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.

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

* Half bridge VM isclated - full versionawxsch
* Half bridge VM isclated Zenerwxsch

‘ Half bridge VM non isowxsch

* LLC Bang Bang Charge Control demo.wxsch
‘ LLC Charge Control with Type 2.5xsch

] LLC CM Demo.sxsch

W] LLC CM Full Opto 500 W.sxsch

'_l LLC open loop demo.wxsch

‘ LLC open locp full bridge.sxsch
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] LLC VM type 2:sxsch
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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.
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VAR Fs=245k ; select frequency
VAR DT=30n ; select deadtime
.VAR DC=0.5 ; select duty ratio
VAR tf=1p

VAR tr=1p

VAR Ts={1/Fs}

VAR Width1={DC*Ts-DT}
VAR Width2={Ts*(1-DC)-DT}
VAR Delay={Width1+DT}

Adjust F, to what you’ve
determined for this LLC
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This is a simple open-loop-operated LLC converter using perfect
switches and associated with nonlinar capacitance. This type of Frequency
setup is perfectly suited to check LLC operating waveforms and IN_{ Frequency
verify the operating point is met with the selected components
values. 48 V/10 A from a 385-V dc source, Fsw = 240 kHz '_i_'
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https://www.simplistechnologies.com/product/elements

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.):

VCr /v

VHB / V.

Vout/V

time/ms

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.
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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.

Simplified CM-LLC model for NCP1399 controllers.
This model packs the basic features necessary to
predict the control-to-output transfer function.The
operating duty ration is precisely 50%.

NOW IOcate the file LLC CM DemO,SXSCh Works on SIMPLIS Elements, the free demo version.
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Adjust bias to the desired =
Vout level. Here, a 1.95-V
bias gives 48 V/10 A.
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40
We now have the control-to-output transfer function of this LLC
converter operated in current-mode control. | recommend you
explore different operating conditions like min and max input

\ 8.8 dB voltages.

0 \ Once there, you have to pick a crossover frequency f_ 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 f_, the more sensitive the converter becomes.
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o 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.
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Read the Bode plot at 10 kHz and extract the magnitude and phase
information. Now go to the LTspice application circuit.
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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.

SW1
TOFSW2

From the previous slide

D3
+
% DTOF
) D1 V3 .param Pout=500
F Vout FA param Vout=48

|
b “\H_/f -param Vin=390
DTOF 0 R10 .param RL={Vout**2Pout}
* N DT=50n ; deadti for the MOSFET:
Rsecl 10m R11 {RL*2} *param n ; deadtime for the s

. ;_\D/r}{ {RL*2}  gps + v2 .param Gfc=-8.8 ; magnitude at crossover *
2 TOFSW2 .param P5=-89 ; phase lag at crossover *
T T 330 &

C- Vi HBp————— [ "~

_ ./ 1vin SW2
e TOFSW2

QL
D4

) X1 [+ .=
= DTOF [ o= %7
ﬁx ratio=260m DTOF PWL(0 0 1m0 1.01m 5 1.5m 5 1.51m 0) _param fc=10k ; targeted crossover *
.param PM=70; choose phase margin at crossover *
*

* Enter Design Goals Information Here *
-~

TC={Vin/2} .
%3 * Emter the Values for Vout and Bridge Bias Current *
; I *
= 30n
Il

vddi .param Ibias=1m

T 5 RLED2 Rupper2 .param Vref=2.5

82p {RLED} {Rupper}
4

.param Rpullup=18k ; this is the internal FB resistance
*

DT={DT} : Enter opto characteristics *

X2 —
— _ _ .param Fopto=100k
:IDD CTR={CTR} Copto={Copto} ‘param Copto={1/(2*pi*Fopto*Rpullup)}

