Transfer Functions of Switching Converters
Fast Analytical Techniques at Work with Small-Signal Analysis

Hi everyone, my name is Christophe Basso and | am releasing a new book on small-signal modeling (now available
with Faraday Press). | have derived the control-to-output transfer functions of many converters, starting from
simple dc-dc cells (buck, buck-boost or boost) to isolated versions like flyback or forward converters operated in
voltage mode (VM), current mode (CM), quasi-resonance (QR), constant on-time (COT), constant off-time (FOT)
with various operating modes like continuous conduction (CCM) or discontinuous conduction (DCM) and
borderline conduction (BCM or CrM) for power-factor-corrected converters for instance. Many hours of calculus
mainly using Mathcad® version 15.

| am releasing a set of 41 files which cover all the examples given in the book. Several files are of particular
interest as they automate the compensation of the flyback converter operated in QR and fixed-frequency current-
mode control: you select a crossover frequency and poles-zeroes are suggested with responses at high and low-
line conditions.

Considering the amount of work put in this study, | am distributing these files for a fixed fee that | will
communicate by email: cbasso@wanadoo.fr

If you are a power supply designer, you can’t miss these ready-made templates for your engineering job.

Thank you — Christophe Basso, May 2020.

Version 1.0


https://stairwaypress.com/product/transfer-functions-of-switching-converters/

The Files — there are 41 sheets:

Zeta VM non isolated DCM.xmed
Mathcad Document

250 Ko

SEPIC VM coupled CCMamed
Mathcad Document

179 Ko

flyback WM single stage xmed
Mathcad Document

216 Ko

Cuk nen-coupled inductors
VM.xmed

Mathcad Document

buck-boost CM DCM.xmed
Mathcad Document

580 Ko

buck FOTxmed

Mathcad Document

147 Ko

boost VI DCM.xmecd

Mathcad Document
750 Ko
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Covered structures:

Buck: CM, VM, DCM/CCM, FOT, COT, QR
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Zeta VM non isolated CCM.axemcd
Mathcad Document

420 Ko

push-pull VM CCM.xmed

Mathcad Document
98.1 Ko

flyback WM CCM-DCM.axcmed
Mathcad Document
11'\ KC

Cuk izolated VM.xmed
Mathcad Document
242 Ko

buck-boost CM CCMxmed
Mathcacl Document
37 Mo

buck COTxmecd
Mathcad Document
145 Ko

boost VM CCM.xmcd
Mathcad Document
536 Ko
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Zeta VM isolated.xmcd
Mathcad Document
178 Ko

full-bridge phase shift CCMaxmcd
Mathcacl Document
228 Ko

flyback CM single stage xmcd
Mathcad Document
305 Ko

Cuk coupled inductors VM xmed
Mathcad Document
331 Ke

buck VM tapped CCM.xmed
Mathcad Document
323 Ko

buck CM DCM.xmcd
Mathcad Document
5333 Ko

boost CM DCM.xmed
Mathcad Document
568 Ko

buck CM CCM.xmcd
’ Mathcad Document
584 Ko

SEPIC VM non coupled.xmed
Mathcad Document
793 Ko

forward VM DCMacmed
Mathcad Document
114 Ko

flyback CM CCM-DCM-QRxmed
Mathcad Document
433 Ko
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& Collection.pphx
Présentation Microsoft PowerPoint

buck VM DCM.xmecd
Mathcad Document
681 Ko

boost CM CCM.xmed
Mathcad Document
645 Ko

Buck-derived: forward, tapped, push-pull, phase-shift full bridge
Boost: CM, VM, DCM/CCM, QR, PFC
Buck-boost: CM, VM, DCM/CCM

Buck-boost-derived: flyback, single-stage PFC
SEPIC, Zeta, Cuk and LLC
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SEPIC VM isolated CCM.xmcd
Mathcad Document
213 Ko

forward VM CCMacmed
Mathcad Docurment
99.7 Ko

flyback CM CCM-DCM

compensated.xmcd
Mathcad Document

buck-boost VM DCM.xmed
Mathcad Docurment
326 Ko

buck VM CCM.axcmed
Mathcad Docurnent
312 Ko

buck CM BCM.xmecd
Mathcad Document
164 Ko

boost CM BCM.xmed
Mathcad Document
124 Ko

buck-boost YM CCMxmed
) Mathcad Document
618 Ko

SEPIC VM coupled DCM.xmed
Mathcad Document
T Ko

forward CM CCMaomed
Mathcad Document
139 Ko

flyback CM BCM
compensated xmed
Mathcad Document

buck VM BCM.xmed
Mathcad Docurment
173 Ko

boost VM tapped CCMaxmed
Mathcad Docurment
238 Ko

boost BCM PFC.xmed
Mathcad Document
266 Ko



The File — select the operating parameters and plot the transfer functions

"Buck-Boost Converter Fixed Switching Frequency and Voltage Mode - DCM

Christophe Basso - April 2021
Transfer Functions of Switching Converters - Faraday Press
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Component values for the DCM boost converter

20- lug[

Ly =4TpH  F_, = 100kHz Cy = 4TpF Vy, = 12V 5 =001
L
1 = 0 = 0
T =—F dy = 0.445 Ry = 10082 rc = 0030
L R, W 1
L
2'l:'sw'l‘l .. .
= 305176 crtical load resistance value
(1- 4y
M ] H150
L o N 100
H1{1.21rr.f1,;} _10] I ] arg{Hﬂi-l‘rr-fﬂ}.%
) 4 H50
. | \“—\__\_\_\__\____\
1 10 100 1x10° 1x10* 1x10° 1xr0‘

Control-to-output transfer function

20 lcr;[

zy(iamy)

20

_10) 0

=20

0
' e H-20
§
e I
o . 180
a2y (1.2 8) | —
™
60
£
L L]
— 80
1 10 100 1x10° 110" 1x10° 1x10°

Output impedancg transfer function



Compensated sheets — select a crossover frequency and automate the poles and zeroes placement
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Operating points calculations - Vin_min
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Operating points calculations - Vin_max

Logarithmic graph

Made detection CCM or DCM for Win_min:

Maode detection CCM or DCM for Vin_max:

Small signal Analysis Poles Zeros Positions - CCM operation - Vin_min

Small signal Analysis Poles Zeros Positions - DCM operation - Vin_min

Small signal Analysis Poles Zeros Positions - CCM operation - Vin_max

Small signal Analysis Poles Zeros Positions - DCM operation - Vin_max

Complete transfer function CCM and DCM - Vin min and max
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