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Design guide for ZVS QR flyback converter
using CoolSET™ SiP

About this document

Scope and purpose

This design guide explains the zero-voltage switching (ZVS) quasi-resonant (QR) flyback converter, using
Infineon’s first fully integrated controller, CoolSET™ SiP ICE18xxM, which offers a highly effective reduction in
system complexity. The CoolSET™ System in Package (SiP) features a high-voltage power switch, primary and
secondary controller, as well as isolated communication. With this integration, an advanced PWM switching
pattern forces a ZVS QR operation, reducing the turn-on switching losses and optimizing the EMI signature. The
CoolSET™ SiP also features a sophisticated set of protection features, enabling ease of design-in and allowing
customers to create products with a better user experience.

Intended audience

This document is intended for power supply designers and power electronics engineers who wish to design
power supplies with ZVS QR controllers, CoolSET™ SiP ICE18xxM.

CoolSET™

Infineon’s CoolSET™ AC-DC integrated power stages in fixed frequency and quasi-resonant switching scheme
offer increased robustness and outstanding performance. This family offers superior energy efficiency,
comprehensive protective features, and reduced system costs and is ideally suited for auxiliary power supply
applications in a wide variety of potential applications such as:

e SMPS
e Home appliances

e Server
e Telecom
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Abstract

1. Abstract

In recent years, zero-voltage switching quasi-resonant (ZVS QR) flyback converters have emerged as a preferred
choice for many applications, thanks to their exceptional efficiency, minimal electromagnetic interference
(EMI), and significantly reduced switching losses. By leveraging these advantages, engineers can create power
systems that are not only more efficient but also more reliable and environmentally friendly.

This design guide is specifically tailored for engineers working with Infineon's CoolSET™ SiP ICE18xxM
controller, a cutting-edge solution for ZVS QR Flyback converters. The guide provides in-depth coverage of key
design considerations, component selection, and PCB layout, empowering designers to create high-
performance power converters that meet the demands of industrial and consumer applications.
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Product description and selection

2. Product description and selection

CoolSET™ SiP family products support a highly effective reduction in system complexity. The System in
Package (SiP) integration includes a high-voltage power switch, a primary controller, and a secondary
controller as well as isolated communication. The integrated controller enables the creation of more
sophisticated end-user products, resulting in a significant reduction in discrete system components and a
lower bill of materials (BOM).

An advanced PWM switching pattern forces ZVS QR flyback operation, reducing the turn-on switching losses
and optimizing the EMI signature. CoolSET™ SiP also features a sophisticated set of protection features,
enabling ease of design-in and allowing customers to create products with a better user experience. The
product is qualified for industrial applications according to the relevant tests of JEDEC47/20/22 and is used for
auxiliary power supplies in consumer and industrial applications.

Key features:

e Integrated 800V avalanche rugged CoolMOS™ P7

o Faststart-up with integrated 950 V startup-cell

e Integrated synchronous rectification (SR) driver with typical 10 V output

e Integrated reinforced isolated communication from secondary to primary side

e Integrated general purpose isolated enable signal path from secondary to primary for EM series

e Novel ZVS QR flyback operation for lower switching losses and better EMI signature

e Reliable PWM switching operation by synchronized timing of primary and secondary side SR switch

e Supports primary side wide VCC operating range up to 32V

e Optimized low supply currents for hysteretic mode operation to reach stand-by power <30 mW

e Multi-mode control for optimized efficiency across the entire load range

e Minimum switching frequency variation between low and high line to ease design-in

e Maximum on/off time limitation to suppress audible noise during startup and power down

e Primary side cycle-by-cycle maximum peak current limitation

e Primary side 2™ overcurrent protection for entering protection mode

e Auto restart mode for all protections

e Pb-free lead plating, halogen free mold compound, and RoHS compliant

Table 1 Output power of ZVS QR CoolSET™ SiP

Type Package Marking Vbs Rbs(on)* 220V AC +20%? 85-300VAC?
ICE184LM PG-DSO-27 E184LM 800V 0.84Q 68 W 45 W
ICE184EM PG-DSO-27 E184EM 800V 0.84Q 68 W 45 W
ICE186EM PG-DSO-27 E186EM 800V 0.48Q 89w 60 W

I Max. at T, =25°C

2 Calculated maximum output power rating in an open-frame design at T. = 50°C, T, = 125°C (integrated power MOSFET) and using
minimum drain pin copper area of 232 mm?in a 2 oz copper single-sided PCB at DRAIN pin and GNDS pin. The output power figure is
for selection purposes only. The considered power figure is assuming a system efficiency of 91% and can vary depending on particular
system design. Contact a technical expert from Infineon for more information.
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3.

