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Why Use LTspice?

Stable SPICE circuit simulation with
< Unlimited number of nodes

- Schematic/symbol editor

> Waveform viewer
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Over 2500 macromodels of
Linear Technology products

+ 1400+ power products

>

< Library of passive devices
+ Fast simulation of switch mode power supplies
+ Steady state detection
< Turn on transient
< Step response
« Efficiency / power computations
<+ Advanced analysis and simulation options
< Not covered in this lab class (sort of)
<« Qutperforms or as powerful as pay-for tools
< In other words LTspice is free!
< Automatically builds syntax for common tasks

L)

SPICE = Simulation
Program with Integrated
Circuit Emphasis

LTspice is also a great schematic capture / BOM tool
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How Do | Get LTspice and Documentation?

% Go to http://lwww.linear.com/software

< Left-Click on Download LTspice IV

< Follow the instructions to install

LTSPICE IV
LTspice IV

LTspice IV is a high performance SPICE simulator, schematic capture and waveform
viewer with enhancements and models for easing the simulation of switching

regulators. Our enhancements to SPICE have made simulating switching regulators
extremely fast compared to normal SPICE simulators, allowing the user to view
waveforms for most switching regulators in just a few minutes. Included in this download
are LTspice IV, Macro Models for 80% of Linear Technology's switching regulators, over
200 op amp models, as well as resistors, transistors and MOSFET models.

© 2017 Analog Devices

* Download LTspice IV for Windows (Updated November 12, 2013 )
Download LTspice IV for Mac OS X 10.7+

LTspice Information Flyer & Shortcuts

Mac OS X Shortcuts

» | Tspice Getting Started Guide

= | Tspice Blog

= LTspice Demo Circuit Collection

= View Upcoming LTspice Seminars

Follow LTspice on Twitter!

View the LTspice Video Channel ‘b
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http://www.linear.com/software

How Do | Get Started using LTspice?
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How Do | Get Started Using LTspice?

< Demo Circuits: Use one of the 100’ s demo circuit available on
linear.com
<+ Designed and Reviewed by Factory Apps Group

<« Goto http://www.linear.com/software or browse through the part's webpage
(right column)
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http://www.linear.com/software

Demo Circuits on linear.com

Go to http://www.linear.com/software or ...

LTspice IV - Download LTspice IV for Windows (Updated
LTspice IV is a high performance SPICE simulator, Movember 12, 2013 )

schematic capture and waveform viewer with * Download LTspice IV for Mac OS5 X 10.7+
enhancements and models for easing the simulation of = L Tspice Information Flyer & Shoricuts
switching regulators. Our enhancements to SPICE = Mac 035 X Shoricuts

have made simulating switching regulators extremely - LTspice Getting Started Guide

fast compared to normal SPICE simulators, allowing
the user to view waveforms for maost switching
regulators in just a few minutes. Included in this

= | Tspice Blog
= | Tspice Demo Circuit Collection

download are LTspice IV, Macro Models for 80% of * View Upcoming LTspice Seminars
Linear Technology's switching regulators, over 200 op ) _ @

amp models, as well as resistors, transistors and Follow LTspice on Twitter!

MOSFET models.

View the LTspice Video Channel @

LTC3788-1 Demo Circuit - High Efficiency Dual 12V/24V Boost Converter with Rsense Current Sensing (4.5-24V to 24V @ 5A & 12V @ 104)
LTCE090 Demo Circuit - Wide Dynamic Input-Output Range High Voltage Integrator

LT6105 Demo Circuit - Current Sense Amplifier Monitors Both +15V and -15V Supplies

LT8302 Demao Circuit - pPower No-Opio Isolated Flyback Converter (10-30V to 5V @ 2.2A)

LT3090 Demo Circuit - Negative Linear Regulator with Current Monitor {-5V to -1.25V @ 600mA)

LTC1625 Demo Circuit - High Efficiency Step-Down Converter (5-28V to 3.3V @ 4.5A)

LTC2053 Demo Circuit - Unidirectional Current Sense Circuit for 1V Supply (0A to 10A)

What if I’'m browsing the part’s webpage?

© 2017 Analog Devices ‘ , I EAQ
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2013-11- | LTC3788-1
18

2013-11- | LTCB090
13

2013-11- | LT6105
11

2013-11- | LT8302
07

2013-11- | LT3090
05

2013-10- | LTC1625
28

2013-10- | LTC2053
28
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Demo Circuits on linear.com (cont.)
Go to the part’'s webpage

http://www.linear.com/product/LTM4620

Module Solutions > uModule Regulators > pModule Buck Regulators

VERVIEW LTM4620 - Dual 13A or Single 26A DC/DC uModule
Regulator

ACKAGING
Features

RDER INFO

= Complete Standalone Dual Qutput Power Supply
IMULATE = Dual 13A or Single 26A Output
= Wide Input Voltage Range: 4.5V to 16V

EMO BOARDS « Qutput Voltage Range: 0.6V to 2.5V
IRCUITS = $1.5% Maximum Total DC Output Error
= Multiphase Current Sharing with Multiple LTM4620s Up to 100A
IDEOS - Differential Remote Sense Amplifier
= Current Mode Control/Fast Transient Response
OTIFICATIONS - Adjustable Switching Frequency
= Overcurrent Foldback Protection
ECH SUPPORT

= Frequency Synchronization
* Internal Temperature Sensing Diode Output
= Qutput Overvoltage Protection

3 pModule Library = Low Profile (15mm x 15mm x 4.4 1mm) LGA Package

uick Start Guide

CB Assembly/Reflow & Typical Application

ackagin

Solestion Notes 264, 1.2V Qutput DE/DC §Module® Regulator

mulation Tools Wiz

eliability Report e e s

aterials Declaration & RoHS = = o000

ompliance [MaDE FLUN CLEOUT WMe:  ExTiee PoODD!

urchase Demo Board AUARTLIRY L n v‘:‘ )

T2 i el SR

| i o T

i Suggested Oscillators ruul :: +

TCH908 - Dual Qutput - ; i i -

scillator with Spread 4 a0 :‘m Lol

pectrum Modulation T i e ,

3r Click Here Far More Options 121 it L m Ll i

: : __L 2 e

ey ey s oW ome mi IV—H

_] We Also Recommend it : —T [ L

TC2874 - Quad Digital Power
upply Manager with EEPROM
1C£370 - Two-Supaly 1.2V Efficiency vs lgyr
iode-OR Current Balancing
ontroller

90

= —
-
/ [ S —

80 —f—

P

© 2017 Analog Devices

e

ORDER NOW

Buy Request Samples

DOCUMENTATION

Datasheet

¥ LTM4620 - Dual 13A or Single 26A
DC/DC pModule Regulator

Reliability Data
B2 R504 - Reliability Data

LT Journal

P2 Real Power Density: 26A pModule
Regulator Keeps Cool in Tight Spaces

Press Release

B Dual 13A or Single 26A DC/DC
pModule Step-Down Regulator with
Integrated Heat Sink Delivers up to
100A

LTs" e @

= LTM4620 Demo Circuit - High
Efficiency 4-Phase 50A Step-Dowr,
uModule Regulator (4.5-16V to 1V &
60A)

- LTM4620 Demo Circuit - High
Efficiency 6-Phase 75A Step-Down
uModule Regulator (4.5-16V 1o
IWV@T5A)

- LTM4620 Demo Circuit - High
Efficiency 8-Phase 100A Step-Down
pModule Regulator (4.5-16V to 1V @
100A)

% LTM4620 Demo Circuit - High
Efficiency Dual 13A Step-Down
uModule Regulator (4.5-16V to 1.5
@ 13A & 1.2V @ 13A)

LTspice ©

-% LTM4620 Demo Circuit - High
Efficiency 4-Phase 50A Step-Down
HModule Regulator (4.5-16V to 1V @
50A)

-% LTM4620 Demo Circuit - High
Efficiency 6-Phase 75A Step-Down
HModule Regulator (4.5-16V to
1V@75A)

-% LTM4620 Demo Circuit - High
Efficiency 8-Phase 100A Step-Down
HModule Regulator (4.5-16V to 1V @
100A)

% LTM4620 Demo Circuit - High
Efficiency Dual 13A Step-Down
HModule Regulator (4.5-16Vto 1.5V @
13A & 1.2V @ 13A)

L] TECHNOLOGY
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http://www.linear.com/product/LTM4620

What are Demo Circuits ?

