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WURTH

ELEKTRONIK
MORE THAN
YOU EXPECT

08:30 - 09:00 Arrival | Registration | Coffee

09:00 - 09:50 SMPS Topologies, tips and tricks (Analog Devices)

09:50 - 10:45 Filtering Considerations for DC/DC Converters (Wurth Electronics)
10:45 - 11:10 Coffee Break & Networking Opportunity

11:10 - 12:00 The Art of Loop Compensation (Wurth Electronics)

12:00 - 13:00 Lunch

13:00 - 13:50 L Tspice Examples (Analog Devices)

13:50 - 14:45 Smart Selection of Inductors and Capacitors (Wurth Electronics)
14:45 - 15:10 Coffee Break & Networking Opportunity

15:10 - 16:00 PCB Board Layout Optimisation (Analog Devices)
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LTspice examples

Frederik Dostal

Power Management Expert

analog.com


https://www.analog.com/en/index.html
https://www.analog.com/en/index.html

Agenda

New in LTspice24

Simulating loop stability

L TpowerCAD for loop analysis
Simulating Tollerances with Monte Carlo

Simulating behavior of a power switch

©2024 Analog Devices, Inc. All Rights Reserved.
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LTspice Group.io User's Group

http://qgroups.io/g/LTspice

Several hundred posts per month

Q Find or Create a Group @ Help #logln & SignUp

& Messages

It Hashtags

munu

LTSpiCE LTspice@groups.io

This group is dedicated to LTspice. It's independent from the owner of LTspice (ANALOG DEVICES (ADI) / Linear
Technology).

LTspice is a free SPICE program for electronic circuit simulation.

The old LTspice group https://groups yahoo_com/neo/groups /LTspice/info has been integrated into this group - messages,
files and bers have been ged. There is an additional folder with zip-files containing the files from the Yahoo group -
hitps://groups.io/g/L Tspiceffiles/L TspiceFiles

Please don't attach files to your message. Instead upload attachements to the folder Temp -

https:/igroups.io/g/L Tspiceffiles/ Temp .

Don't discuss in the topic "New file uploaded ", The messages in this topic will be regulary deleted. Instead start a new topic
with a useful subject title.

Group Information Group Settings

A http:/fwww_analog.com/L Tspice ]} All subscribers can post to the group.
i 64,634 Members v Posts to this group do not require approval from the
®, 20,626 Topics, Last Post: 9:47am moderators.
© Started on 9/27/02 v Posts from new users require approval from the
B Feed moderators.
4 Messages are set to reply to group.
@ Subscriptions to this group do not require approval from
the moderators.
& Archives are visible to anyone.
& Wiki is visible to subscribers only.
© Members can set their subscriptions to no email.

Top Hashtags [see A
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Group Information

# hitp/fwww_analog.com/LTspice
' 64,634 Members

%, 20,626 Topics, Last Post: 9:47am
© Started on 9/27/02

Feed


http://groups.io/g/LTspice



https://www.analog.com/en/index.html
https://www.analog.com/en/index.html
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LTspice 24 Refresh Overall Look and Feel
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Revert back to classic toolbar style possible

©2024 Analog Devices, Inc. AllRights Reserved.

[T settings x

Metlist Options Compression Search Paths Intemet Hacks
Operation Schematic Waveforms SPICE Save Defaults

Marching Waveforms

Generate Expanded Listing["] [_]

Save all open files on start of simulation[*][_]
Automatically delete raw files["] []

Background image[’]:| Osciloscope ~
_r—%T:mIbar Style[]: | Default =~

Toolbaricon size["]: | Default ~

Waveform Plotting Thread Priorty]’]: | medium W i

RAM for Fast Access Conversion[*]: |40
Directory for Tempaorary Files["]
|E:‘aUsers‘xFDnstaI‘-.ﬂppData‘ancaI‘aTemp

['] Setting remembered between program invocations.

Reset to Default Values

QK Cancel Help
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Simulation Control

New Configure Analysis = Toolbar Button and Shortcut (“A”)

Improved Configure Analysis Dialog Functionality

= Captures all simulation commands on the schematic, including comments

= Populates tabs accordingly

= Automatically comment/uncomment schematic text

Shift + Left-Click toggles text between directive and comment

©2024 Analog Devices, Inc. All Rights Reserved.



LTspice 24: Faster Simulations

Sim Time
(LTspice 24)

©2024 Analog Devices, Inc. All Rights Reserved.
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Improved simulation speed
» Benchmarked ~200 popular MMP examples
= ADI-standard Dell i7 Precision 5550 laptop

Improved run-to-run consistency

Changed default trtol to 2 for
further improved performance



New Keyboard Shortcuts and Dynamic Cheat Sheet

Customization-safe

Return to old shortcuts via

Restore LTspice Classic Values

Place Companent:
Draw Wire Mode:
Place Metname:
Delete Maode:
Duplicate Made:
Move Mode:

Drag Mode:

Unda:

Redo:

Place Comment Text:
Place SPICE Directive:
Unconn, Fin Marks:
Texk Anchor Marks:
Place Ground:

Place Resiskar:

Flace Caparcitor:
Place Induckar:

| Restare LTspice Classic Values

Fa

Load from file. ..

Flace Diode:

Draw Lines:

Draw Rectangles:
Draw Circles:

Diraw Arcs:

Reset T=0:
Schematic Grid:
Rotate:

Mirror:

Zoom Area:

Zoom Back:

Halt Simulation:

Run Simulation:

Place BLIS Tap:

Zoom ta Fit:

iew SPICE Error Log:
Place Yoltage Source:

New Non-Modal, Floating Cheat
Sheet Available from Help Menu

Click an item belaw and then press the new keyboard combination For the new short cut,

'L/\ Schematic | T Symbol t: YWaveForm @ Metlist

Save to file...

Cancel

[ Keyboard Shortcut Cheat Sheet *
A, schematic T Symbol ¥ WaveForm [=] Netlist
Configurable Keyboard Shortcuts:
Configure Analysis: A Move Mode: M
Run/Pause Simulation: Alt+R Stretch Mode: 5
Stop Simulation: Alt+S Rotate: Ctrl+R
View SPICE Log: Ctri+L Mirrar: Ctrl+E
Zoom Area: Fd Delete Mode:  Backspace or Del
Zoom Cut: Shift+2 Copy Mode: Ctrl4C
Foom to Fit: Space Unda: Ctrl+Z
Draw Wire: W Redo: Ctrl+shift+Z
Place Ground: G Draw Lines:
Flace Voltage Source: W Draw Rectangles:
Place Resistor: R Draw Circles:
Flace Capacitor: C Draw Arcs;
Place Inductor: L Schematic Grid: Ctrl+G
Flace Diode: D ShowHide Unconn Rin Marks: Cirl-+U
Place Component: P ShowHide Text Anchor Marks: Ctrl+A
Place Netname: M Reset Sim Waveform T=0: 0
Place Comment Text: T Place BUS Tap: B
Place SPICE Directive: Place COM: Alt+G
MNonconfigurable Shortouts:
Help: F1 Draw wire at any angle: Hold Cirl
Mew Schematic: Cirl+M Draw lines off grid: Hold Ctrl
Open; Ctrl+0 Bump cursor (small): Arrow keys
Save: Cirl+5 Bump cursor {medium): (Ctrl or Shift)-+HArrow
Frint: Cirl+p Bump cursor Jarge):  Cirl+Shift-+Arrow
Search: Cirl4F Text toggle directive/comment:  ShiftHeft-Click
Renumber instances:  Alt+Cirl4+5hift+R Direct edit textfattributes:  Cirl+Right-Click
Highlight hidden text:  Alt+Ctrl+Shift+H
Edit Keyboard Shortouts

©2024 Analog Devices, Inc. AllRights Reserved.
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O‘ Redo
An 10t

.BP SPICE Directive

SPICE Analysis
<'> Resistar
# Capacitar
3 Inducter
z Dinde
1} Component

i Draw Wire
() Label et
$ Place GHD
P place sus tap
& pelete
Duplicate
0 wave

'CD Crag

Dora

Chrl+-shift+2

Alt+T

Alk+5

Al+R
Al+C
Al

o

Chrl+y

Chrhey

W

Alt+G

'B‘
Backspace
Chrl+C
Chrhem

Chrl+D
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Frequency Response Analysis (FRA)Upgrades

4-terminal Frequency Response Analyzer Probe &1
« Enables Bode plots of any part the loop

« Simplifies analysis of yModules with integrated top feedback resistors;
negative outputs; and current feedback —

I
+
O
+

Phase changed to represent phase margin (phase +180°) Hﬁ

Smooth stimuli transitions between frequencies

-
I
T

- Faster settling / improved accuracy

V{outfb)

6.39ms 648ms 6.57ms 6.66ms 6.75ms 6.84ms 693ms 7.02ms 7.11ms 7.20ms 7.29ms 7.38ms|

©2024 Analog Devices, Inc. All Rights Reserved.



Component Libraries and AppData ANALOG

DEVICES

LTspice Installs/Overwrites Files Here User Files Should be Placed Here
[User] Documents
! ! |
AppData/Local/LTspice/Lib/cmp/ L Tspice

(Location Configurable)

| ' 1 (Optional Third-Party |

standard.dio Directory Structure) | user.dio | Third-Party
standard.mos Not advised unless user.mos Preferred Placement
etc. directory hierarchy is plot.defs No Directory

| | required... symbols Hierarchy

efc.

