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Introduction

TinyCalc™ is a Microsoft® Excel-based calculator designed to simplify the design of TinyBuck™-based regulators.
TinyBuck™ products are integrated synchronous buck regulators where one of each high- and low-side MOSFETsand a
controller/driver are all integrated in one 5X6mm MLP package.

Thelast digit in the part number signifies the current rating of the product. This calculator covers designs with FAN2103,
FAN2106, FAN2108, FAN2110, FAN21SV04, and FAN21SV 06 regulators. Regulators with SV in the part numbers have a
built-in 5V regulator.

This document explains how to use the TinyCalc™ calculator to choose external components for designs once the input and
output conditions are provided.

Before Opening TinyCalc™

Add-Ins

This calculator is designed to work with Excel 2002 or higher.
Older versions of Excel do not support this calculator.

. v Analysis ToolPak - VBA _

CheglQioRlilEtEl e dd-inn(s) [ Analysis. ToolPak. Translator 6.8 Cancel
1. Open anew (blank) Excel worksheet [ Conditional Sum Wizard

' ’ [ Euro Currency Tools —
2. SelectTools... Add-ins... from the menu. [ Internet Assistant VBA = -

[ Lookup Wizard )
3. TheAdd-Insdialog box (at right) should appear. W Name Manager Uity Automation...
. . ¥ Solver Add-in

4. Select Analysis Toolpak and Analysis Toolpak — VBA.

Disregard other add-ins as they change from one user to
another.

5. Click OK and return to the new worksheet.

Note: If these two add-ins aren’t available in your Excel J

installation, it is necessary to install the complete version of Excel. Analysis ToolPak

Provides functions and interfaces for finandal and sdentific
data analysis
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AN-8022 APPLICATION NOTE

Set Macro Security to Medium

TinyCalc™ works by embedding cal culations as macros. Excel must be able to run these macros for the application to
function, but macros are considered a security risk. Therefore, to run the macros, it is necessary to set your security to medium
(vs. high). With the new (blank) worksheet open, follow these steps to set the macro security:

1. SelectTools... Options... to and the follow dialog box should appear.
2. Selectthe Security tab.

View l Calculation l Edit l General l Transition l Custom Lists ] Chart ]
Color l International l Save l Error Chedkng l Speling Security

File encryption settings for this workbook

Password to open: | Advanced...

File sharing settings for this workbook
Password to modify: |

[ Read-only recommended

Digital Signatures. ..

Privacy options
[~ Remove personal information from file properties on save

Macro security

Adjust the security level for files that might contain macro viruses and
spedfy names of trusted macro developers.

oK Cancel

Click onthe Macro Security... button in the Macro Security section.
In the Security dialog box (below), select M edium and press OK.
Click OK to close the Options dialog box.

Close the work sheet.

o o M~ w

Trusted Sources

" High. Only signed macros from trusted sources will be allowed
to run. Unsigned macros are automatically disabled.

{+ Medium. You can choose whether or not to run potentially
unsafe macros.

™ Low (not recommended). You are not protected from
potentially unsafe macros. Use this setting only if you have
wirus scanning software installed, or you have checked the
safety of all documents you open.

Ne virus scanner installed.

OK. | Cancel
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Working with TinyCalc™

1.
2.

Close any open Excel workbooks or worksheets.

APPLICATION NOTE

Open the TinyCalc™ filedelivered with this user guide. (The file name might change based on the revision — go to

the website to get the latest version of the calculator).

When prompted to confirm macros, click the Enable M acr os button.

X

'Ci\shey \Work FSC\Applications Related Files - My work\Projects' Mew
Projects\iTinyBuck I\FANZ 106 \Development related files\Excel
Programming | CombinedExcel-08\TinyCalc_Rev2.0.xls' contains macros,

Microsoft Excel

Macros may contain viruses, It is usually safe to disable macros, but if the
macros are legitimate, you might lose some functionality.

Enable Macros i Mare Info

Disable Macros | |

3. When prompted to accept Fairchild’s terms and conditions to use TinyCalc™, click on the | Agree button.

! User Agreement - Please Read and Agree Before Proceeding any further

T
FAIRCHILD

SEMICONZUISTOR"

User Agreement

This Product is intended to be used as a Design aid for
Customers of Fairchild Semiconductor. Mo Warranties, either
expressed OR implied, with respect to this software OR its
fitness for any particular purpose OR application is claimed by
Fairchild Semiconductor. The Software is licensed (not sold)
solely on an "as is" basis. The entire risk as to its quality and
performance is with the customer or the User.