Circuits designed and reviewed by factory apps group

BiLinear Technology LTspice/SwitcherCAD Il
4, Fle Edit Hierarchy \|e
A | g F @ oe

LTC3412A - 3A, 4MHz,

Simulate Tools Vi

é

Ra S

c2 75K c5

R3
;IiOOOP ;1;00p ] N
309K

Note:
If the simulation model is not found please u
It remains the customer's responsibility to verify
Component substitution and printed circuit board layou

.tran 1.5m startup

Copyright ® 2006 Linear Technology Inc. All rights reserved.

Right click to edit "LTC3412A - 3A, 4MHz, Monolithic Synchronous Step-down Regulator Input: 3.3V

the actual application.
fect circuit performance or reliability
Contact your local sales representative for assistance. This circuit is dlstrlbued to customers only for use with LTC parts

Output: 1.8V @ 3A"

from the "Tools" menu.

actual application

+ It remains the customer’ s responsibility to verify proper and reliable operation in the

+ Printed circuit board layout may significantly affect circuit performance and reliability

© 2017 Analog Devices
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How Do | Get Started Using LTspice?

(4

<« JIG Files: Use a pre-drafted test fixture (JIG)
<+ Provides a good starting point, but is not production-ready
Used to prove out part models, and are not complete designs.

Components are typically “ideal” components and will need to be modified
based on your operating conditions

NOW PART OF
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Pre-drafted Test Fixture

/7
0’0

/7
0’0

R/
0’0

These simulations / designs are not production-ready
Used to prove out part models, and are not complete designs.

Components are typically “ideal” components and will need to be
modified based on your operating conditions

-l; File Edit Hierarchy View Simulate Tools Window Help -
B HR 20 ac R L ERE I RRHA A LB LE3TDHO 0 O

¢ =

gu

| Jes
T_“, L1

3311 _'[_cs ot
gllleg TTP l

47il

243K
.tran 750u startup

Access simulation and operation options

*

*

It remains the customer’ s responsibility to verify proper and reliable operation in the
actual application

Printed circuit board layout may significantly affect circuit performance and reliability

¥ [ ECHANUCJTGY
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Opening a Test Fixture

Edit Hierarchy View Simulate

3“2 Undo F9
5 7% Redo Shift+F9
An Text T
op SPICE Directive ‘5!
SPICE Analysis
<" Resistor ‘R
== Capacitor 'C
3 Inductor 5

Top Directorny: | Chlsers\Raymond Wacha\DocumentsiwWorkhL Tspicel

BN
Wil Win
BHIDA BHIDE
INTVaD [Elss
ir
Mode BT
PO W

42, BA Synchronous Step-Do
Switcher with 2.5pA Quiescent Cuy

Maote: Sync function is not mgy

Open this hacromodel's test fidure

1. Edit menu,
select
“Component”

© 2017 Analog Devices

LT42R6-2 LT8E10 LT&705
LT42R6-3 LTEE10A LT&710
LT4430 LTEE10AB LTC1044
LTE105 LTEE10AC LTC1044A
LTE110 3494 LT8E11 LTC1046
LT&300 LTE4495 LT8E1Z LTC1142
LT&3M LTERED LT8E13 LTC1142H
LTERE2 LT8E14 LTC1142H-A
LTERE4 LT8E20 LTC1142L-AD0.
LTEEDZ L TER40 LTC1143
LTEENY LT8E9Y LTC1143L0
>
2. Search for Cancel
macromodel
(ex. LT8640)
NOW PART OF
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Opening a Test Fixture

1’1 File Edit Hierarchy View Simulate Tools Window Help - =] %
| BE HQE R Ll ERE R AS LB TDYO 0

Vot |

ouT

R2 jf5 -(:4 Rioad
iMeg —Fl-?p iﬂl ii

Aran 750u startup

Access simulation and operation options
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How Do | Get Started Using LTspice?

http://www.linear.com/software

<+ Blank: Use the schematic editor to create your own design
< LTspice contains models for most LTC power devices and many more

NOW PART OF
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http://www.linear.com/software

Start With a New Schematic

« To open up a blank schematic screen select “File”
Menu and “New Schematic”

‘l; File Edit Hierarchy View Simulate Too

@ :r\l '[; File Edit Hierarchy View Simulate Tools Window Help

L New Symbol Jlm|u\-?|:f@|®\0\e\&|§u5%@|xhamlﬁélﬁ_e@¢* 3 ib%%?@@smam |

& Open..
n Save

Save As

Cloze

5 print.. Blank schematic
Print Preview
a.k.a.

¢ Print Setup...
MasterPiece in progress

Print Monochrome

1 Chlsersh..\jigs\8614.asc

2 LT2614 Step Load Example.asc
3 Supercap example 2.asc

4 Supercap example.asc

5 Ci\Users..\1922-Tfull asc

NOW PART OF

ANALOG
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Using the Schematic Editor in LTspice

o LT LINEAR ‘ [§ AnaLoc



How to Wire up a Simple RC Circuit
«+ The completed exercise:

rﬂ LTspice IV - [Draftl.asc] EI@
{4, File Edit Hierarchy View Simulate Tools Window Help [=[=]x]
| P& EP 20 QROAR| - BRI RE@H A L@ YDNOD O
‘[: Draft1.asc |'l: RCFitter Time Domai in.ascl

~ PULSE(0501ufu10m20m3)

NOW PART OF
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How to Wire up a Simple RC Circuit (cont.)
+ Step 1. Open up a blank schematic screen
+ Select “File” Menu and “New Schematic”

LT LTspice IV - [Draft? .asc]
‘[; File Edit Hierarchy View Simul

| B4
— > Mew Symbol
= Open...

I save
Save As

Close

% Erint...

Print Preview
¢2) Print Setup...

Print Monochrome

13412a.asc

2 FET model - Gate Charge Validati
3 standard.mos

4 | TC3829_3-phase.asc

5 LTC3728FET Parasitics.asc

6 LTC3728FETParasitics.asc

7 transformer.asc

8 LT3748 12V to 5IV@0.7A.asc

© 2017 Analog Devices

LT LTspice IV - [Draft?.asc]

‘[; File Edit Hierarchy View Simulate Tools Window Help

(=@ ]=]

P (8

| PE EHT AR AR RN A8 L E

ALY LINEAR
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How to Wire up a Simple RC Circuit (cont.)

+ Step 2: Add the passives and grounds

+ Using the toolbar, select Resistor, Capacitor and Ground.
Place these symbols on the schematic as shown below. Use
Ctrl+R to rotate before placement.

LT LTspice IV - [Draftl.asc] EI@

1, File Edit Hierarchy View GSimulate Tools Window Help [=[=]x]

[P P £ QR AR S ROMAG LHD 3D 0D O op

Select and
place res, cap
& GND
Tip: Ctrl+R to
rotate before
placement
ANALOG

© 2017 Analog Devices ‘ , TEICHI\%
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How to Wire up a Simple RC Circuit (cont.)
<« Step 3: Add the voltage source

Select “Edit” Menu and “Component”. From the component

window, start typing “voltage”in the dialog box, and click “OK”

0:0
Lf Llspice IV - [Draftl.asc]
'L: File E Hierarchy VNiew Simulate Tool
‘ @ > Undg 9 B ® |
— 3 Redo Shift+F8 E=——
T D gy Tex T AN
op SPICE Directive 5]
SPICE Analysis
< Resistor R
# Capacitor 'C
3 Inductor L
=7 Diode D

ﬁ Mirror
& Draw Wir F3
(@) Label F4
G
1. Edit menu,
select i
“Component”

D

fm Rotate

© 2017 Anal

og Devices

LT Select Component Symbol

e |

Top Directary:

CAPROGRA~ZALTCALT SPIC1 Mibhaym

8 CAPROGRA™ZALTCALTSPIC™14ibbhaymb

voltage

Yaltage Source, either DL, 4
SIME. Pl EXF, or SFFR

2. Type
“Voltage”

el's ket fisture

Itine prozd
meszfet php

nif phpd
nmos prpd
nmozd polcap
npn res

nph rezd
npn3 schottky
nphd B

pif tire
prios TWSdinde

waractar

Zener

4

Cancel
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Toolbar and Keyboard Shortcuts

