Transfer Functions of Switching Converters
Fast Analytical Techniques at Work with SeBadinal Analysis

Hi everyone,my nameis ChristopheBassoand | am releasinga new book on smaltsignalmodelingpublishedin
June2021 | havederivedthe controlto-output transferfunctionsof manyconverters,startingfrom simpledc-dc
cells(buck,buckboostor boost)to isolatedversionslike flybackor forward convertersoperatedin voltagemode
(VM), current mode (CM), guastresonance(QR),constanton-time (COT)constantoff-time (FOT)with various
operating modes like continuous conduction (CCM) or discontinuous conduction (DCM) and borderline
conduction(BCMor CrM) for power-factor-corrected convertersfor instance Many simulationhours mainly in
SIMPLIS@singthe free demonstrationversionElements Overthe proposed80+ files, lessthan 6 require the full
professionalersionto operate (suchasthe PFCdor instance)the rest are 100% operatingon Elementswhichis
an excellentnews All applicationcircuits come with an automated calculationwindow in which you enter the

wanted designgoals extracted from the power stageresponseand the program calculatesthe compensation
elementsfor you. Thevaluesare availablein the netlist and easilyaccessedrom the developmentenvironment If
you are a power supplydesigner,you ¢ a miissthese readymade templatesfor your engineeringjob. Enjoy

thesefilesandlet me knowwhat you think of theseexamples Thankyou — ChristopheBassoMay 2020,

https://www.simplistechnologies.com/product/elements
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SIMetrix/SIMPLIS Elements

SIMetrix/SIMPLIS Elements is a free-to-download version of our software that offers full schematic capture and
waveform viewing / analysis capability along with a host of documentation and training materials designed to help users
get up-to-speed quickly with SIMetrix/SIMPLIS' simulation capabilities.

The latest version of SIMetrix/SIMPLIS Elements is v8.30h, released on May 4th, 2020.
SIMetrix/SIMPLIS Elements Installer (~102MB) 2oWNLoAD

Elements is a free version of the program with no license or copying restrictions. Virtually all features are enabled but a
circuit size limit applies. The limits for the Elements versions are generous enough for them to be used for real work and
we are happy for users to do so.

The templates ar@ere.
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The Template-it is a readyto-simulate circuit. Load it, press F9 and there you go:
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This is a fixed-frequency current-mode-controlled flyback converter
delivering 19 V 3 A from a 120-V source. Enable the 6-ohm load for ac
analysis and disable the PWL source (right-click after selection) to

see the transient response. Check Simulator>Edit Netlist (after preprocess)
to see the calculated component values.

This is a typical converter for an ac-dc notebook adapter.

- Christophe Basso - Transfer Functions of Switching Converters -
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The Compensatior display the power stage response at the selected operating point and extract parameters

D Power Stage *
MagnitJde VAR Vin=120

.VAR Vout=19
.VAR Lp=600u

20 .VAR Ri=250m
- T~_  Magnitude at f VAR Rioaind

\ .VAR Rload=6
\ | .VAR Ts=15u * please update clock and ramp generators *

l VAR D=Vout/(Vout+N*Vin) * duty ratio calculation *

.VAR mc1=0.818/(1-D) * recommended compensation value fora Q of 1 *
\‘\ VAR Sn={(Vin/Lp)*Ri}
"\ / .VAR Sramp={2.5/Ts} * 2.5 V over Ts - check your IC specs *
.VAR mc=1.5 * set this value for ramp comp *
VAR Se={(mc-1)*Sn}
.VAR Rr={(Se/Sramp)*19k+1m}

VAR fRHPZ={((1-D)*2*Rload/(D*Lp*N*2))/(2*pi)}

;;g - .VAR fcMAX=0.3*fRHPZ

Phase * Enter values extracted from the plant Bode plot
135 *
» .VAR Gfc=-13 * magnitude at crossover *

a0 .VAR PS=-80 * phase lag at crossover *

Power Stage / dB
=

-20

* Enter Design Goals Information Here *

N Phase atf

.VAR fc=2k * targetted crossover *
.VAR PM=60 * choose phase margin at crossover *

*

-45 * Enter the Values for Vout and Bridge Bias Current *
e | )
w0 I s e i VAR Vout=19
.VAR |bias=250u
\ VAR Vref1=2.5
.VAR Rlower=Vref1/Ibias
.VAR Rupper=(Vout-Vref1)/Ibias

-135

-180

1 2 4 6810 20 40 60 100 200 400600 1k 2k 4k 6k 10k 20k 40k 60k 100K
* Optocoupler specifications *
*

freq/Hertz 10kHertz/div
.GLOBALVAR Rpullup=20k * check with the selected control chip *
.GLOBALVAR Fopto=6k

.GLOBALVAR Copto=1/(2*pi*Fopto*Rpullup)

Extract data at the selected crossover frequency. | ctosawvarctr-033
Here, it is 2 kHz with a 6@hase margin as a goal. VAR VL=0.2

