zoom button options, click once to take a zoom step in or out of the schematic. For Zoom Fit, click once
to return the schematic zoom level back to normal which fits the schematic to schematic area of the window.
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Panning on a zoomed in schematic:

To pan around on a zoomed in schematic, click and hold the left mouse button down to "grab" the schematic, a hand
icon will appear in place of your cursor. While holding the left mouse button down move the mouse to pan the
schematic in the opposite direction.

Schematic Printing & Saving an Image of the Schematic:
Located above the schematic there are buttons to allow for printing the schematic to a printer as well as saving an image of the
schematic to a file for pasting to an external document (such as an email).

Printing to a printer :

Click the button with the printer icon to initiate printing of the schematic image to a printer. Clicking the Print
Schematic button opens the familiar Microsoft Windows print dialog window.

Capturing an image of the schematic :

Click the button with the camera icon to initiate saving of the schematic image to a file. Clicking the Save Schematic
Image button opens the familiar Microsoft Windows save file dialog window.

e ES

Other Power Stage Design Tab Options :

The Power Stage Design Tab also includes other useful features such as viewing basic power supply design steps, viewing an
example of a recommended layout for the supply as well as exporting the design for simulation in LTSpice.
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Viewing Power Supply Design Steps :
Located above the schematic is a button to allow for viewing the basic recommended design steps to complete a power supply
design. Click to open.

View Design Steps :

Recommended.[)esign Steps = b ' 2

(17 Select Inductor L

(2) Design Current Limit

(31 Check Cin RMS Current

(4] Select Cout, Check Vout Ripple

(5] Select Mosfets & Check n % [Tab #2]

(6) Loop Compensation & Lead Transient [Tab #3]

oK

Viewing a Layout Example :

Located above the schematic is a button to allow for viewing an example of a recommended layout for your supply. Click to open.

Within the layout example window there are also options to print the layout example image to a printer as well as saving an image
of the example layout to a file.

View Layout Example :

L]

TOP LAYER
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Exporting your power supply design to LTSpice for Simulation :

The LTpowerCAD™ Il Design Tool offers users the ability to simulate their designed circuits with the LTSpice™ simulator, which is
a real-time simulation software that can be downloaded freely at :

LTSpice ™ (http://www.linear.com/designtools/software)

Located above the schematic is a button to allow for exporting your current power supply design to LTSpice for simulation. LTSpice
must be installed. Click the button to export your design. Clicking the button prompts you to first save the exported .asc file before it
is automatically opened in LTSpice.

Export to LTSpice :

LTC Toolbox :

Located above the schematic is a button to open the LTC Toolbox to use the generic design tools available there.

LTC Toolbox :

LTpowerCAD Design Toolbox

Copyright 2013, Linear Technology Corp. All rights reserved.

Tool Description
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Saving / Opening LTpowerCAD v2.0 Project Files :

LTpowerCAD™ Il v2.0 Design Tool projects can be saved to file for later use.

Saving a design tool project can be done from the main menu bar in the Design Window. Click File --> Save As... to save your
project to a file. To open a saved file click File --> Open Project to choose a saved file. The extension for LTpowerCAD Il v2.0
design tool projects is "Itpc". These saved files are associated with the LTpowerCAD Il v2.0 program and can be recognized as
shown below. Note, as mentioned in the Start Windows & Features section, these saved files can also be opened directly from the
Start Window. The saved files can also be opened by double clicking the saved file's icon.

LTpowerCAD Il v2.0 saved design tool project :
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2. LOSS ESTIMATE & BREAK DOWN TAB

The Loss Estimate & Break Down Tab offers estimations for power stage efficiency and power
losses to help you optimize your component and operating condition choices to maximize your
supply's efficiency and minimize heat due to power loss in your power stage components.
Estimations are made for each output rail of your design. Features of the Loss Estimate & Break
Down Tab include:

Estimations organized by rail; each rail has its own separate tab

Operating Conditions Summary

Cell Structure

Tab's Cell Types

Efficiency & Power Loss Chart Cursors & adjustable Axes

Switching and conduction losses in each of the power stage mosfets including synchronous fet body
diode loss

Conduction losses in the power stage inductor and current sensing elements

Controller LDO losses

Optional External bias voltage entry

Freezable Efficiency & Power Loss curve set for comparing power stage configurations and
operating conditions

Power Loss Breakdown Chart

Power mosfet thermal resistance entries to help estimate mosfet case temperature rise

Inductor core loss entry (single value entry, core loss not yet estimated)

Inductor & MOSFET Libraries where you can select from a built in library of mosfets, or add your
own favorite parts to the library

e Display of full load total Input Power, Output Power, Loss & Efficiency

A more detailed description of some of these features available on the Loss Estimate & Break
DownTab are shown below:
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@ Power Stage Design
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Each Rail Has Its Own Tab :

Estimations are made for each rail separately, each rail has its own tab. To view estimations for a particular tab in your design,

select the tab for the output rail located on the left of the Loss Estimate & Breakdown Tab.

‘ Output Rail # 2 |Qutput Rail # 1

Top Fet Conduction:




Operating Conditions Summary :

A summary section is located in the top left corner of the Loss Estimate & Break Down Tab listing a basic summary of the
operating conditions for each output rail in your application.

Design Specs
Vinmax: 24V
Vinnom: 12 V
Vinmin: 45V
Sw. Freq: 400 kHz
Vout: 12V
Iout: 10 A

Cell Structure :

The Loss Estimate & Break Down Tab is arranged with different cells (textboxes) which detail component values and their related
calculated parameters. The different types of cells are detailed below.

Tab's Cell Types :

Blue cells :

Enter your chosen component specifications here. For components chosen from the library, the component specs. will
be shown here.

Yellow cells :

Shows each component's loss and temperature rise estimations as well as total rail input power, output power, loss
and efficiency estimated at full load.
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Design Specs
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Component Libraries :

The Loss Estimate & Break Down Tab is also arranged with a Select button within each group of components (ie Inductor
component group, Top Mosfet & Bottom Mosfet component groups). Click the Select button to open the component library
where you can choose a component from the built in component library, or add your own favorite component to your user library
stored on your system.

Power MOSFET Library :
The Power MOSFET Library Window is arranged in 2 sections.

®  The top half of the window contains a table of built in parts. Critical mosfet specs are shown in the table for each part. To
select a component in the library for use click on the row of the component and click the Select button for the section.