Place Circuit Element [F2]

Zoom In Place Diode [D]
Pan Place Inductor [L]
Zoom Out Place Capacitor [C]
Autoscale Place Resistor [R]

Label Node [F4]
Place Ground [G]
Draw Wire [F3]

File Wiew indow Simulake  Edc Helo -
Bs| || 7| 0] ol Blio BmE &m0l 88 2 |e] = |3 || o] oo el e FI
L7 D1 SN N T 4]
IN : e B . : ~ ouT
' T | / L T [ B ]
Move [F7]
Drag [F8]
Undo [F9]
Delete [Del] Redo [Shift+F9]
Duplicate [ctri+C] Rotate [Ctrl+R]
Paste b/t Schematics [Ctr1+V] Mirror [Ctrl+E]
Find [Ctr1+F] Place Comment/text [T]
Place SPICE directive [s ] o
| ‘7 ANALOG
© 2017 Analog Devices TECHNOLOGY DEVICES




How to Wire up a Simple RC Circuit (cont.)
+ Step 4: Wire up the circuit

Using the toolbar, select Wire

ir LTspice IV - [Draft1.asc] - B -

-( File Edit Hierarchy View Simulate Tools Window Help — mmm
ER RSt - LY L = A

Ve
a/\/\/a \L 1. Select }
“Wire”

NOW PART OF
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How to Wire up a Simple RC Circuit (cont.)
Step 4: Wire up the circuit (cont.)

o LTspice IV - [Draft1.asc] - olEl Vel LTspice IV - [Draft1.asc] - oEN| o LTspice IV - [Draft1.asc] - oEN|
4 Fle Edit Hierarchy View Simulate Iools Window Help a [ x A, File Edit Hierarchy View Simulate Tools Window Help a]x 4, File Edit Hierarchy View Simulate Tools Window Help a]x
Jlmm?\x@\aaamgua%@m-am@émeme*; JID\HI‘?M‘@\@\O\@\W%ME%%\%%Emeﬁé\&é@?*3 JIB\E\‘PIJ&@\Q&QW%LIE%%\%IEM\QSIL6E$*3
&= | = &= = =
m V1 | C1 0 V1 Ll C1 m v1 i C1

g FIg T

T @ v ~H 7 L

Left-Click ground “Pull” wire through the resistor “Pull” wire down through the
“Pull” wire up through the source Left-Click here| | to anchor capacitor
Left-Click here to anchor Left-Click here to anchor &

finish

[Hint: Press the ESC key at any time to clean up the schematic ]

© 2017 Analog Devices ‘ , TECHNOLOGY
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How to Wire up a Simple RC Circuit (cont.)
+ Step 5: Add net labels

Using the toolbar, select Label Net. Label the input/output nodes as shown below

LT LTspice IV - [Draftl.asc] 4 E\@
1, File Edit Hierarchy View Simulate 1. Select = =][x]
RN I A R NN =Y “|_abel Net” el = @E 3 DO D @ a0 daop
-
rﬂLT_spiceN_-[D@fﬂ.ascl _ _ (= E]=] 2. Enter net
1, File Edit Hierarchy View Simulate Tools Window Help BEE

| PE|E[PFOQROAR | RS I R2EHOS|LLB S + 3 SZD@{P@G'{%%A:&-“F|

R1

out

11 AEC] N
- . . . . . . . Part Type:
| C ’ Cancel ] [ OF. ]

3. Place on
wire
\_ Y,

© 2017 Analog Devices ‘ , I EAD
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How to Wire up a Simple RC Circuit (cont.)

+ Step 6a: Component values
Right-Click on each component symbol to change its value as shown below

nght-CIICk on LT Resistor - F1 @
Sym b o I Manufacturer: e
Part Mumber: -
....... -I:ann:el

Select Resistar

Resistor Properties
Resigtance[2]: 10k

Tolerance(%):

Power R ating[i]:

LT Enter new Value for R1

Justification

(=]
o ' N4 ’
2 N R Top -
| orRight-click | = v Tt
on Val ue J S 1Mk
© 2017 Analog Devices ‘ , I Em
TECHNOLOGY
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Using Labels to Specify Units for Component Attributes

» K=k=kilo =103

» MEG = meg = 10°
» G=g=giga=10°
» T=t=tera=10%

M

» U=u

*» N =n=nano=10-9
P
F

=m = milli = 10-3
= micro = 10-6

=p = pico = 10-12
f = femto = 10-15

Hints

+ Use MEG (or meg) to specify 109, not M
+ Enter 1 for 1 Farad, not 1F

© 2017 Analog Devices
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.0

Editing Components
Right-Click on the component to edit attributes

Part Mumber;: -
Select Resistor

Resistar Properties

Resigtance[ 0]

Tolerance[%]: |1

Power Ratingl]: | 0.1

Manufacturer, -

 anufacturer: Wwurth Elektranik,
Part Mumber: 744766122 WE-GF

Cancel
Select |nductar

Show Phasze Dot [

Inductance[H]:

Peak Current[] (018

Inductor Properties

Seriez Resistance[02] | 3.2

Parallel Besistance[0] |4F7NE

b anufacturer:
Fart Mumber:
Type:

Select Capacitor

Capacitor Properties

Capacitance[F]: | 221
Yoltage R atinglv]:

RS Current Batingfd):

Equiv. Seniez Resiztance[02]

Equiv. Series Inductance[H]:

Equiv. Parallel Resistance[2]:

< You can also edit the visible attribute and label by pointing at the text
with the mouse and then right-clicking

D

Mouse cursor will turn into a text caret

Justification

Left
[]Wertical Text

Cancel

© 2017 Analog Devices

Justific-ation

Top

[ Wertical Text

Justification

Left

[IWertical Text
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Component Database

+ Resistors, capacitors, inductors, diodes, Bipolar transistors,
MOSFET transistors, JFET transistors, Independent voltage
and current sources

< You can access a database of known devices

Cancel

Manufacturer, -
Part Mumber;, -

Select Resistor

Reziztor@roperties

R ezistance[C]:

Tolerance[=]: |1

Power Batingf]: 0.1

Quit and Edit D atabase

Cancel

List &l Resistors in Database

Part Mo

R[] Mfg. Powerw]

0100

Tolerance[%]

© 2017 Analog Devices

b anufacturer: “Wurth Elektranik
Part Mumber: 744766122 WE-GF

Cancel
Select |nductor

Show Phaze Dot[_]
perties

Inductance[H]:

Peak Current[&]: 1018

[nductar

Quit and Edit D atabase

List &1l Inductars in D atabase Cancel

Mfa. Part Mo Ipk[4]  Rserfry] ™

Manufacturer: -

Part Hurnber:
Type:

Select Capacitor

Capacit

[uit and Edit D atabase

roperties
Capacitance[F]:

Yioltage Fating[v]:
RS Current B ating[a]:

iv. Senes Resistance[0):

List &Nl Capacitors in D atabaze Cancel

“wurth Elektranik 744766122 WE-G  0.180 - CluF]
Murata LOHZ2MCMZ20K0 0185
Sumida CORHZD18ELDN  0.300
Murata LOH3NPNZ20MG 0,340
Murata LOH3NPNZ20MG 0,340
MR 307072200 0.350
MR 401 0T-2200 0.360
MR307 2T -2200 0.375

Taivo Yuden
Taivo Yuden
Taivo Yuden

kfg.

B
B
TOE.
Michicon

Sanya

type

Tantalum
Tantalum
#RR

Al electrolytic
Al electralytic

Part Mo.
ZRATPUZ2M
TAlAZZEMO04
TaJB22EMO06
C3225<5R0.22
UPROZ220MaH
BCEZ2GA,

Yoltage[v] Rserty]

ALY LINEAR
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How to Wire up a Simple RC Circuit (cont.)

Step 6b: Source parameters

+ Right-Click on the voltage source and enter the parameters shown below under
the “Advanced” tab.

