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1 Introduction

This design guide describes how to design quasi-resonant flyback converters using ICE2QRxx65/80x, which
is a new Quasi-resonant PWM CoolSET developed by Infineon Technologies

Firstly, the basic description of CoolSET will be given including the main features and Pin’s layout. Then an
overview of quasi-resonant flyback converter will be given, followed by the introduction of ICE2QRxx65/80x’s
functions and operations. A typical application example, input power curves, PCB layout recommendation,
product profolio and design equations will be given in the last part of this document.

2 CooISET description

ICE2QRxxxx is a second generation quasi-resonant PWM CooISET with power MOSFET and startup cell in a
single package optimized for off-line power supply applications such as LCD TV, and notebook adapter. The
digital frequency reduction with decreasing load enables a quasi-resonant operation till very low load. As a
result, the system average efficiency is significantly improved compared to conventional solutions. The active
burst mode operation enables ultra-low power consumption at standby mode operation and low output
voltage ripple. The numerous protection functions give a full protection of the power supply system in failure
situation. All of these make the ICE2QRxx65/80x an outstanding power CooISET for quasi-resonant flyback
converter in the market.

In addition, numerous protection functions have been implemented in the CoolSET to protect the system and
customize the CoolSET for the chosen applications. All of these make the ICE2QRxx65/80x an outstanding
product for real quasi-resonant flyback converter in the market.

2.1 Main features

High voltage (650V/800V) avalanche rugged CoolMOS® with startup cell
Quasi-resonant operation

Load dependent digital frequency reduction

Active burst mode for light load operation

Built-in high voltage startup cell

Built-in digital soft-start

Cycle-by-cycle peak current limitation with built-in leading edge blanking time
Foldback Point Correction with digitalized sensing and control circuits
VCC undervoltage and overvoltage protection with Autorestart mode
Over Load /open loop Protection with Autorestart mode

Built-in Over temperature protection with Autorestart mode

Adjustable output overvoltage protection with Latch mode

Short-winding protection with Latch mode

Maximum on time limitation

Maximum switching period limitation

2.2 Pin layout

1 12

ze| 1 ~ 8 ||16ND ~ e oo
ZC{ 1 8 }IGND FBd| 2 11 |lo vee
N.C.d| 3 10 |m N.C.

FB 2 7 vcc FB{ 2 7 }IVCC
cso| 4 9 |m N.C.

cs{ 3 6 }ln.c. CS{ 3

Drain | 5 8 | Drain

Drain{ 4 5 }Drain NC{ 4 5 }Dram
Drain | 6 7 |IO0 Drain

Figure 1 Pin configurations (top view), DIP-8 version; DIP-7 (Z) version; and DSO-12 (G) version;
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2.3 Pin functions

2.3.1 ZC (Zero Crossing)

Three functions are incorporated at the ZC pin. First, during MOSFET off time, the de-magnetization of the
transformer is detected when the ZC voltage falls below Vzccr (100mv). Second, after the MOSFET is turned
off, an output overvoltage fault will be assumed if V¢ is higher than Vzcove (3.7V). Finally, during the
MOSFET on time, a current depending on the bus voltage flows out of this pin. Information on this current is
then used to adjust the maximum current limit. More details on this function are provided in Section 4.

2.3.2 FB (Feedback)

Usually, an external capacitor is connected to this pin to smooth the feedback voltage. Internally, this pin is
connected to the PWM signal generator for switch-off determination (together with the current sensing signal),
and to the digital signal processing for the frequency reduction with decreasing load during normal operation.
Additionally, the openloop/overload protection is implemented by monitoring the voltage at this pin.

2.3.3 CS (Current Sensing)

This pin is connected to the shunt resistor for the primary current sensing externally and it is also used to
determine the PWM signal generator for switch-off (together with the feedback voltage) internally. Moreover,
short-winding protection is realised by monitoring the Vs voltage during on-time of the main power switch.

2.34 Drain
This pin is connected to the drain of the 650v/800V CoolMOS®.

2.3.5 VCC (Power supply)

The VCC pin is the positive supply of the CoolSET and should be connected to auxiliary winding of the main
transformer.

2.3.6 GND (Ground)

This is the common ground of the CoolSET. Note that the current sense resistor ground should be connected
to bulk capacitor ground in order to avoid strong noise interruption.