€ A 22p .param CTR=0.35
. Z 7 =
.tran 0 2m 800u 20n wic - = 1|
£ L

d; -param Vaux=5
.MODEL TOFSW2 SW(Ron=10m Roff=100Meg Vt=2 Vh=1) s R4 .param VL=2.5
-MODEL DTOF D{IS=10e-18 R5=16m (J0=50p N=100m) .param VCEsat=0.3

i R2 .param Vdd=5
{car {Rra} .param Ib=1m
. REF .param Vf=1

. — _ = = ! .param A={Vawmc-¥f-vL}
.options al:stol—:lu vntol=1m reltol=0.01 gmin=100p X3 S ‘param B—{Vdd-VCEsat-+Tb*CTR*Rpullup}
+method=gear _ = =
A T -param Rmax={(A/B)*Rpullup*CTR}
.param RLED={0.8*Rmax

{Rlower} 2 £ ¥

Ed

;-op

* Do not edit the below lines *
*

777 777 277 277 7?7 7?2 -param Rlower={Vref/Ibias}
P v .param Rupper={(Vout-Vref)/Ibias}
.param boost={PM-P5-90}
C_ T e vio vo _j - _j Cjw T ve .param kf={tan((boost/2+45)*pi/180)}
.param G1={Rpullup*CTR/RLED
=/ o} {2} {Rmax} fa3h—/ {Ceol}! _ —/ {Rupper} '/ {Rlower} el oy e e

.param G={G2/G1}
-param fp={fc*kf}
.param fz={fc/kf}
v .param d:§((ff:::2+;c:: 2}};(fp**2+fc**2}}
= viz . -param c= 2+fc**¥32
C_ e vig T:}e dc Ianels are the values of the components: .param R2={(sqrt{d)/c)*G*fc*Rupper/fp}

{G} E\." “: EF .param C1={1/(2*pi*fz*R2)}

B .param C2={1/(2*pi*fp*Rpullup)}
72 7?2 kV --= kDhms .param Ccol={C2-Copto}
*




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.
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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. | 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

cs gg — rd=100 C & Configure Analysis x

GL F

_ Transient AC Analysis DCsweep Noise DCTransfer DCoppnt  Transient Frequency Response
.tran 0 2m 800u 20n uic

X4
.MODEL TOFSW2 SW(Ron=10m Roff=100Meg Vt=2 Vh=1)
.MODEL DTOF D(IS=10e-18 RS=16m CJ}0=50p N=100m)
—p» ;.0
. -op Compute the DC operating peint treating capacitances as open drcuits and
inductances as short drcuits.

.options abstol=1u vntol=1m reltol=0.01 gmin=100p

+method=gear
= Syntax: .op

-—— Operating Point ——- | lop

\\:Eﬂggé; 3'354264 :}:g: Cancel and Edit Text Directly... Cancel
V(n004) : 0.354264 voltage == =
V({wout) : 0.354264 voltage
V(n022): 2500 voltage
Vin021): 45500 voltage
V(n020) : T7.54563e-11 voltage
V(n019) : 6.28135e-09 voltage LT H d t
V(n018) : #58.091 voltage S |Ce u a es
vl o vl pice up 53.95kHz 1.85kHz 859Q 63nF 755pF 455kQ 2.5kQ
V(n01l7) : 1853.39 voltage h
V(n023) : 687.273 voltage the nets 53.955172KV 1.8533905KV 859.09088V  6.2813537nV_ 75.45628pV 45.5KV
V(n024) : 0.300461 voltage 15
V(cs): 2.41973e-17 voltage
V({n003) : 0.447901 voltage T pl i 7] [ 7 [
V(n010) : -0.449439 voltage vii via vio Ve
v (n009) : 0.354264 voltage —./ {fp} -/ {fz} {Rmax} {Cl} {cﬂﬂl} {Rllpper} — ./ {Rlower}
V(n007) : -0.000768595 voltage
V(n006) : 198.451 voltage
Vier): 196.726 voltage
V(n005) : 371.018 voltage
V(hb) : 372.743 voltage ~F
V(n001): 390 voltage = Vi3
V(qu) : 12.5 voltage = vid The dc labels are the values of the components:
V(n002) : 0 voltage - {“-LED} {G} pVv --= pF
Vigl) : i voltage nv --= nF
V(n014) : 0.0184522 voltage 687.27271V 300.46132mV kV --= kOhms
Vi{n011) : 5 voltage

687 O
Close the window



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 what 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 130+ ready-made
templates and run basic simulations.
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