LT Voltage Source - V1

Click
“Advanced”

DC walueV]:

e

LT Independd
Functiohs

Series Resistance[0):

Voltage Source - V1 @

DCWalue
) [none]

@ PULSEM W2 Tdelay Trize Tfall Tom Period Nopcles)
() SIME[Waffset Vamp Freq Td Theta Phi Noycles)

DC walue:

ke this information visible on schematic:

() EXPIVT V2 Td1 Taul Td2 Tau2) Small signal AC analysis[AC)
() SFFM[Waff Wamp Foar MOI Fsig) A2 Amplitude:
0 PWLI w1 122 ] AL Phase:
) PwL FILE: T t ak e thiz information vizible on schematic:
Paraszitic Properties
Vinitia[v]: 0 Series Resistance[0]:
Vorl] & Parallel Capacitance(F]:
Tdelavls) 0 b ak e this information wizible on schematic:
Trise[z] Tu
Trallz]: 1u
Tonfz]: 10m
Tperod[z]: 20m

RIght'CIICk Neycles: 3
S 0 u rC e Additional PWL Points

b ake this information visible on schematic: [V] [ Cancel ] [ (n]

L) T[Elcl |—|||\Joi|_o]<a\fi u DEV|CES

© 2017 Analog Devices




How to Wire up a Simple RC Circuit (cont.)
« Step 6b: Source parameters

<+ Right-Click on the voltage source and enter the parameters shown below under
the “Advanced” tab.

L¥ Independent Voltage Source - V1 @
Furctions DC W alue

(7 [none)
i@ PULSEM %2 Tdelay Trize Tiall Ton Period Moycles)
() SINE[offzet Wamp Freq Td Theta Phi Mopcles)

0T walue:

b ak e this infarmation vizible on schematic:

(0 EXPNT Y2 Tdl Taul Td2 Tau2) small signal AC analysis[.AC)

() SFFMN off W amp Foar MO Fsig) AT Amplitude:

T PWILIE 1 12 w2 ] AL Phase:

“ Pl EILE: Browres b ak e this information visible on schematic:

Parasitic Properties

Vinitialv] 0 Senesz Resiztance[0]:

Vo] B
Tdelay[z]: 0
Trige[z]: Tu
Trall[=]: 1u
Ton[zl: 10m
Tpenod[z]l: 20m
Moypcles: 3

Parallel Capacitance[F]:

b ak.e thiz information vigible on schematic:

Additional L Paintz
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Running and Probing a Circuit In
LTspice

o LT LINEAR ‘ [§ AnaLoc



Running a Circuit Simulation

< Access the LT8640 circuit

< Click File ---> Open, and navigate to the LTspice Lab folder
on your desktop. Look for the file titled “LT8640DCLoad.asc”

(1Pt

< Or click “c” symbol on the right LT8sdonCLoadasc  [C)

< Hotlink Nomenclature;

Class exercise

Solution to exercise

N ] O

Circuits to explore at your leisure

NOW PART OF

ANALOG
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LT8640DCLoad.asc

I —

Viewing Voltage Waveforms

«+ Plot the voltage on any wire by Left-Clicking it

<« Tip: All Demo Circuits have INs and OUTs clearly labeled to help you
guickly select them

File Edit Hierarchy View Simulate Iocols Window Help
E-2N = Rl QORI ERE t2RAISE LB F3 YDV 0D Aa op
4 LT8640DCLoad asc | LT8640DCLoad raw

" LT8640DCLoad.raw

555555555555555555555555555555555555555555 .
- Click here
LT8640 - 5A Synct s Step-Down Silent Switcher with 2. 5pA Quiescent Current f 0 r O u t p u t
waveform
x = 4044us y = 3.144V u W PART OF

ANALOG
DEVICES

LT8640DCLoad.asc 7 Llnw
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Viewing Current Waveforms

< Plot the current through any component by Left-Clicking on
the body of the component

<« Current flowing into a node is defined as being positive

File View PlotSettings Simulation Icols Window Help
P e F QAR B ERE + 2EHOSE )

4 LT8640DCLoad asc | ¥ LT8640DCLoad.raw

LT8640DCLoad.raw

ssssssssssssssssssssssss # Click here for
iifm[)cmad.asc I n d u Ctor

LTB640 - 42V, 5A Synct 5 Step-Down Silent Switcher with 2.5 Quisscent Current

T3 R
TEe sEETar

)

=
= o
Tr
s
< e
ro -
s

W PART OF
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Zooming In and Out on a Waveform

< In the waveform window, use the mouse to zoom in and out.
Click and drag a box about the region you wish to see drawn
larger

+ Using the toolbar, click on “Zoom full extents”, to zoom back
out S S e e IS

File View PlotSettings Simulation Tools Window Help

LT8640DCLoad.as
A LT8640DCLoad.raw E@
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Measuring V, | and Time in the Waveform
(Measurement Using Cursors)
1. Right-Click on the waveform name in the waveform window

2. For “Attached Cursor”, select “1st & 2nd”
3. Position cursors to make desired measurements

i: File View Plot Settings Simulation Tools Window i:: Eile View Plot Settings Simulation Tools Window

Help Talx Trace Calor: El v Attached T gor: | [EERED Help nEr
P M FhaqaR R A & Enter an algebraic expression to plot: Cancel A ElT#F0acaR R HBE &

1, LT8640DCLoad.asc ¥ LT8640DCLoad raw

1 LTB640DCLoad.asc | ¥ LT8640DCLoad raw

(o)

Delete this Trace

Cursor 1
Wiout)

Horz: | (EERERIKIE YWert 3323811

Cursor 2
Wlouf)

Ditf (Cursor? - Cursorl)

Harz: |644.1557)s Wert |3.3238726Y

,,,,,,,,,,,,,,,,E,,,,,,,,,,,,,, Harz: |1.0040717ps Yert |1.640782p
642.4ps 643.0us 643.6ps 644.2us ’ 642.4ps 643.0us [ZRXT Frec: |995.94485KHz Slope: |1.63413

X = 643.213us  y = 3.330267V

© 2017 Analog Devices ‘ , LlnEAD
TECHNOLOGY

x = 644.400ps v = 3.330093V | |
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Measuring V, | and Time in the Waveform
(Measurement Using Zoom Window)

1. Drag a box about the region you wish to measure
<+ Left-Click, drag, and hold

2. View the lower left corner of the window for the status bar. The dx
and dy measurement data is displayed here.

3. Use Undo from the File menu or press “F9”

t‘: File View PlotSettings Simulation Tools Window
Help & =
B o4 e Bl ERE &6

4, LT8640DCLoad.asc| ¥ LT8640DCLoad raw

dx = 1.005848ps(994.18605KHz) dy = 5.9mV }

r<g=]

Id)( = 1.005848ps(994.18605KHz) dy = 5.9mV  (slope = 5867.1
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Viewing Differential Voltage Waveforms

« Left-Click on one node and drag the mouse to another node
<+ Red voltage probe at the first node
+ Black probe on the second

File View PlotSettings Simulation Iools Window Help

B 7l F SO IBUBERTE i H OHE
4, LT8640DCLoad asc| ¥ LT8640DCLoad raw

2D

LT8640DCLoad.raw

LT8640DCLoad.asc

= |[E=E]E3
L8640 - 42V, 58 Synchronous Step-Down Silent Switcher with 2 5uA Quiescent Current

m

i 1
= | e 5
5

0
ahot

"
o
o
1
iE i
=
s

Click to manually enter Horizontal Axis Limits
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Viewing Differential Voltage Waveforms
+ To create a measurement reference node, Right-Click on the

desired node and select “Mark Reference”

« A black voltage probe is anchored to the selected node
« All measurements in the circuit are now referenced to the

node with the black probe

« Hit the ESC key to remove the reference mark

BSTh—
les
L Vout =3.3'

E SW3-1P??'L1'333ﬁi?VVVVVGU
_._rh“\ L &
::::::.z'z“éaz:::ﬁs.::. C4. (
L Meg - [10p T,

FB & Highlight Net Il

GND | b AV

o rT—

N DA

C oLl

© 2017 Analog Devices
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Viewing Wire Current Waveforms

< Plot the current through any wire by Alt-Left-Clicking on the
wire

<« An ammeter will appear to indicate that the wire current will be
displayed

File View PlotSettings Simulation Tools Window Help
ERN =l QoK BEEHRE s2onAOE

@
4, LT8640DCLoad asc | ¥/ LT8640DCLoad raw
= LT8640DCLoad.raw =n =l %"
L0A—T—
1S 1S S S
£ LT8640DCLoad.asc ==
LT38640 - 42V, 5A Synchronous Step-Down Silent Switcher with 2 5pA Quiescent Current
n
v l T 1.
e | [ ew v
i Enu o] vint Vinz g
o ; tion
- Bias
Fag
w
< g
LT8640 L1 1. L1
PG s [t <l
220 cs
1 10p. *
ss re a7 4
i at2w
=
4126
Low =1z NOW PART OF
ran T00u startup
0 man orizontal its