©2024 Analog Devices, Inc. All Rights Reserved.



Components/ Software may be separately updated

New since Ver. 24.

Update LTspice
Update Components

Help
Tools Window Help 9 LTspice Help F1
i ﬂ Copy Graph Image to Clipboard 3 Keyboard Shortcut Cheat Sheet
' & Write image to .emf file ﬁ Open Examples..
o Settings a Get Support on EngineerZone

D Go to Analog.com

m Go to myAnalog

@ Color Preferences

n Update comporents

& Show Model Change Log

& Show LTspice Change Log

©2024 Analog Devices, Inc. AllRights Reserved.
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Simulating loop
stability


https://www.analog.com/en/index.html
https://www.analog.com/en/index.html

How to measure loop stability? ANGRS

Input Voltage Output Voltage

13T " Oscilloscope

- Signal
200 ||
Modulator % é @ Generator

B B
COMP 4 FB %\Rfm

VREF Rfb2

,___-
L

©2024 Analog Devices, Inc. All Rights Reserved.
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NALOG vin| | O8°

VICES |
OWER 1 r".\ ! g -
NAGEMENT e

1 om0

ADP2118 DEMO ) GARD
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Practical Implementation

©2024 Analog Devices, Inc. AllRights Reserved.



Bode Plot

©2024 Analog Devices, Inc. AllRights Reserved.

Gain OUT/IN (dB)

LT8642 Bode Plot

Vin=12V, Vout=1.2V. 0.5 Ohm Load

75 20
60 —160
45 —120
30 —8a0
15 —40

0 —10

15 —-40
30 —-80
45 —-120
&0 —-160

= Gain_1 = Phase_1

-75 —-200

100 1k 10k 100k ™ 10M

Frequency (Hz)

Bag) 1no - N| 2sey-
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LTpowerAnalyzer: Bode Plots On the Go!

File Calibrate Help
Bode Flot 3mm[5m]Tm[hwm

Sweep Control Cursor Control o
St Frequency

= 1 2 A

W las 0 LTC3833EFE Bode Plot X T B i

Vin=12V, Vout=1.5V, lload=0A

r—r _ n uads
v Y EEETE 7020
AY1/AX -805dB/MHz

Signal Source AY2/AX 392 Deg/MHz

© Transfomer w1 # 1 BIE =

Switching Frequency T 7 ON
Design Tol (%) Measured
300kH: 20 -

Run ’ Append S2.4kHz 1

SISATYNY ¥IVO SHOSYNO HdVH‘_ﬂ

o
hJ
z
=
=
2
(=]

S

L
(U]

(62@) LNO - NI as8Yy

Frequency (Hz)
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The LTpowerAnalyzer
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B Tpowerfnalyzer — O >

ANALOG
File Calibrate Help DEVICES
Bode Plot  Sweep Amplitude  Scope  Transient  Impedance
Sweep Control @ G=h Daa Waveform Data Editor o [ o]
el
I
Start Frequency Stop Frequency # MName Visble Select | T
(100 J[He |10 [[MHz | LT8642 Bode Plot " [ 2 0O la
- ) —_
Points Speed Vin=12V. Vout=1.2V, 0.5 Ohm Load 1 | Phase_1 ™ =
101 ~ || Medium v | 75 _o00 o
@
Run [] Append &0 ~160 =
=
Signal Source 45 -120 %
(®) Transformer ) Wi =
30 -20 =
Switching Frequency | o
Design Tol (%) Measured o - o
2miz |20 ~][138 Mz z B €8
= =
E 0 -0 4
DC Probe Current o 5
o . =
E 15 40 B
Enabled e
-30 --80
-45 —-120
-60 —-160
— Gain_1 =—— Phase_1
-5 —-200 E Lﬂgﬂld I:l Points
100 1k 10k 100k ™ 10M
Hide Al Show Al
Frequency (Hz)
Delete Al Delete

MZK?

22 ©2024 Analog Devices, Inc. All Rights Reserved.



E LTpowerAnalyzer
File  Calibrate Help
Bode Plot  Sweep Amplitude

Configuration

(@ Bode!_) Impedance

Signal Generator

Enable

Signal Source

Scope  Trangiert Impedance

@

Transfarmer W1
FFT
Filter
IMHz Enabled
Run Single
B0k 100k
M2KT

23 ©2024 Analog Devices, Inc. All Rights Reserved.

-1 .El'l"l

150k

Time (s)

-200u 0 800u

200k 260k 300k

Frequency (Hz)

1 .EIT"l

350k

E.-qﬂ'l

400k

3..'-7_"rr‘|

450k

4m

500k

Scope Analysis

Farameter
Aquisition Time
Sample Frequency
Signal Frequency
Cycle Count
Samples/Cycle
Ripple IN (phkpk)
Ripple OUT (pkpk)
Signal FFT Bin
FFT Bin Size
FFT IM iph-phc)
FFT OUT (pleph)
Gain [QUTAM)
Phase (IN-OUT)

Yalue
16.38 ms

1 MHz
572 8 Hz
15.594
1028
11.06 mV
54 03 mV
16

61.04 Hz
85.86 uv
4321 mV
51.53dB
123.7 deg

@

SISATYMNY  SHOSHND Hd‘u"UD|
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E LTpowerAnalyzer

File  Calibrate Help

Bode Plot  Sweep Amplitude  Scope  Transient

Transient Control

MUWL |

Low Cument High Cumrent
N

Pulse Width Dty Cycle (%)
100us ~| {10 v|

Pulse Court

1 w

Rise Time Fall Time

Tus | [1us e

Measurement

Run L] Append

Switching Frequency

Design ~ Tal (%)  Measured
[2MHz |20 v | 196 WH:
M2K?

24 ©2024 Analog Devices, Inc. All Rights Reserved.

ILoad (A)

Impedance
LT8642S Transient

Yin=12V, Vout=1.2V, No Load
45 &0m
40 —40m

I mWv (2,64 %)
35 —20m
a0 -0
25 —-20m
10 “34 2 mV -2 81 %)} 40m
15 —-&0m
10 —20m
.'5-b —-100m
0 —-120m
— lload_1 —— Vout_1
-5 —-140m
-20u 0 20u 40u &0u 80u 100u 1200 140u 160u 180u
Time (s)

() o,

— O
Trigger
Channel Edge e
Cumrent ~ | | Rising o
Mode Leve
Momal w | 4 A

Autolevel
Time Base
Range Offset
|2'|] us/div o | |-4 div e
[] Autoscale
I:aad Current
5 Addiv 4 div
Extemal DC Load
A
Enable Autoscale
{_)utput Voltage B
20 mV/div 2 div
Scale Factor
L |
Enable Autoscale
Graph Markers
Visible

SISATYNY W1Wd SHOSHND Hd"ﬁ"HEI|
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E LTpowerAnalyzer

File  Calibrate Help
Bode Plot  Sweep Ampltude  Scope  Transient Impedance

Sweep 9 Graph  Data
Start Frequency Stop Frequency

e~ Mk >~ LT8642S Ouput Impedance

Puaints SPEE_fd Vin =12V, Vout = 1.2V, 0.5 Ohm Load
101 ~ | | Medium ~ 100m
Fun [ ] Append
Switching Frequency
Design Tal (%) Measured
2MHz  |[20 | 196 MHz —
E 10m
£
Q
Lik]
]
=
[1]
=
k]
(=
E
=]
o
S Tm
= |mpedance = Fhase
100u
100 1k 10k 100k
Frequency (Hz)
M2E?

25 ©2024 Analog Devices, Inc. All Rights Reserved.

—178

=140

-105

—-105

—-140

--175
10M

(o) 8sEY-

— a
X Axis
100 Hz 10 MHz
AutoScale

Y1 Axis
10002 100 me2
futoScale

¥2 Axis

-175 Deg 175 Deg

AutoScale

10

SISATWNY  W1Wa SHOSHND Hd‘d’HEI|
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The Bode Diagram

Phase margin is Phase at the
frequency of 0dB crossover

0dB crossover goal 1/5t, 1/10t of
switching frequency

Phase margin goal is > 45 deg

©2024 Analog Devices, Inc. All Rights Reserved.