®  The bottom half of the window is for parts in your User Library which is stored in your system's installation folder.
O The top half of this section contains a table of parts that are available in your User Library. To select a component in
the libary for use click on the row of the component and click the Select button for the section.
O The bottom half of this section contains a row to enter information for a new part you would like to add to you User
Library. To add a part to you User Library enter information for the component in the cells provided, these specs. are
common specs. that can be found in the component's datasheet. Click the Add Part To Library button to submit
adding the part to the library.

® At the bottom of the window is the Vendor Links section which contains icons for various leading component manufacturers.
Click one of these icons to open up the vendor's component search web page.

Built-In Parts :

|| Vendor  PartMeme Vdss(v) Rdson(m) Qg(nQ) Qgd(nC) Qgs(nC) Rg(R)  Vdiode (V) Vmiller(¥) Vtn(V) Package Channel Type I
N .

Renesas |RIKD305 30 10 8 15 36 06 085 3 25 LFPAK N D

Infineon |BSCO19NOZ (20 16 64 11 19 190 080 190 10 PG-TDSOIN

Infineon |BSCO26NO2 (20 21 40 7 114 150 085 190 10 PG-TDSOIN

Infineon |BSCO46NO2 (20 35 21 4 6.5 190 090 210 10 PG-TDSOIN

Infineon |BSCOLONEZ2 |25 11 31 6.8 11 060 080 240 16 PG-TDSOIN

Infineon |BSCOLONEZ2 |25 11 29 69 10 0.60 056 240 16 PG-TDSOIN

Infineon |BSCOL4NEZ2 |25 16 187 a7 68 0.60 056 250 16 PG-TDSOIN

Infineon |BSCOL8NEZ2 |25 18 19 43 7 080 085 250 16 PG-TDSOIN

Infineon |85C091IND|25 13 £ 53 58 0s0  |ome 230 16 |pe-mson|n .

Show N-Fets Only | [ Show P-Fets Only
~User Parts:

Vendor  PartMame Velss (V] Rdson(m0) QginC) GQgd(nC) Qus(nC) Rg(Q) Veliode (V) Vmiller(v] Vin(V) Packsge Chamnel Type
FDMS85585 25 ; Y ; POWER 51 N

Fairchild |FOMST578 |25 63 B 17 37 120 |08 250 20 |powER (N -

[ show N-Fets Only | [ how P-Fets Ony |

rAdd A New User Part:
|dem Part Name |VdssM |Rdsun(mn) |Qg(nCJ |di(nC]|Qgs(nCl |Rg(m |\ldiude(\/} |Vm\|ler(V] |Vﬂ|(V)|Package |Chann=IType ‘

Add Part To Library

Cancel / Exit

~Vendor Links

I— N 4 s
[T =TaTT V'Sg‘“'- (Infineon Renesas

SEMICONDUCTOR®
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Power Inductor Library :

The Power Inductor Library Window is arranged in 2 sections.

The top half of the window contains a table of built in parts. Critical inductor specs. are shown in the table for each part. To
select a component in the library for use click on the row of the component and click the Select button for the section.

The bottom half of the window is for parts in your User Library which is stored in your system's installation folder.
O The top half of this section contains a table of parts that are available in your User Library. To select a component in
the libary for use click on the row of the component and click the Select button for the section.
O The bottom half of this section contains a row to enter information for a new part you would like to add to you User
Library. To add a part to you User Library enter information for the component in the cells provided, these specs. are
common specs. that can be found in the component's datasheet. Click the Add Part To Library button to submit

adding the part to the library.

At the bottom of the window is the Vendor Links section which contains icons for various leading component manufacturers.
Click one of these icons to open up the vendor's component search web page.

Built-In Parts :

Vendor  Part Name Inductance {uH) LTol (%) DCR{m0) DCRTol. (%) ISat(4) LDecrease (%)

IHeat (A} Temp. Rise (C}

Core

LxWxH (mm)
14.0x13.0x76 |

User Parts:

VITEC 59P8904 044 10 017 1000 33500 |20.00 80.00 4000 Ferrite |14.0x13.0x76 B
VITEC 59P9873N (022 15 029 1000 4700 |20.00 4300 4000 Ferrite |11.0x75x7.2
VITEC 59P9874N |0.30 15 029 1000 3400 |20.00 48,00 4000 Ferrite |11.0x7.5x7.2
VITEC 59P987SN |040 15 029 1000 2300 |20.00 48.00 4000 Ferrite |11.0x7.5x7.2
VITEC 59P9876N |0.51 15 029 1000 17.00 |20.00 4300 4000 Ferrite |11.0x75x7.2
WURTH |744 301 025(0.22 20 032 1000 65.00 |20.00 40,00 5000 Ferrite |11.3x11.0x 89
WURTH |744301033(0.33 20 032 1000 4600 |20.00 40,00 5000 MnZn |11.0x1L0x90
WURTH |744 301 047|047 20 032 1000 3500 |20.00 40.00 50.00 MnZn |11.0x11.0x9.0
WURTH |744 304 02Z(0.22 20 017 1000 2300 |20.00 26,00 5000 Ferrite |11.5x11.8x38 |-

033

Vendor Part Name Inductance (uH) LTol. (%) DCR(m() DCRTol (3%) ISat(A) L Decrease ()
COILCRA SER1360-33

IHeat () Temp. Rise (C)

Core

LW H (mm)
129x13x5.8

-Add A New User Part:

‘deur Part Name |]ndudanm (lel LTol [%)l DCR (m0) | DCR Tol. (%)

152t (A) | L Decrease (%) | THeat (A)

Temp. Rise (C) | Core

LxWx H (mm) |

Add Part To Library

Cancel / Exit

Vendor Links

Coile

‘Wil RTH ELERTRONTK

\ A
A WE=: VY VITEC &TDK @sunida

(>Pulse
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Efficiency & Power Loss Chart & Options :

The Efficiency & Power Loss Chart shows an estimation of efficiency and power loss at the operating conditions over the load
current range where inductor valley current is non-negative. The chart includes the option to freeze the curve for a particular
operating and configuration condition for comparisons.

