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[":I Settings

Mletlist Options
Operation

Compression

Schematic

Save all open files on start of simulation[+]

Backeround image[*]:

Waveforms

Search Paths Internet:

K

Hacks

=PICE Save Defaults

karching Waveforms
Gienerate Expanded Listing[#*] |:|

Czcillozcope b
Toolhbar Stylel*]: | Default ~
Toolbar icon size[*]: | Default ~
Wavetorrm Plotting Thread Priority[*]: rmediurm b
RAM for Fast Access Corversion[*]: | 40% o
Directory for Temporary Files[*]
| C¥Lzers¥k Tanaka¥ AppData¥Local¥ Temp
[*] Setting remembered between program invocations.
Reset to Default Values
Cancel Help
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_>TOO|S File View Tools Help
—Color Preference Q3 ) e | 4 Color Palette Editor X
=y Color Preterences

L > Update components ¥ wavsForm 4, Schematic [E)] Metlist
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Click on an item above to change its color.

Selected rerm: | Trace wi1) e

Selected Iterm Color Mix
Red: I 0
Gireen: | 255 Apply

Blue: N o Defaults

Cancel
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Help

a
@ Keyboard Shortcut Cheat Sheet

-y Open Examples...

ﬂ Get Support on EngineerZone

D o to Analog.com

m Go to myAnalog

& Show Model Change Log

& Show LTspice Change Log

o Check for LTspice updates...

o About LTspice
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[ Keyboard Shortcut Cheat Sheet X
A Schematic > Symbol 1 WaveForm [E) Netlist
Configurable Keyboard Shortcuts:
Zoom Extents: Curl+E Place trace cursor: c
Zoom Area: Cri+z. Clear all cursors: Shift+C or Esc
W Keybgard Shortcut Cheat Sheet b4 y Keyboard Shortcut Cheat Sheet Zoom Out: ciri+g. Label cursor postion: 4
Vertically Autorange: ctrl+y Place text on the plot: T
Redraw Window: Draw an arrow on the plot:
H, Schematic T Symbol ¥ waverorm [Z] Netlist 4, Schematic T+ Symbol ¥~ waveForm [=] Netlist DTTQ‘Q‘EMGT: F:*:r*;‘ grawa :‘ne on ::e u:O:: =]
clte Mode: raw 2 box on the plot:
Configurable Keyboard Shortcuts: Configurable Keyboard Shortcuts: i — An:;:’njncg:‘:ggl‘:/:::n::
Configure Analysis: A Move Mode: F7 Object Anchors: € Zoom In: Ctri+Z o FeneBeln: . et =
ove Fane Up: ove:
Run/Pause Simulation: Stretch Mode: F8 Place Pin: P Zoom to Fit: Space Move Pane Dovin: o Stretch: 8
Undo: Fo Select Steps:
Stop Simulation: ctrl+H Rotate: Ctrl+R. Delete Mode: F5 or Del Show Pin Table: Redo:  Shift+F View SPICE Log: e
- Run/Pause Simulation:
View SPICE Log: Ctri+L Mirror: Ctri+E Duplicate Mode: F& o St =
Zoom prea: Gz Delete Mode: 5 or el Movevode: 7 S
Zoom Out: Ctri+B Duplicate Mode: Fo Stretch Mode: 7 Nonconfigurable Shortcuts:
it: . Undo: F9 Help: L Ponwi/ Mouse:  Hold Ctr
Zoom to Fit: Space Undo: 0 New Schematic: Ctrl+N Pan left/right v/ Mouse:  Hold Ctrl+shift
Draw Wire: F3 Redo: Shift+Fg Redo: Shift-+Fg open: artso Pan upfdoin wibouse:  Hold CrksAlt
. T Save: Ciri+s Snap cursor to next data point: Arrow keys
Flace Ground: G Draw Lines: Flace Commaent Text: Print: cutp Bump cursor 10 data points: (Gt or Shit}#Arrow
. Search: Ctri+F Bump cursor 100 data points:  Ciri+ShiftsArrow
Place Voltage Source: v Draw Rectangles: Draw Lines: L Add trace cursor:  Left-click Label (T no cursor) Pan ~25%:  Arrow keys
Place Resistor: R Draw Circles: Draw Rectangles: R Highlight schematic net:  Alt+Left-click Label (I no cursor) Pan ~50%:  Shift+Arrow
Place Capacitor: z Draw Arcs: Draw Arcs: & Edit Keyboard Shortauts
Place Inductor: L Schematic Grid: Ctrl+G Draw Circles: c
Place Diode: D Show;/Hide Unconn Pin Marks: u Rotate: Ctrl+R
N Ctrl+E [T Keyboard Shortcut Cheat Sheet X
Place Component: F2 Show/Hide Text Anchor Marks: A Mirror:
Place Netname: F4 Reset Sim Waveform T=0: 0 Attribute Editor: Ctrl+A I oo [ B 5y B wiwscorm] M et
Configurable Keyboard Shortcuts:
Place Comment Text: T Place BUS Tap: Attribute Window: Cri+W Cato Line Number: cse
irecti Z Out: Ctrl+B Run/Pause Simulation: cul+R
Place SPICE Directive: s Place COM: Alt+G oom Uut: Stop Simulatons crrleh
Undo: Fo
Nonconfigurable Shortcuts: Nonconfigurable Shortcuts: o s
few SPICE Logs
Help: F1 Draw wire at any angle: Hold Ctrl Help: F1
New Schematic: Ctrl+ Draw lines off grid: Hold Ctrl New Schematic: Ctr+N
Open: Ctrl+0 Bump cursor (small): Arrow keys Open: Ctrl+0
Save: Ctri+s Bump cursor (medium): (Ctrl or Shiftl+Arrow Save: Ctrl+5
Print: Cirl+P Bump cursor (large):  Cirl+Shift+Arrow Print: Ctrl+P
Search: Ctrl+F Text toggle directive/comment:  Shift+Left-Click Search: Ctrl+F
Renumber instances:  Alt+Ciri+Shift+R Direct edit text/attributes:  Ctri+Right-Click
Highlight hidden text: ~ Alt+Ctrl+Shift+H Nonconfigurable Shortcuts:
Help: F1 Select All: Ctri+A
New Schematic: Cerl+ Cut: Ctri+x.
) open: o Copy: ctrlsc
Edit Keyboard Shortcuts Edit Keyboard Shortcuts Save: cuiss Paste: cusy
Print: Ctri+P
Search: Ctri+F
Edit Keyboard Shortcuts
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¥, LT SPICE