Overview of ZVS QR flyback converter design

(infineon

Figure 1 and Figure 2 show a typical circuit of the ICE18xM in a ZVS QR Flyback converter. In this converter, the
mains input voltage is rectified by the diode bridge and then smoothed by the capacitor Cyus Wwhere the bus
voltage Vs is available. The transformer has one primary winding W, one secondary windings Ws and one
auxiliary winding W.. It does not require an additional circuit to achieve the ZVS function. It is the same as a
traditional QR flyback using synchronous rectification.
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Overview of ZVS QR flyback converter design

The following design guide and calculation will be based on a reference design, REF_60W1_ZVS_186EM, which
utilizes the ICE186EM. The design input parameters are as shown in Table 2.

Table 2 Design input parameters

Define input parameters Parameter |Value Unit
Minimum AC input voltage Vac min 90 v

Maximum AC input voltage Vac Max 264 \Y

Line frequency fac 50/60 Hz

DC ripple voltage at Bulk capacitor Voc Ripple 35 v

Output voltage Vout 12 v

Voltage drop across SR MOSFET Vesr 0.1 v

Output current lout 5 A

Maximum output power Pout max 72 W (consider overload condition)
Efficiency at low line full load n 90 % (estimated)
Pre-defined turns ratio n 8 -

VCCP voltage Vveer 18 v

Forward voltage of Vcc diode Vbaux 0.3 v

CoolSET™ SiP CoolSET™ ICE186EM

Switching frequency at Vacwinand Poutmax | fs 48 kHz

Total capacitance at MOSFET Drain pin Cos 200 pF (estimated)
3.1 Primary side design

The primary side design will include the following parts:

e Input capacitance selection

e VCCP capacitance selection

e Transformer design

e Primary side system configuration via resistor Rzcppe
e HV pin startup resistance selection

3.1.1 Input capacitance selection

To select the input capacitor, we need to calculate the peak voltage of the DC bus at the minimum line voltage.
Then, by calculating the discharge time and the RMS current of the circuit, we can calculate the required
capacitor value. In the REF_60W1_ZVS_186EM design, the following approach is used:

Min. peak input voltage at no-load condition:

Vocmineie = Vacmin X V2 Vpeminpk = 90V x V2 = 127.28V
Voemin = Voeminek — Ve _ripple Voemin = 127.28V — 35V =92.28V
Discharging time at each half-line cycle:
V, .
. —1_VDCMin 92.28V
1 SLLC VA— 1 sin™! S55a
T = x| 1+ ——/DCMinPk T. = 14 12728V | _ ¢ 35
D= U fuc 90 D=4 x60Hz | 90 ms
Design guide 6 V1.0
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Required energy at discharging time of input capacitor:

Py
utMax
Win = Pinmax X Tp ; where Piypyax = N

Calculated value of input capacitor:
2 x Wiy

CIN = Vz — Vz
DCMinPk DCMin

Choose the rated voltage greater than Vocwaxek

Vbemaxpk = Vacmax X V2

Choose the capacitance greater than or equal to the
calculated Ciy

Input capacitor:

Recalculation after input capacitor chosen:

2 2 X WIN
Voemin = |Vbeminek — o
IN

72 W
W,N=Wx6.32ms=0.51W-s

oo 2x051W-s
IN"™(127.28 V)2 — (92.28 V)2

= 131.55 uF

Vpemaxpr = 264V x V2 = 37335V
Choose capacitor rating of 400 V

Since Ciy=131.55 YF, choose 68 x 2 uF
Cin=136 yF

2x051W-s

=93.63V
136 uF

Vbemin = \](127-28 V)2 —

Note: Special requirements for hold-up time, including cycle
skip/drop-out or other factors that affect the resulting
minimum DC input voltage and capacitor discharging
time, should be considered at this point

