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Benefits of Using LTspice IV

¢ Stable SPICE circuit simulation with | Qutperforms pay-for options
+ Unlimited number of nodes
+ Schematic/symbol editor _
+ Waveform viewer
+ Library of passive devices
¢ Fast simulation of switching mode power supplies (SMPS)
+ Steady state detection
+ Turn on transient
+ Step response
+ Efficiency / power computations

¢ Advanced analysis and simulation options
+ Not covered in this presentation
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How Do You Get LTspice IV

¢ Go to http://www.linear.com/LTspice
¢ Left click on Download LTspice IV
*
already
LTspice vV

LTspice IV is a high performance SPICE simulatar, schematic capture and
wwaveform wiswer with enhancements and models for easing the simolation of
switching regulators. Cur enhancements to SPICE have made simulating switching
regulatars extremely fast compared to normal SPICE simulators, allowing the user
to wiew wawefarms far most switching regulatars in just a fewe minutes. Included in
this download are LTspice I Wacro Models for 80% of Linear Technolooy's
switching regulators, over 200 op amp models, as well as resistors, transistors and
MOSFET models.
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LTspice Getting Started Guide

= Lsing Transfarmers in LTspice

* | Tspice Dema Circuit Collection

= YWiewy upcoming LTspice seminars

Follow LTspice on Twitter! EJ

Wiewy the LTzpice Video Channel @

Register for a new MyLinear account to receive updates if you have not done so
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Getting Started using LTspice IV

¢ Use one of the 100s of demo circuits available on linear.com
+ Reviewed by Linear Technology’s Factory Applications Group

¢ Use a pre-drafted test fixture (JIG)
+ Provides a good starting point

¢ Use the schematic editor to create your own design
+ LTspice contains macromodels for most LTC power devices
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Demo Circuilts on linear.com

¢ Go to http://www.linear.com

¢ Enter root part number in the search
box (e.g. 3411)

¢ Select Simulate Tab on the left side
¢ Follow the instructions provided

If you do not find a demo circuit of
interest, use a pre-drafted test
fixture — covered next

Download LTspice

Download Demo Circuit

Complete list of demo circuits available
at www.linear.com/democircuits

© 2011 Linear Technology

OVERVIEWY
PACKAGING

OBRDER. INFO

SIMULATE

DEMO BOARDS

TECH SUPPORT

Simulate

LTepice IV is a powerful, fast and free simulation tool, schematic capture and
weaveform vieswer with enhancements and models for impraving the simulation of
switching regulators. To download LTspice IV and other FREE simulation tools,
please visit our Design Simolation page.

To launch g ready to run LTspice demaonstration circuit for this part;

= Step 1: [fyou have not installed LTspice an this campoter, download and install
LTspice IV

= Step 2: Once LTspice is installed, click an the link{s) below to launch the
sirmulation
« LTC3411 Demo Circuit- 1,284, 4MHz, Synchronous Step-Down DCIDC
/- Step 3: If LTepice IV does not autamatically open after clicking the link above,
ywou can instead run the simulation by right clicking on the link and selecting

Converter (3.3 to 1.0% @ 14)

"Save Target As". After sawing the file tovour caomputer, start LTspice and apen
the demonstration circuit by selecting 'Open’ fram the File' menu

To explare other ready ta run LTspice demanstration circuits, please visit our Cemo
Circuits Callection.

LT



Demo Circuit
v' Designed and Reviewed by Factory Apps Group

Féj Linear Technology LTspice/SwitcherCAD Il - [LTC3411.asc]
'[: File Edit Hierarchy Wiew Simulate Tools Window Help - |5 X

BeE T £ e ar g ESmw smos aasl | 10 UNademo circuit jump
L R e to the Run and Probe a
Y Circuit in LTspice section

© M simiuitation masdsr is I'tD‘t‘I'oIlrldpl.tﬂi “Synch Relesa™.
-t the cust ity to-warlfy propsr and raliabls oparation in the-sctuslappiiestion. - - - - - - - - - - - - -
- Componsnt sw n-ihtu‘ho rnl pH rlh-cldrtLl{ board iggout may significanty attact-cirzutt parfoFmancs orrelizbrty- - - - - - - - . o -
. UL local sslas raprassntstive for assistance. This cincult s .distributed to customars onty for wse with. LTC parts. . . . . . . . .
. Copyright @ 2008 Linsar Technology Ine. alinightersestvea. . . . . . . . . . . . . . . . 0 L L L L L0
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Getting Started using LTspice IV

¢ Use one of the 100s of demo circuits available on linear.com
+ Reviewed by Linear Technology’s Factory Applications Group