Freezing the chart's estimation curves for comparison:

To freeze the chart's estimation curves click the Freeze Plot checkbox. While the checkbox is checked the estimation curves
remain frozen. Freezing the curves comes in handy for comparison to another set of operating conditions or another configuration
of your power stage component choice. To view the frozen curves against another condition, change the conditions (ie Vin) and
click Update Plots. The example below shows a comparison of the efficiency estimation at 12V & 4.5V input voltage.

Cursors:

* Select MOSFETs then click UPDATE for new curves (For CCM Only). Double Click Chart To Change Axes
Top MOSFET QT

Vendor : Fairchild
Part: FDMS7578 ( N
Vess: 25V #Fets: 1 pes Rail Total Efficiency & Power Loss vs. Load (CCM Mode only)
Qg: 8  nC Qgd: 17 nC
Rdson: 63 mn Qgs: 37 nC 100 1.05
Rg: 12 0@ Vmile: 29V 9 / 1.0168
Vdiode: 083V Vth: 2V 96 / /09836
Ploss: 0285 W (Each Fet) 94 I/ ’/ 0.9504
[ W ATjx °c 92 L 7 J—00172
Bottom MOSFEIVQE 0 / /—-— / /' :884
Vendor: Fairchild /S 7/ y 4 8508
Part: FDMS85585 S/ /7 / / 03176
Vdss: 25V #fes: 1 pes 8 [/ / / 0.7844
Qg: 38 nC Qgd: 97 nC 82 I / / / 0.7512
Rdson: 13m0 Qgs: 10 nC " 0 [/ / / 071e
Rg: 09 0 Vmiller: 21V g 7 ’ I / / 0.6848 %
Vdiode: 06V Vth: 17V [ N / / 06516 =
Ploss: 0367 W (Each Fet) g ™ I/ / / 06184 3
8jx: °CW ATjx: °c £ » E ’ / / 05852 2
Estimate S; [ S / :;’-:';
- all A / e
in 45V | 7 7
Freeze Plot 04524
External Bias 04192
EXTVCC: v -0.386
Rail Total Pawer Loss @ Full Load O
Pin: 13001 W -0.3196
Pout: 12 W -0.2864
Ploss: 1.001 w ~0.2532
D2 T % I I I | T 022
—— 5 6 T 8 9 10
Iuwt 05 A Load Current (A)
EBf. 708 %
Ploss 025 W
— Power Loss —— FreezePowerLoss
— Efficiency = FreezeEfficiency
\ J

Hover the mouse above the Efficiency & Power Loss plot. The values for the curve at the mouse position are displayed in the

Cursors group box.
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Cursors
lout 5.6

Eff. 924 %
Ploss 0.54 W

b=

Set up Plot Axes Preferences:

To set up the Rail Total Efficiency & Power Loss vs. Load plot, double click on the chart to open the Setup Axes window shown
below. The window allows for adjusting min, max and interval step values for the 3 axes.

sl

y@ 4015,

x-Axis Min (A):

x-Axis Max (A):
H-Axis Interval (A):
y-Axis Min (%):
y-Axis Max (%):
y-Axis Interval (%):
y2-Axis Min (W):

y2-Axis Max (W):

y2-Axis Interval (W):
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3. LOOP COMPENSATION & LOAD TRANSIENT TAB

The Loop Compensation & Load Transient Tab offers estimations for control loop, output
impedance & load transient to help you optimize your output capacitor, inductor & compensation
components to get the performance you need to meet your application requirements. Estimations
are made for each output rail of your design. Features of the Loop Compensation & Load Transient
Tab include:

e Estimations organized by rail; each rail has its own separate tab

e Sliding bars for adjusting component values with standard resistor & capacitor values

e Real time estimation allows you to see the trend of by increasing / decreasing component values
has on characteristics

e Suggested compensation and feedback network component values based on requirements

e Inductor & Output Capacitor Libraries

e Multiple plots available : Loop Gain, Feedback Network, Output Impedance, Control to Output,
Compensator plots

e Plot options : Plot cursors and markers for easy readability of data points and freezing of plots for
comparison against other component configurations & operating conditions
e Ability to export plot data to file (such as Microsoft Excel) and Import data from file for comparison to
other conditions or against bench test data

A more detailed description of some of these features available on the Loop Compensation & Load
Transient Tab are shown below:

o

O] LTpowerCAD 1720
file Help

o y 2
F]:| Power Stage Design | E! Loss Estimate & Break Duwn‘ \j Loop Comp. & Load Transient

o DesignSpecs Loop Gai * For CCM Mode Only * Estimation Based On Avg. Model, Load Trans. (For CCM Mode Only)
3 uv 5 Loop Gain | Feedback | Ith To Vout | Compensator | Output Z | Load Transient
< : v
Z = :; b Desired BW 625 kHz |
] in min ¢
3 Max. Phs. Boost 1154 deg 4 i
— Sw. Freq: 400 kHz - d Loop Gain Load Transient
B o I . Boost Desire 10 deg
3 : o CffSug 50 pF
H il R @ o B rF Bl BW = 66.07kH 1
é‘ Inductor CfitSug 53 pF i |
8] mductor v} oot 0 pF 60— 5.
L: 033 uH
ock: BN me2 Desiced M 60 deg _ - 4
& A
Select Compensati 2 2 =
3z 20+ =
Cout _CthSug 618 pF = 3 3
Bulk Cap 5 0 2
C: 330 o = 21
ESR 9 mD 20
BL:  2nH Rthsug 28 k2 o
Num: 1 pes| U 07
Select RH 2k 0 ! { |
@ % 100 1000 10000 100000 10000¢ 200
eramic Cap _ CthpSug 398 pF
¢ 10w |} Frequency (Hz) Time (us)
E;'E né "‘H“ crp 100 pF
! B 150 60
Num: 1 pcs Bode Plot P - 62.85deg
@ @ ~ Vin 45V
U 1w w4 1004 o
Feedback Network e o z
Ve : = 20—
o PM 6285 deg B 5o T\ 3
Ry, off kA T s
[ Freeze Plots 9 3
v g
" | carcrs R 2
s @3 Freq 478 kbz 5
Gain 3331 dB 50— =
Comp. Network Phase 5082 deg 0
H
Load St
“H 2 e o 1004 ! ! I 601
= 100 1000 10000 100000 100000 200
[ v; Low 0 A
e | (] WAt 0 As Frequency (Hz) Time (us)
S
—Gain — Phase — FreczeGain ~— FreezePhase — ImportedGain  — ImportecPhase — Votage — current — = =
\ \
( Import ] Export | [ cearimportea
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Each Rail Has Its Own Tab :

Estimations are made for each rail separately, each rail has its own tab. To view estimations for a particular tab in your design,
select the tab for the output rail located on the left of the Loop Compensation & Load Transient Tab.