3 Overview of quasi-resonant flyback converter

Figure 2 shows a typical application of ICE2QRxx65/80x in quasi-resonant flyback converter. In this
converter, the mains input voltage is rectified by the diode bridge and then smoothed by the capacitor Cy,s
where the bus voltage Vs is available. The transformer has one primary winding W,, one or more secondary
windings (here one secondary winding W), and one auxiliary winding W,. When quasi-resonant control is
used for the flyback converter, the typical waveforms are shown in Figure 3. The voltage from the auxiliary
winding provides information about demagnetization of the power transformer, the information of input
voltage and output voltage.

As shown in Figure 3, after switch-on of the power switch the voltage across the shunt resistor Vs shows a
spike caused by the discharging of the drain-source capacitor. After the spike, the voltage Vs shows
information about the real current through the main inductance of the transformer L,. Once the measured
current signal Vcs exceeds the maximum value determined by the feedback voltage Vgg, the power switch is
turned off. During this on-time, a negative voltage proportional to the input bus voltage is generated across
the auxiliary winding.
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Figure 2 Typical Application of ICE2QRxx65/80x

The drain-source voltage of the power switch Vys will rise very fast after MOSFET is turned off. This is caused
by the energy stored in the leakage inductance of the transformer. A snubber circuit, RCD in most cases, can
be used to limit the maximum drain source voltage caused. After the oscillation 1, the drain-source voltage
goes to its steady value. Here, the voltage vgeq is the reflected value of the secondary voltage at the primary
side of the transformer and is calculated as:

V. +V
Vit = —out ~ "do 1)
n
where n the turns ratio of the transformer, which is defined in this document as:
n= Nsle (2)

with N, and N are the turns count of the primary and secondary winding, respectively.

After the oscillation 1 is damped, the drain-source voltage of the power switch shows a constant value of
ViustVren Until the transformer is fully demagnetized. This duration builds up the first portion of the off-time
toffl-

After the secondary side current falls to zero, the drains-source voltage of the power switch shows another
oscillation (oscillation 2 in Figure 3, this is also mentioned as the main oscillation in this document). This
oscillation happens in the circuit consisting of the equivalent main inductance of the transformer L, and the
capacitor across the drain-source (or drain-ground) terminal Cps which includes Cqy of the MOSFET. The
frequency of this oscillation is calculated as:

1

fogey = ———r 3
2 2L, - Cps ©

The amplitude of this oscillation begins with a value of vges and decreases exponentially with the elapsing
time, which is determined by the losses factor of the resonant circuit. The first minimum of the drain voltage

appears at the half of the oscillation period after the time t, and can be apporximated as:
Vestin = Vius = Vet 4)

bus

In the quasi-resonant control, the power switch is switched on at the minimum of the drain-source voltage.
From this kind of operation, the switching-on losses are minimized, and switching noise due to dVg/dt is
reduced compared to a normal hard-switching flyback converter.

Design Guide 7 8 August 2011



o _.
@IHEO/H Quasi-resonant CoolSET design guide

ICE20QRxx65/80x

Vourt L ton I‘ tofﬁ

v

|
|

vpsa | T AAV
| oscillation 1_
|

Qs

Vous -I—————I— ————————————————

—Veimp | |

Vzc A

[:;2

V4 A |

¥ _
1-

VFB

v

i SEC 4

I I
I I
I I
I I I I
112 t3 t4 15 16 17
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ol 4

I
I
I
I
|
t

4 Functional description and component design

4.1 VCC Pre-Charging and Typical VCC Voltage During Start-up

In the CoolSET ICE2QRxx65/80xx, a startup cell is integrated to the CoolMOS. The startup cell provides a
pre-charging of the VCC capacitor till VCC voltage reaches the VCC turned-on threshold Vyccon and the
CooISET begins to operate.

Once the mains input voltage is applied, a rectified voltage shows across the capacitor Cys. The high voltage
device provides a current to charge the VCC capacitor C,... Before the VCC voltage reaches a certain value,
the amplitude of the current through the high voltage device is only determined by its channel resistance and
can be as high as several mA. After the VCC voltage rises to certain level, the CoolSET controls the startup
cell so that a constant current around 1mA is provided to charge the VCC capacitor. It stops until the VCC
voltage exceeds the turned-on threshold Vyccon. As shown in the time phase | of Figure 4, the VCC voltage
increase almost linearly.
The time taken for the charging VCC to turn-on threshold can then be approximately calculated as:
V -C
t; = _VCCon " ~VCC 5]
IVCCchargeZ
where lyccenargez IS the charging current from the startup cell which is 1.1mA, typically.
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Figure 4 VCC voltage at start up

When the VCC voltage exceeds the turned-on threshold Vyccon at time t;, the startup cell is switched off, and
the CoolSET begins to operate with a soft-start. Because the energy from the auxiliary winding is not enough
to supply the CoolSET operation when output voltage is low, the VCC voltage drops (Phase Il). Once the
output voltage is high enough, the VCC capacitor receives energy from the auxiliary winding from the time
point t, on. The VCC voltage will then reach a constant value depending on output load.