Gain
in dB

Phase
in deg

-90°

-180°
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/ double pole

-40dB/dec

/ Zaro

-20dB/dec

:\ Frequency in kHz
|

/‘\phase margin

Frequency in kHz
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Bode Plot in old LTspice
.measure Aavg avg V(a)
.measure Bavg avg V(b)
.measure Are avg (V(a)-Aavg)*cos(360*time*Freq)
; ; .measure Aim avg -(V(a)-Aavg)*sin(360*time*Freq)
“ Vin .measure Bre avg (V(b)-Bavg)*cos(360*time*Freq)
*\ .measure Bim avg -(V(b)-Bavg)*sin(360*time*Freq)
\\\ L1 " .measure GainMag param 20*10gl0Chypot(Are,Aim) / hypot(Bre,Bim))
SW . . OUT .measure GainPhi param mod(atan2(Aim, Are) - atan2(Bim, Bre)+180,360)-180
5 C4 2.2 = =
\ 2 8
\ 22  Rser=6m : >00 S Rload
N 2 1 - Uloac —
Boost N D1 Reer=9m 20 .Param t0=.2m

’
o

\ o e .tran 0 {t0+25/freq} {t0}

N
\CMDSH2-3

. N\
INTVcc . k* R1

.step oct param freq 5K 500K 5

7 6.49K
‘L7us V2 . .save V(a) V(b)
FB { H | .option plotwinsize=0 numdgt=15
SINE(O 1m {Freq}) RZ
R3 4.99K

Ith e
C7 249Kk |C6 3
siND 24.9K %
10p in _

Cross Over Freq

110K 130K 150K 170K 190K

©2024 Analog Devices, Inc. All Rights Reserved.
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Stability Analysis, Small Signal

Power Supply: Input =0Output =0

80 e 0
uo -~ \\ -20
\\
& 40 \ 7 o
) -80
. Sweep f = I\\ \ { 1
Wiggler 1 > I 2 . \__/ | -100
\ X \ | -120
y 0 NPAN \\ ~140
w
K \\ 4 -160
-20 -180
110 100 1k 10k 100k 1M
FREQUENCY (Hz)

u, = —Tu,

©2024 Analog Devices, Inc. All Rights Reserved.
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Principle of Superposition

4 )
o Linear o
Superp08|t_|on Time-Invariant . Superp08|t_|on
of Harmonics System of Harmonics
(Stimulus) \ ) (Extraction)
1.5 3
IV TV Y, AV AV Y
S [y A = UJI .UI \ ..,UI \
L WL W oW W W
-15 V U U -3 U V V
T 0.5 1.0 1.5 2.0 25 3.0 ] .5 1.0 1.5 2.0 2.5 3.0

1
s(t) = sin(2mt) + 5 sin(8mt + m)

Harmonics nf Withn = 2* (k € N) Nonlinear Circuit: Keep Stimulus Sufficiently Small.

©2024 Analog Devices, Inc. AllRights Reserved.



W LTspice

File View Tools Help

AL

Arrange windows so they overlap(+shift to also open iconized windows)



y View Simulate Tools Window Help

CADHESPIINEBQQAAUNIT LSOOI z3 ¥Rt 1O 7080 Q

F Component

LT8618 Top Directory:

ﬂEﬁdency 65V/100mA Synchronous C:\Users\FDostal\AppData\Local\L TspiceViblsym
swnfld ] | cowmemen |

[#] C:\Users\FDostal\AppData\Local\LTspice ib\sym PowerProducts),
LTg410-1 LTaa04 LT8613
LT8415 LTE604C LTeo14
LT5418 LTaa0s LT8616
LT8471 LTaa07 T8618
LTa494 LTaa08 LT8618-3.3
LT8495 LT86085 LT8618C
LT8550 LT8609 LT8619
LT8551 LT3a094A LT8e158-5
LT8570 LT8a098 LT8620
LT8570-1 LT8a095 LT8630
L8530 LTa510 LTa831
LTa582 LTa5104 LTa836
LTa534 LTa510AB LT8637
LTa601 LTa610AC LTa6385
LTa602 LTae1l LTB640
LT8603 LTao12 LTE840-1

GetLT8618 Info

Open Example Circuit




& [Tspice - [LT2618]

'l: File Edit Hierarchy View Simulate Tools Window Help
CADHSS P I TEBQQAAQAIVIA LSOOI ¥R=t t O 5 Q
Vin BST
C2
Ul — =
Vi 47n
EN/UV sw | W SRR 0 )
1204 ::Cl Rload
12 C3 R4 22 50
{——F—intvec [T Bias : 162Meg |
1p
FB FB
LT8618 R1
301k
it TR/SS
R3
RT ot PG__EE__JAVAMF____
GND 100k
R2 .tran 3m steady nodiscard

110k N




-4
-[::; Ed

0ADMSC> I MERARAGIZE LSO £3 $Bmt 1O 7] Q

TRSS

RT

R2

110k

Vin

EN/UV

INTVCC |

TR/SS

Rt

Ul

BST

SW

SW

47n

C2

L1
ouT

[9 Component

fra

Freguency Response Analyzer

LT

Rload

X —
Top Directory: 2 2 I‘| 50
C:\Users\FDostal\appDataLocal | Tspiceibisym ~
Search: fra| Go to analog.com Z M eg v
C:\Users\FDostal\AppData\Local L Tspice {iblsym
ADC] by ind2 pif
Comparators] cap 15016750-2 pmos
Contrib] csw 15076372 pmos4
[CurrentMonitors]  current LED pnp
[DAC] diode load pnp2
[Digital] e load2 prnp4
[FilterProducts] e Ipnp polcap
Misc] f Itine res
[OpAmps] FerriteBead mesfet res2
Optog] FerriteBead2 njf schottiy
[PowerProducts] 3 maos SOAtherm-HeatSink
[References] fraprobe nmos4 SOAtherm-MMOS k
SpedalFunctions] g npn SOAtherm-PCE
Switches] a2 npn2 s
bi h npn3 tine
bi2 ind npn4 TvSdiode
£ >

Place

Cancel

GND

PG

PG A A

100k

.tran 3m steady nodiscard



& [Tspice - [LT2618]
'l: File Edit Hierarchy View Simulate Tools Window Help

CADHRESP I TEBRQRQRQRQAVB LSO ¢ 3 et t QO 771 N
Vin BST
(op)
U1 — 1
47n
vi EN/UV swi Wi . ouT
1204 @1 ::Cl Rload
12 c3 22p 50
¢~ —iNtvec [T  Bias :
1.62Meg
rp _FB
LT8618 R1
301k
TRSS TR/SS
R3
RT ot PG L/\/\/i
GND 100k
R2 tran 3m steady nodiscard
110k % '




=4
-[::; Ed

CADMESD N TERAQRANZ L0323 $Hxt t OS]

Editing component: @1

TRSS

RT

R2

Vin
Ul
EN/UV

INTvee [T

LT8618
TR/SS

Rt
GND

BST

C2

W Frequency Response Analyzer - @1

Analysis Type

@l Gain ws. Frequency [:l Impedance vs. Frequency

Help Me Configure This for a Switching Regulator

Stimulus Frequency
Start at Frequency[Hz] *:

End at Frequency[Hz] =

Coarse Steps up to Frequency[Hz]:
Add These Spedific Frequencies[Hz]:

Max # of Simultaneous Harmonics:

Stimulus Amplitude
ppO[V]:

pp1[V]:
FoO[Hz]:
F1[Hz]:

General
Start Analysis at Time[sec]:

Minimum Analysis Tima At Each Frequency [sec]:
Stimulus Settling Time At Each Frequency [sec]:

Intermediate Node Mame:

Disable This Analyzer [

Calculated Duration (Simulated Time): fstart required

110k

Cance

ouT

1 point per octave (3.3 points per decade) w

C1
@1 —

224

R4 N
1.62Meg

R1
301k

Rload
50

.tran 3m steady nodiscard



Settings

(:) Impedance vs. Frequency

Help Me Configure This for a Switching Requlator

\4

Stimulus Freguency
Start at Frequency[Hz] = 10

End at Frequency[Hz] *: 1000k

2 points per octave (6.6 points per decade) w

Coarse Steps up to Frequency[Hz]:
Add These Spedfic Frequencies[Hz]: |:|

Max # of Simultaneous Harmonics:
Stimulus Amplitude
ppO[v]: m
pp1[v]:
V{pp0) _\ 2
FO[Hz]:
Vipp1) '
FO F1 F1[Hz]:
General

Start Analysis at Time[sec]:
Minimum Analysis Time At Each Frequency [secd]: 250u
Stimulus Settling Time At Each Frequency [sec]: 125u

Intermediate Mode Name:
Disable This Analyzer [_]

—— Multiple Fregs at Once

— Averaging
—— Settling

s

Calculated Duration (Simulated Time): 102, 536m sec <

Cancel

Required Simulated Time

©2024 Analog Devices, Inc. All Rights Reserved.

—— TPoint/Oct Below This Freq

Optionally, enter approximate expected values below, and
LTspice will initialize the detailed analyzer parameters.
All fields are optional,

Approximate common mode voltage at FRA device [V]: I:I

Cunﬁgure FRA

Cancel
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File Wiew Plot Settings Simulation Tools Window  Help

SCADH&G&OCDPIT=EBQAQARA t 1 Q57 4
+ LTes1e ¥ LT8618

=

13V 5 Vsw) 5 S— — 5 Viout) 5
MV g e e e e e i e T S o B
GV e e s e B e B T S e
R e e . e S e o e
s
Vo T T SR R T e e e S I e
e e e e ey e It St e A e e Kt
3V ; ; ; ———— ; a ;

2.346ms 2.349ms 2.352ms 2.355ms 2.358ms 2.361ms 2.364ms 2.367ms 2.370ms 2.373ms
z

o || E= || 2R

Vin BST
C2
U1

a7n L1
Vi EN/UV sw SWT S

outT
Vigw)
120y lc1 :
@1 Rload Hoz:[ PIEECELNEL® ~ Vet:| -89.111383mV
12 c 1;22u 50

[ 178618 e

Cursor 1

INTVCC Bias Cursor 2
<]_1‘|'1_ LT R4 Visw)
1.62Meg Hoz:| 2.3618627ms Vet | -89.272776mv
FB i Diff (Cursor2 - Cursarl)
LT8618 R1 Horz:| 2.5222285ps Vert:| -161.39215pV
301k Freq:| 396.47479KHz  Slope: -63.9879
TRSS | oo a: pe: |
R3
RT_ o pg | _PE
GND 100k
R2 _
.tran 3m steady nodiscard
110k
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CACHAECP IITEBRQAQAQAUALIOI 3 ¥Rt t Q7 71080 Q

Editing component: @1

Er Frequency Response Analyzer - @1

Analysis Type

(®) Gain vs. Frequency (O Impedance vs. Frequency

st Frequency Start at Frequency[Ha] * m
End at Frequency[Hz] =

Coarse Steps up to Freguency[Hz]:

Add These Specific Frequendesiiel: | |

Max # of Simultaneous Harmorics:

EN/UV

iNTvee [T

LT8618

TR/SS
Start Analysis at Time[sec]:
Mirimum Analysis Time At Each Frequency [sec]:
Stimulus Setting Time At Each Frequency [sec]:
Intermediate Node Name: ||

Disable This Analyzer []
Calculated Duration (Simulated Time): 3.89569m sec

I

Configure Gain FRA for a Switching Regulater

Optionally, enter approximate expected values below, and
LTspice will initialize the detailed analyzer parameters.
All fields are optional.