‘ Cutput Rail # 2 I!:Iutput Fail # 1

Operating Conditions Summary :

A summary section is located in the top left corner of the Loop Compensation & Load Transient Tab listing a basic summary of the
operating conditions for each output rail in your application.

Design Specs
Vinmax: 24V
Vinmom: 12 V
Vinmin: 45 V
Sw.Freq: 400 kHz
Vout: 12V
Iout: 10 A
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Cell Structure :

The Loop Compensation & Load Transient Tab is arranged with different cells (textboxes) which detail component values and their
related calculated parameters. The different types of cells are detailed below.

Tab's Cell Types :

Blue cells :

Enter your chosen component values & design requirements here. For components chosen from the library, the
component specs. will be shown here.

Yellow cells :

Shows suggested component values as well as plot marker points and plot cursor data for easy readability of plot data

Component Libraries :

The Loop Gain & Load Transient Tab is also arranged with a Select button within each group of components (ie Inductor
component group, Bulk & Ceramic Output Capacitor groups). Click the Select button to open the component library where you
can choose a component from the built in component library, or add your own favorite component to your user library stored on
your system.

44



Power Inductor Library :

The Power Inductor Library Window is arranged in 2 sections.

The top half of the window contains a table of built in parts. Critical inductor specs. are shown in the table for each part. To

select a component in the library for use click on the row of the component and click the Select button for the section.

The bottom half of the window is for parts in your User Library which is stored in your system's installation folder.
The top half of this section contains a table of parts that are available in your User Library. To select a component in

the libary for use click on the row of the component and click the Select button for the section.

The bottom half of this section contains a row to enter information for a new part you would like to add to you User

Library. To add a part to you User Library enter information for the component in the cells provided, these specs. are
common specs. that can be found in the component's datasheet. Click the Add Part To Library button to submit

[}
[}
o)
@)
adding the part to the library.
[ ]

At the bottom of the window is the Vendor Links section which contains icons for various leading component manufacturers.

Click one of these icons to open up the vendor's component search web page.

Built-In Parts :

ll| Vendor  Part Name

Vidss (V) Rdson (mf) Qg (n€)

Qqd (nC)

Qgs (nC)  Rg(Q)

Vdiode (V) Vmiller (V) Vth(V) Package Channel Type I

RIK0301 3 y N
Renesss |RUK0305 |30 10 5 15 6 05 055 3 25 |ueAk N B
Infineon | BSC010N02| 20 16 51 11 19 1a0 |80 190 10 |pe-TDsOlN
Infineon | BSC026N02| 20 21 a0 7 114 150 |oss 190 10 |pe-TDsolN
Infineon | BSC046N02| 20 35 2 4 65 190 |os0 210 10 |pe-TDsOlN
Infineon | BSCO10NE2 |25 11 31 68 i 060 |00 20 16 |P6-TDSOIN
Tnfineon | BSCO10NE2 |25 11 2 59 10 050|056 B 6 |P6-TDSOIN
Tnfineon | BSCOLANE2 |25 15 EXCE 58 050|056 250 6 |P6-TDSOIN
Tnfineon | BSCO18NE2 |25 18 19 13 7 030|085 250 6 |P6-TDSOIN
Tnfineon | BSC091IND| 25 13 B 55 58 060|078 230 6 |P6-TSON|N -
Show N-Fets Only | | Show P-Fets Cnly

User Parts:

Part Name Vdss (V) Rdson (mQ)
FDMS8558S 25
FDMS7578 |25

Vendor
Fairchild

Qg (n0)

Fairchild 37

Qgd (nC) Qgs (nC) Rgi)

Vdiode (V) Vmiller (V) Vth(V) Package Channel Type

POWER 5¢ N

g

[ishowN-Fetsonty | [ Show P-Fets Only |

-Add A New User Part:

| Vendor

Part Name |VdssM |Rd5nn (maY) |Qg(nq |Q9d("Q|Qgs (nC) |n9(n) |Vdinde(VJ |Vmiller('V) |vm(v) | Package |Channe|TypE ‘

Vendor Links

— A A N

FAIRCHILD VISHAY. ( Infineon ~ RENESAS
SEMICONDUCTOR®
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Power Capacitor Library :

The Power Capacitor Library Window is arranged in 2 sections.

®  The top half of the window contains a table of built in parts. Critical capacitor specs. are shown in the table for each part. To
select a component in the library for use click on the row of the component and click the Select button for the section.

®  The bottom half of the window is for parts in your User Library which is stored in your system'’s installation folder.
O The top half of this section contains a table of parts that are available in your User Library. To select a component in
the libary for use click on the row of the component and click the Select button for the section.
O The bottom half of this section contains a row to enter information for a new part you would like to add to you User
Library. To add a part to you User Library enter information for the component in the cells provided, these specs. are
common specs. that can be found in the component's datasheet. Click the Add Part To Library button to submit

adding the part to the library.

® At the bottom of the window is the Vendor Links section which contains icons for various leading component manufacturers.
Click one of these icons to open up the vendor's component search web page.

o o = =
Vendor PartName Capacitance ( ESR(mQ) ESL(nH)  Max Ripple Current (ARMS) Voltage Rating (V) Cap.Type CaseSize Length (mm) Width (mm) Height (mm) Diameter (mm)
SANYQ  16SEPC1000 100 10 22 45 16 0S-CON - (I
SANYO |4TPE1SOMI [150 18 16 28 4 POSCAP =

[|| SANYO |6TPELSOMI | 150 18 16 28 63 POsCAP I
S T S T & e
N oy = - e
SANYQ |16SEQP180I(180 20 4.1 364 16 0S-CON

User Parts:

Vendor PartName Capacitance ( ESR(m() ESL(nH)  Max Ripple Current (A RMS) Voltage Rating (V)
SANYO  16SEPC100} 100 4 16

Cap.Type CaseSize Length (mm) Width (mm) Height (mm) Diameter (mm)
6

-Add A New User

[Verdo P e | copctnce [ 5 [ 5L xRl Garen . 15  Vohape i 0

o [ coe e [t [ Wit o it o [ it o |

Add Part To Library

Cancel / Bxit

Vendor Links

Capacitan:

Company

J\VY)) ( Panasonic ,EMIET &TDK
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Loop Compensation & Load Transient Tab's Plots :

The Loop Compensation & Load Transient Tab has many plots available to detail the key performance characteristics of your
power supply. The plots include gain and phase plots for total Loop Gain, Feedback Network, Output Impedance, Control To
Output and Compensator Network as well as a Load Transient estimation plot. Estimations are updated instantly as you make
changes to the component values to help you intuitively fine tune your supply's performance characteristics. All plots include
crosshair cursors to make it easy to read data point values in the plots as well as plot markers to quickly view key parameters of
the loop characteristic. Estimations are for CCM mode (continuous conduction mode) only.