3.1.2 VCCP capacitance selection

A 950 V HV start-up cell charges the VCCP capacitor with two constant current sources, lvccpcharger and lvccpcharge2,
as shown in Figure 3.

e Atphase |, asmall constant current source, lyccpcharger, charges the Vecr capacitor until Vicee reaches Vieepstart,
thereby protecting the controller from a VCCP pin short to ground

o Atphasell, a higher constant current source, lvccpchargez, charges the VCCP capacitor until Vicce exceeds the
turn-on threshold, Viccron. After that the primary side controller power management module is powered up

e At phaselll, the primary controller starts switching with soft-start if Vsuw« is higher than the brown-in
threshold and the primary side controller die junction temperature is lower than the overtemperature
threShOld, T poTp

Vveer

Vveepon 3

Vveepoft

Vveepstart

Iveer t to
A

Iveepcharge2

Iveepcharger

Ivecpyp

Figure 3 VCCP charging waveform during startup

Design guide 7 V1.0
2025-04-14



o _.
Design guide for ZVS QR flyback converter using CoolSET™ SiP ‘ |n f| neon

Overview of ZVS QR flyback converter design

During soft start, the VCCP voltage drops (phase 1) due to the IC's power consumption and the initial lack of
energy from the auxiliary winding. Once the output voltage is sufficient, the VCCP capacitor is charged by the
auxiliary winding, starting at time t2, and supplies lvccryp to the controller. The Viccr then stabilizes at a constant
value, dependent on the output load. When selecting the VCCP capacitance, three key factors should be
considered:

e To prevent the VCCP Under Voltage Protection (UVP) during phase Ill, the capacitance of VCCP capacitor
should be selected to store sufficient energy, ensuring that the Viccr voltage remains above the Vyccr UVP
threshold, Viucer_orr, until the output voltage is built up after the soft-start time tss

I X t 51mA X 12ms
vccptyp X lss = 5.6 uF

R T—— T Y

e To guarantee reliable operation in hysteresis mode, especially under no-load conditions, the chosen
capacitance must be sufficient to store enough energy to ensure that the Vicce voltage remains above the
Vcer UVP threshold, Vieer_orr during hysteresis OFF period tuwer. This value is usually verified through
experimentation. In this design, measured tuwort is about 30ms under no-load condition

lyccpnom X tumors 1.4mAX30ms

Weer = Wwecporr ~ 18V -9V

e The capacitance of the VCCP capacitor also determines the auto-restart time of a system. This is particularly
important in applications where output short conditions can occur, generating excessive heat. To ensure
reliable operation, the auto-restart time must be carefully selected to allow sufficient heat dissipation. A
typical auto-restart time of 2 seconds is recommended to provide ample time for heat to dissipate,
preventing damage to the system (neglect the VCCP charging up time since lvccpcharge2 >> lvccparm)

Iyccparm X tarm ~ 200UA X 2's

= 4.6 uF

Cvcep >

= 36.4 uF

C > =

Yl T Vyccpon — Vvcerors . 20V =9V
Hence, selecting a value of 33uF for VCCP capacitor will be a good choice in this design. To further decouple
noise, a 0.1 uF ceramic capacitor should be placed near the VCCP pin.

3.1.3 Transformer design

When designing a flyback transformer, selecting the optimal turns ratio is crucial for efficient and reliable
operation. This decision directly impacts the reflected voltage (Vz), which in turn affects the voltage stress on
both the primary MOSFET and the secondary rectifier. The key is to strike a balance between these two
components. As a starting point, setting Vro around 100 V is suitable for universal input voltage. CoolSET™ SiP
products support ZVS QR and valley switching with pre-defined transformer turns ratios. Table 3 lists the
supported transformer turns ratios for optimal performance.