ANALOG
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Average & RMS Calculations

<+ Average & RMS Current, Voltage, or Power Dissipation
< Calculated only for the visible area of the plot window

« Click on inductor L1 to display the inductor current waveform
< Ctrl-Left-Click the I(L1) trace label in the waveform view

: X

Example:

.. _ ~ View PlotSettings Simulation Tools Window Help - & =
B Ey - "R B EBRE it bEA OS]
1, LT8640DCLoad.asc| ¥ LT864UL._  -aw

Measure average

and RMS current 1 "/
for inductor in A
LT8640 circuit. 13A

Zoom in as shown A

for this waveform. Ton

3.8A
374
3.64
3.54
.44
3.3A Interval End:  B39ps
3.24

612ps  619us  618us  621ps  624ps  627s Average: |H.0028A

¥ =63434ps  y = 3.260A FhdS: (401614

ALY LINEAR

Interval Start:  |B12ps
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Instantaneous & Average Power Dissipation

< Instantaneous Power Dissipation

<+ Alt-Left-Click on the symbol of the
LT8640

<+ Waveform is displayed in units of Watts

File Edit Hierarchy View Simulate Tools Window Help

Pl Foaca gl B 2w oH&E s
' 4 LT8640DCLoad ase {4 | T8640DCLoad raw

1 LT8640DCLoad.asc
« Average Power Dissipation S AT
+ Click, hold, and drag in the waveform oo EE
window to display waveform at steady g _—
state - EFEG
+ Ctrl-Left-Click on the Power 1 §

Dissipation Trace Label in the
waveform view

+ Waveform summary window will appear
which shows power dissipation in the IC

Example:

Measure the power dissipation
In the LT8640 IC

{i0us fB4ps

Intersal Start | 714us

Interval End: | 79Tps

Avarage:; |B?D.31mW |

Integral:  |B1.614p

© 2017 Analog Devices z , E" IU E
TECHNOLOGY
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Deleting Waveforms

«+ Method #1: Right-Click on a trace label to be deleted

« Select “Delete this Trace”
« Deletes only the selected trace

File View Plot Settings Simulation Tools Window Help
BEET AR BEBRE e nas| )
4, LT8640DCLoad asc | ¥ LT8640DCLoad raw

= LT8640DCLoad.raw =0 EET e
-
: N

1.2A
6.4A
5.6A
4.8A
4.0A
3.2A
2.4A
1.6A
0.8A

0.0A
140us 210us 280us 350us 420us 490us 560us 630us 700us

£ LT8640DCLoad.asc EERPE

LT8840 - 42V, 5A Synchronous Step-Down Silent Switcher with 2 54 Quiescent Current

"
o
&

Trace Color: |:| v Aftached Cursor Ist (0]4

Enter an algehraic expression to plot: Cancel

%MWI NG

sout)

st

Delete this Trace
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ANALOG
ALY LINEAR DEVICES




I —

Deleting Waveforms

+ Method #2a: Right-Click on the plot background and select “Delete
Traces”

<+ Method #2b: If the plot window is active hotkey F5 is equivalent
< Cursor turns into scissors

« Left-Click on one or more trace labels to delete. ESC(ape) to quit

File Vi S ion Tools Window Help
Be &7 A QR RERE sCN & >
4 LT8640DCLoad.asc | ¥ LT8640DCLoad raw

~ LT8640DCLoad.raw =) E

@&, Zoom Area
@), Zoom Back
%, Zoom to Fit
S LT8640DCLoad.asc Q, Pan = | 53
7354042V, 5% Symvonous Sep Do Sent Swiher it 2.5uh st Guret {1 Autorange Y-axis Ctrl+Y

B Manual Limits
¥ Autoranging

£ Visible Traces

Vag £ Add Trace Ctrl+A
[ e WrrmaeOm s

Select Steps
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ANALOG
DEVICES

Click to manually enter Horizontal Axis Limits :
LJ TECHNOLOGY




Deleting Waveforms

< Method #3: Plot the same waveform twice In succession
<+ Deletes all but that waveform

File View Plot Settings Simulation Tools Window Help
Be |l T f aoaR BUdERE 20 A0S

LT8640DCLoad asc| ¥ LT8640DCLoad raw
Click to manually enter Horizontal Axis Limits

LT8640DCLoad.raw

LT8640DClLoad.asc

LT8640 - 42V, 5A Synchronous. Stap-Down Silent Switoher with 2.5pA Quiescent Current

E
ln

Juu
=

8

AL

&

o[ |

i

@u

7

o
o o
s s
o

tran 700u startup

1.Voltage Frobe. -
2. Current Probe I C
3. Zooming
4 Using Cursers ]

5. Differential Probing
6. Currentina

7. Average & RM S Caleulation
8. Power dissipation

TECHNOLOGY
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Current Sources

« The simulation shows the output momentarily going to -1.2V
but this can’t happen in the real world — what’s going on?

NOW PART OF
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Current Sources (cont.)

< |ldeal current sources source current even with zero or
negative differential across them

< This results in the output capacitor initially charging to a
negative value

;::Eila View Plot Settings Simulation Tools Window Help
B el F QoaR Bl Ha®E s monad

4_ Ideal current source charging cap to a negative voltage

|
|

4— Output current of the LT8640 begins ramping up

‘ y Ll
TECHNOLOGY
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Current Sources (cont.)
« Active load

<+ Modifies the ideal current source’s behavior such that current is
zero for zero or negative voltage differentials

<+ Roughly emulates the behavior of an integrated circuit load

Functions DCYalue
(®) (none) DCwvalue: 4
IZ::ZZ' PULSE( 12 Tdelay Trise Tfall Tan Period MNoycles) bake this information visible on schematic:

() SINE(loffset lamp Freq Td Theta Phi Moycles)

(JEXP{N 12 Telt Taul Td2 Tau2) Small signal AC analysis(AC)

() SFFM(loff lamp Foar MDI Fsig) AC Amplitude:

OIPWL iT12i2..) AC Phase:

T IPWL FILE: Biiaes hdake this information visible on schematic:

(I TABLER i1 w2i2.) Parasitic Properies

< L
e D
This is an active load

take this information visible on schematic:

Additional Pyl Foints

hdake this information wisible on schematic: Cancel

© 2017 Analog Devices ‘ AN
[
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Current Sources (cont.)
« Active load (cont.)

i":file View Plot Settings Simulation Tools Window Help
& & [ El=]
4, LT8640DCL

Current is zero until voltage differential becomes positive

T T T T T T T
240ps J20ps 400ps 480ps 560ps 640ps 720ps
Click to manually enter Horizontal Axis Limits

NOW PART OF
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Net Labeling
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Advantages of Labeling
Replaces arcane SPICE machine node names with easy to understand

and remember human names
» Allows LTspice circuit nodes to match those on your production

schematic, i.e. “TP15”

t:file View Plot Settings Simulation Tools Window Help
=~ s Qo EEH

}'_:Eile View Plot Settings Simulation Tools Window Help
e ETsoecaR 2287 \Without

1, LT8640PulseloadSolution.asc ¥~ LT8640PulseloadSomp

1, LT8640PulseloadSolution.asc ¥ LT3640Pulsel oadsp

680us 720us 760us 800ps|

ANALOG
DEVICES

B00ps| 560us 600us 640ps
% = 800.00us y = 3.3109V

ALY LINEAR

560us 600pus b40ps 680us T20us T60ps
X = 800.00ps y = 34220V




Labeling - Trick

< Highlight net from waveform viewer

<+ Alt-Left-Click on the label in the waveform viewer (i.e. V(n006)) and it will now
highlight that particular net on the schematic

{; Eile Edit Hierarchy View Simulate Tools Window Help &Eile View Plot Settings Simulation Tools Window Help
A e # @ Qe BI|E HRE s+t H a8/l +B0 0+ 3 ¥ =l = A4 o BdHRE |t 2EH DS

1, LTBE40PulseloadSolution.asc | ¥ | T8640Pulsel oadSolution raw 1, LT8640PulseloadSolution asc| ¥ LT8640PulseloadSolution raw