Loop Gain Plot :

A loop gain estimation is available to help you choose the right components to ensure proper bandwidth, phase and gain margins
for the control loop. To view the loop gain plot, click the Loop Gain tab in the plot window.

['Loop Gusin | Feedtack. | Qutput Z | ith To Veut | Compansstor

Loop Gain

BN~ 52.48kbx

Magnitude (dl}
b o388

|
100 1000 10000 100000 10000008
Froquency (Hr|
=1 | Pl s B4, Ddeg
o ‘H""'\-\-.__‘_\_‘__ h
é N \
- \
100 1000 10000 100000 10000008

Frequency (Hz)

—Gan == Phase = FreereGen — remefane — Eporieden — WnporiePhae

Impost Export Ciear
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Feedback Network Plot :

A feedback network gain estimation is available to help you choose the right components feedback network compensation
components to ensure proper bandwidth, phase and gain margins for the control loop. To view the feedback network plot, click the
Feedback Network tab in the plot window.

Feedback Divider Network
0=
2
L1
| i
| =
©
4+ | 1 |
10 1000 10000 100000 1000000
Frequency (i)
P
w8
‘j 04
&
|
e T T
100 000 10000 100000 1000000
Frequency (Mz)
—Gam — Fuse — FreepeGen — fTeeeRaw — leporiedan  — WgorieEase
fmpot ot ™

Output Impedance Plot :

An output impedance estimation is available to help you choose the right components to satisfy your output impedance
requirements. To view the output impedance plot, click the Output Z tab in the plot window.

Loop Gain | Feedtback | Cuput I | B T Veut | Compensator

\@ ~
Output Impedance
0
20
§
! ; -
0
o | I 1 1
L] 1000 10000 100000 100000
Frequency (Hz)
00
00
e
&
100
—
04 ' | T
0 1000 Y0000 100000 1000000
Frequency (Mz)
—Galm s = Freescain — FreesePase — iorisdiag — imgorindhase
Import Espet Cear
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Control To Output Plot :

A control to output estimation is available to help you choose the right components to ensure proper bandwidth, phase and gain
margins for the control loop. To view the control to output plot, click the ITH to Vout tab in the plot window.

ITH to Vout

0-
20
0=
]
04

T 1 |
L] 1000 10000 100000 10000008
Frequency (Hr)

dagitude (48}

Compensator Plot :

A compensator estimation is available to help you choose the right components to ensure proper bandwidth, phase and gain
margins for the control loop. To view the compensator plot, click the Compensator tab in the plot window.

Compensator

|
L] 1000 0000 100000 1000000}
Froquency (Hz)
30
n_\-___-_/'-'—\
20—
Im
i
&
100
@.
0 1 | |
W0 1000 w000 00000 o000y
Fraquency (Hz)
G = Puse = Freeseen — frecahae — lprtedian — perieShae
impont fxpon Clear
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Load Transient Plot :

A load transient estimation is available to help you choose the right components to meet your load transient overshoot / undershoot
and settling time requirements for your expected load step's magnitude and slew rate. To view the load transient plot, click the
Load Transient tab in the plot window.

(Lo Transient

Vout indershoat, Owershoot m¥)
& 3
i

Freezing Plots :

All plots can be frozen in their current condition with the available Freeze Plot button for comparison against other operating
conditions and component configurations.

Freeze Plot :

To freeze a plot, click the Freeze Plot checkbox located to the left of the left-most plotting pane.The data for all plots in the Loop
Compensation & Load Transient Tab will remain frozen while this checkbox is checked. Frozen data is represented by the darker
shaded curves. Click the checkbox again to uncheck and remove the frozen data from the plot.

| Freeze Plots
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Exporting / Importing Plot Data :

Data for each of the plots in the left plot pane can be either exported to a file for view / manipulation outside of LTpowerCAD Il as
well as imported from an external file, such as bench test data file generated from a Bode Plotter, for comparisons.

Exporting Plot Data:

Data can be exported from a plot to be saved to file or loaded directly to an excel file for editing. To begin exporting plot data,
select the plot's tab to show the plot whose data you would like to export and click the Export button below the plot. You will then
be prompted to save the data to a file and then asked if you would like to automatically load this data into a Microsoft Excel
Template included in your installation file folder.

Export

Example : Data Exported to Microsoft Excel Template

1148155601 | 6150056345 | 130205080
3 (1 sioears | w1 eamaon | 1185
10 1 avsmany | semanes | aariseemn
12 3 azse | 3 ermnane | 113 ey
12 o ssmeas | sn s | sia e
13 s | soarmare | 11z ane
[1s s |

= 8 & 8 0 k¥
B

o3 a e
161853586007 | 59.5040347 | 108 L9cen
171737000829 | 59.10700017 | 108 a1z
181419700899 | 588318400 | 105 dsmas ™ -
15195 5460708 | s8.4ges3a1s | 103 83s0m4
0] 199 582015 | 8811009211 | 1024736104
21 maareetns | 87.resannis | 10nomest
22 38T | S2.9Tia | w9 eesasn
23 2ceamea | savmson | s toaswe
34 2masimes | sescensten | se searns

LameA1] | %8 21500308 | e ez
261.00677 | 35 1B | pa Tvcenar |

Mg (48]
Fhrasa [dug]

JE g ot ok
E

119972 | 43851499 | 50 TeSETEN
306 33776 | 5416303405 | 69 opsaen1 e e B
B3LATIIINS | 53.TH0656 | 67 TR5ATIGL

EERUEEEENE SN Y

T
1 534 0e7aen) | a5.07ea03 | 75 001300
|42 otn saperas | an.sTadan0e | 7 seoeaar

[,
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Importing Plot Data:

Data can be imported from an external data file, such as a previously saved LTpowerCAD Il estimation plot or bench test data
generated by a Bode Plotter for example, for comparison. To begin importing plot data, select the plot's tab to show the plot whose
data you would like to import and click the Import button below the plot. You will then be prompted to select the data file to be
imported. The data will be loaded within the plot to view a comparison of the current estimation to the imported plot data.