Table 3 Option for turns ratio

Option Turns ratio Nwan / Nsec

1 5

2 6

3 7

4 8

5 9

6 10

Design guide 8 V1.0
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QR operation at 1%t valley
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Figure 4

The REF_60W1_ZVS_186EM design uses a pre-defined
turns ratio of 8.
Reflection voltage:

Ve = Vour + Vesr) X1
Max. duty cycle:
Vr
Ve + Vpemin
1

. 2
[ L X2 X f xP,nMaxx(VDﬁRM‘"+1)+(nxfs x,/CDS)]

VDC Min

Dyax =

Lp =

L, = PInMax
AV —
VDCMin X DMax

Maximum current of primary inductance:
Ipmax = Tav X 2
RMS current of primary inductance:

Design guide

Typical waveforms of QR operation at 1* valley

Ve=(12V+01V)x8 =968V

b 96.8V 051
Max ~ 968V +93.63V

1

Lp= > = 280ul

X VZ X 4BRHZ X BOW x (93'63V +1) + (w x 48kHZ x /T00pF)|

1
[93.63V 96.8V

80w

Ly=——— =1.684
4V 79363V x 051

V1.0
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X WV DMax

IPMax

Iprms = W

Fix max. flux density:

Typically, Buax = 0.3 T-0.4 T for ferrite cross depending on
core material.

Choose 350 mT for Material TPW33.

Maximum flux density Bmax

Number of primary inductance (cal.):

N Ippax % Ly
MAIN = BMax X Amin

Number of primary turns: Nua

Number of secondary turns (cal.):

Nyaiv x Vour + Vi sg)
Vr
Number of secondary turns:

Ngge =
NSEC

Number of Viccp turns (cal.):

Nyaiv X Wyeep + Vpaux)
Vr

Npyx =

Number of Vicep turns: Naux

Note: The high-voltage Vccrdesign is also to supply an
external 15V LDO. If no external supply is required,
the number of VCCP turns can be less.

Verification of maximum turn on time, duty cycle and
maximum flux density:

Max. turn-on duty cycle:
LP X (IPMax - IValley) X fS

VDCmin

Dmax -

Max. flux density:

Lp X Ipmax

B, =
max N A
MAIN X Amin

Max. turn-on time:

LP X ([PMax - IValley)

TON_max = %
DCmin

Based on the above system dimensions, Use CoolSET™
SiP calculation tool [2] to get the maximum PWM turn-on
time controlled by IC:

Design guide 10

3364

x+0.51 =1.39 4
V3

Ippus =

Select core: RM10
Material = TPW33
Bs=400 mT @ 100°C
Amin =98 mm?
BW=10.5 mm

Ay =45 mm?
[y=38.61 mm

350 mT

345A4%028x 1073 H

Nuam_cal 2 G3er g% 106 mz 202 THrms
32 turns
32x(12V+0.1V)
SEC_cal = 968V = 4 Turns
4 turns
32x(18V +0.3V)
AUX cal = 968V = 6.05 Turns
6 turns

_028%x1073H X (345A—0A4) x48x 103 Hz _

mex 93.63V 0.5
_ 028X 10 3H Xx3.45 A4 03087
max T 37 %98x 10-6mZ
0.28x103H X345 A4
Ton max = 93637 = 10.33 us
TON_max_controlled =11.17 us
V1.0
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To deliver full power, make sure:

Change switching frequency or turns ratio to iterate if

Ton < Ton trolled
-max -max-controtte condition on the left is not met.

Maximum secondary current:
NMAIN

32
Ismax = Ipmax X Ispax = 345 A X 7 =276A

NSEC

Secondary RMS current:

I Longs X | 2max o Ve I 14ax 2200 68V 11.32 4
— = 1. X X = .
SRMS = IPRMS Duax  Vous + Vr sr SkMS 05 ~12V+401V

Refer to CoolSET™ SiP calculation tool [2] to continue
wire selection and winding design.

3.1.4 Primary side system configuration

The primary side brown-in protection (BI) and brown-out protection (BO) thresholds are configured by the
resistor RzcopL @t the Zcpe pin. Four configurable options are available for setting the paired Bl and BO
thresholds. The integrated HV start-up cell at the HV pin is used to observe Bl and BO, as shown in Figure 5. The
external HV start-up resistor at the HV pin forms a resistor divider with the internal shunt resistor Ruyshunt. The
system-level thresholds for Bl and BO are set by selecting Rzcop. Table 4 shows the options that can be set by
Rzcor, Which is connected between the ZCDP pin and ground.

