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Quasi-resonant control with XMC1000 - Tnfineon
Overview

i

» This training slides begin by introducing the losses in various
power converter, especially the switching losses and how quasi-
resonant control can be used to minimize switching losses

» The second part of this training slides showcase the
implementations of quasi-resonant control with XMC1000 using

its peripherals and how they can be implemented on LED ballast
and other SMPS
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Introduction
Power topologies

» Boost

ZCD
b Output voltage
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Input voltage
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MOSFET control —,}—
Peak current —%
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- Vout > Vin

— Power factor
correction

— Constant ON
time control

> Flyback

ZCD 3
Output voltage
o

MOSFET control _]} m

— Buck/boost

— @Galvanic
isolation

— Power factor
correction +
constant current
control
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MOSFET control —J
Peak current

- Vout < Vin

— Peak current
control

- Useful for LED
driver stage



Introduction (infineon
Conduction mode
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»  Continuous conduction mode > Critical conduction mode » Discontinuous conduction
(CCM) (CrCM) mode (DCM)
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Introduction

Continuous conduction mode

» MOSFET turned on while there Ve B -
is still current in the inductor

»  Maximum switching loss.

“Hard switching”

(infineon

I

Peak current —3
<

ZCD
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A AL Output voltage
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MOSFET control—,m ’l\ m

I
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Introduction (infineon
Discontinuous conduction mode

» MOSFET turned on sometime Ve S 1
after inductor current reaches
Zero I

» Zero current isn’t detected
> Vpg oscillation is ignored

» This is the simple way

ZCD

\AANJ

Output voltage

i
Input voltage l
'_
MOSFET control—'m ’l\ m

Peak current 2
<

I
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Introduction (infineon
Critical conduction mode

, Aka boundary conduction T ——
mode |

»  MOSFET turned on -
immediately as zero current is
detected

— Reduced turn-on loss

A AL Output voltage

N
Vi

Input voltage

I
MOSFET control—,m ’l\ m

Peak current —3
<

I
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Introduction (infineon
LED dimming control

» Analog dimming > Modulation dimming
- Need good DAC for accuracy - Simple DAC is sufficient.
— Classical, straightforward - Need modulator. In XMC™;
method BCCU

» Both dimming controls work on any conduction mode
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Quasi-resonant control
Losses & efficiency

» Conduction losses
— MOSFET: I5%2*Rpg on
— Diode: Ig*V,
- Shunt: I;2*R
— Inductor/transformer:
[2*R

series

»  Optimization strategy:

- Use larger components
— Wider PCB trace

(infineon.

»  Switching losses

—~ MOSFET: Cps, Cepr Cess Qcpy
Qpbs

- DlOde: IRRMI tRRM

» Optimization strategy:

— Use faster components

- Optimize the switching
scheme



Quasi-resonant control (infineon
Losses & efficiency

- | m > TO-T1: Gate driver charges CGS. VGS slope
Ves ov —l_\— [T L T T'1T depends on gate driver current

» T1-T2: VGS passes gate threshold.

g Conducting channel available. Current
starts flowing
o 1+ »  T2-T3: Miller plateau. Depend on CGD and
V. VDS. Longer plateau results in higher
| N‘”‘ 11 T N g switching loss
RS B D » T3 onwards: MOSFET is conducting, VDS
Vos Wy e—— / T 1 depends on RDS(ON) and ID
/ | Ve
vt:s ‘/.\l l", T

— Vmiller

In CCM steady

state, ID starts |
from previous
current value.

Vth

: \\ :
\] \/ Switching Loss

(area under the curve between ID and VDS)
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Quasi-resonant control
One time switching

» MOSFET turned on once

» V_ oscillates once the inductor
current reaches zero

- Frequency depends on main
inductance and MOSFET
output capacitance

— High voltage oscillation that is
easy to detect (ZCD)
— Inductive coupling
— Capacitive coupling
» ZCD circuits dont measure the
actual inductor current!

I

Vi

Vpbs

(infineon.
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Quasi-resonant control infineon
Valley switching (e

Ves 1;5 lﬁ ................................................. l— ) Wait for VDS to fa” When
f output current is fully
o discharged.

» Start the next switching cycle
at the “valley”

» Known as “valley switching” or
“soft switching”

» Vs is ringing due to second

Ve, order system behavior (LC)

» The lower the valley, the lower
the switching loss

Vmiller

Vth

to t1 t t3

No Switching Loss
(area under the curve between ID and VDS)
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Quasi-resonant control Cinfineon
Hard switching vs soft switching

» Hard switching »  Soft switching

Ve | N Ve
Vmiller Vmiller

Vth

\\\\\\\\\\\\\m B

to £ t2 : t_:o, to t1 t2 t3

No Switching Loss

Switching Loss
9 (area under the curve between ID and VDS)

(area under the curve between ID and VDS)
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Quasi-resonant control
Valley skipping

» QR 1st valley

» QR 2nd valley

(infineon.