Import

Example : Data Imported from a Saved Data File

Loc Gain | Feesiback | Gutpes 2 | 1th o Vowt | Compensater

Loop Gain

W - 26 T8

To Clear Imported data from the plot, click the Clear button below the plot.

Clear
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3. APPENDIX

3.1 LINEAR TECHNOLOGY CORPORATION LTPOWERCAD™ Il DESIGN
TOOL LICENSE AGREEMENT

Linear Technology Corporation LTpowerCAD ™Il Design Tool License Agreement

INSTALLING AND USING THE SOFTWARE ACCOMPANYING THIS LICENSE INDICATES
YOUR ACCEPTANCE OF THESE TERMS AND CONDITIONS UNLESS YOU HAVE A
DIFFERENT LICENSE AGREEMENT SIGNED BY LINEAR TECHNOLOGY CORPORATION.
READ ALL OF THE TERMS AND CONDITIONS OF THIS LICENSE AGREEMENT PRIOR
TO INSTALLING OR USING THE SOFTWARE. IF YOU DO NOT ACCEPT THESE TERMS,
YOU MUST DELETE THE SOFTWARE FROM YOUR HARDWARE.

PLEASE NOTE THAT YOU MAY NOT USE, COPY, MODIFY OR TRANSFER THE
PROGRAM OR DOCUMENTATION OR ANY COPY, EXCEPT AS EXPRESSLY PROVIDED
IN THIS AGREEMENT.

INSTALLING AND USING THE SOFTWARE ACCOMPANYING THIS LICENSE INDICATES YOUR ACCEPTANCE OF
THESE TERMS AND CONDITIONS UNLESS YOU HAVE A DIFFERENT LICENSE AGREEMENT SIGNED BY LINEAR
TECHNOLOGY CORPORATION. READ ALL OF THE TERMS AND CONDITIONS OF THIS LICENSE AGREEMENT PRIOR
TO INSTALLING OR USING THE SOFTWARE. IF YOU DO NOT ACCEPT THESE TERMS, YOU MUST DELETE THE
SOFTWARE FROM YOUR HARDWARE.

PLEASE NOTE THAT YOU MAY NOT USE, COPY, MODIFY OR TRANSFER THE PROGRAM OR DOCUMENTATION OR
ANY COPY, EXCEPT AS EXPRESSLY PROVIDED IN THIS AGREEMENT.

1. LICENSE

THIS SOFTWARE PROGRAM (THE "PROGRAM") AND THE ACCOMPANYING ON-LINE READ-ME AND HELP FILES (THE
"DOCUMENTATION") ARE LICENSED, NOT SOLD, TO YOU BY LINEAR TECHNOLOGY CORPORATION. ("LICENSOR").
THE TERM "PROGRAM" SHALL ALSO INCLUDE ANY UPDATES OF THE PROGRAM LICENSED TO YOU BY LICENSOR.
SUBJECT TO THE TERMS OF THIS AGREEMENT, YOU HAVE A NON-EXCLUSIVE AND NONTRANSFERABLE RIGHT TO
USE THE PROGRAM AND DOCUMENTATION FOR NON-COMMERCIAL (E.G. NOT FOR RESALE OR RENTAL OR THE
LIKE), EDUCATIONAL, EVALUATION OR PERSONAL PURPOSES ONLY. YOU MAY USE THIS PROGRAM ON A SINGLE
COMPUTER LOCATED IN THE UNITED STATES AND ITS TERRITORIES OR ANY OTHER COUNTRY TO WHICH THIS
PROGRAM IS LEGALLY EXPORTED. THIS PROGRAM IS "IN USE" ON A COMPUTER WHEN IT IS LOADED INTO THE
TEMPORARY MEMORY (I.E. RAM) OR INSTALLED INTO THE PERMANENT MEMORY (E.G. HARD DRIVE, CD-ROM OR
OTHER STORAGE DEVICE) OF THAT COMPUTER, EXCEPT THAT A COPY INSTALLED ON A NETWORK SERVER FOR
THE SOLE PURPOSE OF DISTRIBUTION TO OTHER COMPUTERS IS NOT "IN USE." IF YOU PERMANENTLY INSTALL
THE PROGRAM ON THE HARD DISK OR OTHER STORAGE DEVICE OF A COMPUTER (OTHER THAN A NETWORK
SERVER) AND YOU USE THAT COMPUTER MORE THAN 80% OF THE TIME IT IS IN USE, THEN YOU MAY ALSO USE
THE PROGRAM ON A PORTABLE OR HOME COMPUTER, OTHERWISE, YOU ARE REQUIRED TO OBTAIN A SEPARATE
LICENSE TO USE THE PROGRAM ON A PORTABLE OR HOME COMPUTER. YOU AGREE TO USE YOUR BEST
EFFORTS TO PREVENT AND PROTECT THE CONTENTS OF THE PROGRAM AND DOCUMENTATION FROM
UNAUTHORIZED DISCLOSURE OR USE. LICENSOR AND ITS LICENSORS RESERVE ALL RIGHTS NOT EXPRESSLY
GRANTED TO YOU. LICENSOR'S LICENSORS ARE THE INTENDED THIRD PARTY BENEFICIARIES OF THIS
AGREEMENT AND HAVE THE EXPRESS RIGHT TO RELY UPON AND DIRECTLY ENFORCE THE TERMS SET FORTH
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HEREIN.