By clicking "I Agree" button, the user agrees to the
terms and conditions as on our website at
http:/ fwww.fairchildsemi.com/legal/

Cancel

In the Select Regular dialog box, select the regulator for your circuit design from the drop-down list and click OK.

In this example, FAN2108 is chosen.

X

Select Regulator

J FAN2103 L]

FANZ103
FAN2106
FAN2110 OK
FAN215V04
FAN215V08

Cancel

Click OK to confirm your selection.

Microsoft Excel

X]

You have selected FANZ 108
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TinyCalc™ User Interface

APPLICATION NOTE

The figure below is called the “Front Page”. The numbers from 1 to 7 show the order of the steps involved in going through a
design. Once you are familiar with this cal culator, you can skip steps as needed by clicking on the appropriate button.

Al - b3

© Fairchild Semiconductor

[
FAIRCHILD

About
this Design Aid

e ————
SEMICONDUCTOR"® [ ]
1
Welcome / HELP Design Inputs Output L& C
Design Procedure START HERE Selection
5 Schematic 4 3
Loss Estimate & Layout Hids Hoia
Compensation
Recommendations
[ 7
Sill Of Materials Print All Design Select another
Documents Regulator

Clicking on the Welcome / Help / Design Procedur e button opensthe following dialog box. It isintended to provide first-
time usersa brief description of front-page buttons. It is recommended that you read this page when you use the calculator for
thefirst time. Click OK to return to the Front Page.

How to Use this Spreadsheet

Welcome

Thank you for choosing to use Fairchild products to meet your Power Solution needs. The following are
the steps involved in using this spreadsheet to a complete design around TinyBuck regulators. Below are
some brief descriptions an the buttons you will find in the front page, Please go along with your design
steps in the same order az the numbers below.

Help Menu

I—‘l Dresign Inputs |
IT OQutput L&C Selection |
IT Bode Plots/Comp |
IT Schem & Layout |
IT Loss Estimate |
IT Bill Of Materials |
IT Print All Design Docs |

Select another Regulator |

e ry——
FAIRCHILD
el

SEMICONCIUICTOR

This Button brought you here - Help Menu.

Input all the Design requirements in the boxes provided. Start the by
putting in the values here.

The calculator provides inital values for L & C, You have a

choice to pick your own L & C as well

This Button takes you to compensation sheet where you can modify the
values to get expected close loop gain and phase for the system as a
function of Frequency.

This button takes you to the schematic & Layout guidelines page

Here, the calculator provides inital estimate on the Losses and
effidency in the system with the components chosen.

This button takes you to the bill of materials page for this design

Here, the calculator provides one button where you can print all the
design related documents with one dick of 3 Button, provided all the
Inputs are already there

This button will open up the regulator selection list again so that another
one can be chosen. When a new regulator is chosen please follow the
design steps again

© 2009 Fairchild Semiconductor Corporation
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AN-8022 APPLICATION NOTE

STEP 1- Design Inputs

1
Design Inputs
START HERE

1. Click onthe Design Inputs/ START HERE button.

Input Parameters.

k)

]
FAIRCHILD

SEMIZONCIUCTOR: i
Please Enter Input Parameter Values in the Boxes

(PWM Mode Only)

Input Voltage(Min) JIU— Volt

Input Voltage(Max) 1207 Volt

Qutput Voltage ]T Volt

Max Load Current(Imasx) I3— Amps

Switching Freg(Fsw) 500 KHz

Output Ripple Current(%) ]_30_ % (Of Imax)

Pk-Pk Ripple Voltage JSU— mVolt

Max Load Transient J37 Amps

Max Output Voltage Step ]50— mVolt =

Tolerated

2. Inthe Input Parameters dialog box, enter the numbers (only!) for each of the design input variables
Notes:

a. Pressthetab key to moveto the next field.

b. If you enter avalue that is not suitable, an error message Max Load Current
appears (shown below) providing the range for the parameter. Enter & Number Between 0.1and 8
The control remain in the window urtil an acceptable valueis
entered. The acceptable range is based on the specifications of
theregulator selected.

3. After al thevalues are entered, click OK. If all the variables are accepted as valid inputs, the calculator closes and
returns to the Front Page.

© 2009 Fairchild Semiconductor Corporation www.fairchildsemi.com
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APPLICATION NOTE

AN-8022

STEP 2 - Output L&C Section

Output L & C
Selaction

1. Click onthe Output L& C Section button to open the Select the Right Inductor and Capacitor dialog box. The top two
boxes show suggested inductor and capacitor values.