Bias

0.1V

0.0V——
< Ops BOps 160ps 240ps 320ps  400ps 480ps  560ps 640ps  720pus  800us)

B Ve AN ANALOG
TECHNOLOGY

DEVICES




Generating a BOM and Efficiency
Report
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BOM

Under View select Bill of Material

+ Displayed on Diagram
< Paste to Clipboard

-l: File Edit Hierarchy View Simulate Tools Window Help

B EH T A RAAR[BL ERE 2N S8 LB +

4, LT8640DCLoad.asc ¥ LT8640DCLoad.raw

.tran 800u startup

--- Bill of Materials ---
Part No. Descriptio
capacitor, 1nF
8321BX7RIE105M capacitor, 1uF, 25V
capacitor, 100nF
capacitor, 47uF, 10V
capacitor, 10pF
C1210C105K5RAC  capacitor, 1uF, 50V
C1210C105K5RAC  capacitor, 1uF, 50V
capacitor, 10uF, 50V
inductor, 2.2uH, 10A pk
resistor, 41.2K
resistor, 1M
resistor, 412K
integrated circuit

Linear Technology

© 2017 Analog Devices

View Simulate Tools Window Help
@, Zoom Area Ctrl+Z %Eﬁ|@§|i$@_
= @, Zoom Back Ctrl+B

¥l Zoom to Fit Space |

©, Pan D - 42V, 5A Synchrono
Show Grid Ctrl+G

M Mark Unconn. Pins U
Mark Text Anchors 'y

[

Bill of Materials
Efficiency Report
&2 SPICE Netlist
SPICE Error Log

Ctrl+L

’ Paste to clipboard

7l Show on Schematic 1

E2 Visible Traces

g Autorange Y-axis
Marching Waves

# Set Probe Reference

W Toolbar
W Status Bar
W Window Tabs

INTVcc

R ; GND1
le2
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Steps to Computing Efficiency
Note: Efficiency will only be calculated in the steady state condition

1. Right-Click the .tran statement on the schematic to bring up the
Edit Simulation Command dialog box

2. Check the box “Stop simulating if steady state is detected” ...

— Transient | AC Analysis | DC sweep | Moise | OC Transfer | DC op pnt

View | Simulate Tools Window Help

Ferorm a non-linear, tirme-darmain simulation.

{1"] | ':";f' Run Stop Time: |800u
Pause i i :

i = Time to Start Sawving Data:

o LTO6Y ) pae Ctrl+H

Maximum Timestep:

fF = K '
Clear Waveforms 0 Start external DC supphy voltages at 0%:

EffICIEHCjI' Calculation . Stop simulating iIf steady state is detected: |v

I:? Control Panel Don't reset T=0 when steady state is detected: [

Step the load current source:

Edit Simulation Crmnd | Skip Initial operating point solution: [

Synta: tran <Tstop» [<options [<options] ]

tran 800u steady startup

1. Simulate menu,
SEIeCt “Ed|t Cancel
simulation Cmd”

© 2017 Analog Devices ‘ , TEICHI\%
[

2. Check
Box

NOW PART OF

ANALOG
DEVICES




Steps to Computing Efficiency

3. Load must be a current source labeled lload* or resistor labeled Rload**

The Good The Bad

ouT ouT ouT \ / ouT \

/ ouT
lload
lload
lload Rload R1
2.5 10 5
25 25

ouT ouT ouT This will be treated

lload lload Hoad just like any other
resistor — efficiency
2.5 2.5 ,zc;‘r;d will read ZERO
\ load load /

\_ J

*If there is more than one current source

**|f there is more than one resistor

4. Run the simulation ...

© 2017 Analog Devices ‘ , I EAQ
TECHNOLOGY
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Steps to Computing Efficiency

5. Upon completion select the View dropdown menu, Efficiency
Report, then Show on Schematic

6. Efficiency report will be pasted under the schematic

q

View Simulate Tools Window Help
@, Zoom Area ri+Z R B @y A& 7 I
- @, Zoom Back Ctrl+B
| B Zoom to Fit Space
Q, Pan
Show Grid Ctrl+G
W Mark Unconn. Pins U
Mark Text Anchors A

Bill of Materials

»

& SPICE Netlist
SPICE Error Log

| Efficiency Report

Ctrl+L

Show on Schematic

Paste to clipboard

E= Visible Traces

1€1 Autorange Y-axis
Marching Waves

# Set Probe Reference

F Toolbar
W Status Bar
F Window Tabs

© 2017 Analog Devices

iy LTspice IV - [LT8640DClLoad.asc] =

-l: Eile Edit Hierarchy View Simulate Tools Window Help = ()
BT £ 0 ecaR gl BRE LR oSl

1, LT8640DCLoad.asc | ¥ LT8640DCLoad.asc

--- Efficiency Report ---
Efficiency: 92.2%

Input: 14.4W @ 12V
Output: 13.3W @ 3.33V

Ref. Irms Ipeak Dissipation

c1 0OmA 0OmA OomwW

c2 38mA 1228mA omw

C3 38mA 1223mA omw

Cc4 326mA 575mA 1mWw

C5 0mA 0OmA OomwW

C6 0mA 0mA omw

Cc7 0mA OmA omw

cs 0mA OmA OomwW

L1 4009mA 4566mA 450mW

R1 0mA 0OmA 24uW

R2 0mA OmA BUW

R3 0mA OmA 2uW

U1 4009mA 9217mA 668mwW

W
< >
NOW PART OF
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SMPS Efficiency Tips

%o
© 2017 Analog Devices ‘ , 'ILEICUI\E@
HMNOLL

LTspice will not always be able to determine steady state, but this
IS rare!

» Workaround: Alt-Left-Click & Calculator
Probe the various nodes and verify the circuit is stabilized

If not edit the .tran statement and increase the Stop Time
parameter. Re-run simulation

For multiple output and/or multiple input supplies, efficiency must
be determined partially by hand from the efficiency report

» Alternatively use behavioral models 2]

Right-Clicking any component will report power dissipation if
steady state has been detected or Mark Start/End has been used

If circuit has stabilized for a long time and LTspice still hasn’t
detected the steady-state

Use Mark Start/End (Simulate -> Efficiency Calculation)
Only steady-state data is displayed before Mark End

NOW PART OF
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LTC3850DualOutputBehavioralEfficiency.asc

Simulating a Transient Response

o LT LINEAR ‘ [§ AnaLoc
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Current Load and Pulse Function
< You can simulate a load with a Resistor or Current load

< In particular the Pulse function in a current load is helpful in
transient response analysis

+ Steps a current load from one value to another value
-l: File Edit Hierarchy View Simulate Tools Window Help - &

P& E T Foeaa [BIOS®E # BBy BF3 ¥
1, LT8640PulseloadSolution.asc | ¥ | T8640PulseLoadSolution.raw

A

hfile View Plot Settings Simulation Tools Window
Help - = =

FE R F e BdEHBE ¥
+, LT3640PulseLoadSolution.asc| ¥ LT8640PulseLoadSalution.raw

PULSE(1.5 3 600u 1u 1u 100u)

510us 570us 630us 690us 7a0us

Click to manually enter Horizontal Axis Limits

ALY LINEAR

g ANALOG
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Edit the Current Load to a Pulse Function
« Edit the .tran directive to disable steady state detection

+ Right-Click on the current load
+ Select “Pulse”
+ Modify the attributes (see next slide). Click “OK”

NOW PART OF

ANALOG
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Functions OC Yalue
) [hone]

(@) PULSE[I 12 Tdelay Trize Tfall Ton Period Meycles)
) SIME([loffzet lamp Freq Td Theta Pl Mopcles)

DC walue:

b ake thiz infarmatian vizible on schematic; |«

:] EXP(112 Td1 Taul Td2 TauZ) Small zignal AC analysiz[ AL)
() SFFM[laff |amp Fear MDI Fsig) AL Amplitude:
CIPWLIE i1 k22, AL Phase:
() AL FILE: Brovse b ake thiz information vizible on schematic:
(I TABLE[w1 i1 w2i2.) Parazitic Properties
AL 1.3 (*) Thiz is an active load;
12[&] 3
Tdelayls |600u b ake this information visible on schematic: [
Trize[z]: |Tu
Tfall[z] Tu
Ton[z]:  100u
T penod[z]:
Moycles:

Additional Pl Paints

b ake this infarmation vizible on schematic: Cancel ]

NOW PART OF
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(*) Forces current to be zero when voltage is zero
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Run the Simulation for Transient Response g
< Run the simulation

D)

File Edit Hierarchy View Simulate Tools Window Help

% Click on the OUT PE T4 0|acar Bl ORE Ib0Mn A8 LM+l YO0

1, LT8640PulseLoadSolution.asc | ¥ L T8640PulseLoadSolution.raw

,

node to display
VOU'[ _ Y(out)

- Click on the output
current load to
display lout

+ Notice the
presence of the
pulse load

LT8640PulselLoadSolution.raw

4

®,

D)

B0ps 160ps 240us J20us 400us 480pus 560us 640us 720us 800pus

LT8640PulseLoadSolution.asc

LT2540 - 42V, 54 Ernohronous Eep-Down Slient Ewiioher with 2,644 Guiesoent Current

of

v

BaT|
| =
ELIPE
¥

T
o 4,

Zm = |,

. . ey 198 lﬂ.
PULISH.G 2 300u 1u 1u100u)

m ow
u
-
v = MKz

LT8640PulseLoadSolution.asc

ALY LINEAR

X =746.97us y= 2825V, 2.354A
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LT8640PulseLoadSolution.asc

AC Analysis
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AC Analysis Overview

+ Performs small signal AC analysis linearized about the DC
operating point

<« Useful for analysis of filters, networks, stability analysis, and
noise considerations

NOW PART OF
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Simulating AC Analysis — RC Filter

+ Single pole filter using RC network
< Syntax: .ac <oct, dec, lin> <Nsteps> <StartFreg> <EndFreg>
+ Example: RC network and .ac dec 100 .01 1MEG

RA -3dB point:
. OUT 1/(2*pi*R*C) = 159Hz
10K
Vi | ¢ AC amplitude must be
AC 1 G ———— S€1 10 1 fOr accurate
Au results
S

Right-click on .tran

.ac dec 100 .01 1MEG €t | COMMand and select
.measure ac 3dB when mag(V(out)=1/sqrt(2) “AC Analysis”

© 2017 Analog Devices ‘ , LJ([JE@
[
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Simulating AC Analysis — RC Result 2]

Eile Edit Hierarchy Yiew Simulate Teols Window Help

AT # QoeR Rl HR2TE +B2EH A&/ LB 3 DB O

14, RCFiterACAnalysis.asc | $ RCFiterACAnalysis raw

RCFilterACAnalysis.raw

e e eeed—-90°
|
100mHz 100Hz 10KHz 100KHz TMHz

RCFilterACAnalysis.asc

V1
+
_>AC 1

N

.ac dec 100 .01 1MEG
.measure ac 3dB when mag(V(out)=1/sqrt(2))

Right click to edit ".measure ac 3dB when mag(V(out)=1/sqrt(2))" NOW PART OF

ANALOG
DEVICES
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RCFilterACAnalysis.asc

Simulating AC Analysis — Active Filter
< Single pole active filter using an opamp 7]

File Edit Hierarchy Yiew Simulate Teols Window Help

e d D FIH Qe gl B 22N 88l 3000

": ActiveFiterACSweep asc i:: ActiveFilterACSweep raw

ActiveFilterACSweep.raw

100mHz 100Hz 10KHz 100KHz

ActiveFilterACSweep.asc

.inc opamp.sub
.ac dec 100 .01 1MEG
.measure ac 3dB when mag{V{outy=1/sqrt{2))

NOW PART OF
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ActiveFilterACSweep.asc

More Information and Support

o LT LINEAR ‘ [§ AnaLoc



Reminder to Periodically Sync Release

« [t is important to sync your release of LTspice once a
month to get the latest updates
« Software updates and bug fixes
» Models
« Sample circuits and examples

NOW PART OF

ANALOG
DEVICES
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Reminder to Periodically Sync Release (Windows)

< Vista, Win7, and Win8 users (any UAC-enabled OS)
< You must “Run as administrator’ scad.exe or its shortcut

>

even if you are logged in as an administrator

‘[:' File Edit Hierarchy View Simulate | Tools Window Help
J 3 E-F’| E|?|:‘;§ @|@\@\@\ﬂCop}rbitmaptoCIipboard Eém| @§| g L@ > L 3 =DM ® e il ] da op

Write to a .wmf file

X o20m [ L Dohios T Cortrol Pl

@ Color Preferences

. Sync Release
. ©  This utility will check the Linear Technology web site for
Export Metlist i
po : /_IA new models and a new version of LTspice V.

You may want to establish your internet connection
in your usual manner before selecting "OK" to continue

NOW PART OF

ANALOG
DEVICES

© 2017 Analog Devices ‘ , TEICHI\%
[



Reminder to Periodically Sync Release (Mac)

Untitled

I\C%fl Ay ) (Qfnormal) )

| Waveforms = Save Defaults | SPICE | Drafting ||l =10 Hacks |

Generate expanded listing®: [_|

Automatically delete .raw and .log files': [V 2 Un d er }

“Operation”

1. Open
“Control Panel”

|_ J
| Software Update |

Model Update

| Reset to Default Values |

| Cancel | | oK |

3. “Sync
Release”
for Mac

© 2017 Analog Devices ‘ , TEICHI\%
[
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Built-in Help System

< & O

Hide Back Print  Options

Qantentsl Indexx  Search |
Type in the keyword to find:

|mod

List Topics |
Select Topic to display:

LIB - Include a library

startup

© 2017 Analog Devices

.LIB -- Include a Library
Syntax: .lib «<filename>

This directive includes the model and subcircuit
definitions of the named file as if that file had been
typed into the netlist instead of the .lib command.
Circuit elements at global scope are ignored.

An absolute path name may be entered for the filename.
Otherwise LTspice loocks first in the directory
<LTspiceIV>\lib\cmp and then <LTspiceIV>\lib\sub and
then in the directory that contains the calling
netlist, where <LTspiceIV> i1s the directory containing
the scad3.exe executable, typically installed as
C:\Program Files\LTC\LTspiceIV.

No file name extension is assumed. You must use ".lib
myfile.lib" not ".lib myfile"™ if the file is called
"myfile.lib"

It is possible to specify a URL of the following form
as a file name:

.1ib http://www.company.com/models/library.ﬁEE

The file "library.ileE" will be http-transferred to the
circuit directory and included as a library. For
subsequence simulations, in the interest of avoiding
downloading the file each tims you run the simulation,
you can edit the .lib statement to

.1ib library.[ee

Note that if the URL you specify doesn't exist, most

TECHNOLOGY
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Other Resources

« LTspice forum: Use simulation circuits posted on LTspice
Yahoo! User’s Group
+Go to http://groups.yahoo.com/neo/groups/Ltspice/info
«+Also contains many very helpful discussion threads

< Educational Files: Check out LTspice capabilities using the
education examples
< Avallable on C:\ ... \LTspicelV\examples\Educational

« LTspice videos: Video tutorials by Linear’s technical staff
< http://video.linear.com/all--ltspice

< LTwiki: Undocumented features ...
s http://ltwiki.orqg/

<« Wurth LTspice Book
© 2017 Analog Devices L7 LJ([JE@
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http://groups.yahoo.com/neo/groups/Ltspice/info
http://ltwiki.org/

Other Resources — Yahoo LTspice Forum

Business & Finance
Computers & Intermet
Cultures & Commumnity
Entertainment & Arts
Family & Home
Games

Government & Politics
Heslth & Wellness
Hobbies & Crafts
Music

Recreation & Sports
Regional

Religion & Beliefs
Romance & Relationships
Schools & Education
Soence

Terms

Frivacy

Gulgelines

Feadback

Help
Biog

© 2017 Analog Devices

x
¢ - FIm——T T TY  *
Ltspice—‘r'ahoo Groups X

A Home Mail News

Sports Finance Veather Games Groups A |

| Search Conversations

==

http://groups.yahoo.com/neo/groups/Ltspice/info ]

wil]

Z2.hvH

""m';m m:pa EIi].La :-Ill;l.ls n;p S00us
/ . \
More v Join the group
here.