2. LIMITATION ON USE

YOU MAY NOT RENT, LEASE, SELL OR OTHERWISE TRANSFER OR DISTRIBUTE COPIES OF THE PROGRAM OR
DOCUMENTATION TO OTHERS. YOU MAY NOT MODIFY OR TRANSLATE THE PROGRAM OR THE DOCUMENTATION
WITHOUT THE PRIOR WRITTEN CONSENT OF LICENSOR. YOU MAY NOT REVERSE ASSEMBLE, REVERSE COMPILE
OR OTHERWISE ATTEMPT TO CREATE THE SOURCE CODE FROM THE PROGRAM. YOU MAY NOT USE LICENSOR'S
NAME OR OTHER TRADEMARKS OR REFER TO LICENSOR OR LICENSOR'S PRODUCTS DIRECTLY OR INDIRECTLY
IN ANY PAPERS, ARTICLES, ADVERTISEMENTS, SALES PRESENTATIONS, NEWS RELEASES OR RELEASES TO ANY
THIRD PARTY WITHOUT THE PRIOR WRITTEN APPROVAL OF LICENSOR FOR EACH SUCH USE. YOU MAY NOT
RELEASE THE RESULTS OF ANY PERFORMANCE OR FUNCTIONAL EVALUATION OF THE PROGRAM TO ANY THIRD
PARTY WITHOUT PRIOR WRITTEN APPROVAL OF LICENSOR FOR EACH SUCH RELEASE.

3. TRANSFER

YOU MAY NOT SUBLICENSE, ASSIGN, DELEGATE, RENT, LEASE, TIME-SHARE OR OTHERWISE TRANSFER THIS
LICENSE OR ANY OF THE RELATED RIGHTS OR OBLIGATIONS FOR ANY REASON. ANY ATTEMPT TO MAKE ANY
SUCH SUBLICENSE, ASSIGNMENT, DELEGATION OR OTHER TRANSFER BY YOU SHALL BE VOID. YOU MAY
PHYSICALLY TRANSFER THE PROGRAM FROM ONE COMPUTER TO ANOTHER PROVIDED THAT YOU DO NOT
RETAIN ANY COPIES OF THE PROGRAM, INCLUDING ANY COPIES STORED ON THE FIRST COMPUTER.

4. BACKUP AND COPYRIGHT

THE PROGRAM AND RELATED DOCUMENTATION ARE COPYRIGHTED BY LICENSOR AND ITS LICENSORS. YOU MAY
MAKE ONE COPY OF THE PROGRAM FOR BACKUP PURPOSES IF LICENSOR'S COPYRIGHT NOTICE IS INCLUDED ON
SUCH COPY AND TO LOAD THE PROGRAM INTO THE COMPUTER AS PART OF EXECUTING THE PROGRAM. YOU
MAY MAKE ONE COPY OF THE DOCUMENTATION AND PRINT ONE COPY OF ANY ON-LINE DOCUMENTATION OR
OTHER MATERIALS PROVIDED TO YOU IN ELECTRONIC FORM. ANY AND ALL OTHER COPIES OF THE PROGRAM
AND ANY COPY OF THE DOCUMENTATION MADE BY YOU ARE IN VIOLATION OF THIS LICENSE.

5. OWNERSHIP

YOU AGREE THAT THE PROGRAM AND DOCUMENTATION BELONG TO LICENSOR AND ITS LICENSORS. YOU AGREE
THAT YOU NEITHER OWN NOR HEREBY ACQUIRE ANY CLAIM OR RIGHT OF OWNERSHIP TO THE PROGRAM AND
DOCUMENTATION OR TO ANY RELATED PATENTS, COPYRIGHTS, TRADEMARKS OR OTHER INTELLECTUAL
PROPERTY. LICENSOR AND ITS LICENSORS RETAIN ALL RIGHT, TITLE AND INTEREST IN AND TO THE
DOCUMENTATION AND THE PROGRAM AND ALL COPIES THEREOF AT ALL TIMES, REGARDLESS OF THE FORM OR
MEDIA IN OR ON WHICH THE ORIGINAL OR OTHER COPIES MAY SUBSEQUENTLY EXIST. THIS LICENSE IS NOT A
SALE OF THE ORIGINAL OR ANY SUBSEQUENT COPY. ALL CONTENT ACCESSED THROUGH THE PROGRAM IS THE
PROPERTY OF THE APPLICABLE CONTENT OWNER AND MAY BE PROTECTED BY APPLICABLE COPYRIGHT LAW.
THIS LICENSE GIVES YOU NO RIGHTS TO SUCH CONTENT.

6. TERM AND TERMINATION

THIS LICENSE IS EFFECTIVE UNTIL TERMINATED. YOU MAY TERMINATE THIS LICENSE AT ANY TIME BY
DESTROYING THE PROGRAM AND DOCUMENTATION AND THE PERMITTED BACKUP COPY. THIS LICENSE
AUTOMATICALLY TERMINATES IF YOU FAIL TO COMPLY WITH ITS TERMS AND CONDITIONS. YOU AGREE THAT,
UPON SUCH TERMINATION, YOU WILL EITHER DESTROY (OR PERMANENTLY ERASE) ALL COPIES OF THE
PROGRAM AND DOCUMENTATION, OR RETURN THE ORIGINAL PROGRAM AND DOCUMENTATION TO LICENSOR,
TOGETHER WITH ANY OTHER MATERIAL YOU HAVE RECEIVED FROM LICENSOR IN CONNECTION WITH THE
PROGRAM.
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7. DISCLAIMER OF WARRANTY

LICENSOR AND ITS LICENSORS PROVIDE THE PROGRAM AND THE DOCUMENTATION "AS 1S" WITHOUT WARRANTY
OF ANY KIND EITHER EXPRESS, IMPLIED OR STATUTORY, INCLUDING BUT NOT LIMITED TO THE IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR INFRINGEMENT OF THIRD-
PARTY INTELLECTUAL PROPERTY RIGHTS. ALL RISK OF QUALITY AND PERFORMANCE OF THE PROGRAM AND THE
DOCUMENTATION IS WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU AND NOT LICENSOR ASSUME
THE ENTIRE COST OF ANY SERVICE AND REPAIR. THIS DISCLAIMER OF WARRANTY CONSTITUTES AN ESSENTIAL
PART OF THIS AGREEMENT.