LT86098 Demo Circuit - 2MHz Low EMI High
Voltage Synchronous Buck Regulator (5.5-42V to
5V @28) L

@, LT SPICE

T8609 Demo Circuit - 5V, 2MHz, Power Step
Down (5.5-40V to 5V @ 24} &

FRE RS a ¥
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D axess
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[1J LTspice - [LT8609B_DC2195B-A.asc]

CAGARESS>OME

{: File Edit Hierarchy View Simulate Tools Window Help

BQAKAR

<

@iF3xhmet 1OV 77

LT8609B - 42V, 2A Synchronous Step-Down Regulator with 2.5uA Quiescent Current

2MHz Low EMI High Voltage Synchronous Buck Regulator
Input: 5.5V to 42V

o
Em

Note:

Output: 5V @ 2A, Fsw = 2MHz

Vin
EN/UV

U1

e LT

(o |
TR/SS
.001p
LT8609B
R1
Rt
18.2K

INTVcc

BST

sw

FB

GND

C2
Ea

es

AR

2.2u R2 :E: :7" Rload
1Meg —‘710p l

187K
<D

.tran .7m startup

Lower current pin-to-pin compatible solutions are available in the MSOP-10 package.

Smaller values are used for TK/SS capacitors to reduce simulation time. See datasheet for typical values.

If the simulation model is not found please update with the "Sync Release" command from the "Tools" menu.
It remains the customer's responsibility to verify proper and reliable operation in the actual application.
Component substitution and printed circuit board layout may significantly affect circuit performance or reliability
Contact your local sales representative for assistance. This circuit is distributed to customers only for use with LTC parts
Copyright © 2017 Linear Technology Inc. All rights reserved.
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LT8608

42V, 1.5A Peak Synchronous Step-Down
Regulator with 2.5pA Quiescent Current

B‘I Component

Vin
EN/UV INTVcc
Sync BST
PG LT SW
TR/S5 FB
RE GHD

Get LTB608 Info

Top Directory:

C:¥Users¥ KTanaka¥ AppData¥ Local¥ LT spice¥ lib¥ sym

Search: | LT8608

b

Go to analog.com

C:¥ Users¥KTanaka¥ AppData¥ Local¥ LT spice¥ lib¥ sym¥ PowerProducts¥

LT8315
LT8316
LT8330
LT8331
LT8333
LT8334
LT8335
LT8336
LT8a337
LT8337-1
LT8338
LT8350
LT8355-1
LT8356-1
LT8a357
LT8361

<

LTB362
LT8364
LTB365
LT8374
LTB8374-1
LT8376
LTB386
LT8390
LTB390A
LT8391
LTB3091A
LT8391D
LTB392
LT8393
LTB410
LT8410-1

LT8415
LTa418
LTa471
LTB8494
LT8495
LT8550
LT8551
LT8570
LT8570-1
LT8580
LTas82
LT8554
LTaa01
LTBea02
LT8603
LTB8604

LT8604C
LT8606

LT8607
LTes0s
LT8608S

LT8609

LT8609A

LT86098

LT8609S

LT8610

LT8610A

LT861048
LT8610AC

LT8611

LT8612

LT8613

W

L L S L R A L A LR AT LA LT LT L

Open Bxample Circuit

Place

AT —PpBIOVR=FRI NI IV D
L. LT8608& AT B,
(LT72 L8608 THEIHE
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FERARICEDE TEHRZEEL., ERUTLES,

I (Tspice - [LT8608.asc]

{; File Edit Hierarchy View Simulate Tools Window Help

CADRESP NIEBAQAANI LSO i3 xBet 1O "1 Q

IN
Vi I_
24

C1

.001p
R1

18.2K

Rload
25

Vin C2
EN/UV INTVce [ —| 1>
1p
U1
Sync BST
c3
0.1p L1
e AT Tes Jea
: cs ca
2.2 R2
976K _Tiop 22
TR/SS FB
LTS8608 R3
178K
Rt GND | |> tran 500u startup
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= LTspice T\ aSNTUVBYIOFTTILEFER U TAFHh5E%E

= File — New Schematic

[}7 LTspice

File View Tools Help

n New Symbol

ﬁ Open Examples...

New Library

o
& Print Setup...

w Print Monochrome

“( C:\Users\..\LT8609.asc

‘( C:\Users\..\LT8608.asc

‘( C\Users\..\LTM4645.asc

‘( Nichicon_OPamp Seminer.asc
‘< C:\Users\..\Draft3.asc

‘{: C\Users\..\Draft1.asc

‘( C:\Users\..\ADUM4020-1.asc

Exit

5 i 1
& New Schematic Ctrl+N |

E Open... Ctrl+0O
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R ARS I Spicea ¥/ FE B
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TSR %EEmM BRE—F
TE NN e
—\ | ALYFE—E
E‘I LTspice - [Draft1.asc]
{; File Edit Hierarchy View Simulate Tools Window Help \\‘\\ \ \ X ¥ ‘L \ l j Z /
¥t 1O T2 Q

CAGCHESOPITNERAQAANZTLS O ¢ =3

. /[ / ) r
Simulationi% xE / /
SimulationZE1T HEs
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“Component'Zz2Uw 0., HdWNE>3—bHOwv bF—"F2"

1.

\\
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Edit

Hierarchy

View

Simulate Tools

Window Help

CADHSSPINEBAQAQAUN T LSO -3 viiett 1O

EEFICE YT

W Component

nmos4

N-Channel MOSFET transistor with
explicit substrate connection{used for
monolithic MOSFETS)

&

Get Product Info

Open Example Circuit

x
Top Directory:
C:¥Users¥KTanaka¥ AppData¥Local¥ LTspice¥lib¥ sym v
Search:|nm094 Go to analog.com
(271 C:¥Users¥KTanaka¥ AppData¥Local¥ LT spice¥ lib¥ sym¥
[ADC] bv ind2 pif
[Comparators] cap 15016750-2 pmos
[Contrib] csw 1507637-2 pmos4
[CurrentMonitors] current LED pnp
[DAC] diode load pnp2
[Digital] e load2 pnp4
[FilterProducts] a2 Ipnp poleap
[Misc] f Itline res
[OpAmps] FerriteBead mesfet res2
[Optos] FerriteBead2 njf schottky
[PowerProducts] fra nmos SOAtherm-Heats|
[References] fraprobe [ - O - therm-NMOS
[SpecialFunctions] g npn S0Atherm-FCB
[Switches] g2 npn2 sw
bi h npn3 tline
bi2 ind npn4 TvSdiode

£ >

Cancel

Place
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R,C,GF—=#L., K. O>F >, GNDEIERLZET,

« FTRIOKLSICABRELFR I, "Ctrl"+ 'R CEIRDOEN TEE T,

W —)L)\—"TVoltage SourceZERUZE I,
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1. . I>FBoLtTHEIUYYIL, EBZEELFRT,