¢ Use a pre-drafted test fixture (JIG)
+ Provides a good starting point

¢ Use the schematic editor to create your own design
+ LTspice contains macromodels for most LTC power devices
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Pre-Drafted Test Fixture (JIG)

¢ Used for testing models during development

¢ Provides a draft starting point
+ Not reviewed by Linear Technology’s factory applications team

Ty Linear Technedogy L TspicoiSwitcherCAD NI - [ 347 1.asc] = L
4 Be EAf Hewchy Yew Seusis ook fedow Lo - o
B d T F o O e n Bl ik O L5220 00

%} L B EHEE ﬁ::K =
Ll Wil éﬁmifi i

1wup m"m : LTC3411 :
(‘, AN SHDN/Rt Pgood 4121-»:
I24KK
5;:“ "iﬂ tran 700u startup
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Start with a New Schematic

New Schematic

_11 near Techn~’sgy SwitcherCAD ITI - [5¥ 12¥ 250mA 1372.asc] _.jg]g_c_j
Fle g% Window Smuate Edt Help =181 %
I|ﬁ|__J_J A0 alala|®] glig] Emwi PAESEEL | | &|-6-|G]|v?|"|3[$|ﬁ-|@|@|‘f}|ﬁ'|fmin|dﬂ*?|
N ”?ﬂf“ SQL_H : | out |

T 4.7v¥ T |

¢ Left click on the New Schematic symbol in the Schematic Editor Toolbar
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Add a Macromodel & Opening Test Fixture

Add Component

FéjLinear Technology SwitcherCAD 111 - [S¥ 12¥ 250mA 1372.asc] =10 x|

& 2| #0] ajalal g Blmw 40w o8 2D <|#] 3 |Zo|9|o|0le]i] el
i : ] : / our =

- 4.7p¥ T / |

¢ Left click on the Component symbol in e -
the Schematic Editor Toolbar —— 1254 1 Synchoss Stepcoun

¢ Enter “root” part to search for the model N p \
(e.g. 3411) T

M Select Component Symbol

| Open this macromodel's best fisture |

SCHD R RGN [LTC3411 |

‘ Left Cl ICk O n O p e n th I S m aC r O m O d eI S C:APROGRA™TALT CASwCaDl 1 4ibhsym’ PowerProductsh
test fixture
LTC34084-1.375 LTC3406E-2 LTC341081.2 LTC341
LTC34084-1.5 LTC3407 L TC34108-1.875 LTC32
LTC34054-1.8 LTC3407-2 LTC342:
. . LTC3406 LTC3407-4 LTC312 LTC342,
To run a test fixture, jumptothe =~ o o s e
ircuit i - i Gem’ URhne  oeR U8
Probe a Circuit in LTspice section i - —" %
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Getting Started using LTspice IV

¢ Use one of the 100s of demo circuits available on linear.com
+ Reviewed by Linear Technology’s Factory Applications Group

¢ Use a pre-drafted test fixture (JIG)
+ Provides a good starting point

¢ Use the schematic editor to create your own design
+ LTspice contains macromodels for most LTC power devices

© 2011 Linear Technology L’ LEM



Draft a Design Using the
Schematic Editor
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Start with a New Schematic

New Schematic

* «gy SwitcherCAD III - [5¥ 12¥ 250m#A 1372.asc]

.|'|;|' |x|
g| ) 410 aJaje/e] i) SRS xIbielN) 88| 2[51ml21+13 sloldlololclzl 3|,..|»p|

e NI —

r-lrih

¢ Left click on the New Schematic symbol in the Schematic Editor Toolbar
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Add a Linear Technology Macromodel
Add Component

FéjLinear Technology SwitcherCAD 111 - [S¥ 12¥ 250mA 1372.asc] =101 x|
=181
& g 20| alalalR| gkl Bl %W S8 2[S(®]<|#]3[Eo|0|o[o]e]i=] i
0 D1 =
I!I T SR SW R~ ’ ouT |

4.7p¥ I |

¢ Left click on the Component symbol in the Schematic Editor Toolbar
¢ Enter “root” part to search for the model (e.g. 3411)
¢ Left click on OK