Approximate Switching Frequency[Hz):
Approximate Closed-Loop Bandwidth[Hz]:

Approximate common mode voltage at FRA device [V]: lII

[Confowerma] | cancel |
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CAGHESO INERAQANBLYO 3 ¥Lmt tO 710080 Q

¥ LTes1s . LT8618

5.5V ; ; ; ; V(OUt)s

2.8V

0.0V i I ] I I I I I
0.0ms 0.3ms 0.6ms 0.9ms 1.2ms 1.5ms 1.8ms 2.1ms 2.4ms 2.7Tms

Start drafting a new schematic
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CADHAESO N NBRAQAVZLYO I3 ¥Rt 1 QN T8l Q

¥ LTes1s . LT8618

5.5V

V(out)

2 . sv_ ____________________________ .- ______________________________ r ------------------------------ -------- [ Configure Analysis X

Transient AC Analysis DCsweep Moise DCTransfer DCoppnt Transient Frequency Response
Perform a non-inear, time-domain simulation.

S -~

: Time to start saving data:
/ Maximum Timestep:
0.0V | Start external DC supply voltages at ov: [

| |
0.0ms 0.3ms 0.6ms 0.9ms 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:

O A

Syntax: .tran <Tstop= [<option> [<option=] ...]
| .tran 3m steady nodiscard

| cancel and Edit Text Directly...

Right click to edit ".tran 3m steady nodiscard"
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5.5V#
I 1mes18ra =N =R
2.8V
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2B e e L
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-l: ' ' ] ' ' [ . ' ' ' ' ' ' [ ' ' ' ' ' ' = || £

7dB—
0dB—
-7dB-
-14dB-
-21dB-

' ' ' ' ' ' ' ' ' ' ' ' ' '
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100mA Synchronous Buck, fgy, = 400kHz, V;,; =5V

gain_1
40dB : ¢ O0°

F(0dB) = 4.29757KHz, Phase Maréin 45.6227 degre
30dB Sain Margin = 34.8527 dB at 115.14KHz

IN Vin BST 20dB-9N il 00
Vi lc3 \ ;

(Vh 10dB -90°

a7n L1 AN

T EN/UV sw Lﬂiﬁoﬁ—- our_, e ;

(0%}
w

-30°

120u 0dB oo tee $ o
@ @1 @G, ®..q E
c2 _|c4 Rload ;048 . i fo1s0°
<F—{1nTvee Bias » T2 100 o :
1L_ LY R2 22u -20dB \v\ @ -180°
: ;“ .‘-
FB 162Meg < "4 -30dB \\ o 3 2107
FB L
-40dB . -240°
LT8618 R3 \
TRSS| 1 /ss 301K -50dB -\ -270°
AV -600B \ -300°
R1 R4

Rt PG N\ -70dB 3 \& -330°
110K GND 100K fra :

80dB rrr—-360°
1KHz 10KHz 100KHz 1MHz

Run Time 14.7s(0On 5 Years Old Intel Core i9 7920X)

©2024 Analog Devices, Inc. AllRights Reserved.



LT8618 (Buck)

100mA Synchronous Buck, fg,, = 400kHz, V,,; =5V

gain_1

70dB ; 60°
60dB L_O—* e F(0dB) = 4.22771KHz, Phase Margin = 44.3894 degrees 30°
\\‘ Gain:Margin =:36.1615 dB at 119:703KHz
50dB N 2
40dB-J- e L \\ ‘." -30°
30dB .‘. N \ :-" _600
., \\ :
20dB - N i -90°
10dB R e ..---.'-\.u-.-'u.'.r.-'."."."‘....‘ E -120°
0dB O g NG B S -150°
N~ %Y H
-10dB = e : -180°
4
-20dB ) ; -210°
-30dB Mo R -240°
-40dB N 270°
50dB -300°
o\ A
-60dB / -330°
-70dB -360°
-80dB ol 300°
10Hz 100Hz 1KHz 10KHz 100KHz 1MHz

Run Time 9min 12s

©2024 Analog Devices, Inc. AllRights Reserved.



LT8618 (Buck)

Stimulus Too Small

gain_1
28dB 0°

e -(0dB)i= 2.72962KHz, Phase Margin = 359.557:degrees 1 (O
Gain Margin = 17.3932 dB at 129.856KHz

14dB \\ it 400
7dB ib -60°

0dB -80°
A\ .-

7dB AN\ § |-
14d84 ; \‘ A\ \ -120°
21dB u\/, \\ /\\ /A\ 140
-28dB \\ / \\_ g -160°
VN A

42dB y . -200°
y H \

)
‘e

-49dB Bt -220°

568 Yo -240°

-63dB -260°
1KHz 10KHz 100KHz 1MHz

©2024 Analog Devices, Inc. All Rights Reserved.
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Break the Loop

Criteria

FB = Interrupt all feedback paths

Incorrect

= FRA component must be point from lower impedance (flat side) to
higher impedance (pointy side)

This requires engineering
= L Tspice does not know the correct placement

= Many circuits have multiple places where the loop can be broken—if in
doubt, try two places and compare the results (adjust the stimulus
amplitude appropriately)
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Inspect the FRA transient waveforms

Voltage at both FRA terminals, and the difference
Inductor current

Control voltage (if external)

BST
C3
__.1|_| L1
SW H—/W . ouT
2.2
FB
::(:4 Rload
22 2.5
GND [-|>
AV
V(ith),
1.12ms 1.14ms 1.16ms 1.18ms 1.20ms 1.22ms 1.24ms 1.26ms

©2024 Analog Devices, Inc. All Rights Reserved.
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Inspect the FRA transient waveforms
|deally, sinusoidal pattern should be evident and symmetric

= Look for signs of non-linearity, which would indicate stimulus amplitude too large

= Note that there are discontinuities when the frequency changes - these are expected

V(out) V(out)

1.86V: —
1.74V

1.62V:

1.50V: . _

1.38V: \
1.26V \,\wﬂ"f ,J-’Jj

114V

ZbOmV

bOm\.-’

50mV

-50mV \
Bad -150mV

too much

stimulus

-250mV

-1-1!3«

dDA
28A
20A
12#

2 -W-|—

1.3V

0.2V
1.12ms 1.14ms 1.16ms 1.18ms 1 .26m:. s 1.24ms 1.26ms

©2024 Analog Devices, Inc. All Rights Reserved.

1.14ms

1.18ms

1.20ms

1.22ms

1.2dms

1.26ms
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Analyzing Inverting Output Reqgulators

N
Vi I '
Vin C2
INTVec {0 OUT
EN/UV INTVee Il F(0dB) = 11.2577KHz, Phase Margin = 79.676 degrees
12 1u
U1
— Sync BST %3
4PG AT  sw .
Ct
—TRSS{1Riss FB
1002 1 LT8609 ca
R Rt GND 2 ose
Yo U <25
OUT

.options trtol=4

ic V(OUT)=-4.9 V(TRSS)=-1.6 V(INTVCC)=-1.6 o

Connect the positive (O+, |+) terminals of the fraprobe across the , negative fraprobe terminals

(O-, I-) to the negative output

LTspice detects that the stimulus is grounded and automatically plots the probe gain

©2024 Analog Devices, Inc. All Rights Reserved.
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Current Feedback and Partial Loop Analysis PEVICES

NG V - fraprobe &1analyzes the full loop differentially across the sense resistor R9
R7 R5 m R6
@4 o gy W | T fraprobe &vc analyzes from current sense resistor to compensation point
Y . . .
ik Ve Vim v fraprobe analyzes from compensation point to current sense resistor
ENIUVLO INTVee | INTVCC
_I_CS—.- Vref Boost
: Qi
;|;22“ + CTRL2 16 1| RUK03050PB
Ut
# CTRL swW - ouT
150 c10
@ 2200
U FRin BG RJK0301DPB 3;2 SZD?\'-
o R LY P18
[Vinmon Sense+ probe_1: F(0dB) = 95.1481KHz, Phase Margin = 78.0001 degrees
01y 50
3 R
q—”—/\/\/— Ismon Sense- R10
o o0t =0 LT3763 475K : 3
| » B ve FB —| IRFH6200
o | o | v
&, \+&Vco B - P out | -PN_OUT 12.4K
o
Lo H> |/ mrvee — _ o
amod i i 2l :ich(OUT)=4;47 V(SS)=3.32 V(VC)=860m V(INTVCC)=5
l—|+_ “O+ SF R <7 fra
q_ I—ﬁ 82.5K 100KHz

©2024 Analog Devices, Inc. All Rights Reserved.
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Example: Stepping A Parameter

GainMargin_1 PhaseMargin_1

Easily Plot Phase And Gain Margin

[‘;I SPICE Error Log: fra_LT26485.10g X
Measurement: PhaseMargin 1 A
step PhaseMargin at
1 47.0836° 46010.9
2 73.9102° 206029
3 48.0784° 234740

[Measurement: GainMargin 1

step GainMargin at
1 30.73184dB 725478
2 11.6137dB 582070
3 8.96924dB 590198
g Eind CureF |
Dats !
Tot % Plot .step'ed .meas data econds .