.VAR VCEsat=0.3
.VAR Vdd=5




The Compensatior find all calculated values in the Edit Netlist submenu

Simulator  Place Probe Probe AC/Moise  Hierarchy

Choose Analysis... F&

Run Schematic F9

Abort

Show SIMPLIS Status Window Ctrl+5pace

Initial Conditicns » 12 *

. 13 * Rupper = 66000

et Multstep. 14 * Rlower = 10000

Run Muilti-step 15 C2 = 1.44819154804453e-09

Eird Srallest Time Constant 16 C1 = 3.31268645711794e-09

ind Smallest Time Constan 17 * Boost = 50

Graph Time Constants 8% Fz = 727.940468532405

Debug Simulation 9% Fp = 5494 95483890924
2 * sn = 50000

Manage Data Groups... 21% Se = 25000

Re-plot Data Group... 2% D = 0.387755102040816
3% Mc = {mcl}

Edit Metlist (before preprocess) 24 % Rr‘amp = 2850.001

Edit Metlist (after preprocess) 25 % Rmax = 24995.7446808511
2% * FRHPZ = 24616.8762677045

Open/Close Cormmand (F11) Window F11 27 FcMAX = 7385.06288031136

Enable/Disable Simulation Health Report...

Switch to SIMetrix Mode

In currentmode control, Sis the onslope inductor current-it
sometimes needs to be scaled by the transformer turns ratio 1:N in
isolated buckderived structures-m. is defined as n+= S/S,+ 1 as
per R. Ridley notation in his thesis andsShe external or artificial
ramp used for slope compensation,m1 implies no compensation
(8 =0), m= 1.5 means a 50% compensation.
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The Template- change the load from a fixed resistance to a current source for the step load response

VAN Ol—{\ VI

VAR Sramps=

eraeoocte . ew . VAR Sramp - |
) VouT VUt VAR mc=1.5 1. Right click on the resistance
‘1 o3 | Ror VAR Se={(m 2. Enable it Enable Selected
|3 VAR Rr={(Se 3. Right click on the current source
s1 . "oy Eis ISI‘:ﬂ_lE)% 4. Disable it- Disable Selected
é} . C13 . .F_ciitpe;rtml . i . F.?l . 1 5- PreSS F8
1.36m 1C=0 Edit Additional Parameters..  Ctrl+Alt+F7 6. Choose ac analysi
Hide/Show Value
: S Hierarch}, CirlsE 2+ Choose SIMPLIS Analysis X
. Isec . . . . . . . Periodic Operating Point At Transient Select analysis
— Probe Voltage... F4 FOP Trigger source —
e |:l|.—.;.be Curre.nt..- . Use "POP Trigger'sdwe_rnaﬁc device AC
Display Device Bias Info (Commonly Used Parts->POP Trigger) Tt

Disable Selected

Save options

Trigger condition

Enable Selected @ al
5 CDp}r ® f lefﬂg edge [Iogllc Iojx\' to Ioglc.hlgh) O Voltages Only
) O z o O Y Faling edge (ogic high to logic low) () Probes Only
. . -,.I____ h Timing
. :J Edit/Add Properties... 5 Maximum period 15u =K
: O Delete Properties... Cydles before launching POP : Cydes

e — [] Mo Forced Qutput Data

D Force Mew Analysis

C Step loaddisable the loading resistance, press F8 then check transient
C Ac sweep or steadstate: disable the current source, press F8 then check
ac analysis. The POP delivers the ac response and the operating waveforms.

Fun Cancel Help
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SIMPLIS®tarts the ac analysiswhen the so
calledperiodic operating point or POPIis found.
The engine finds the exact point at which the
converter is in a stable operating point also
called steadystate operation In this mode, the
averagecurrent in any capacitor is extremely
small (0 A in theory) while the averagevoltage
acrossany inductor is also an extremely small
value (0 V in theory). It happensthat SIMPLIS®
cannot find its POPand you have to help him
converge It can happenif you have selecteda
wrong target for a crossoverfrequency, a too
aggressivephase margin or the converter can
simply not be stabilized Checkthe computed
elementsin the netlist to make sure there are
no negativevalues Thisis generallya signof a
wrong goal set for instanceor a bad position of
the double zeroesin the type 3 compensator
Running a transient analysis with a load
resistanceausuallyhelpsidentify what is wrong.
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EEuck 2 Phase ChM.wxsch
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IEFI)rback CM isolated ac sine input.wxsch
EFbeack CM CR isolated.wxsch

IEFI)rback VM non-isolated compensated AC Zin...
EFbeack VM single stage non iso NCP1608 ac si..

IEFDrward 25W VM non iso.wxsch
EForward CM isclated.wxsch
IEFU” Bridge 2-Level Inverter.sxsch

| 4 | Full bridge phase shift VM isolated with DT and...

IELLC Bang Bang Charge Control dermo.wxsch
|4 | OPSIMP.sxcmp
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|Z|Boost CCM Var toff PFC ac analysis.sxsch
IleDDSt CCM Var toff PFC tran TPPFC.sxsch
|Z|Boost PFC MNCP1654 AC.sxsch
IleDDStVM PFC ac tran demo.wxsch
|Z|Buck Ac-Ac Converter - full version.sxsch
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You havel07readyto-simulate switching converters to
play with and most of them work with the free demo!
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