B SoloctC P Féj Linear Technology LTspice/Switc... |_ ||I:||
Select Component Sym —_—
- ‘l:' File Edit Hierarchy View Simulate Tools Window
Top Directory: | C:APROGRA™1ALT CASwCADIIMibhspm b |
Help - 8| x
= — 1.254, 4MHz, Synchronous Step-down =
i " B/ Convete | B W e O e | e
ith iY FB
SHDN/RE Pgood |__Open this macromodsf's test fisurz__ | S\Vin PVin
SGND PGND LTC3411 - . - . . . .
= | | - s Mode swq-oo - - -
CAPROGRA™TSLT ChS wiCADI ShbhsymPowerProducts' u1
LTC3404 LTC3406E-1.2 LTC24101 65 LTC3411
LTC3405 LTC3406E-15 LTC3410-1 875 LTC341 o o
LTC24054 LTC068-1.8 LTC3M108 (1341 oL pith L7 FB
LTC34054-1.375 LTC34068-2 LTC4108-1.2 LTC3411 LTC3411
LTC34054:1.5 LTC3407 LTC34108-1 875 LTC342 e ° ° 8 @ @ o a
LTC3405¢4-1.8 LTC3407-2 LTC3471 L . R
LTC3406 LTC3407-4 LTC3412 percrz SHDNIRE Pgood
LTC3406-1.2 LTC3408 LTE341248 LTC342! . . e
LTC3406-1.5 LTC3409 LTC3413 LTC342
LTC3406-1.8 LTC3410 LTC3414 LTC242) T EE FE oo
LTC34068 LTC3410-1.2 LTC3415 LTC242! s o o . FE
< | 3 S
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Getting the Latest Datasheet

¢ Use the macromodel’s shortcuts to download the Datasheet
as a reference for your design
+ Hold Ctrl key and right click (Ctrl — right click) over the LT
macromodel’s symbol

+ Left click on Go to Linear website for datasheet on the dialog
box that appears

You can also open the macromodel's test fixture as a draft starting point

SVin PVin L Tspice/SwitcherCAD III

- v Mode 1.254, dMHz, Spnchronous Step-down DCADC

U1 Corverter

flth LT
. LTC3411 o
- & SHDMN/Rt Pgoodd - -

FBy

O pen thiz macromodel's test fisture ]

Go to Linear website faor datasheest ]

Cancel
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Adding Circuit Elements . 54 Rotate

Place Inductor Mirror
Place Capacitor
Place Resistor

~10i |
=18 x|
Bl B | #0 _Jqlajmj &g E|1.|q.1 5[] O\&8| 2||®] |3 ][O o|o]ei=]i 5] e )
D1 |
IN WSH L ouT |

' a7 T |

¢ Left click on the desired component in the Schematic Editor Toolbar
¢ Left click on Rotate or Mirror to adjust orientation

+ Alternate you can also use Ctrl — R and Ctrl — M key shortcuts
¢ Move the mouse to the position you want to place it
¢ Left click to place it
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Adding Sources, Loads & Additional Circuit Elements

Ef_inear Technology SwitcherCAD 111 - [S¥ 12V 250mA 1372.asc] .a.lm,ﬁl
A Ble Vew Window Smuote Edk Help =181x]
& 2 #0] elajar) gl Blwmw & bea o8 Llsm$|x]3[2lolo]| el ] A -l
L1 D1
| N -+
r ] 4.7v¥

¢ Left click on the Component symbol in T

the Schematic Editor Toolbar v BT
¢ Search directory structure for desired
circuit element (e.g. load and voltage)
¢ Leftclick on OK |
¢ Move the mouse to the position you B RN
want to place it e o 2 o,
. . Dipaepee] casien il e
¢ Leftclick to place it Pombitsl o i rerk
Ffes o] a2 o] npnd
(SpociFunctors] 1 load2 of
/, bz Fentebesd2 Ve loe?
£ »
carc

Additional Circuit Elements

Like Sources and Loads
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Highlights of Additional Circuit Elements

¢ Left click on the Component symbol in the Schematic Editor Toolbar for a
directory of additional circuit elements:

« Arbitrary behavioral source + Lossy transmission line
+ Voltage dependent voltage + Bipolar transistor
« Current dependent current + Voltage controlled switch
+ Voltage dependent current + Lossless transmission line
+ Current dependent voltage + Uniform RC-line
+ Independent current source + Independent voltage source
+ JFET transistor + Current controlled switch
+ Mutual inductance + Subcircuit
« MOSFET transistor + MESFET transistor
+ ...many more

© 2011 Linear Technology L’ LEM



Drawing Lines and Labeling Nodes

Et.inear Technology SwitcherCAD IT1 - [S¥ 12¥ 250mA 1372.asc] ,.Jm,ﬁl
4, Fle View Window Smuate Edt Help e
B ) #0] alalalr] gla) BmE] b|BE(sl O8] 215D [+(3 [Z]o|B|o]o]cli- |l
| N Sosw D out =
T [ 47w ] |

Draw Wire

Place Ground Do not forget to place a

Label Node ground in your design, it is

required for simulation!