VIN———+¢
VIN BI _ : ‘m
(Ihv_e1) - : Ruv NMAIN : .Nssc
* Cauk
VIN BO B = - -
(Inv_so) N Hv T
RHvshunt -[|]_ :
|
I —
Figure 5 HV pin sensing for brown-in/brownout protection
Table 4 Primary side configuration options
Option | Rzcppi(min); RzcopL(max) Brown-in current Brownout current Internal shunt
threshold I,y g threshold Iy go resistor Ruyshunt
1 [1.00 kQ; 1.05 kQ] 2.00 mA 1.40 mA 0.5k
2 [1.87 kQ; 2.70 kQ] 1.00 mA 0.70 mA 1.0kQ
3 [4.30 kQ); 5.00 kO] 0.67 mA 0.47 mA 1.5kQ
4 [9.20 kQ; 9.50 kQ] 0.50 mA 0.35mA 2.0kQ

The different current thresholds for Bl and BO enable flexibility in choosing HV start-up resistance, without
affecting the Bl and BO voltage. However, the HV start-up resistance will limit VCCP charge current at low input
voltage, which can impact the overall start-up time. For more information, see the design examples in

Section 3.1.5.

Design guide 11 V1.0
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3.15 HV pin startup resistance selection

The controller monitors the rectified input voltage through the HV pin, using the integrated 950 V start-up cell
and the external HV resistor Ruy, connected to the input capacitor, as shown in the HV sensing circuitry for HV
brown-in/ brownout protection. To conserve power, the sensing is performed periodically, rather than
continuously. The input voltage corresponding to the internal brown-in and brownout current thresholds, Iy g
and lw_so, can be adjusted by modifying the external HV resistor R.

The design of REF_60W1_ZVS_186EM specifies Rzcop. as 2 kQ and the external HV resistor Ruyy as 115 kQ (Rason fOr
start-up cellis negligible).

Brown-in voltage: BI/BO current threshold refer to option 2 in Table 3
Ver = (Ruv + Ruvsnunt) X Inv_sr Vgr = (115kQ+1kQ) x 1mA =116V

Brownout voltage:

Veo = (Ruv + Ruyvshunt) X Inv_so Vgo = (115kQ+1kQ) X 0.7mA =81V

With an HV resistor Ryy= 115 kQ, the measured total start-
up time is around 950 ms in Figure 6.

To achieve a fast start-up and limited impact on existing
BI/BO voltage setting, a lower HV start-up resistance can
be used here.

Changing R'zcori=1 kQ and HV resistor R'.w=56 kQ

Brown-in voltage: BI/BO current threshold refer to option 1 in Table 3
V'sr = (R'yy + R yysnunt) X I'ny s Vg = (56 kQ 4 0.5kQ) X 2mAd =113V

Brownout voltage:
V,BO = (R,HV + R’HVshunt) X I,HV_BO V,BO = (56 k-Q. + 05 k.Q.) X 1.4 mA = 79 V

With HV resistor R'.w=56 KQ, measured total start-up time

is reduced to 260 ms in Figure 6 and limited impact on
BI/BO voltage.

Design guide 12 V1.0
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C1 (yellow) : AC-line voltage C2 (purple) :+12 V output voltage |C3 (blue) :+12 V output current
90 V AC start-up time at full load is around 950 ms 90 V AC start-up time at full load is around 260 ms
Conditions: Ru=115 kQ and Rzcop=2 kQ Conditions: Ru=56 kQ and Rzcppi=1 kQ

Selecting the proper Ry to get the desired start-up time and then choose the appropriate BI/BO current
threshold by fitting the right Rzcop. to determine the BI/BO voltage.

Figure 6 Start-up time comparison

The combination of Ruwy and Rzcop. provides a flexible means of adjusting the start-up time and BI/BO threshold
voltage. By fine-tuning these settings, users can tailor the design to meet specific application requirements,
resulting in enhanced flexibility and control. In addition, to avoid mis-triggering the brown-out protection, it is
required to ensure that the DC bus ripple voltage at brown-in threshold to be smaller than the voltage gap
between brown-in voltage and brown-out voltage.

3.1.6 Primary output voltage sensing

The output voltage is sensed indirectly at the ZCDP pin with the relationship shown in the formula after the
ringing suppression time in Figure 7.