12v 12v
Vas o | N — Vas i T - |
I I
0A
Vin
V|_ ov ) ) VL
VANSNPRPUUUUISIS: IS SNSRI S SRS N—
VU T ::
Vi - eeeenmmenesmefeee e A - -
Vps \l Vps
)Y | M Lyep—

» MOSFET turned on at the

» MOSFET turned on at the first :
second lowest point of V¢

lowest point of V¢ oscillation

oscillation
—~ M(_)S_Fl_ET EIUL‘H'IOV‘ |05t5 b — MOSFET turn-on loss
minimized to lowest possible minimized

level
- Switching frequency reduced
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Infineon Designer infineon
Digital prototyping engine (een

» Features
— Circuit design

{55 https //desion infineon... O = @ © | 55 stzrttsc - Infineon Designer..

— Circuit behavior (simulation) Ble @t Yoo fpowe Dok b

- .
— Shari ng Infineon Infineon Designer powered by TinaCloud

— No hassle

V'ew. lAnaIysisl Tacls; ‘ ;e:p' U;gra‘de. = Interactive mode: mm
» Infineon Designer is available Dlgtal Pretotyping Enaine

Infineon De

i Example circuit CoolMOS™
engineers to quickhy ady-to-use
to everyone: S
- environment for pow nal, and RF designs o

wwwa_nfme_on_.g:m/|fxde5|gner e Do Lo :‘1
(login with MyInfineon account) % ]
)
Popular Circuits +I e 3
Learn how to confiqure & simulate circuits . { [ e
MOSFET Comparison - CoolOS™ with Clamped Inductive Load (500%) -

MOSFET Comparison - CoolMOS™ and OptiMOS™ with Clamped Inductive Load (2204)

MOSFET Comparison - OpliMOS™ with Clamped Inductive Load (48V)

MOSFET Comparison - OptiMOS™ with Clamped Inductive Load (24V,
lighting - 24V Inver: M K river

ing - 48V Inver. M 3 river
Lighting - 48Y Inverse CCM Buck LED Driver with ILDE070 (dimmed) ver | et
Lighting - 48V Inverse QR Buck LED Driver )
Lighting - 220V Inverse OR Buck LED Driver
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http://www.infineon.com/ifxdesigner

Infineon Designer (infineon
Boost converter

» BSZ340N0O8NS3 G (OptiMOS™)
» MURS120T3G
— Ultrafast recovery diode
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Infineon Designer Cinfineon
One time only

Efficiency: NA Frequency: 56 kHz
Dl:i:m\mwawlpmss\ el <AVY s X @ o@@@E
o gboo _ ,.,,./\ /\ /\ M-/\m./\ /\ /\M/\ M/\ /\ A
o / / / / .
- ./ (. I
AL A Y
0.00 WWM (\\J\WM HMWM (MMWHAMMW HMMNW| (MMMHWM HJ\MN\MHWMW (MWW (\U

power optimos 24V boost 1 onetime.tsc
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Infineon Designer Cinfineon
Continuous conduction mode

Efficiency: 92.7% Frequency: 456 kHz Large spikes

— Ee)
Fie | view | Process | e €{AY> S X EH Q00
2000 —
v G N
OOG—_
200 —
L J
000 —
300.00m —
Y _shunt _
ooo__fofgft___ ___.__‘(__1_____L____1____1_______L_________/L__.__1__._____._____L________ ARERRRNNARARARRANRE
70.00 —
:;//t//// 1 (/ A - 1 A 1 1 1 1 A 1 1 1 A4 AAAAA A ~ A ~1 1 1 1 - 1 A ~ 1 N 1 1 ~
- __ [ w [ { [( H [ ( " w [
000 —] : : RTRALERRININ : : i } HILL : : : : |

200000 250000 J00.00u 350.00u 400.00u
Time (s}

Transient 1 X | Transient2 ® | Transient3 % | Transient4 % | Transent5 X | Transent6 % | |

power optimos 24V boost 2 CCM.tsc
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Infineon Designer Cinfineon
Critical conduction mode

Efficiency: 97.6% Frequency: 132 kHz Medium-sized spikes

Diagram =
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Infineon Designer (infineon
Quasi-resonant conduction mode - 1st valley

Efficiency: 97.9% Frequency: 120 kHz Small spikes
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300.00m
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power optimos 24V boost 4 OR 1v.tsc

Copyright © Infineon Technologies AG 2016. All rights reserved.
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Infineon Designer (infineon
Quasi-resonant conduction mode - 2Md valley

Efficiency: 97.9% Frequency: 102 kHz Small spikes

@'NA/\/\/\./\/\/\A/\/\/\AA/\/\/\/\/\/\/
" LU
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power optimos 24V boost 4 OR 2v.tsc
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Infineon Designer (infineon
Discontinuous conduction mode

Efficiency: 97.5% Frequency: 108 kHz Medium-sized spikes
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power optimos 24V boost 5 DCM.tsc
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https://design.infineon.com/tinademo/tina.php?path=EXAMPLESROOT|INFINEON|Applications|Industrial|Power|&file=power_optimos_24V_boost_5_DCM.tsc