2. BPanDMARROEE(L. YIOAN—VILEMREBmD L ICFFD TLE,
a0 )y I TREDIEE,

[&T Capacitor - C1 x| ' L] C 1
. y . . . . . . . . Manufacturer:  ———————-
v 1 R Part Murnber:  ———————- -
S . S TS Gance|
. . . . . . . . . . o | : ] ] ]

R Capacitor Properties
| . . ) ) i ) ) ) Capacitance[F]: “
W Voltage Source - V1 X P [ 6 ] ] .
Voltage Rating[v]: lII
' : istor - ' AuS CurentRatrels} [ | . -
DG voelvl [ ] B Resistor - R X M
(0] Cancel Vrad] Equiv. Series Resistancel Q1 l:l
Series Resistance[ 2 0 I:I | Manufac turer: | ———————— oK .
Advance d Part Mumber:  ———————— - Equiv. Series Inductance[H]: l:l
Select Resistor e ) Equiv. Parallel Resistance[ 21 l:l
Resistor Propertiss Equiv. Parallel Capacitance[F]: l:l

Power Rating[w]: l:l

24
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1 K ¥ Capacitor - C1 X
‘ j hanufacturer: Murata Ok
Bocicinr _ B Part hlumber: GRMOZZRE0GT0SMEDS
[ Resistor - R X it
Cancel )
Manufacturer:  ——————— oK 1
Cancel
H
Reszistar Properties
Resistance[ 2 ]:
Tolerance[%]:
Power Ratine[W]: L E‘:I Select Stock Capacitor X
|
W Select Sfandard Resistor X Equiv. Parallel Resistance[ 0 ]: ‘ Lotz Bz Uy
Equiv. Parallel CapacitancelF]: l:l ‘ :
Quit and Edit User Library 9 @ . Shows All Part No.: Filter Cancel
Show Al Cancel S[UF]  Mfg. type Part No. Voltage[V Rser[Q] ~
1 Murata GRMO32R60G10 0.000
R[Q] v Mfg. Part No. Power[W] Tolerance[%] ~
1 Murata K7R GRM155R70G10 4.0 0.000
1.02K 0.100 1.00 1 Murata X5R GRMO33R60G10 4.0 0.000
976.000 0.100 1.00 1 Murata K7R GRM155R70G10 4.0 0.000
953.000 0.100 1.00 1 Murata XSR GRM152R60G10 4.0 0.000
1.05K 0-100 1.00 1 Murata X5R GRM153R60G10 4.0 0.000 v
931.000 0.100 1.00
1.07K 0.100 1.00
909.000 0.100 1.00
110K ninn 1nn e

25
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oK =k =kilo=103 oM =m =milli=103
¢ MEG =meg =10° |eU =u=micro=10°
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X spice Directive

. Configure SPICE Analysis
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‘-" Duplicate
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[“}J Independent Voltage Source - V1

Functions
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@F"ULSE(W W2 Tdelay Trize Tfall Ton Period MNoycles)
OS]NE("u"foset YWarnp Freq Td Theta Phi Moycles)
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Vinitiallv]: 0
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Tdelav[=]: 0]
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Ttalll=]: Tu
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Tperiod[z]: 20
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Additional PWL Paoints
hdake this information visible on schematic:

O Walue
O value:

kdake this information visible on schematic:

Srmall signal A analveis{ AC)

& Amplitude:
AC Phasze:

hdake this information visible on schematic:

Farasitic Properties
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Parallel CapacitancelF]:

hdake this information visible on schematic:
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ifr: Draftl.raw
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Click to plot V(NOO1). DC operating point: V(n001) = 0V
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Left-click to plot I(V1). Right click to edit. DC operating point: I(V1) = OA Dissipation=0W

ANALOG
DEVICES

34



>

—
.

=L —>3>FFETIBICIERUNNI > ZIIUYVIUET
Edit Simulation Command™ -« > RN DT, Stop TimeZ40mICERELOK'ZOUW I ULET
N OXACHERBE EDOOUT'DEIDZE DI Y ITBET. BEZERBICENTEFET,

|}T Configure Analysis >

4
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Transient AC Analysis DC sweep Moise DC Transfer DCop pnt Transient Frequency Response

Perform a non-linear, time-domain simula

Maximum Timestep: | ‘

Start external DC supply voltages at ov: ||
Stop simulating if steady state is detected: [_]

Don't reset T=0 when steady state is detected:

Step the load current source:

Skip initial operating point solution: [_|

Syntax: .tran <Tstop> [<option> [<option=] ...]

tran 40m
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Stop time:

Time to start saving data:

Maximum Timestep:

Start external DC supply voltages at 0V:
Stop simulating if steady state is detected:

Don't reset T=0 when steady state is detected:
Step the load current source:

Skip initial operating point solution:

Syntax: .tran <Tstop> [<option> [<option=>] ...]