Select the Right Inductor and Capacitor

]
FAIRCHILD Suggested Inductor and Capacitor Values based on Parameter Inputs

SEMNMICONIZUZTOR"
Suggested Inductor Suggested Minimum —
uH Capacitor Value 5 uF

Value

Please choose your Preferred Inductor and Capacitor Values including their ESRs (DCRs) below

3.3 uH Bulk Capacitance | 0 uF

Inductance
Inductor DCR 10 mOhm Bulk Cap ESR 0 mohm Help
Ripple Current
er:E Chosen i Amps Bulk Cap ESL ’07 nH
Inductor({pk-pk)

Net Ceramic Cap 88 uF

Value -

Net Ceramic Cap 2 mOhm

ESR

2. Enter daafor theinductor and capacitors (with combinations) for your design.

If either of the ceramic OR dectrolytic capacitors (bulk) is used alone, put zero (0) for parameters of the

Note:
capacitor not used. Use only numbers in these boxes.

3. After al the values are entered, press OK and return to the Front Page.

www.fairchildsemi.com
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STEP 3- Bode Plots / Compensation

Bode Plots /
Compensation

Click onthe Bode Plots/ Compensation button.

APPLICATION NOTE

2. Thisopens aworksheet where you can select the Information
compensation components required to close the
control loop and ensure stable operation of the This page provides flexibility to choose compensation components
converter. Before you are given control on this sheet Bill of Materials will reflect any changes made here in this sheet
the first time, a message appears informing you that
changes affect the bill of materials. Thisisfor your
information only.

3. PressOK to close thiswindow and begin using the worksheet.

There arefive columns in this worksheet, with rows 2 and 3 containing numbers. The second column is a set of
recommended values corresponding to the component designators in the pictures below the two rows. Thethird columnis
whereyou can modify the numbers and see how the component values change phase margin.

Pastiast Recommended | User Chosen
Component Values Starter Values Values Units  |Comments
Choose a different cros=over frequency if needed. Default
value iz FSW/M 0.Choose a number between FSWH2 & FSW/A. Go to
Suggested component values in column B change as thiz
Loop Bandwidth 50 KHz. |number changes. A
ci 47 pF
8. 2700 pF Suggested component values for C1-C3,R1-R3 Rbiaz & Rramp Go To
- are i imn B. They can be changed to suit application nesds Schematic
C3 5,600 pF in column C. Proceed to "Bode Plots™ after making changes.
R1 2490 K
R2 3.740 KO GoTo
R3 0.032 KO Bode Plots
Rbias 2.000 KO
Rramp 191 KO Print
Expected Phaze Margin g2 Degrees|With Vin{max) this page
Vout 1.796 v Expected Vout
Wiy Cup_y
G2 Vaer ? Data & Pictures
ci VIN
F2 UOIJT _L J_
T R Chr G
T ? Rrame l
R _—
aas \—H——\N\»—I RAMP
Cz Rz

There are buttons to the right to help you navigate from one sheet to other.

Go to Front Page returns you to the Front Page.

Go to Schematic accesses the typical application schematic for the part (same as step 4 from the Front Page).

Go to Bode Plots accesses graphs based on your component selections and values (see next page).

Print this Page sends the current sheet to the printer of your choice.

Copy Data & Picturessavesthis data to the Windows clipboard in a picture format for you to paste into any other

Microsoft document.

© 2009 Fairchild Semiconductor Corporation
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APPLICATION NOTE

The Bode Plots page displays plotsfor full load at minimum and maximum input voltage conditions.

160

140

120

100

80

G0

dB or degrees

40

20

-20

¥ &

T

FAIRCHILD Go to Go To Print GoTo

SefiConoLC T FAN2Z103 Closed Loop Phase / Gain Plot @ Max Load Current Front Page Schematic Bode Plots Compensation

N T L T — T 1 TIII T T T 1
Estimated Phase Margin @Vin{imax) is 81.96 Copy - - - - Magnitude @ Vin{max)
: . . = = = -Phase Margin @ Vin{max}
Estimated Phase Margin @Vin{min) is 82.92 Bode Plots Magntude @ Vin(min) {
\ . Phase Margin @ Vin(min)
\\
B
el ]
'-—-.___..,____-_ -
]
— \\
-—-"\
o
--..-..-"\_
Estimated Bandwidth @ Vin(max) is 54.95 kHz
@ Vin{max) S —————
Estimated Bandwidth @ Vin{min) is 60.26 kHz ‘"-"—l-.&.__
|
-
Value {X) axis *\

1 10 100 1,000 10,000 100,000 1,000,000

flHz)

There are text boxesthat display the crossover frequency (bandwidth) and the phase margin for thisdesign. Typically, it
isagood ideato have greater than 60° of phase margin and bandwidth less than one fifth (1/5) of the switching
frequency. Each time you return to this page, the new plot is based on the components selected.