About Group _

- As of April 2015,
Group Description h
st e st s e U e there are over
et o progrem hetis eviste 53,329 members

| downfoad here: hitp:\www linesr.com/designtools/software! )

!J

Before using the software, please read the License AgreementDisclaimer found in
the introductory LTspice Help pages.

Please report bugs direcily to LTC. Find the address in the Help About dialog box
[Menu command Help = About LT=spice IV). Include any relevant files and a nate on
how to duplicate the problem.

For general questions, please read the program's Help utility. the group FAGQ

{ hitp:/igroups.yshoo comdgroup/L Tspica/files'%20FAQ ), browse the group's

Conversations -= Messages, or fry 8 Search (fop of this webpage) of pravious posts

before adding your question. This archive holds more than a decade of answered

questions.

If you post questions about & specific circuit, it is most helpful to also upload the
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http://groups.yahoo.com/neo/groups/Ltspice/info

Other Resources — Educational Files

‘< TSN E[Dr‘rlputer » BOOTCAMP (C:) » Program Files 686) » LTC » LTsg \Examp|e\Educationa| Subdirectory
File Edit View Tools Help
Organize ALF Open - Burn Mew folder

. Program Files
. Program Files (x86)

. Apple Software Update

. AN Software

. Cadence Design Systems

. Chief Architect

. Common Files
.. GraphiCode

) IDT

. InstallShield Installation Information

. Intel

. Internet Explorer
. KEMET_Spice

.. Linear Technology
j LTC

. LTC2928 Configurator

J LTpowerCAD2
. LTspicelV
. examples
. Educational
. Jigs
il
. PLLWizard
. Mentor Graphics
. MentorGraphics
. Microsoft Analysis

Howland.asc
LTspice Schematic

£

Services

Date medified: 06/03/2012 9:19 PM
Size: 1.78 KB

m

-

Mame

EV AV AV AV VAV AY VW AV Y AV AT aV oV sV oV VAV ¥V ¥

= Design examples
demonstrating LTspice
capabilities

FrigsesrinL.d=e

phaseshift2.asc

phono.asc

Pierce.asc

ring.waw
Royer.asc
SamplefndHeld.asc

G- nAran.asc

AT LTspiceV - [Transformer.asc] EI@

A File Edit Hierarchy View Simulste Tools Window Help [=[=]x]
|BE [ F0|acaR il AR PROB A L@+ YOO Ok

A transformer with two windings, 1 to 3 turns winding ratio

R1 K1L1L21
V1
10 L1 © L2
100p ~ 900p

PULSE(0 10 10n 10n 5u 10u)
.tran 100u

This example schematic is supplied for informational/educational purposes only.

Alternate

1 itermn selected

NUW PART UF
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Other Resources — LTspice Videos

Linear Technology Video Channel - LTspice

< 4| | +

/A continuously
growing

collection of LTC
videos for you to

discover.

N

LT video.linear.com/LT

Linear Technology Video Channel - LTspice

Application

The Following Videos match the
search criteria selected above.

LTspice IV: Overview

o |ou

w

ir .1.
|
}

| &

LA

e
e
LTspice IV: Schematic Editor

s

e
LTspice IV: Waveform Viewer

LR

LTspicelV Overview

LT R

with Gabino Alonse, Strategic Marketing

Note: Additional Topics are Listed in the Matching Videos (See Left Panel) or at
video.linear.com/LTspice.

LTspice IV is a high performance Spice Il simulator, schematic capture and
waveform viewer with enhancements and models for easing the simulation of
switching regulators. Qur enhancements to Spice have made simulating switching
regulators extremely fast compared to normal Spice simulators, allowing the user to
view waveforms for most switching regulators in just a few minutes. Included in this
download are Spice, Macro Models for 80% of Linear Technology's switching
regulators, over 200 op amp models, as well as resistors, transistors and MOSFET
models.

This video provides an overview of the advantages of using LTspicelV in an analog
design. Topics include the benefits of using LTspice, how easy itis to get started
and where to go to download LTspice.

7 I Search Q,
TECHNOLOGY e Btk QUALITY CAREERS CONTACT MyLinear
PRODUCTS | SOLUTIONS DESIGN SUPPORT PURCHASE COMPANY
> Software & Simulation > LTspice
Video
LTspice IV: Overview & LTspicelV Overview
7 LTspice @
= « Prev Next »

-

- LTC3565 Demo Circuit- 1.25A, 4MHz,
Synchronous Step-Down Converter
(Li-lon to 1.8V @ 1.25A)

- LTspice Getting Started Guide

Click, Relax & Enjoy ! A

Alcoholic beverages and

chips not included ... But

highly recommended by
LTC sales teams !

NOW PART OF
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Other Resources - LTwiki

LTwiki

LTwiki - Wiki for LTspice e
| a > ¢
_1 LTwiki — Wiki for LTspice
2 Log in/create account
LT | page || | [ viewsource || history |
Main Page
Welcome to LT Wiki!
LTwiki is for LTsplce &, SPICE, and Electronics help. You'll find unigue material from beginner's tips to undocumented LTspice features! This site has no affiliation with the Linear Technology
Corporation.
navigation Contributors Welcome! Just create an account & first. This prevents anonymous spammers from ruining the wiki.
= Main page
= Community portal Most frequently asked guestions for beginners
= Current events Adding a permanent component to LTspice
= Recent changes Adventures with Analog
Randol
: Help m page B sources (complete reference)
B sources (common examples)
se'arcn - Components Library
[_Search || control Panel
| Go | | Search | Convergence problems?
toolbox LTspice Annotated and Expanded Help*
= What links here LTspice Hot Keys
= Aelated changes LTspice Tools and Applications
® Special pages Simulation Command
= Printable version
= Parmanent link SPICE and LTspice Courseware and Tutorials

SPICE Model Links
SPICE Application Notes and White Papers
Tutorials relevant to Design and Modelling

Transformers

Undocumented LTspice

LTspice Library API

*based on original L Tspice help (chm) file ©Linear Technology Corporation used by permission

This page was last modified on & December 2012, at 03.03. This page has been accessed 103,851 times. Privacy policy About LTwiki - Wiki for LTspice Disclaimers [E'*J] ﬁ%’d’ﬂ{'fﬂn
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Other Resources — LTspice Book

- —_—
— —_—O
i R ¢ Sy

WURTH ELEKTRONIK WURTH ELEKTRONI

WURFH ELEKTRONIK

E LTSPICE IV

N

2
L
O
o
%)
|_
W
2
|_

GILLES BROCARD

APPLICATAONS

MANUAL, METHODS
AND APPLICATIONS
Preface by Mike Engelhardt

Swiridoff Verlag
ISBN: 978-3-89929-258-9

| ANALOG
© 2017 Analog Devices L7 LJ(DE@ DEVICES




Appendix - Steps to Calculate Power Supply
Efficiency

s Efficiency will only be calculated in the steady state condition

*» Right-Click the .tran statement on the schematic to bring up the
Edit Simulation Command dialog box

% Check the box “Stop simulating if steady state is detected”
+» Load must be a current source or resistor labeled Rload
+* Run the simulation

% Upon completion select the View dropdown menu, then Efficiency
Report, then Show on Schematic

+» Efficiency report will be pasted under the schematic
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Appendix — Summary of Special Mouse and Keyboard
Commands

<+ Schematic-Based Special Commands
< Alt-Left-Click on a wire
< This will display the waveform for the current flowing in the wire
< Alt-Left-Click on a component
< This will display the instantaneous power dissipation in the component
< Ctrl-Right-Click on a component
< Allows you to edit embedded component attributes
<+ Waveform-Based Special Commands
« Ctrl-Left-Click on a waveform title
< Displays the average and RMS values for the waveform
« Left-Click on node and drag to another node
< Displays differential voltage
« Alt-Left-Click on the label in the waveform viewer (i.e. V(n006))
< Particular net on the schematic is highlighted

© 2017 Analog Devices ‘ , 'ILEICUI\E@
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Appendix — Summary of Additional Features

< Pause a simulation
» “Simulate” pull down menu ---> Pause
» There is no toolbar button for this function
< Zoom in/out using the schematic editor:
» Just use the wheel on your mouse

< Pan around a schematic
» Left-Click the mouse and hold, then drag
» Tilt wheel to move right and left
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Thank you for attending, and happy
simulating!

Homework: Once you return to the
office, go back over the training materials
within a week!
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