Ly
tno B Close v

©2024 Analog Devices, Inc. AllRights Reserved.
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LTpowerCAD for
loop analysis


https://www.analog.com/en/index.html
https://www.analog.com/en/index.html

ANALOG

LTpowerCAD in the center pRvieEs

LTpowerPlanner LTpowerCAD

System Level Power Tree Search/Select a Solution Circuit Parameter Design Simulation

() {®) =%
® l.\ - =
A
0 o] ol Ll —
- Sl iz
’e::;;mu FPLALLE
Amawie
u% a.:n... : o “-"Z- B vt P e - = |
— e - —— -
e b—-a..:.":."” " - i~ S 0 Sw
nhadl - i = - e e A Mt 0
N e - - "’
- .l — - - P =
encs o — -k
el = S AN 5
R ~=- _Sma ' |
it - Bty - .
el S el [ oL \'\] i
- — ~m e -
e e — 5 - htimboti-tietn L e
". - Ste - - ~:- - C—- . - :-
-t —_2 - =
iyt tan AN - Sy Sties i - -
L 5] L - - " - ’- = - - = ol |
L' -t — - - o Al
Summary Rpert raem ""-'. : ,. 4
Totsl P = JL215W - cw - {. I.
Total Pout » 771 : AEL= g e o |
Total Ploss « SL15W A!_: : T i |
Total Effcency = BEN :, o — _._-...._....-'- B S [ Auu
FHAE = e — F 1™ 5 e —~ - - -
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Selecting external components

[B8 LTpowerCAD 1V2.7.1
File Help

@ Power Stage Design B Loss Estimate & Break Down % Loop Comp. & Load Transient % Power Design Summary

 Key
User Entry :
Calculated :
~ Part Specs
Max Vin : 38|V
Min Vin: 45|V
Max Vout : 55|V
Sugg. Max lout : 50| A
Min Sw. Freq.:| 200|kHz
Max Sw. Freq.:[ 2000| kHz
~ Design Specs
Vinmin:| 108V
Vin nom : 12|V
Vinmax:| 132V
Switching Freq:| 502|kHz
Ta: 25|°C
QOutput Rail 1
Vout1 : 1w
lout : 20| A

NEE

1=

Sl =

,
y

O

o]

"

'M

LTC3833 - Fast Accurate Step-Down DC/DC Controller with Differential Output Sensing

@

Project Name:

Date:
Vin[norm)| 12}V VIN Designer:
| CinB  Bulk cin | CinG Ceramic CIN
= ___1. MFR. 'L___ ___1. -
Total TN RMS 5.528 4 Part # I Part # Inductor Current Limit
Total CIN Ploss 0.067 W = CMNom 150 pF r—y C Nom 22 uF Desired iL Ripple A0 % Target lout Limit Margin 150 %
< F C 3 Sug. L1 | 023 uH Target lout Limit D) # Paralleled Phases 1
EXR|  20mO ESR im0 L1 056 uH iL pk@ Target lout Limit | 31,634 lout/Phase 20l
#Cap 1 #Cap 2 DCR 1,7 /m0 iL viy@ Target lout Limit | 2837 A
VOUT U1 o p:zt VRNG: Set 0.6V - 2V {or GND=30mV, INTWCC=50mV) Output Voltage
. \ :Mt0p1 iL Ripple % m% VRNG 2N Vout Prog. | 0,909V
eedback ! | | A - Actusl VANG 1Y Vout Ripple (pk-pk) |37.528mV
Sug. ':511 :E: :2 RH Cfﬁ TG L T : Veense max prog.|  100mV Avoripple/Vo =/- | 1.2T6%
it 5
it oF sW VOuT
[ I
Vosns+ ! ‘Mbot1 Coc G.ﬁ‘
Rb1 ciitt _J e o =T
BG
Sug. Rb1| 90.0kD T Ceramic Cout I Bulk Cout
Rb1| 009kn y = = weR = MR
At oF Vosns- Part# Part#
— =1 [ 00aTIF DCR Current Sensing CNom| 10wF CMNom_ 330uF
Cthi = Rthi sug R:; :'ij :2 Act. lof Limit [96,337]a < [ 1o}r E;Q
] ITH BLoss Rt | 2736HmW L1 PL@ lo1 Limix | T25TA zf ozmo £S 2nH
- Vzns1 PR@ lol Max |26,596/mV AnH -
| | Cthpt Sug- Rpt 100000 Vens1 Viy@ lo1 Max | 16,931 my #Cap 1 #op
|} Rt [T 15|k VensT Rip. (pk-pk) | 9,665 MY
Duty & Ton Compensation
Woutl Duty | 8333 % Cthi| 2200/pF Senses

Toml & Win Max 151 ns
Toffl @ Vin Min [1207.5ns

Sw. Freq.
Desired Fsw 500 kHz
Sug. Rfreq | 80.6 k0D

Rfreq| 20,6k
Act. Fsw 502 kHz

L2024 Analog Devices Inc. AllRighzs Reserved.

Rth1| TA5/kQ
Cthpl| 2200pF
— Rfreq

Rt

Sense-

Cs1

I
—-

1HE
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Feedback Loop & Transient Desi
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B UTpowercAD 11 - Seminar_01.Itpc - >
File Help
=al
@ Power Stage Design E Loss Estimate 8 Break Down Loop Comp. & Load Transient % Power Design Summary
%  DesignSpecs Loop Gain * For CCM Mode Only * Estimation Based On LTpowerCAD Average Model (CCM Mode Only) -
i \:’in min ; 1:,3 : Feedback Divider Loop Gain I Feedback | Control To Output | Compensator I Output Z | Load Transient
g in nom : . >
| — Desired BW 83,33 kHz |
£ Vinmax: 132V . Freeze Plots @
=] S F E " Max. Phs, Boost | 14478 deg h d b d
] w. Freq : FRRE| iz . . . Show Time Based Response Show Zout Based Response
Vout : 1l Phs. Boost Desired 10| deg RGI{ #1 (?V) LOOp Gain P ) . P
out:[ 20lA Cff Sug 39| pF Rail #1 (1V) Load Transient
R 80 dB w
leid pF £
Ta:| 253|°C
B Cfit Sug 43 pF 60 &8
Inductor Cfit pF oy
Inductor : 40 dB m
L: | 026/uH Desired PM deg
" 20 dB
Compensation %“ E 100 mV
Soa )
Cth Sug pF 3 3
F -2048 § 50mv
=
1} L=
Bulk Cap : = 048 % O | N
— ov i
C(actual): = 330/ uF -60 dB = Y V ‘
ESR: 9|m() l_l 20 d8
ESL: 2/nH i -50mv
#1 1/ pcs -100 dB
Cthp Sug pF 100 mV
100 H. 1 kH. 10 kH: 100 kH. 1 MH:;
- N i - = y 225 us 230 us 235 us 240 us 245 us 250 us
Cihp pF Frequengy (Hz) Time (s)
Ceramic Cap : . n h d
€ (actual) _10 : [] Use Suggested Compensation 200 deg asnheq = % g.
ESR: 3/mQ {Based On LTpowerCAD Model} F 2504
3 reeze Plots
150 deg 1
2004
Bode Plot 100 deg
J 5 0% N 1504
BW 2 g
Feedback Network PM 1D g 0deg z o f\ F\ F\. E\ :
Vour Gain @ fsw/2 g 5 1004 A & i 0
Ar J cff Gain @ -180° - 30deg \J \l \J \l
.-
> Load Step
!ﬁ’vﬂ [] wigh| z0/a -100 deg 504
Rg Ijj-fﬂt U Low| 10 A o
| - eq
o AAt 100 Afps 00A
AVo T & R
Comp. Network o Target & Response -200 deg
COMP/ITH TargetTotal AVo = | 3 |5
Target AVoRipple = — % 100 Hz 1 kHz 10 kHz 100 kHz 1 MHz 225 us 230 us 235 us 240 us 245 us 250 us
AVoRipple % Frequency (Hz) Time (s)
Ry Crup Allowed AVoStep = | -3,18 | %
Cr AVoStep = % Import | | Export | | Clear Imported | |
Total AVe = *

©2024 Analog Devices, Inc. All Rights Reserved.