Infineon Designer — www.infineon.com/ifxdesigner
Different conduction modes

(infineon

mmm-

One time NA

CCM 92.7%
CrCM 97.6%
QR-1 97.9%
QR-2 97.9%
DCM 97.5%

56 kHz

456 kHz
132 kHz
120 kHz
102 kHz
108 kHz
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XMC1000 implementation infineon
Quasi-resonant control L/

» XMC1000 peripherals + interconnects for quasi-resonant control
- CCU8/CCuU4, ACMP, ERU, BCCU
— Fully hardware dependent: minimum CPU load
— Full functionality including valley skipping, leading edge

blanking
» Constant ON-time (CON) » Peak current control (PCC)
— ON-time is proportional to — Twofold functionality: power
the amount of power transfer and protection

transfer — Dynamic OCP



XMC1000 implementation Cinfineon
QR CON

XMC1000

P1.5
—»
IN2P MOSFET
—
Control

PO.12 TN
ZCD

e OABe—

OUtpUt . | Compensator
Voltage -

Voltage ref

\ J
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Infineon
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J
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Invert
_

J
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10.08/

0.0s
Vernier
_

s

J

38.168kHz

|

] 1/A%
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Imped
1M Ohm

26.2000us
DC J

0 200v @ 100v/ @ 200v/ @ 5009/

- Coupling

AX

- CMP

VDS

L
CCs82
Timer
Timer

XMC1000 implementation

QR CON

]mez ]

] AY{3)
X2
] 3.799ms

X1
3.777ms

46.729kHz
"

] 1/AX
|2

valley delay

counting valleys

ST3

Source

21.4000us
Mode -
Normal

AX



XMC1000 implementation Cinfineon
QR PCC

XMC1000

P0.12 IN1A;
ZCD IN1P

—

N
IN20
INZﬂ
IN2P MQSFET
Control
™

P2.7
Peak current

P2.6
Peak ref

I Peak reference value
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Demo board

Two-stage LED ballast with XMC1300

infineon

Boost Flyback
N[ Aok
. AANS
" EMI Filter YA J v i a4
Vac ~ +* 3 | —_ T
o I— e
Rectifier [ Ll
Wl =1
—]
= = L = _= L =+
PFC Flyback Flyback
PFC MOSFET peak ZCD CcCs1
peak CC43 control current (EA, SS, ZCD counter)
(EA, MOD timer)
current LINO (count)

PFC
overcurrent
reference

PFC
zCD

BCCU ch.
- or
CCU4 slice

"INO (load) ourt
'IN2 (trap) ST

CC41
(EA, SS, valley delay)

INO (start) ST

CC42
(EA, SS, ZCD counter)

Flyback
peak
reference

INO (count)

JIN1 (clear)

XMC1000

BCCU ch.
or
€CU4 slice

IN1 (clear)

'INO (load)

cc82
(CA, SS, MOD timer)

(PM) SR3

'IN1 (stop) out
1IN2 (start/flush) ST

Flyback
MOSFET
control

Cccs3
(EA, SS, ON timer)

GPO

'INO (start/flush)

IN1 (load)
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Demo board
Two-stage LED ballast with XMC1300

rv

» Specification:
Rated power = 40 W
Input voltage = 90 V, to

277 Vac

Output voltage
max

Output current

60 V.

1 A max

(infineon

Two-stage LED ballast:

- AC/DC boost PFC for power
factor correction

- DC/DC flyback for LED
current and dimming control

Quasi-resonant constant ON-
time on PFC boost

Quasi-resonant peak current
control on flyback

Tuneable white LED light
Communication:
— DALI, 10 V dimming, LEDset

Copyright © Infineon Technologies AG 2016. All rights reserved.



Virtual designs
QR buck LED driver with XMC1400

(infineon

Peak cu

Peak
refere

XMC1000

cCClfN CCR1

P0.13
ZCD

XMC1000

P2.1
Peak current

Cccusi.ccs1
(EA, SS, ZCD counter)

g | INO (count)
| IN1 (clear)

CCu81.ccs2
(CA, SS, MOD timer)

|INO (load)  (PM) SR3
[IN1 (stop) out
[IN2 (start/flush) ST

Peak
reference P2.2

A4

A4

CCu81.CC83
(EA, SS, ON timer)

GPO

'S |INO (start/flush)

i3 IN2 (load)

P0.8

MOSFET
control
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Glossary abbreviations

» CON Constant ON-time

» DAVE™ Free development IDE for XMC™
» OCP Over Current Protection

» PCC Peak Current Control

» PF Power Factor

» PFC Power Factor Correction

» PWM Pulse Width Modulation

» QR Quasi Resonant

» SMPS Switched-Mode Power Supplies

» THD Total Harmonics Distortion

» ZCD Zero Crossing Detection
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Disclaimer

The information given in this training materials is given as a hint for
the implementation of the Infineon Technologies component only and
shall not be regarded as any description or warranty of a certain

functionality, condition or quality of the Infineon Technologies
component.

Infineon Technologies hereby disclaims any and all warranties and
liabilities of any kind (including without limitation warranties of non-
infringement of intellectual property rights of any third party) with
respect to any and all information given in this training material.
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