.
Nsec |Vsec Vour

Vout OVP
(Vzeop_ovp; Nzcopow)

VCCP

Vout UVP
(Vzcop_uve; Nzeopuw)

-—
VEsr

RZCDPH

ZCDP short circuit _ 7CDP o Vbaux
(VZCD P_sh ort) I
Rzcop Czcop —-L— RzcopL
RzcopL Readout <

Figure 7 Primary ZCDP pin sensing

A

Naux X Vsgc  Naux

Vaux = X (Vour + Vpsec)

NSEC NSEC

During the free-wheeling time and the voltage at the ZCDP pin is given by:

Design guide 13 V1.0
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Vavx — Vpaux Rzcppr X Nayx Nsgc
Vzepp = Rzcppr X ( = X (VOUT +Vesr—5—%xVp )
Rzcppu + RzeppL (Rzcppr + Rzeppr) X Nsgc Npyx aux

Since Rzcpp had been already selected in the previous section, choose the right Rzcoen to set output overvoltage
level by solving the equation below.

v _ Rzcppr X Navx % (V LV Nsgc <V )
ZCDP_min = out_ovP T VF sR =37 X Vpaux
(Rzcppu + Rzeppr) % Nsec Nayx

Where, Vzcpp ove min: Minimum voltage of output overvoltage threshold
Vour ovp: user-defined output overvoltage level

The capacitance of Czcop is chosen to compensate the delay time which is starting from the drain-source voltage
falls below the bus DC voltage level to the ZCDP voltage falls to Vzcopenr (typical 100 mV). Therefore, the power
switch can be turned on at the valley point of the drain-source voltage. The selection of Czcop is normally done
through experiment.

3.2 Secondary side design

Secondary side design will include the following parts:

e Secondary side system configuration
e ZCDS connection
e Compensation network

3.2.1 Secondary side system configuration

The secondary side controller is configured using two separate resistors connected to the CONFO and CONF1
pins.

e The CONFO pin is used to configure the transformer turns ratio, Nuan/Nsec, between the primary side input
winding and the secondary side output winding that supplies VCCS. Refer to Table 5 to select the
corresponding resistance for the pre-defined turns ratio. In the REF_60W1_ZVS_186EM design, the
transformer turns ratio is fixed at 8. As a result, Rsero should be set to 18 kQ

Table 5 Resistance for Rsero
Turns ratio Nyan / Nsec Rseto
5 3.9kQ
6 6.8 kQ
7 12.0kQ
8 18.0kQ
9 27.0kQ
10 39.0 kQ
Design guide 14 V1.0
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e The CONF1 pin offers six configuration options for optimizing hysteretic mode power

Table6 Resistance for Rser:
Options 1 2 3 4 5 6
Rser1 3.9k 6.8 kQ 12.0kQ 18.0kQ 27.0kQ 39.0kQ

EA voltage threshold for entering

- 0.586V 0.586V 0.605V 0.605V 0.624V 0.624V
hysteretic mode (Ve er)

EA voltage for pulses during

- 800 mV 900 mV 900 mV 800 mV 900 mV 800 mV
hysteretic mode (Vea pwm_tm)

EA voltage hysteretic mode on

threshold (Vea_tmon) 1.2V 1.2V 1.2V 125V 12v 1.25V

EA voltage hysteretic mode off

09V 09V 09V 0.8V 09V 0.8V
threshold (VEA_HMoff)

The default selection for Rser; is 3.9 kQ. The four parameters associated with Rser; are used to optimize
hysteretic mode performance. By selecting different Vea_enmvalues, users can decide the power level of
hysteretic mode; higher Vea v values enable higher hysteretic power. During hysteretic mode, the pulse width
is determined by Vea_pwm_nm, and adjusting this value together with pulse ON/OFF threshold allows for fine-
tuning of hysteretic power to achieve optimal standby power.

3.2.2 ZCDS connection

The controller senses the ZCDS pin for SR operation as well as for valley and peak detection. During the primary
side turn-on phase, the controller clamps the ZCDS pin to the voltage of the VCCS pin. Therefore, the

flowing current represents only the reflected input voltage without output voltage and is determined by the
external resistor Rzcps in this sensing path. This resistor Rzcps is recommended at 15 kQ with 1% tolerance.