Perform a non-linear, time-domain simulation.
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Transient AC Analysis DC sweep Moise DC Transfer DCop pnt Transient Frequency Response
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Perform a non-linear, time-domain simulation.
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Start external DC supply voltages at 0V:
Stop simulating if steady state is detected:
Don't reset T=0 when steady state is detected:

Step the load current source:

o aor

Skip initial operating point solution:

Syntax: .tran <Tstop> [<option> [<option=] ...]
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ANALOG
DEVICES

39



° \ A e [ T —
tran Transient BB ISR 'R
¥= Draftt raw L Seminarasc
oo e = <

V(in)

V(out)

_eft-Click to redraw V(in)[V], Right-Click to edit. Control-Left-Click to integrate. Alt-Left-Click to reverse cross probe in.
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Press Shift+Enter to start a new line.
@DLLTFDLDICEKIET D
Dlcax e
[ step Statement Editor X
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|.Step pararn RR list 250 500 1k 2k 4k |
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.ac AC analysis /JMS = ACHEEAT (AIREULE)

¥ seminarasc
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---------------------

_____________________
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.ac AC analysis /JMS = ACHEEAT (BIRZUCE)

BT Configure Analysis

Transient AC Analysis DC sweep Woise DC Transfer DCop pnt Transient Frequency Respanse

Compute the small signal AC behavior of the circuit linearized about its DC

operating point.

Type of sweep: |  Octave |
Number of points per octave: | 100 |
Start frequency: | 1 |
Stop frequency: | 10k |

Syntax: .ac <oct, dec, lin> <Mpoints> <StartFreq> <EndFreq=

>

.acoct 100 1 10k

Cancel and Edit Text Directly... oK

Cancel

DEVICES

Type of Sweep

« Octave =2158. Decade =10f&%. Linear =% [k
List =) X NCHETE UTZEIRERD I+
Number of points per xxxx

= Type of sweep CIEEUXUID (CIHEU T, AR
> NCEEAT T DHhVEIETET D,

Start Frequency(Hz)

= FEATRIRDRIREZIEE T D,
Stop Frequency (Hz)

= BRATIR T DREIREZIETET Do
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AG Phase: |:|
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Parazitic Properties
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1.
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> =3 L —2 3 >R FDOEE

= “AC Analysis” %z 1&1R

N b |
Jiz= =] }

E‘I Configure Analysis

= MODOKDITEHTE
"Run”"CSimZE1T

Mumber of points per octave:

Transienl| AC Analysis DM sweep Moise DCTransfer DCop pnt Transient Frequency Response

Compute the small signal AC behavior of the circuit linearized about its DC

operating point.

Type of sweep:

Start frequency:

Stop frequency:

Syntax: .ac <oct, dec, lin> <Npoints> <StartFreq> <EndFreq>

X

.acoct 100 1 10k

Cancel and Edit Text Directly...

T

-ac oct 100 1 10k
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.dc DC sweep 1B

5)| Z’I/ 7ﬁ¢7|‘ﬁ

B?- Edit Simulation Command

Transient AC Analysis UL sweep Noise DC Transfer DC op pnt

Compute the DC oparating point of a circuit while stepping independent sources and
treating capacitances as open circuits and inductances as short arcuits

1st Source 2nd Souwrce  3rd Source
Name of 1st source to sweep
Type of sweep: i
Start value
Stop value:

Increment

Syntax: dc [<oct dec in>] <Source1> <Start> <Slop> [<Incr>] [<sourcez> |

|de

x|

Cancel
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« BRY —ANWEHDBRFICEDS, 1D7/25]1st Source,
Name of Ist source to sweep

- BEIR - ERIROSm&EZ AND,
Type of sweep

= Octave =21Z%. Decade=10/&8. Linear =7
List= J X N TIEET D,

Start Value

« X1 —T DR,
Stop Value

« AA—TD¥T,
Increment

« XA —TFDEEDEG
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V1 V2 tran 1
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.options plotwinsize=0
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