Precaution : For a typical application, start up should be VCC ramps up first, other pin (such as FB pin)
voltage will follow VCC voltage to ramp up. It is recommended not to have any voltage on other
pins (such as FBB; BBA and CS) before VCC ramps up.

4.1.1 VCC Capacitor

Since there is a VCC undervoltage protection, the capacitance of the VCC capacitor should be selected to be
high enough to ensure that enough energy is stored in the VCC capacitor so that the VCC voltage will never
touch the VCC under voltage protection threshold Vyccuvp before the output voltage is built up. Therefore, the
capacitance should fulfill the following requirement:

lveeop * (t2 - t1)

[6]

Cvcc 2
Vveeon - Vvecuvp

with lyccop the operating current of the CoolSET.

4.2 Soft-Start

After CoolSET supply voltage is higher than 18V, which corresponding to t1 of Fig.4, CoolSET will start
switch with a soft start. The soft start function is built inside the CoolSET in a digital manner. During softstart,
the peak current of the MOSFET is controlled by an internal voltage reference instead of the voltage on FB
pin. The maximum voltage on CS pin for peak current control is increased step by step as shown in Figure 5.
The maximum duration of softstart is 12ms with 4ms for each step.

During softstart, the over load protection function is disabled.

Vies_ast 4

¢l
1.00

tcr 3 B g

-
%]

Time{ms)

Figure 5 Maximum current sense voltage during softstart

Design Guide 9 8 August 2011



o _.
@Ineon Quasi-resonant CoolSET design guide

_—— ICE20RxXX65/80x

4.3 Normal Operation

The PWM section of the CoolSET can be divided into two main portions: PWM controller for normal operation
and PWM controller for burst mode operation. The PWM controller for normal operation will be described in
the following paragraphs, while the PWM controller for burst mode operation will be discussed in the next
section.

The PWM controller for normal operation consists of digital signal processing circuit including an up/down
counter, a zero-crossing counter (ZC-counter) and a comparator, and analog circuit including a current
measurement unit and a comparator. The switch-on and -off time point is determined by the digital circuit and
the analog circuit, respectively. As input information for the switch-on determination, the zero-crossing input
signal and the value of the up/down counter are needed, while the feedback signal Vez and the current
sensing signal Vs are necessary for the switch-off determination. Details about the operation of the PWM
controller in normal operation are illustrated in the following paragraphs.

4.3.1 Switch-on Determination

As mentioned above, the digital signal processing circuit consists of an up/down counter, a zero-crossing
counter and a comparator. A ringing suppression time controller is implemented to avoid mistriggering by the
ring after MOSFET is turned off. Functionality of these parts is described as in the following.

4.3.1.1 Up/down Counter

The up/down counter stores the number of zero crossing to be detected to switch on the main power switch
after demagnetisation of the transformer. This value is a function of the feedback voltage, Vg which contains
information about the output power. Generally, a high output power results in a high feedback voltage, Vgg
According to this information, the value in the up/down counter is changed to a low value in case of high
feedback voltage, and to a high value in case of low feedback voltage. In ICE2QRxx65/80x, the lowest value
of the counter is 1 and the highest 7. Following text explains how the up/down counter value changes in
response to the feedback voltage Vgg. The feedback voltage Vg is internally compared with three thresholds
VegzL, Veszn and Vegri. According to the results, the value in the up/down counter is changed, which is
summarised in Table 1 and Figure 6 respectively.

According to the comparison results the up/down counter counts upwards, keeps unchanged or counts
downwards. However, the value in up/down counter is limited between 1 and 7. If the counter tends to count
beyond this range, the attempt is ignored.

In normal case, the up/down counter can only be changed by one each time at the clock period of 48ms.
However, to ensure a fast response to load increase, the counter is set to 1 in the following switching period
after the regulation feedback Vg exceeds the threshold Vegg.