3.2.3 Compensation network

Figure 8 illustrates the system diagram. An operational transconductance amplifier (OTA) is integrated on the
secondary side, and its output voltage is accessible at the EA pin. A Type Il compensation network is typically
used to ensure sufficient phase margin and bandwidth.

i

1

i

! SECONDARY SIDE PWM
1

1 MODULATOR

1

I

I

]

i

: ———>

i POWER STAGE Vour
i

v

!

i

i COMPENSATED i i
: ERROR — e

; AMPLIFIER + i
H !
. Vref _,-’

Figure 8 Block diagram of loop element
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In this system, the open loop function is Kows) = Kpwres) * Keas) ™ Kpums)

For QR operation, power stage transfer function as follows:

T4
K (S) — AVout " Vout % 2T X fZ
PWR AIzaeak Ipeak X (1 + D) 1+ T X f i (1 ¥ D)
P

System zero and pole is as follows:

1

I = X Rawy X Comt
1 V2
fr= R TR where, Ry = Po—ut
27 X (w) X Coyt out

For a type Il compensation network, the transfer function is as follows:

Your
Ry [ Error
amplifier
FB -4_»_ N
+ » EA
Vref .
c1
R [ (O
[ R1
"— GND
Figure 9 Type Il compensation network
s
Ken(s) = (R + Ry) X (C1 + C7) 8 s X (14 5=—o7—)
21 X fpc

Where Gn, is the transconductance of error amplifier, typical value 2.8 mA/V.

The Compensator’s zero and pole is as follows:

1
Jzc T 2mX Ry xC,
Ci+C, 1 _
frc (Inpratice, C; » C,)

T 2mXR X Cy X Cy 2T X Ry X Cy

For the secondary-side PWM modulator gain, based on the system algorithm, the transfer function as follows:

Al R x C X 5696 615
Kpwm = PK — _ZCDS — -PWM ~ x 1076 (Typically Cpyy = 7.2 pF)
AVga Ly Ly

The overall open loop transfer function will be rewritten as:
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S S

Kor(s) = Vout X 1+2”xfz X Ry X G X 1+2T[XfZC ><615
OL -
Lyeax X(1+D) 1+ S (R + Ry) X (C1 + Cy) S L
pea 21X fp X (1+D) X\ o e P
x 107°

To cancel the pole of plant fp, place zero of the compensator fzc in proximity.
The following rules of thumb provide a simple and fast way to iterate f.;, f.,, and fc.:

e Select cross over frequency f. < fls—g’ for general QR flyback

e Choose fzc=a* fp (a=1 to 5) and make sure fzc <f.,
e Choose fpc=B* - (B=1 to 5) and make sure fpc > f
e aand B are the arbitrary value for iteration

By using CoolSET™ SiP calculation tool [2], iteration can be easily processed, and result will be displayed.

Start iteration with the desired cross over frequency f.. = 3 kHz, select a=4, =2, to calculate unity gain at cross
frequency.

|Ko1(s)| = 1 where, s =21 X fr

By solving the above equation, the sum of C1 and C2 can be obtained:
Clca +C2ca =102 nF, R1ca=7.27 kQ;

select C1=68 nF, C2=2.2 nF and R1=20 kQ.

With the above selected component value, post calculation for compensator zero and pole,

1
=—=120H
feze = SR % G, z
C; +C,
frpc = = 3.73 kHz

21r><R1><C2><ClzZn><R1><C2

substitute the compensator's zero and pole back into the open loop transfer function with unity gain:
Which results f,, o = 3.4 kHz.

The lab measurement result, shown in Figure 10, was obtained under the condition of 90 VAC and 60 W load.
The results indicate that the actual system cross frequency ', = 2.1 kHz, with a phase margin of
approximately 52°.
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3.3

Bode plot of REF_60W1_ZVS_186EM

Multiple output design considerations

The design for a multiple output power converter is similar to that of a single output converter. The primary
side design will remain the same, but attention needs to be paid to the connection of VCCS pin and the

selection of Rsero resistor on the secondary side. A dual output design example (Vour: =24V, and Vour, =12 V) is
introduced here.