Efficiency Optimization
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File
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@ Power Stage Design

a Loss Estimate & Break Down

= X
. Loop Comp. & Load Transient

E Power Design Summary

ANALOG
DEVICES

| Output Rail # 1

Design Specs
Vinmin: 108V
Vinnom: 12|V

MOSFETs

Control MOSFET

Vinmax:| 132V Vendar : [INFINEON
— Select
Sw. Freq:| 502|kHz Part : [BSCO910MD!
Vout : 1|V Vss: |25 W #Fets: |1 pes
fout : IR0 A Qg: 58 | nC Qgd: (12 |nC
Ta: [ 55)°C Rdson: 438 | mQ Qgs: |19 nC
Inductor Rg: |08 0 Vmiller : |25 v
Inductor: | Vdiode : (087 |V Vth: (15 |V
L 026 Ploss: (0556 |W/Fet  Coss: 370 | pF
DCR: | 1.7|mG Bja: crw ATja: °c
Bwa: | |TC/W
Sync MOSFET
elect
Vendor : |NXP
Select
Inductor Loss Part : |PSMNORS-31
Tw:| 25 |°C Vdss: 30 | v #Fets: |1 pes
DCR@ Tw:| 17 | mO Qg:|594 |nC Qgd: 135 | nC
DCR Loss: | 069 | W Rdson: (075 | mQ Qgs: 153 |nC
I}:acl'::oss; W x Rg: |14 9] Vmiller : |24 v
S Vdiode: 076 |V Vih:[15 |V
Buck Ploss: 0352 | W/Fet Coss: 2910 | pF
Viy Bja: ‘cw ATja: °C
Qr Estimate
4 L N U
oy
External Bias
Bavec:| v Lo
FET Vmiller Rail Total Power Loss @ Full Load
Pin : 22269 w
Pout: 20 w
Ploss: 2,269 w
Vi
gs n:| 8981 %
Vimiller | ©7"
lout 1513 | A
Qg B 90 %
Ploss 1,69 w

For CCM Mode Only

100 %

a0 %
80 %
70 %

60 %

Efficiency (%)
2
]

40 %

30%

20 %

10%

0%

00A 204

[l Freeze Plots
Rail #1 (1V) Efficiency & Power Loss

90,00 %

15,134

40A  60A 80A 100A 120A 140A 1604 1804 200A
Load Current (A)
Export | [ mpot | [ ctearimporied

500,0 mW

00w

Power Loss (W)

Inductor AC Loss Entered by User

Rail #1 (1V) Power Loss Breakdown (Full Load)

= Control Fet Conduction (0,148W,6,53%)
= Control Fet Turn On (0,298W,13,14%)
= Control Fet Turn Off (0,111W,4,89%)
" Control Fet Driving (0,015W,0,66%)
= Sync Fet Conduction (0,278W,12,26%)
= Sync Fet Driving (0,158W,6,97%)
= Sync Fet Body Diode (0,274W,12,08%)
=|C LDO (0,219W,8,66%)
" Inductor DCR (0,687W,30,29%)

Cin Losses (0,06W,2,65%)
2 Cout (0,02W,0,88%)

©2024 Analog Devices, Inc. AllRights Reserved.
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Designing an output filter SRS

B UTpowerCAD 11 V271 - LFC71515 Demo Board DC25 54 Itpe - o
file Help
“_FE: Power Stage Design Lozs Estimate & Brask Down % Loop Comp. & Ldng Iransient E Power Design Summary
| Dedg:Specs — Loop Galn '““"MQ‘.‘Z, ! PT——————— 'wwmlrpmmAmnm (CCM Moade Oaly)
| Z vm min : 2 " " Loop Gain | Feodback | ¢ To Output | Compenrator | Output 2| ransient |
§ V'" B e Dwsired BW | B667) kHz o (’ ;} KX Output L/C Fiter X
| nmeR Meax Phs. Boost | 24316| deg | o] == .
== Sw Freq: | M0BEKHz | o o Desired | 10 deg — Enable Additional Vout L/C filter VoutB @ lout Max : Response ¥ Show Zout Based Response
i Cfisug| 20| oF ) Vo i Rail #1 (1,2V) Load Transient
o IR, | B or B o 100 a8 Vout Riople (pk-pkl ;| 9961 [V ‘
Ta:| 23°C . i
CltSug | 330) pf 4048 t
Inductor L) Chr | of .
Inductor : {74430 : 60 g ! +
L] 02w Desred PM | W]deg _ Sy v Ce .;L
DCR: | Q37 md1  Compensation g i Powe, r Suppl y 1 WCE Cor
Bwa: [1526/°CW | S o - ' | Voutg
= CthSua | 100 pF $° e ! ESReg | ESRYE  pnete) | -
(et ! fom o : i
out cn| 220 pF ' ‘
C 220 ES ES
Bulk Cap : |EEFSX ‘ -2045 ! i’y iz
C(actuall: | 3307 Rthsug | 169/ k0 S i
ol : Filter Induct Filter Bulk
BSt: | 9 2n= &en [ 402 60 a8 " e e
=: 2 pes - 8048 ‘ MR WFR: MFR:|
S ChpSug | 75| pF ) Parth: - Parté: Far# : —
R— 100 He 1 Ls: aH C: uF Ce it us d0us & us &0 us 100 us 120us 140 us
T~ Cthp 10 pF Rs: mD ESR: miR ESR: iy Time (s)
Ceramic Cap - [ORME ] e Sikgpnsedt Compunsint " ! ESL: At ESL: nH
Clactial]: BRI 2005 ‘ =Cap: #Cap:
ESR: | 25 may | (Bosed On L TpomerCAD Modl : P! " —
ESL: | 035 i50azg | Vout Sense / Feedback Options :
2: | s o Sense Vout at Supply's Local Cutput (VoutA) z
M selert Bode Plot g L Sensa Vout at Supply's Remote Output (Vouts)
| Snintintn { Vin |V
0 o 091} A WNote:
g 19653 kH: Bodeplots will be updated, but in this case the LTpowerCAD load transient plots will not e
Feedback Network PM (7805  deg be updated as they may be inaccurate, Use LTSPice to check load transient performance,
Vour Gsin @ faw/2 |-1435  cB o | D |
Ay ) cff Gan § 80" -3608 a8 ! ) ) L il T T
T || wesoe P T - m A (Al
! B { =gh 10/ & -100 deg t =1t t O0A
Ay | Cfit L) Low ol A | | (TR ‘ il ‘
L;J Am‘—ﬂr 10 A 150 deg , i 1 204 . il HHUEEM
AVo Target & Respome
Comp. Network T -
COMP/ITH TergetTotal SVo =~ 3 | % i
Target AVoRipple= | 1 | % 100 Hr TkHz 70 kHz 100 kHz T MHr ds 20 us 40 us 60 s 0w 100 ux 120 us 145 us
AVoRipple = | 031 | % Frequency (Hz) Time (3}
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EMI Plot

[ Input EMI Filter Design

EMI Specification :

CISPR22 =

EMI Margin Desired : lII dBpV

AA
rri

=

@,

B, €, @

I S« B

Conducted (Differential Mode) EMI Filter Design

Use Suggested Values

Rfp Rfp OPEN Q
Lf
VinA VinB
I \ fW\ s B
= Lf s |cine CinC
MFR. MER. MFR.
Parte —— Part#
C{nom) 100 pF CdA LSug. 0,277 pH cd C Sug. 226,55 pF L L
C| 100 pF E j L 0277 uH E j C{nom.) 100 pF = =
ESR|  5mQ  |=m DCR_ 5mQ Cl226.55 1k CinB CinC
SR 5 mO
#CES" 1 oe EEC I .y ; :1H MFR.| PANASONIC | MFR.  MURATA
aps] 0 Ploss DCR|  0,03|w £ Caps Partz.  20SVPATM Part# GCM32ER71E106K
cf ~——  C(nom) 47 pF C(nom) 10 pF
RdA MER, cl  a7lpF C 9637 pF
= | RdB — " T 5l
R 02430 cf Partz ESR 45 m0 ESR 2 mo
RSug. 0243Q - Ij j nom)  47|pF RSug']{. ggg X CESL 4_1 nH X CESL 0,3: nH
— C A7\wF RdB AR aps. 1 psp 1)
RdA% it
ESL 1nH .
= = =scps 1 =  Input Filter
Note : CdA, RdA, CdB, RdB, Rfp are for optional damping z
OF
LISN EMI vs. Specification
. Actual EMI Margin (min.)| 1,995 dBpyV @ | 1,001 MHz
VinA VinB o
Input Filter
Vin I"' LTC3605
I
= Z|N
J‘ 3" (j‘f Operating Conditions
= Vin 6V Voutl 249V  loutl 5A
Filter vs Input Impedance Fsw|_ 1000 kHz
— ZIN - ZOF Headroom {min.) | 20,677 dB @ 0,038 MHz
To
analyzer

LISN...Line Impedance Stabilization Network

©2024 Analog Devices, Inc. AllRi

ghtsReserved.

Show EMI Without Input Filter

Lo

0 S

EMI

|Filter Attenuation | Impedance

: 77y

Cursor Y : dBpv

ANALOG
DEVICES

x

Magnitude (dBuV)

Conducted EMI vs. CISPR22 Class B (PEAK) : 150kHz - 30MHz

20 dBpV

70 dBpV

60 dBuV

50 dBpV

40 dBuV

20 dBpV

20 dBuV

10 dBpV

0 dBuv

100 kHz

1 MHz

Frequency (Hz)

10 MHz

100 MHz

Update

Export EMI Data
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Simulating
Tollerances with
Monte Carlo


https://www.analog.com/en/index.html
https://www.analog.com/en/index.html
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Monte Carlo Simulations: Statistical Functions

L Tspice provides several statistical functions

flat(x) Random number between -x and x
with uniform distribution
gauss(x) Random number from Gaussian
distribution with sigma of x.
mc(x,y) A random number between x*(1+y)
and x*(1-y) with uniform distribution.
rand(x) Random number between 0 and 1
depending on the integer value of x.
random(x) Similar to rand(), but smoothly
transitions between values.