¢ Lines
+ Left click on the Draw Wire in the Schematic Editor Toolbar
+ Left click a blue box (terminal)
+ Define the line’s path with a left click over intermediate points
+ Left click on another blue box (terminal)
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Editing Circuit Elements Delete

Duplicate
EI. inear Technology SwitcherCAD III - [SY 12¥ 250mA 1372.asc] = Iu I XI
1, Fle View Window Smulste Edt Help _ =18 x|
Bl B = #0] elalalr] gl BmwE $(ne s o8 LS @ <E]3]Zol8lelo|e| izl ] <)
IN LT~ ow D1 =
' Y o .
47
Move
Drag
Undo
Redo

¢ Left click on the desired editing option
¢ Left click on the circuit element
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Editing Circuit Elements Attributes

¢ Right click on the component symbol to modify attributes

Resistor - Rb6 ¢ | Inductor - L1

b anufacturer: Caoilcraft
Manufacturer: - Part Mumber: DO1602P-222 Manufacturer: -
Part Humber: - Part Mumber -
[ Select Inductor ]l —

Show Phase Dat [
[ Select Capacitar

[ Select Besiztor

Inductor Properties

Riesistor Properties Inductance[H]: Capacitor Properties
K Pesk Curtentis] CapacitancelFl

Tolerance(Z] I:I Series R esistance[0]: Yaoltage Rating]: I:I
Power Fatinglaw: I:I Parallel Resistance[2]: RIS Current Fating[A] I:I
FParallel Capacitance[F]: . . .

Equiv. Senes Resistance[01]: I:I

[Series resistance defaults to 1mc)

Partz Per Package: |:|
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Use Labels to Specify Units in Circuit Elements Attributes

¢ K=k=kilo=103 ¢ m=M=milli=103
¢ MEG =meg = 10° u =U = micro =10
¢ G=g=giga=10° n =N =nano = 107
¢ T=t=terra=10%? p = P =pico = 1012
f=F =femto = 101°

*® 6 o o

Important
+ Use MEG to specify 108, not M
+ Enter 1 for 1 Farad, not 1F

© 2011 Linear Technology ‘ , LM



Circuit Elements Database

Inductor - L1

FE
t anufacturer: Cailoraft

¢ Some components have an available database of

ctance[H]:

manufacturers’ attributes N evmeerad]
\mnentm

+ Resistors, capacitors, inductors, diodes,

+ Bipolar transistors, MOSFET transistors, JFET
transistors

+ Independent voltage and current sources

¢ To configure a component to a manufacture’s
attributes

+ Right click on the component symbol
+ Left click on Select... or Pick New...
+ Left click on a selected device === } e
« Left click on OK P

10 TDK ®ER C1B08<BRIAT0E  10.0

1.0 KEMET ®ER COBN3C105KER, 100 0.004
10 TDK ®IR C321B<7RICTIOE 160 0.007
10 AWK Tantalum TAJAT05KNE 16.0 11.000
1.0 KEMET HIR COB05CT0SK4R.  18.0 0.031 v

Farts Pef Package:
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Editing Voltage Sources and Loads

¢ Voltage Source

+ Right click the voltage Voltage Source - V2 x|
Sy m b O | DC walue[W]:
¢ Enter DC VOItage Value and Series Fesistance[02): I:I
(optional) Series Resistance
+ Left click on OK
¢ Load (current)
. R|ght CI|Ck on the |0ad Current Source - I1 |§|

symbol
Y DC valugls] |:|
+ Enter DC current value
. Advanced
+ Left click on OK

© 2011 Linear Technology ‘ , LM



Summary of Schematic Editor Toolbar

Place Circuit Element
Place Diode
Place Inductor
Place Capacitor
Place Resistor

Label Node
Place Ground
Draw Wire
FijLinear Technology SwitcherCAD IT1 - [SV 12V 250ma o, ~=-1 N =101 x|
A, Fe View Window Smuate Edt Help — U N =181
Bl=| | 2 #0] elalam glig) Bl 2w A& LS ® 2] 3 0|00 el
IN ! =
r Il T |
Move
Drag
Undo
Redo
Delete Rotate
Duplicate Mirror
Paste b/t Schematics Place Comment
Find Place SPICE directive
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Run and Probe a Circuit
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Simulation Commands

¢ To run a simulation, specify the type of analysis to be
performed

¢ There are six different types of analyses:
+ Transient analysis
+ Small sighal AC
+ DC sweep
+ Noise
+ DC transfer function
+ DC operating point

¢ Simulation commands are placed on the schematic as text
+ Called dot commands

© 2011 Linear Technology ‘ , LM



Editing Simulation Commands

¢ Leftclick on Simulation menu Demo Circuits and Test Fixtures
. o : have predefined Simulations
¢ Leftclick on Edit Simulation Cmd Commands

¢ As a starting point in a simulation

Edit Simulation Command

+ Leftclick on Transient tab

Transient | AL Analyziz || DC sweep || Moize || DC Transfer || DCop pnt|

* E nter a. Sto p Tl m e Perfarm a non-linear, time-darnain zimulation.