7= [ > T > :
E . Vout=24v
R i H 3 L i
VAC L - = | Optional | H -
rHJ n » T | N/ == H H o
T Vaux § % l o
o ¢ T
- = VWIHV
I ©
OptiMOs™ ’_“_0_{ L EE
E DRAIN ENP vine| [veep  zcop vees [GNDS  EA B
ﬁ L]
CoatosTy : A \ Secondary side CONF1
Rshunt | cg startap o
&8 ’
GNDP
_L DeplMOS @
™ j£2 |
Primary-Ctrl Domain Secondary-Ctrl Domain
CooISET™ SiP1 [ICELxxLM]
Figure 11 Dual output design circuit
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In this dual output design, AC-stacked winding is a common choice due to its improved cross-regulation
performance. 12 V output voltage is rectified by synchronous rectifier Q1 and 24 V output voltage is rectified by
Schottky diode D1. This configuration requires the lower voltage windings (Ws,) to carry the combined load
current of the entire stack. The gate of Q1 is turned on based on the lower winding voltage sensed via Rzcps by
ZCDS pin of the IC. As a result, the number of turns in the lower stack winding determines the transformer turn
ratio. Meantime, the lower stack output is dedicated to supply the VCCS voltage.

. . w
In such a case, the turns ratio will be:n = W—P
S2

The resistor Rsero should be selected to follow the above turns ratio.

The resistor Resh1, Rrenz and Res. form a voltage divider network which senses the two outputs voltage for better
cross regulation. A weight factor should be considered to balance the feedback signals from each output.

When selecting the weight factor, consider the following:

o Output voltage tolerance: If one output voltage has a tighter tolerance requirement, assign a higher weight
factor to that output

e Load current: If one output has a higher load current, assign a higher weight factor to that output to ensure
adequate voltage regulation

e System performance: If the system performance is more sensitive to one output voltage, assign a higher
weight factor to that output
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4 PCB layout considerations

For optimal system performance with CoolSET™ SiP, follow these PCB layout recommendations:

e Minimize the loop with pulse-shaped current or voltage; for example, the loop formed by the bus voltage
source, primary winding, main power switch and current sense resistor, or the loop consisting of the
secondary winding, output diode, and output capacitor, or the loop of the VCC power supply

e Starat the ground of the primary bulk capacitor: all primary grounds should be connected to the ground of
the bulk capacitor separately at one point. This can reduce the switching noise entering the sensitive pins of
the CoolSET™ SiP device. This can be split into several groups as follows, refer to Figure 12 and Figure 13:

- Combine the signal grounds (all small-signal grounds connecting to the controller GNDP pin, such as the
filter capacitor C7, C8, and C10)

- Power ground (current sense resistor R9 and R10)

- The VCCP ground includes the ground of the Viccr capacitor (C11) and the ground of the auxiliary winding,
which is connected to pin 1 of the power transformer

- The EMI return ground includes the ground of the Y capacitor for isolated flyback applications
- DC ground from the bridge rectifier BR1

- To minimize noise and ensure reliable operation, the primary side GNDP pins (2 and 7) are recommended
to be connected to a PCB copper plate, and then star connected to the Bulk Cap Ground

e The secondary side GNDS pins (11, 19, and 26) are recommended to be connected jointly to a PCB copper
plate, and then star connected to the SR MOSFET source pin

e Place the capacitor (C7, C8, C10, C14 and C15, C17, C21) close to the controller ground (GNDP and GNDS):
they should be positioned as close as to the controller ground and the corresponding controller pin to
minimize the switching noise coupled into the controller

o High voltage (HV) traces clearance: HV traces, such as startup and drain traces, should maintain sufficient
spacing from nearby traces to prevent arcing

e N.C.or N.U. pin can be shorted to GNDS except pin 10 and pin 27 keep opened
e Enough copper area for SR MOS heat dissipation

e Arecommended minimum of 232 mm?’ copper area is required at both the primary DRAIN pin and the
secondary GNDS pin to ensure better thermal performance of the CoolSET™ SiP
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Figure 12 Schematic of REF_60W1_ZVS_186EM
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PCB Spark Gap for Primary side Primary signal Secondary signal GNDS pad, star
ESD/Surge Current current loop, GNDP pad connected to Source pin of SR MOS and
Diversion minimize loop area output capacitor groundvia a

decoupling capacitor

Infineon

6 O » , REF_60W1_ZVS_186EM
+15U .4 12/24
. )
Star GNDP connection  VCCP supply loop, need Recommended 232mm? copper
at bulk capacitor small and compact area for Drain and GNDS
Figure 13 Layout example
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