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Agenda

New in LTspice24

Simulating loop stability

LTpowerCAD for loop analysis

Simulating Tollerances with Monte Carlo

Simulating behavior of a power switch
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LTspice 24 Refresh Overall Look and Feel

Bigger, bolder status bar

Updated icons take advantage of DPI awareness

New Default Background

Updated cursors for clearer functionality 
and visibility on dark backgrounds

Before After



Revert back to classic toolbar style possible



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

Simulation Control



LTspice 24: Faster Simulations
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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

Analog Devices Confidential Information. ©2023 Analog Devices, Inc. All rights reserved.8

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



Frequency Response Analysis (FRA) Upgrades
4-terminal Frequency Response Analyzer Probe

• Enables Bode plots of any part the loop

• Simplifies analysis of µModules with integrated top feedback resistors; 
negative outputs; and current feedback

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

Smooth stimuli transitions between frequencies

• Faster settling / improved accuracy



Documents

LTspice
(Location Configurable)

user.dio
user.mos
plot.defs
symbols
etc.

Third-Party
Preferred Placement
No Directory 
Hierarchy

[User]

AppData/Local/LTspice/Lib/cmp/

standard.dio
standard.mos
etc.

(Optional Third-Party 
Directory Structure)
Not advised unless 
directory hierarchy is 
required…

Directory Hierarchy Allowed
Unique File Names Required

Component Libraries and AppData

LTspice Installs/Overwrites Files Here User Files Should be Placed Here



Components / Software may be separately updated
New since Ver. 24.

Update Components
Update LTspice
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Simulating loop 
stability
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How to measure loop stability?

©2023 Analog Devices, Inc. All rights reserved.



Practical Implementation

©2023 Analog Devices, Inc. All rights reserved.



Practical Implementation

©2023 Analog Devices, Inc. All rights reserved.



Bode Plot

©2023 Analog Devices, Inc. All rights reserved.



The Bode Diagram

Phase margin is Phase at the 

frequency of 0dB crossover

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

Phase margin goal is > 45 deg

©2023 Analog Devices, Inc. All rights reserved.



Bode Plot in old LTspice

©2023 Analog Devices, Inc. All rights reserved.



Stability Analysis, Small Signal

©2023 Analog Devices, Inc. All rights reserved.
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𝑢𝑖 = 0 𝑢𝑜

𝑇

Power Supply: Input = Output = 0

𝑢𝑤

𝑢𝑜 = −𝑇𝑢𝑤
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𝐾

Wiggler
Sweep 𝑓



Principle of Superposition

©2023 Analog Devices, Inc. All rights reserved.

Linear
Time-Invariant

System

Superposition
of Harmonics

(Stimulus)

Superposition
of Harmonics
(Extraction)

Nonlinear Circuit: Keep Stimulus Sufficiently Small.

𝑠 𝑡 = sin 2𝜋𝑡 +
1

2
sin(8𝜋𝑡 + 𝜋)

Harmonics 𝑛𝑓 With 𝑛 = 2𝑘 (𝑘 ∈ ℕ)
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Settings

1 Point/Oct Below This Freq

Multiple Freqs at Once

Averaging

Required Simulated Time

Settling
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LT8618 (Buck)
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100mA Synchronous Buck, fSW = 400kHz, VOUT = 5V
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gain_1

F(0dB) = 4.29757KHz, Phase Margin = 45.6227 degrees

Gain Margin = 34.8527 dB at 115.14KHz

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

©2023 Analog Devices, Inc. All rights reserved.



LT8618 (Buck)
100mA Synchronous Buck, fSW = 400kHz, VOUT = 5V

Run Time 9min 12s
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F(0dB) = 4.22771KHz, Phase Margin = 44.3894 degrees

Gain Margin = 36.1615 dB at 119.703KHz



LT8618 (Buck)

Stimulus Too Small
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Gain Margin = 17.3932 dB at 129.856KHz



Correct

Criteria
▪ Interrupt all feedback paths

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

This requires engineering
▪ LTspice 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)

Break the Loop

Incorrect



Inspect the FRA transient waveforms

Voltage at both FRA terminals, and the difference

Inductor current

Control voltage (if external)

V(ith)



Good

Inspect the FRA transient waveforms

Bad
too much
stimulus

Good

Ideally, 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



Connect the positive (O+, I+) terminals of the fraprobe across the fra stimulus device, negative fraprobe terminals 
(O-, I-) to the negative output 

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

Analyzing Inverting Output Regulators



Many µModules have integrated feedback components

→ There is no way to break the loop outside the module!

Analyzing µModules with Internal Feedback

LTM8074 Block Diagram



Analyzing µModules with Internal Feedback

►Solution: Replicate the feedback divider, including the internal components
►Configure the analyzer device to stimulate the main loop
►Connect the fraprobe to analyze the loop gain
►LTspice detects that the stimulus is grounded and automatically plots the probe gain



fraprobe &1 analyzes the full loop differentially across the sense resistor R9

fraprobe &vc analyzes from current sense resistor to compensation point

fraprobe &mod analyzes from compensation point to current sense resistor

Current Feedback and Partial Loop Analysis



Example: Stepping A Parameter

Easily Plot Phase And Gain Margin
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LTpowerCAD for 
loop analysis

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


LTpowerCAD in the center



Selecting external components

Analog Devices Confidential Information. ©2021 Analog Devices, Inc. All 
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Feedback Loop & Transient Designs
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rights reserved.17 October 2024

Dashed = 
Freeze Plots



Efficiency Optimization

Analog Devices Confidential Information. ©2021 Analog Devices, Inc. All 
rights reserved.17 October 2024



Designing an output filter



EMI Plot 

LISN…Line Impedance Stabilization Network
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Simulating 
Tollerances with 
Monte Carlo
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Monte Carlo Simulations: Statistical Functions
LTspice provides several statistical functions

Most popular for Monte Carlo simulations:

▪ mc(x,y) for device parameters with target values not equal to zero

▪ R, C, V, …

▪ flat(x) for parameters which are ideally 0

▪ offset

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.

©2023 Analog Devices, Inc. All rights reserved.
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Setting LTspice to use real random numbers 

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.
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Simulating behavior 
of a power switch
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Voltage Source Current Limited

Usecase:
Simulating output Stages to 
drive capacitive loads like 
MOSFETS, IGBTs, SIC

C1=Load

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



Voltage Limiting Bidirectional I-Source

Usecase: Driving Powertransistors (MOSFETS, 
SIC, IGBT) with large capacitive Gate.

D1, D2 are ideal Diodes
C2 is used to prevent high voltage spices on Vn
C1 = Load

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



Test Circuit to find minimum Drive-Current
Goal:
We like to determine beyond which 
drive current there is no further 
reduction in the power-loss of the 
MOSFET

Steps to prepare:
1. Stepping the drive-current 

(Ilim)

2. Measure Power-Loss
3. Plot stepped meas. data

1. Ctrl-L (log-file)
2. Right click: Plot stepped 

measurement data



Powerdissipation at different Drive Current

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

Powerloss of the MOSFET vs. Drive peak current



AHEAD OF WHAT’S POSSIBLE
analog.com

analog.com
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