. . Stop Time: | 700U
* You may need to adJUSt thls Timne to Start 5aving Data:

ag a| n I ate r b amirmum Timestep:

Start extermal DC supply vaolkages at

‘ Se I eCt O K Stop simulating if steady state iz detected: [

Dran't rezet T=0 when steady state iz detected:

111

Step the load current source: [

Skip Initial operating point solution: [

Syntaw: tran <Tstops [<option: [<option:] ...]

tran 00U startup

Cancel
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Running a Circuit

Féj Linear Technology LTspicel#vitcherCAD Il - [LTC3411.asc]
‘[:' File Edit Hierarchy Vie Simulate Tools Window Help - O x

Jlii-” H 5 &£ 0 & ¢ Qb B HEeE 4 BB OS
| Nout et RIS DB CeeRT
.Ln_'t_.p___]______F;ﬂ::::::.t'm:m;m;,::

. ZZIJ Bvin Pvin ° . ~qme
. 2 . o . o0 o
_ _EP,.L,J_
dn LY e[ R P P
LTC411 . Co
SHOMNRE Pgood a o o o a o 8
FEND PEHD

T

I sImutation maodsr s not Todnd pléasd = Synéh Relszes™. ) : :

it remaine the customears rasponsibiity tor warlfy propsr and raltzbls -up-amtl-nn In ‘tha-sctual-applk:—.!ﬁnn o
Componsnt substitution and printsd sircutt bosrd yout may significantiy atract cirzuit parformsancs o remt:HIt]l -
Contast pour locsl ssles raprassntativa for sssistancs. This cincult s distributsd to customsrs only Tor uss with. LTS parts. .

Copyright & 2005 Linssr Tachnology Inc. 41 fights rassmved. | | |

If model is not found please Sync Release
under Help menu to update LTspice
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Probing a Circuit & Waveform Viewer

¢ Left click on any wire to plot the voltage
on the waveform viewer

rd

Voltage probe cursor

¢ Left click on the body of the component
to plot the current on the waveform
viewer

+ Convention of positive current is in
the direction into the pin

4

Current probe cursor
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Probing a Demo Circuit and Test Fixture

¢ Demo Circuits and Test Fixtures have INs and OUTs clearly
labeled to help you quickly select them

¢ To view the waveform left click on IN and OUT

Féj Linear Technology LTspice/SwitcherCAD Il - [LTC3411.asc]
‘[; File Edit Hierarchy Wiew Simulate Tools Window Help

e d 7 £ 0 o B Ha®w B2 M
....... iﬁf};.mhmmﬁﬂp—”nﬂﬁﬁﬂmﬂr. e

© i simulztion modsl s ot Tound plass = Synch RelEes.
- it remaine the customars responsiblity to- warify propsar and rallable opargtion In the-sctusl-applicstion. - - - - - - - - - - - - -
- Component substitution and printsd sircutt bosrd lzyout may significanty atfsct-cirzutt performancs or rslizbltly. - - - - - o o .
. Contact your locsl salkes raprassntativa for ssslstance. This circult s distributad to customars only for ues with. LTC parts. . . . . . . . .
. Copyright @ 2008 Linsgr Technology Ing. sllnghts rgesmwsd. . . . . . . . . . . . L L L L L L L L
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Voltage Differences Across Nodes

¢ Left click and hold on one
node and drag the mouse

F&iLinear Technology | Tspice/SwitchercAD 111 -1 71371 =13 |

Fle Edt View Simuate Took Window Hep
tO anOther nOde | BE A0 aQaR B HRW FBaE
+ Red voltage probe at the first 111371 _olx]

node L1 A ]
+ Black probe on the second o ' ry %

Differential voltages are
displayed in the waveform
viewer

Release Laft button to plot V(SW OUT). Y
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Plot Planes

¢ Multiple plot panes can be displayed on one window to allow better
separation between traces permitting different traces to be
iIndependently autoscaled