Most popular for Monte Carlo simulations:
= mc(x,y)for device parameters with target values not equal to zero
= R CV,..
= flat(x)for parameters which are ideally 0

= offset

©2024 Analog Devices, Inc. All Rights Reserved.
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'l: File Edit Hierarchy View Simulate Tools Window Help

CADMAESP INERAQAANZ LSO I T3 $Bmt 1O, Q
IN
vl T
C6
Vin —_
24 1p
EN/UV IntVcc <
R4
4/\/\/*PG Bias
100K
Ul
Ci1
—{ss BST
5n C4
R1 LY 01p L1 ouT
Rt SW .
38.3K 1p
LT8648S -
C5 — Rload
Q Sync/Mode FB R2 L a7y 233
100K |10p X2
N
o CLKout Vc
R3
GND
13.7K

~7

.tran 4m startup

R5
7.5K
C3

Lo



[&T [Tspice - [LT26485]

'l: File Edit Hierarchy View Simulate Tools Window Help

ACHESP I TNERBRQAQRR

BLLOI-3vlett t Q7] 40

IN
Vi
Vin
24 EN/UV
R4
PG
100K
Ul
Ci
—ss
5n
R1 LY
Rt
38.3K
LT8648S
q‘ Sync/Mode
" CLKout
GND

IntVcc

Bias

BST

SW

FB

Vc

0.1p

L1

.param rtol 0.01

ouTt

1y

R2
{mc(itﬁpnol

<~

.tran 4m startup

R5
7.5K
Cc3

R3

C2

e
)} X2

{mc(13.7k, rtol)}

Rload
333m
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CADHN&ESP N TERARAIB LSO =3 ¢lmt t 0,

IN
Vi T
Vin
24
EN/UV
R4
A\ /\, PG
100K
Ui
Ci
—ss
5n
R1 LT
Rt
38.3K
LT8648S
q‘ Sync/Mode
v CLKout
GND

IntVcc

Bias

BST

SW

FB

Vc

0.ip L1

.param rtol 0.01

<~

.tran 4m startup

R5
7.5K
c3

{mc(13.7k, rtol)}

ouT
C2
Cs = Rload
— 47
10p X2 333m
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File Edit Hierarchy View Simulate Tools Window Help

CADHESD>P I NEBERAKR]

BLLOdx3 et t Q7T N

¥ LTssass 1, LT8648S

e

5.0V

0.0V—

A5V R e S R e e
4DV e e e e e
L R s e e e e
B0V e e e e e
2.5V .. — e, — —
2,0V R e s e e e
1.5V e e —— e e e e
L0V e e R e ——— —_—— e
(V8 S — SRS N —— SN S — —

0.0ms

1, LTe6485

.param rtol 0.01

5n
R1 LT oap L1
Rt sw B S ouT
383K LTE6485 i L
Imc(100k, rtnl}}—_Lcs == Rload
<]— Sync/Mode FB R2 333m
10p X2
CLKout Vc =
GHND R5
¢ e {mc(13.7k, rtol)}
3
.tran 4m startup
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File Edit Hierarchy View Simulate Tools Window Help
CADHSSPC N IJEBRQRAQAQATA LSO ¢ 3 vet t O] N
1, LT86485 ¥ LTa648S
%: = = L
5.5V ! !
7 1VH ——— . N— e S F S—— S—
0.0V I I I I i I I I I
0.0ms 0.4ms 0.8ms 1.2ms 1.6ms 2.0ms 2.4ms 2.8ms 3.2ms 3.6ms 4.0ms
1, LT86435 [E={EER ==
L | .param rtol 0.01
vi | J JES stepparamx 1151
éﬂ L Enjuv " IntVee llu
R4
PG Bias
= "
Ao T s
R1 N T - To'l" L1 ouT
= tTecass {m(looll:rton} s A2 Ricad
Q—SvncIMode FB R2 20p __igp 333m
CLKout Ve = ~
G:: %:55'( {mc(13.7k, rtol)}
a
.tran 4m startup ;I;S.’iﬂp
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CADMESO N NERAQRANZ LY T3¢t 1O, 120 Q

¥ LTesess . LT8640S

5.5V Viout
T SR — — T— E— S F——— E—
0.0V i i i i i i i i i

Ous 10us 20us 30us 40us S50us 60us 70us 80us 90us 100us
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CADHESECDPINEBRAQAAZ S t 1O N

¥ LTes485 4] LToedeS

¥~ LTo6485 [E={EER ==

5.10V:
5.07V—
5.04V-
5.01V-
4.98V-
4.95V—
4.92V:
4.89V-
4.86V—
4.83V-
4.80V:

| | | i i i i i i i
80.5uys 80.6pys 80.7us 80.8us 809us 81.0us 811us 81.2us 813us 81.4us 81.5us 81.6us 81.7us 81.8us

‘l: = =
N | .param rtol 0.01
Vi T
| JE“ .Sstep paramx 1151
Vin 1
B
24 H Enjuv IntVee l
R4
PG Bias
100K T
C]l._
< |—| 55 BST
5f 4
R1 LT oap L1
Rt sw B S ouT
K LTE6485 i L
Imc(100k, rtnl}}—_Lcs == Rload
<]— Sync/Mode FB R2 47p 333m
10p X2

CLKout Vc =
G:; ::55'( {mc(13.7k, rtol)}
3

.tran 0.1m startup ;I;{iﬂp

Right-Click to manually enter Horizontal Axis Limits
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CADHRESCPITN=EEBRAKAZ S t 1OV 4

P2 1mes48s 4] LTagass

= = |2

5.10V
5.07V-
5.04V-
5.01V-
4.98V-
4.95V-
4.92V
4.89V- _
4.86V

4,83V —— S S — o S SO SR S
4.80V ' ' ' ' = = ' ' ' '

i | | | | Cursor 1: X=15 (Step: 15/15 | | | | |
80.5ys 80.6ps 80.7us 80.8us 80.9us 81.0us 81 o | | 1.3us 81.4us 81.5us 81.6pus 81.7us 81.8us

1 Ok ] = |[= =
N | .param rtol 0.01
Vi .
| JES .step paramx 1151
Vin n
2 L enjuv IntVco l
R4
PG Bias
100K T
C]l._
<|—| 55 BST
of 4
R1 Fo i Oap L1
S Re sw it T our
S LTE6485 o L
1 I— {me(100k, o}l Jcs 1 Rload
Sync/Mode FB 47
10p XZI. 333m [5!
Cursor 1 Vi)
{out
CLKout Ve =
o a5 R3 Horz:| 81.100604ps  Vet:| 4.0600868V
1
< 7.5K T Cursor 2
3
tram Ot tartu = | —nja- | —nja-
-tran 6.4m = ;I; = Diff (Cursor2 - Cursorl)
| — NJA— | — N A

Left-Click & drag to move Cursor 1. Right-Click to see .step/.temp/.dc values. | WA~ | WA~
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CADHESO I TNERAQRAIZTLYO I 3 ¥Rt tO T2 AQ

1, LT86485 ¥ LTB648S

9.5V

V(qut)

' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' '

' ' ' ' ' ' ' ' '

' ' ' ' ' ' ' ' '

' ' ' ' ' ' ' '

' ' ' ' ' ' ' '

' ' ' ' ' ' ' ' '

s R R e bl R R L LR LR e el e R EEE
L] ' ' ' ' ' ' ' ' '

0.0V i i i i i i i i i
Ous 10us 20us 30us 40us S50us 60us 70us 80us 90us 100us
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CADHRECPINEBRRAKAZ S t

4 LTeedas ¥ LT648S

&

5.06V

Y% S S O s o U S W S — —

Cursar Step Information

4.82V:
81.4pus

i | | i i i
81.5us 81.6uys 81.7us 81.8us 81.9us 82.0us

Cursor 1: X=4 [Step: 4/15)
Cursor 2: X=1 [Step: 1/15)

P

=]

i i i i i i
82.3us 82.4us 82.5us 82.6us 82.7us 82.8us 82.9us

o || B ER

.param rtol 0.01
stepparamx 1151
.param R2 {mc(100k, rtol)}
.param R3 {mc(13.7k, rtol)}
.meas Res2 param R2
.meas Res3 param R3

" |
vi .
| 6
Vin J}
= L enjuv IntVee g .
R4
PG Bias
100K
et

CLKout Ve
GND R5
- 7.5K
3

.tran 0.1m startup J;i’iﬂp

U1
—ss BST
sf 4
R1 LT 0.1 L1
S re sw T ¢ S
38.3K ip
LT86485
4— Sync/Mode FB

Left-Click & drag to move Cursor 1. Right-Click to see .step/.temp/.dc values.

4

Cursor 1
Viout)

Horz:| 82.149576ps  Ver:| 4.0416340V

Cursar 2
Viout)

Horz:| 82.149576)5 Vet: |
Diff (Cursor2 - Cursor)

5.015448Y

Horz: | 0s Vert:[  73.813035mv

Freq: | ~ NfA- Slope: | - Nj A~
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Window Help

N=BQAQ/ARQ

%

BT SPICE Qutput Log: ChUsers\FDostal\AppData\Local\LTspice\examples\Applications\LTE6485.l0g

.step x=11

£, LT86485 ¥ 1786485

&

.step x=12

5.06V:

502V .