There are buttons along the top to help you navigate from one sheet to other.

Go to Front Page returns you to the Front Page.

Go to Schematic accesses the typical application schematic for the part (same as step 4 from the Front Page).

Go to Compensation allows you to change or adjust any of the component values.

Print Bode Plots sends the current sheet to the printer of your choice.

Copy Bode Plots saves the plot to the Windows clipboard in a picture format for you to paste into any other

Microsoft document.

© 2009 Fairchild Semiconductor Corporation
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STEP 4- Schematics & Layout Recommendations

Schematic 4
& Layout

Recommeandations

APPLICATION NOTE

Click on Schematics & Layout Recommendations button. The typical application diagram that appears changes based on

the controller chosen.

e ———————— Typical Application Diagram
FAIRCHILD o o 2

ey ———
SEMICONDUCTOR* FAN2103

:77;1;7 r]EC’OT
=
Croor V
= - T ouT
PWM
% i
DRIVER

POWER
MOSFETS

Go to
Front Page

Print
Schematic

Bode Plots /
Compensation

Layout
Recommendations

Copy
Schematic

There are buttons at the right to help you navigate from one sheet to other.

Go to Front Page returns you to the Front Page.

Print Schematic sends the current diagram to the printer of your choice. All the component designatorsin the Bill of

Material sheet (Step 6) refer to this schematic.

Bode Plots/ Compensation allows you to change or adjust any of the component values.

Layout Recommendations accesses general recommendation on how to layout switching regulators and provides a

copy of the evaluation board layout.

Copy Schematic saves the diagram to the Windows clipboard in a picture format for you to paste into any other

Microsoft document.

© 2009 Fairchild Semiconductor Corporation
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STEP 5-Loss Estimate

5

Loss Estimate

APPLICATION NOTE

Click onthe L oss Estimatebutton. The calculator estimates efficiency and losses at minimum and maximum input voltage

conditions with the load current as a variable at room temperature in chart form.

e FAN2103

] ] — 10V Eff
Typical Efficiency Curves

100%

95%

90%

GE Pl

Effciency(%)

/// Plot Area
80% A

7h%

0% /

Load Current{A)

0.00 0.50 1.00 1.50 2.00 250 3.00 3.50

— 0V Eff
——H3 Losses

Typical Efficiency & Loss Curves (Vin_Min)

=—| S |losses

100% . = :

There are buttons at the right to help you navigate from one sheet to other.

Go to Front Page returns you to the Front Page.

——— 03

Go to

Front Page

GoTo

Schematic

Print

Eff & Losses

Copy

Eff & Losses

Go to Schematic accesses the typical application schematic for the part (same as step 4 from the Front Page).

Print Eff & L osses sends the current charts to the printer of your choice.

Copy Eff & L osses saves the charts to the Windows clipboard in a picture format for you to paste into any other

Microsoft document.

© 2009 Fairchild Semiconductor Corporation
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STEP 6 — Bill of Materials

Bill Of Materials

1. Click onBill of Materials button.

APPLICATION NOTE

2. A diaog box that appears to make sure that you don’t jump into this section without entering right values for the inductor
and output capacitor. Press OK to proceed to the Bill of Materials worksheet or Cancel to return to the Front Page.

Please make sure all the data is entered and L & C chosen!
Compensation values OK?
Continue?

Cancel

This sheet provides all the component values needed to build the design according to your selections and entered values. This
sheet includes any changes made in the “ compensation” components as well as the inductor and output capacitors. There are a

few component manufacturers links for capacitors and inductors to help you find the right parts.