8. LIMITATION OF REMEDIES

IN NO EVENT WILL LICENSOR OR ITS LICENSORS BE LIABLE FOR ANY INDIRECT DAMAGES OR OTHER RELIEF
ARISING OUT OF YOUR USE OR INABILITY TO USE THE PROGRAM INCLUDING, BY WAY OF ILLUSTRATION AND NOT
LIMITATION, LOST PROFITS, LOST BUSINESS OR LOST OPPORTUNITY, OR ANY SPECIAL, INCIDENTAL OR
CONSEQUENTIAL OR EXEMPLARY DAMAGES, INCLUDING LEGAL FEES, ARISING OUT OF SUCH USE OR INABILITY
TO USE THE PROGRAM, EVEN IF LICENSOR, ITS LICENSORS OR AN AUTHORIZED LICENSOR DEALER,
DISTRIBUTOR OR SUPPLIER HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, OR FOR ANY CLAIM BY
ANY OTHER PARTY.

9. APPLICABLE LAW

THIS LICENSE WILL BE GOVERNED BY THE LAWS OF THE STATE OF CALIFORNIA, WITHOUT REFERENCE TO
CONFLICTS OF LAWS PRINCIPLES. THE UNITED NATIONS CONVENTION ON CONTRACTS FOR THE SALE OF GOODS
DOES NOT APPLY TO THIS LICENSE.

10. EXPORT CONTROLS

THE PROGRAM AND THE UNDERLYING INFORMATION AND TECHNOLOGY MAY NOT BE DOWNLOADED OR
OTHERWISE EXPORTED OR REEXPORTED (l) INTO (OR TO A NATIONAL OR RESIDENT OF) CUBA, IRAQ, LIBYA,
YUGOSLAVIA, NORTH KOREA, IRAN, SYRIA OR ANY OTHER COUNTRY TO WHICH THE U.S. HAS EMBARGOED
GOODS; OR (Il) TO ANYONE ON THE U.S. TREASURY DEPARTMENT'S LIST OF SPECIALLY DESIGNATED NATIONALS
OR THE U.S. COMMERCE DEPARTMENT'S TABLE OF DENY ORDERS. BY DOWNLOADING OR USING THE PROGRAM,
YOU ARE AGREEING TO THE FOREGOING AND YOU REPRESENT AND WARRANT THAT YOU ARE NOT LOCATED IN,
UNDER THE CONTROL OF, OR A NATIONAL OR RESIDENT OF ANY SUCH COUNTRY OR ON ANY SUCH LIST.

11. U.S. GOVERNMENT END USERS

THE PROGRAM IS A "COMMERCIAL ITEM," AS THAT TERM IS DEFINED AT 48 C.F.R. 2.101 (OCT. 1995), CONSISTING
OF "COMMERCIAL COMPUTER SOFTWARE" AND "COMMERCIAL COMPUTER SOFTWARE DOCUMENTATION," AS
SUCH TERMS ARE USED IN 48 C.F.R. 12.212 (SEPT. 1995). CONSISTENT WITH 48 C.F.R. 12.212 AND 48 C.F.R.
227.7202-1 THROUGH 227.7202-4 (JUNE 1995), ALL U.S. GOVERNMENT END USERS ACQUIRE ONLY THOSE RIGHTS
IN THE PROGRAM AND THE DOCUMENTATION THAT ARE PROVIDED BY THIS AGREEMENT.

12. NO OTHER AGREEMENTS

THIS AGREEMENT AND THE INTRODUCTION OF IT ON THE LINEAR TECHNOLOGY WEB SITE, CONSTITUTES THE
ENTIRE AGREEMENT BETWEEN THE PARTIES WITH RESPECT TO THE PROGRAM AND THE DOCUMENTATION, AND
SUPERSEDES ANY OTHER WRITTEN OR ORAL AGREEMENT.

13. SEVERABILITY

IF ANY PROVISION OF THIS AGREEMENT IS HELD INVALID, THE REMAINDER OF THIS AGREEMENT SHALL
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CONTINUE IN FULL FORCE AND EFFECT.

IF YOU HAVE ANY QUESTIONS, PLEASE CONTACT IN WRITING: LINEAR TECHNOLOGY CORPORATION AT 1630
MCCARTHY BOULEVARD, MILPITAS, CALIFORNIA 95035-7417.

3.2 LOAD TRANSIENT PREDICTION

Load Transient Prediction Results

The design tool program provides an approximation of the output voltage overshoot/undershoot waveform during load transients.
This approximation is calculated based on the average small-signal model of the power supply. Therefore, it does NOT take into
consideration possible large-signal non-linear effects that may exist in the real experimental test with a large and very fast load
step. In reality, sometimes the overshoot/undershoot is higher than the small-signal estimation. Even so the transient waveforms
give the designer a good starting point to estimate the output voltage overshoot/undershoot and required minimum output
capacitance. To verify the design, it is important and recommended to actually build the circuit and evaluate its performance.

The output transient waveform is the averaged waveform over a switching cycle. The switching frequency ripple is not included in
this waveform. The user also needs to include the switching ripple for the total transient spike.

3.3 ACCURACY OF THE LTPOWERCAD Il DESIGN TOOL

LTpowerCAD Il Design Tool Accuracy

As always, Linear Technology has made best efforts to support our customers with a quality design tool. However, due to model
limitations and external component value variations, it remains the customer's responsibility to verify the program's calculation
results by actually building the circuit and evaluating its performance.

Linear Technology verifies the loop Bode Plot and load transient for each Linear Technology Monolithic and uModule part released
in the LTpowerCAD™ |l Design Tool with real bench tests on the Linear Technology Standard Demo Circuit Boards. Therefore we
have a good level of confidence in the accuracy of our loop designs.

Users are always welcome to contact their local Linear Technology Sales Office for help.

o'/



3.4 LTpowerCAD™ Il DESIGN TOOL SUPPORTED LTC PRODUCTS LIST

Design Tool Supported LTC Products List

Supported parts are updated regularly. To view all the latest parts please click "Sync Release" located on the main page of
the program. If there is not a suitable part available in the design tool list which satisfies your application requirements, we
still most likely have the part you are looking for.

Please check the Linear Technology parametric search tables at
http://parametric.linear.com/switching regulator to locate other LTC parts that may satisfy your application's needs.

3.5 LTpowerCADTM Il DESIGN TOOL CONTACT INFORMATION
LTpowerCAD™ Support Contact Information

Please contact Linear Technology LTpowerCAD Design Tool development group at L TpowerCAD@linear.com for any question in
using this software.

3.6 LTpowerCAD™ Il DESIGN TOOL RELEASE INFORMATION

LTpowerCAD™ Design Tool Release Information
Version v2.0 : Beta Release November 2012

Version Il v2.0 : 1st Release June 2013

58