+ Right click in the waveform pane
+ Select Add Plot Pane
+ Left click and hold to drag a label to a new plot pane

lenr:ar Technology LTspice /SwitcherCaD 111 - [astable.asc)
T Fe View Took Window Hep =5 x|
BE H P FD  QAQE R EdERY RPN AOE S

yodl) )



Zooming In and Out in the Waveform Viewer

F&i 1 inear Technology | Tspice /Switchercan 111 - LT1371] [ =1 E3

TO Z00Mm |n ¥ Be Vew Took window Hep = x|

| B G| | F AR Eld SW™W ¢ e

+ Left click and hold as you
drag a box about the region
you wish to zoom in then
release

¢ 10 zoom out

« Right click and select Zoom T —
to Fit or Zoom Back REnRRER—

FijLinear Technology SwitcherCAD I11 - [5¥ 12V 250mA 1372.asc] =10l
A [T o Winbny Shindees TR D =l
B=| B 7 #[0] «lajaR] Bl B|w% &|Be(a O8] 2|S|®| 2|3 ||| oo ||t x|

ol SW D1 out -

IN /’ . :
| Zoom In/i// ] ;ﬁ: T ] | |

Pan
Zoom Out
Autoscale
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Measuring V I and Time (Frequency)

¢ Drag a box about the region you wish to measure (peak to peak
over a period)

+ Left click and hold to drag a box over the portion of interest
¢ View the lower left hand side of the screen

+ To avoid resizing, shrink your box before you let go of the left mouse
click or use the Undo command in the Edit menu

Ripple’ "Ripple

V& Linear Technology LTspice/SwitcherCAD Il - [LTC3411.raw] =13

¥ Fle View PlotSettings Smulaton Tools Window Help .8 %

B Jd 5 £ Qoo % B AR L@ O g . .
- e B | To view SMPS voltage ripple you will

Viout) 5 need to zoom into a narrow section
' = since waveform is initially
compressed to full range

dx = 1.01843us(981.9KHz] dy = 1.9mV

1.0184: 1.9 mV
© 2011 Linear Technology L’ LM




Average/RMS Current or Voltage Calculations

¢ Hold down Ctrl and left click on the | or V trace label in the
waveform viewer

FiLinvar Technology Ly ~dce/SwitcherCAD 111 - [LT1074.00p]

Inferval End: |98 26078
Aarage [HﬂEIIiEII'I'H’L
FAAS 1.4@

RS
Rught-Chck: o edt expression, ControbLeft Cck to rtegrate e

LT



Instantaneous & Average Power Dissipation

¢ Instantaneous Power Dissipation

+ Hold down the ALT key and
left click on the symbol of the
component

+ Pointer will change to a
thermometer

+ Plotted in units of Watts

¢ Average Power Dissipation

+ Hold down the Ctrl key and
left click on the trace label
power dissipation waveform

Left-dick to plot D1 dissipation: Y{SW,0UT)*ID1] &

© 2011 Linear Technology ‘ , hm



Generating a BOM and
Efficiency Report
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Bill of Materials (BOM)

¢ Left click on View menu
¢ Left click on Bill of Materials

v LTspice/SwitcherCAD Il

ﬁw Smcate
_'&_Zmﬁru
—a.zm&-m
L ws

_| W show Grid

F Mark Uncomn. Pns
Mark Text Anchors

B of Materials
Efficency Report
& SPICE petist
a1 &) SPICE Error Log

WS visble Traces

| autorange Y-axs

" Marching Waves
# Set Probe Reference

:Fimuaur
si ¥ Toobar
k ¥ Window Tabs

[LTC3411.asc]

Toos Wndow Heb
Cird+d
Ctri+8

WY g e

40

Fij Linear Technology LTspice/SwitcherCAD 1) - [LTC3411.a5c] ([ ]f3%
{ Be ot Mesdy jew Smuste Toos ndow bep o x
PE @ % £ QAQRE. BB I1brh 08 L
£, LTCHMIaee | (TCM Lo
[rar Technelegy Inc. All rights reserved. s
= Bill of Materials -

Fa® dho M Ref.  Mfg. 'PatNo. . Description
c1 - TDK: CC3I225X5R0J2Z6M ~  capacitor, 22uF, 5.3V
c2 TDK C322EHERN22'BH capacitor, 22uF, 6.3V
cpt - - - e - capacitor, 22pF .

Ls Step-Down DCOC Copvert Cth = el capacitor, 220pF
Cthp = = ) - ‘- capacitor, 10pF
L1 Coileraft DO1608P-222 - inductor, 2. 2uH, 2.34 pk
R1 - - resistor, 20K
R2 - - resistor, B0.6K
R3 - - resistor, 324K
R6 - - rasistor, 10K
Rth - : - resistor, 20K

Easte to dpboard U1 Linear Technology LTC3411 integrated circuit
FB 7|
N ¢« s
Pgood
GHD
8",
operand reliable operation |
may significantly affect
This circuit is distributed
served.