.step x=13

.step x=14

tnom = 27

temp = 27

method = modified trap

.step x=15

Measurement :
step

4.82V:

81.4pus

i i i
81.5us 81.6us 81.7us 81

Measurement :
step

Total elapsed time: 22,236 seconds.

res2?

res3

r2
100127
99959.7
100433
100027
99728.9
99891.4
99755.8
100214
99704.2
100605
100453
99284.7
99419.2
100999
99594.6

r3
13563.
13723.
13788.
13757.
13588
13833.
13565.
13727.
13686.
13777.
13803
13710.
13799.
13836.
13635.

[= IR BT =1 ¥ =] -1 0w W

oW

____________________________________________________________________________________________________________

i i i
82.4us 82.5us 82.6us

i
82.8us 82.9us

o= )=

im rtol 0.01

paramx 1151

im R2 {mc(100k, rtol)}
im R3 {mc(13.7k, rtol)}
{s Res2 param R2

|s Res3 param R3

B3m

Wiout)

Cursor 1

Viout)
Horz:| 82.149576ps Vert:|  4.0416349V
Cursor 2

Horz:| 82.149576)5
Diff (Cursor2 - Cursorl)

Vet:| 5015448V

Hom:| Os

Vert:| 73.813035mV

Freq: | —- NfA-

Slope: | - NjA-
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Window Help

N=BQAQ/ARQ

%

BT SPICE Qutput Log: ChUsers\FDostal\AppData\Local\LTspice\examples\Applications\LTE6485.l0g

4, LT86485 ¥~ LTes48s

&

5.06V:

502V .

.step x=11

.step x=12

.step x=13

.step x=14

tnom = 27

temp = 27
method = modified trap
.step x=15

4.82V:

81.4pus

i i i
81.5us 81.6us 81.7us 81

Measurement: res2

step r2
1 100127
2 999597
3 100493
4 100027
5 99728.9
6 59891.4
7 99755.8
8 100214
9 99704.2
10 100605
11 100453
12 99284.7
13 99419.2
14 100999
15 99594.6

Measurement: res3

step r3

1 13563.3
2 13723.3
3 13788.5
4 13757.7
5 13588

6 13833.9
7 13565.4
8 13727.9
9 13686.5
10 13777.6
11 13803
12 13710.8
13 13799.3
14 13836.1
15 13635.9

Total elapsed time: 22,236 seconds.

(i Find CtrleF

g Plot .Etep'eﬂ.mea; data
B Close

____________________________________________________________________________________________________________

| | | |
82.4us 82.5us 82.6us 82.7us 82.8us 82.9us
(= [=@][=]
im rtol 0.01
paramx 1151
Im R2 {me(100k, rtol)}
im R3 {me(13.7k, rtol)}
{s Res2 param R2
|s Res3 param R3
load
B3m Bf
Cursor 1
Viout)
Horz:| 82.149576ps Vert:|  4.0416349V
Cursor 2
Viout)
Horz:| 82.149576ps Vet:|  5.015448V
Diff (Cursor2 - Cursorl)
Horz: | 0s Vert:|  73.813035mV
Heq:| — NfA— pre:| — N/ A~
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CADHE NEBQAQARAE S

1, LTse4ss ¥ LT86ass ¥ LTBE4BSIog

¥ L T86485.log

o) e =

101.0K

wo N
wo
wa A s
wa N
wod> N N L
wae] SN~ NS )
woef oo
T B o B e S A B ———

......................................

______________________________________

______________________________________

i
fus 82.8us 82.9us

o || = || £

;E’aop

99.2K | | | | | | | | | | | |
1 2 3 4 S 7 8 9 10 11 12 13 14 15
100K
U1
ca
L ®1 o
v I 0 our
83K LT86485 e 1 @
L5 Rload
<]— Sync/Mode FB R2 i:p 3;“ 333m [5!
Cursor 1 _
CLKout Vc =
@ RS R3 Horz:| 82.149576ps Vert:|  4.0416349V
= 7.5K L Cuser2 Viout)
tram 0.1 <tarta & Horz:| 82.149576)5 Ver:|  5.015448V
Jtran 0.1m p

Diff (Cursor2 - Cursorl)
Harz: | 0s

Vert:[ 73.813035mv

Freq: | - NfA-- Slope: | - NjA-
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Setting LTspice to use real random numbers DEVICES

[‘f‘} Tepice - [LTM4544]

‘li File Edit Hierarchy View Simulate Tools Window Help

CADHESC NI IEBQR

& settings >

Operation Schematic Waveforms SPICE Save Defaults
Metlist Options Compression Search Paths Intemet Hacks

—

Latest Convergence Hacks

Show Energy Conservation Check Sum[*] (]
Trade accuracy for convergence for TSTS
Gate Curmrent: 1]

Minimum shurt to main capacitance ratio:|  1e-06
Don' temperature scale JFET Is"] []
Add GMIM across cument sources [

Supply a min. inductor damping i no Rpar is given[’]
Always default inductors to Rser=0[_]

— Use the clock to reseed the MC generator]"] [ —

Enable beta circuit matrix optimizations[*] [

[] Setting remembered between program invocations.

I Reset to Default Values I

oK Cancel Help

Reason for fixed ‘random’ pattern: While developing a simulation, it is very useful when repeated runs of the
simulation behave the same. This way you can compare them and observe the differences resulting from changes
YOU made to the schematic or to other parameters.



ANALOG
DEVICES

Simulating behavior
of a power switch


https://www.analog.com/en/index.html
https://www.analog.com/en/index.html
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Voltage Source Current Limited

] D2 i _
Ugecasg: Vin L] g?c:?::;ii?‘g:'ce with Current Limit
Simulating output Stages to ID
drive capacitive loads like D1
MOSFETS, IGBTs, SIC i M = Vout

Vi 1D

Cl=Load + (o4 |

- 200n
For proper adjustment to a
real Gate-Drive you may add a <
serial resistance to V1. PULSE(0 10 1u 1n 1n 10u 20u 3)

.tran 100u

.model ID D(Ron=0 Roff=1G Vfwd=0 Ilimit=1)

©2024 Analog Devices, Inc. All Rights Reserved.
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Voltage Limiting Bidirectional |-Source

Use case: Driving power transistors(MOSFETS,
SIC, IGBT) with large capacitive Gate.

D1, D2 are ideal Diodes

C2 is usedto prevent high voltage spikes on Vn
Cl=Load

For proper adjustment to a real Gate-Drive you
may add a serial resistance to V1.

©2024 Analog Devices, Inc. All Rights Reserved.

Voltage Limiting Current Source

.model ID D(Ron=0 Roff=1G Vfwd=0)
.param Isink 1

.param Isource 1

I1

.tran 0 100u 0 9n PULSE(0 10 1u 10n 10n 10u 30u 3)
i i l Vout
D1
N/
{ISource} D C2 Vi
1= Cr) c1
1p - 200n
12 D2
. ZS Vn
{Isink} D
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Test Circuit to find minimum Drive-Current

—Vs

Voltage Source with Current Limit

Bidirectional
D2 D3
Vin L1 L1 R1
D 1p 1 VS-E5PH3012
ID
D1 =
| | LA M g
vl b
¥ —
M1
T R2 Gate
Rser=0.3 [ NN }— BSBO12N031LX3
2.2
N A4
PULSE(0D 10 1u 1n 1n 1u 30u)
R3

100Meg <-- For convergence

.tran 1m v
.model ID D{(Ron=0 Roff=1G Vifwd=0 Ilimit={TIlim})

—p Step oct param Ilim 100m 2 5 .param Ilim 1

Goal:

We like to determine beyond which
drive current thereis no further
reductionin the power-loss of the
MOSFET

Steps to prepare:
1. Steppingthe drive-current
(Ilim)
2. Measure Power-Loss
Plot stepped meas. data
1. Ctrl-L(log-file)
2. Right click: Plot stepped
measurement data

—)  .Meas PMOSFET AVG V(Drain)*Id(M1)+V(Gate)*Ig(M1) Measure Powerdissipation of MOSFET each run

©2024 Analog Devices, Inc. All Rights Reserved.



Powerdissipation at different Drive Current

2.6W ; imeSEEtﬂWE
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: . 7
2AWH------ -----i------------------------f ------------------------ E -------------------------------------------------------------
| : :
: . " : : : :
2.2W-t------- “'J:““““““""“"“"'? """""""""""" E """" [‘,:7Ml:usFet_Driving_example.l-:ug.raw X B
E ; E Cursor 1
2 OW -l I . pmosfet*1W
- 1 1 L —
| 5 : Horz: | Vert:[ 274.53316mw
1.8W—-------- ---i—----------—.—-----------i ------------------------ E ------- Cursor 2
' ' "
1 1 n
1 L
1eWd - JL; ________________________ ; _______ Harz | — NfA— Wert: | — N/A—
' ! E Diff (Cursor? - Cursarl)
' : I Hu:urz:l — N/ A— ‘-.fert:l — NfA—
1.4Wt---------- e oooooooooooooooooooe- -EREERS =
' 7
1 : :
1.2"."‘."—------------1: ------------—-----------f ------------------------ E -------------------------------------------------------------
: . 7
: . "
1.DW—-------------E--- --------------------f ------------------------ E -------------------------------------------------------------
: . 5
. . 5
DBW— - R e e b
. . 5
: . 5
D.EW—------------1:------------ --1 ------------------------ E -------------------------------------------------------------
1 1 L
. . 5
1 1 L
U.ilW—-------------E------------------------T --------------------- E -------------------------------------------------------------
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Powerloss of the MOSFET vs. Drive peak current
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Conclusion:

Beyond 1A peak drive
current, there is no further
reduction in Power-loss
of the MOSFET.
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