cw Go to Schematic ‘ Print BOM ;:meU;Da o ‘ ggﬁ ‘
SEMICONDUCTOR" g
REF Units | QTY |DESCRIPTION Manufacturer Links
U1 FAN2103 IC 1 IC, FAN2103, MLP5x6 Fairchild Semiconducter
c1 47.00 pF 1 5% NPO Generic
c2 270 nF i 10% X7R Generic
C3 5.60 nF 1 10% X7R Generic
C4 1 uF 1 1.0uf, 10V, X5R. Generic
CB TBD pF 1 10% X7R - See Note Below on Snubbers Generic
Choot 0.1 uF 1 0.1uf, 16V, X7TR Generic
Cen 33 nF 1 10% X7R -When delayed auto-restart is needed Generic
Chf 33 nF i 3.3nf, 50V, X7TR. Generic
Cin User Select uF 1 Choose a Capacitor with minimum FRS Current rating of 1 Amps United Chemi-con Panasonic
Cout (Bulk) 0 uf 1 |Net Bulk output Capacitance (Electrolytic) United Chemi-con Panasonic
Cout (Ceramic) 88 uF 1 |Met Ceramic Capacitors on the output AVX urata
L 330 uH 1 Output Inductor, with at least 3 49 A Current rating Inter-Technical Cooper-Bussman Sumida
Reuu 10 Ko 1 PGOOD pull-up to +Vee, Generic
R1 249 Ka 1 1% Generic
R2 374 Ko 1 1% Generic
R3 3240 o 1 5% Generic
RE TBD Q 1 5%, 1206 - See Mote Below on Snubbers Generic
Rhbias 2.00 Ko 1 1% Generic
Rilim 200.00 Ko 1 1% (only if less than default OCP) Generic
Rramp 191.00 Ko 1 1% Generic
Rt 28.70 Ka 1 1% Generic

There are buttons along the top to help you navigate from one sheet to other.

Go to Schematic accesses the typical application schematic for the part (same as step 4 from the Front Page).

Print BOM sends the current worksheet to the printer of your choice.

Go to Front Page returns you to the Front Page.

Copy BOM saves the worksheet view to the Windows clipboard in a picture format for you to paste into any other
Microsoft document.

© 2009 Fairchild Semiconductor Corporation
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STEP 7 — Print All Design Documents

i
Print All Design
Documents

1. Click onthe Print All Design Documents button.

2. A diaog box that appears to make sure that you don’t junp into this section without entering right values for the inductor
and output capacitor. Press OK to proceed to print preview or Cancel to return to the Front Page.

Flease Make Sure All the data is entered before printing!

Continue?

Cancel |

This enables youto print all the design documents once. This feature is helpful if you have this design saved and you
want to print the documents later time. This accesses the standard M SExcel print preview functionality.

3. Click Print... to select the printer and the number of copiesto print.

Ed Microsoft Excel - ITinyCalc_1_050609_beta.xls [Group]

TalEl Print...l §etu|:|...| Margins! PageEreakPregiewl Cloze i Help J

Farameder ! Repommended User Chosen
Componend Valpes | Earierveiues vEess  |upiis  Commarts

T ST SRS s e e TR L
EEN 1D T 4 s e F5VTD ST EWE S
cruge changex.

=200 Sandwidn £~ 50 Kz e

c1 47 4T oF

oz =200 3300 o Sigperiec compoant cm S T1STI AT T S Sy ae
LS Thay can bachangac o TS KTA Ao N T

[=k] Seh 5900 I coumnT Froossd iz Gode Fob” e makng changen

A1 2430 2420 Ko

e 3i3 3530 X

RS QL8 [T L=

Foes 21008 2000 xn

Framg 183 183 f.17]

After printing, the control returnsto the Front Page.

Select Another Regulator

Select Regulator

Select ancther
Regulator | FAMZ103 ;1 —
- FAM2103
1. Click theSelect Another Regulator Button to repeat the FAMNZ2106
process with a new regulator (see STEP 1). FANZ108 '

FAN2110 oK
FAMZ15v04
FAMZ15VOG

Design Complete!

© 2009 Fairchild Semiconductor Corporation www.fairchildsemi.com
Rev. 1.0.0 « 7/13/09 12




AN-8022 APPLICATION NOTE

Related Datasheets

FAN2106 — TinyBuck™ 6A, 24V Input Integrated Synchronous Buck Regulator

FAN2108 — TinyBuck™ 3-24V Input, 8A, High-Efficiency, Integrated Synchronous Buck Regulator
FAN2110 — TinyBuck™ 3-24V Input, 10A, High-Efficiency, Integrated Synchronous Buck Regulator

FAN21SV06 — TinyBuck™ 6A, 24V Input, Single Supply, |ntegrated Synchronous Buck Regulator

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS
HEREIN TO IMPROVE RELIABILITY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE
APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS
PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1. Life support devices or systems are devices or systems which, 2. A critical component is any component of a life support device
(a) are intended for surgical implant into the body, or (b) support or system whose failure to perform can be reasonably expected
or sustain life, or (c) whose failure to perform when properly to cause the failure of the life support device or system, or to
used in accordance with instructions for use provided in the affect its safety or effectiveness.

labeling, can be reasonably expected to result in significant
injury to the user.
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