(iof this drouit at the botiom of the schamatic.

© 2011 Linear Technology

LT



Computing Efficiency of SMPS Circuits

¢ Left click on Simulate menu
¢ Left click on Edit Simulation Cmd

¢ Left click on Stop simulating if steady state is detected

+ Automatically detect the steady state by checking the internal
state of the macromodels

Automatic detection of steady state
may not work — steady state detection
may be too strict or lenient

¢ Rerun simulation

¥%j Linear Technology LTspice/SwitcherCAD I... E”§| [Z|

Tisrassnd | AC Anahoeis | DC svesee | Moiss | DG Tiarele | OC op pot
Feiform & Fas b e diosien drmleton

F I _ 1 1 | Effidency Calaulation »

R PA Saop Tne: | 1m

P e Bo Shaet Savng Data

Turn off Semicond. cap. Wi Timestee

g ™ '“i:‘ Control Panel St estonnal DT supply volages & OV [=]

e
e oi== o o ¢ ety
; 3 L2 Bgiad Saop meulstng § iteady wabe & detected | ]
- .. gu ﬁ Edit Simulation Crmd Diarit retet Tl when ek dlabe i detected [ ]

Skig Iratusl g b pewnd sobten [ ]
= - "u:i:.-'- drhiu:;-:au-hui:-\:.n'.r:bcinﬂ L R Syriac ancTel ope [ optons [copbons] ]
AP el | _ o v o

e T ibeady wlarbug

Lt Sedotion Coprwen: :
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Viewing Efficiency Report

¢ Left click on Simulate menu
¢ Left click on Efficiency Report

E Linear Technology LTspiceSwitcherCAL 1 - [LTC 3417 1.asc]

4L H Smuate Tools Window Help T
B | ¢ - Rmonye i R LM O& 2
g G, zoom Bad: cuisg
I et h;".ﬂ.zowmﬁ'r 1
B ! e _—FEfficiency Report .
 Efficien I show Ged Cr+G LF D Efficiency: 83.1% :
]npmm.m v MPUE TIW @33V = - ¢ ¢t e e e
gur  MarkText Andhors 4 © Output: 997TmW @ 999mV R
 Ref il s 2 . Ref ims . . . . .lpesk . . Dissipation. . . . . . .
f = i 5 & ; i ; & " 1551 i i & - & i i
c1 =gy g ¥ c  omA OomA _ O0mwW
C2 |45 SPICE thethst c2 99mA 177mA OmW
S el . LG omh o TamA o omwo
_ © ' Cth © OmA OmA omWw
- Cthp | ES ysble Traces DmW .. Cth OmA - - - OmA - - - OmW- - - - - - - -
..... L - ng " - - GDmW- - - - - - - - thp m m
B onge Y-a0ds o N L | 1003mA - - - - 1176mA © o GOmW - - - .
“2 Marching Waves 4 "auw"""" R & | . DmA . . . . . omA . . . 2uW. . . . . . . .
R setproe neteene B LR o m  oma omA . mwW.
RE S oaw oo R O0mA 0 OmA  WW
Rip ¢ | StatusBar DU R6 OmaA OmA ouW
U1 Frﬂﬂhﬂ' 1A2mW © " Rih dmA C 0 0 Gm& C O DuW vt
F Windsw Tabs ] ST 1003mA © T 11TemA 0 143mW
£ >
|Print the effidency report at the bottom of the schematic
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Simulate a Transient Response
INn a SMPS

Advanced Topic
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Use a Pulsed Function as a Transient Response Load

¢ Insert a current source load
+ Left click on the Component symbol in the Schematic Editor Toolbar
+ Select load (or load?2) circuit element and configure as pulsed
+ Left click on OK
¢ Configure load as a pulsed function (covered next)
+ Steps current from initial to pulsed value and back
¢ Run and review results ; . eI M- LTC e, SV

B Yow| BoiSettrcs Sedeton Took” Wedew t & %
Be d T 5 faen B9 BRW lﬁl""ﬂ
€ LTCHLase | B2 LTCH) v

ar Do Puruokgy | ek e it Fepr Lkl [LIEHT ]
lc— bl ey s jraiew [me e D B x
F'iil-ﬂ‘i"-f ..Qq.n.h F“-t I-- “ﬂ'?-ﬁ-m?#?t e A I{I1]
= .'-'.' |,__ Lt =y
I troum = P
ouT

