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This presentation details how to combine the demonstration version of SIMPLIS called Elements to 
extract the ac response of a current-mode LLC converter operated with the NCP13992/94 from 
onsemi, stabilize the loop and reflect all values to a simplified LTspice template. You will need to 
download my 150+ free ready-made templates for SIMPLIS.

Once the demonstration version of Elements is installed, locate the file LLC open loop demo.wxsch

You will have to modify 
the LLC values to reflect 
your design, as well as all 
surrounding components 
such as output capacitor, 
switching frequency, dead 
time, etc.

Adjust Fs to what you’ve 
determined for this LLC

https://www.simplistechnologies.com/product/elements
https://powersimtof.com/Downloads/Book/Book Collection.zip


We have designed a 48-V/500-W LLC converter supplied from a 400-V input voltage. The switching frequency is set to 245 
kHz and we verify that all operating waveforms correspond to what is expected: Vout is ok, currents look within expected 
values (you can determine rms currents in the output capacitor, in the simplified switches etc.):
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Vout is 48 V, ok

This open-loop simulation is 
fast and helps you verify that 
the LLC network with its 
transformer turns ratio deliver 
the expected results. It is a 
simplified circuitry but once this 
step is validated, you can check 
the ac response.

You can also check if the dead-
time is well adjusted to bring 
the expected ZVS operation.



The cycle-by-cycle simulations confirm the LLC network is correct, now we need the control-to-output transfer function: if a 
stimulus is applied at the control input, how does that stimulus propagate in the circuit to produce a response on the output? 
The mathematical relationship linking the response to the stimulus is the transfer function we need to think of our 
compensation strategy.

Now locate the file LLC CM Demo.sxsch

It is an open-loop circuit (for the demo 
version to accept it) so you have to 
tweak the dc bias on the FB pin to 
obtain the right operating point. Ac 

stimulus

Response
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We now have the control-to-output transfer function of this LLC 
converter operated in current-mode control. I recommend you 
explore different operating conditions like min and max input 
voltages.

Once there, you have to pick a crossover frequency fc based on the 
reaction speed you want. Assume we want a fast converter and a 10-
kHz crossover would seem feasible. Be aware that the more you 
push fc, the more sensitive the converter becomes.

For such a high crossover, make sure the optocoupler is well 
characterized in ac and you know what its parasitic capacitance is. It 
is a step you cannot skip for a reliable design.

Read the Bode plot at 10 kHz and extract the magnitude and phase 
information. Now go to the LTspice application circuit.

-8.8 dB

-89°



Now open the LTspice file CM LLC example with sub – step load.asc. This is the CM converter operated in closed-loop control. 
Reflect all your LLC elements in the circuit and run the simulation.

From the previous slide

Opto characteristics
(Fopto is purposely 
unrealistic)



If everything runs fine, you should see the following transient response when the current stepped from 50 to 100% of its 
nominal value. Once there, you can change the input voltage and load to see the impact in stability. However, keep in mind 
that this is a simplified model and there are more whistles and bells in the real circuit like skip cycle, auto-adaptive deadtime 
and so on.

iout(t)

vout(t)



To check the components values calculated by LTspice, it is not that practical. You can see dc sources in the bottom of the 
schematic and they should deliver a dc value corresponding to the parameter that is passed. I thought LTspice would 
update the nets after the transient simulation is done (after the dc bias point is calculated actually) but it doesn’t. 
Therefore, locate the below state and right-click on the .op statement then remove the “;”. Run the sim

Close the window

LTspice updates 
the nets

53.95 kHz 1.85 kHz 859  6.3 nF 45.5 k 2.5 k

687 

75.5 pF



The whole process of stabilizing the loop requires knowledge on how to place poles and zeroes based on wanted 
characteristics like crossover, phase and gain margins. My last book covers the topic in depth, without too much theory. It 
will let you build the foundations you need to understand the terminology and stabilize your own converter.

If you are new to SIMPLIS and want to learn more about this piece-wise linear program, 
check this introductory seminar.

After you have installed Elements, check this tutorial which will teach you the basic ropes 
on how to operate the program. You will learn how to download my free 150+ ready-made 
templates and run basic simulations.

Available in PDF or soft 
cover at the publisher’s 
site

https://www.amazon.com/Intuitive-Guide-Compensating-Switching-Supplies/dp/1960405373?crid=2S45NBGU21TDA&dib=eyJ2IjoiMSJ9.75jF7JbVRPMDtKPme-KpV1qVePzmRWTq2j43ao3FIMqEF7YAjczNcGOSZj-kYfe8hl-Vi5oECSzuDWj7XXx9coEY_OSVdcOD5Hv15VxPHrhv6Uidf1mX5BSm9B1FmCppC29P6KKVy0OtkRdwcwZHJRv8C5dU4_rfbxCaKcwIjg0.vHZ78KGyIexUj8LhD4UtKtqNCvwfm9edH0-tmSC3YDI&dib_tag=se&keywords=an+intuitive+guide+basso&qid=1725831742&sprefix=an+intuitive+guide+basso%2Caps%2C172&sr=8-1
https://powersimtof.com/Downloads/PPTs/Simulating%20with%20SIMPLIS%20-%20Rev%200.21.pdf
https://powersimtof.com/Downloads/PPTs/Starting%20with%20Elements%20-%20ver%200.32.pdf
https://powersimtof.com/Downloads/Book/Book%20Collection.zip
https://powersimtof.com/Downloads/Book/Book%20Collection.zip
https://powersimtof.com/Downloads/PPTs/Simulating with SIMPLIS - Rev 0.21.pdf
https://powersimtof.com/Downloads/PPTs/Starting with Elements - ver 0.32.pdf
https://stairwaypress.com/product/an-intuitive-guide-to-compensating-switching-power-supplies/
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