1.1
R

=" = (4 )wea

|22p (220 7 PULSE(S 1 0.7m 100n 100n 0.1m 0.2m 1)

5 s4lus YeUus
1 ¥ X l - ..,. — —_— — —r—r
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45

Configuring Load as a Pulse Function

¢ Right click on the load (or load2) component

¢ Select Pulse ARl B Vakse
. . 2 tnone]
¢ Modify the Attributes il
. 3 EXPI 12 Tdl Taul Td2 Taul] Small signal AC analysis] AC)
+ 11 = Initial value Sramaggy s
) TABLE[1 1 w22 ) S —— m' =
« 12 = Pulsed Value mrr
Tdelagf=} |0 T Thim iz &n actve =
+ Tdelay = Delay Toa 10 s S o ek
+ Tr = Rise time e
Heycles: 1 l
= i - -
+« Tf =Fall time Mk s ki i o schamats 2

+ Ton =0ntime
+ Tperiod = Period Tdelay needs to be adequate so that
the device is in steady state and out

+ Ncycles = Number of cycles | of startup before the load step occurs
+ Omit for free running
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Simulate a Transformer
Advanced Topic
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Simulating a Transformer

¢ Draw each winding of the transformer as an individual inductor

¢ Couple inductors with a mutual inductance statement
+ Add a SPICE directive of the form K1 L1 L2 L3 ... 1 to the schematic
+ Left Click on Edit then SPICE Directive
+ Inductors in a mutual inductance will be drawn with a phasing dot
+ Start initially with a mutual coupling coefficient equal to 1

K statement coupling
Transformer with two windin the Windings
K1L1L21

L1 f_ji:l L2 For more information check out LTC1871
100u = = 900u demo circuit and page 23-24 of September
r) aa 2006 LT Magazine at www.linear.com

, y N

1:3 turns ration gives | Note: winding inductance ratio is
a 1:9 inductance ratio | the square of the turns ratio
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Additional Information and
Support
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Reminder to Periodically Sync Release

¢ Update your release of LTspice to get the latest
Software updates

+ Models and examples Sign up for Linear Insider via
MyLinear (www.linear.com) for
email news and updates

L 2

F&j Linear Technology LTspice/SwitcherCAD Il - [LTC3411.asc]
1, Fle Edt Herarchy View Smuate Tools Window Hep
BE H P A Qo Bmbmonteed | Y REMN OB LDt I ZONDO 0

[#) write to a .wmf file

| %P control Panel
&) Color Preferences

ﬁ L Jsync Release
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Built-in Help System

¢ Left Click on Help menu and then Help Topics

50

M= |

Help Topecs e =

Schematic Colors

The menu command Tools=>Color Preferences colors allows you
to zet the colors used in displaying the schematics. You
click on an object in the sample schematic and use the ced,
green and blue zliders to adjust the colors to your
peaferences.

Hote: Mon-electrical graphical annotations made to
schematice such asz lines and cicrcles will be draw in the
nams cnlor as a commonant e,

=
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Emailing Comments and Signing up for Linear Insider

inear Technology LTspice/Switcher

FadLi Technology LTspice/SwitcherCAD I =] E3

File “iew Tools | Help

J@|E|¢i¥|;mﬂelanpics - : F1 “|%Eﬁ|@§|L€,@$
&t:n out LTspice/SwitcherCAD Il

hl'.
About LTspicefSwitcherCAD Il X

17 “Wersion 2.11
Aug 102004 10:08:11

Click here to e-mail comments and bug reports to scad3@linear.com
Click here to visit Linear's website, www.linear.cam

Click here to join the "Linear Insider" e-mauil list.

Copyright ® 1998, 19349, 2000, 2001, 2002, 2003, 2004
Linear Technology Corparation

: : All rights resersed. i
Dizplay wersion num i

Author: kike Engelhardt
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Customer Support

¢ Linear Technology customers can obtain support by

+ Calling your local field applications engineer
+ http://www.linear.com/contact/

+ Calling +1 (408) 432 — 1900 for factory application support

¢ Additional support (not related to Linear Technology circuits
or models support)

+ Built-in help topics & User Manual
+ Independent LTspice users’ group (search messages)

© 2011 Linear Technology ‘ , LM



Independent LTspice Users’ Group

¢ The group has a section of files and messages with
additional tutorials, libraries, and examples

+ http://groups.yahoo.com/group/LTspice/

¢ Join LTspice Users’ Group

+ Email LTspice-subscribe@yahoogroups.com
. Subject Subscribe
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