Veg Up/down counter action
Always lower than Vegz| Count upwards until 7
Once higher than Vggz,, but always No changes

lower than Vegzy

Once higher than Vggzy, but always Count downwards until 1
lower than Vegr1

Once higher than Veggrs Counter setto 1

Table 1 Operation of the up/down counter
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Figure 6 Up/down counter operation

4.3.1.2 Switch-on Determination

In the system, turn-on of the power switch depends on the value of the up/down counter, the value of the
zero-crossing counter and the voltage at the ZC pin Vzc. Turn-on happens only when the value in the both
counters is the same and the voltage at the ZC is lower than the threshold Vccr. For comparison of the
values from both counters, a digital comparator is used. Once these counters have the same value, the
comparator generates a signal which sets the on/off flip-flop, only when the voltage V¢ is lower than the
threshold Vzccr.

Another signal which may trigger the digital comparator is the output of a Tevax Clock signal, which limits the
maximum off time to avoid the low-frequency operation.

During active burst mode operation, the digital comparator is disabled and no pulse will be generated.

4.3.2 Switch-off Determination

In the converter system, the primary current is sensed by an external shunt resistor, which is connected
between Current Sense pin and the common ground. The sensed voltage across the shunt resistor Vcs is
applied to an internal current measurement unit, and its output voltage V; is compared with the feedback
voltage Vrs. Once the voltage V; exceeds the voltage Veg, the output flip-flop is reset. As a result, the main
power switch is switched off. The relationship between the V; and the Vs is described by:

V: =Gowm *Ves + Ve [7]
where Gpwm=3.3, Vpwm=0.7
To avoid mistriggering caused by the voltage spike across the shunt resistor after switch-on of the main
power switch, a 330ns leading edge blanking time (t_gg) is applied to the output of the comparator.

4.4 Active Burst Mode Operation

At very low load condition, the CoolSET enters active burst mode operation to minimize the input power.
Details about active burst mode operation are explained in the following paragraphs.

4.4.1 Entering Active Burst Mode Operation

For determination of entering active burst mode operation, three conditions apply:
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e The feedback voltage is lower than the threshold of Vgg(1.25V). Accordingly, the peak voltage
across the shunt resistor is 0.17V;
e The up/down counter has its maximal value of 7;
e The two above conditions have to been fulfilled for a certain blanking time duration tggg (30ms)
Once all of these conditions are fulfilled, the active burst mode flip-flop is set and the CoolSET enters burst
mode operation and the gate will be turned off until Vg increase to on threshold Vgy. The total blanking time
to enter the active burst mode depends on the up counting time and the 30ms extra blanking time.

Ttotalblanldng = (7 —counter _ val ue) x 48ms + 30ms

For example. If before the load change, current up/down counter value is 3, then the total blanking time will
be:

(7-3) x 48ms + 30ms = 222ms.

This multi-conditional determination for entering active burst mode operation prevents mistriggering of
entering active burst mode operation, so that the CoolSET enters active burst mode operation only when the
output power is really low during the preset blanking time.

4.4.2 During Burst Mode Operation

After entering the Active Burst Mode the feedback voltage rises as Vo starts to decrease due to the inactive
PWM section. One comparator observes the feedback signal if the voltage level Vgy (3.6V) is exceeded. In
that case the internal circuit is again activated by the internal bias to start with switching.

Turn-on of the power MOSFET is triggered by the timer. The PWM generator for burst mode operation
composes of a timer with a fixed frequency of 52 kHz, typically, and an analog comparator. Turn-off is
resulted by comparison of the voltage signal V; with an internal threshold, by which the voltage across the
shunt resistor Vg is 0.34V, accordingly. A turn-off can also be triggered by the maximal duty ratio CoolSET
which sets the maximal duty ratio to 50%. In operation, the output flip-flop will be reset by one of these
signals which come first.

Ves | | Entering HLeaving Ty
| | Active Burst | | Active Burst || ||
I I |
Vsl 11 T
VEsBon \
VFBBOff
Veses DT
IR
I
NI
Vs R
A TR
TR
TR
1.0V | Current limit level e
) during Active Burst H H H H H H ‘T
Mode NI I"
R e A TN
T} m,l
I IRIRIR IR IR
V"CCA | IR I
[ NI
[ NI
IR I
NI I
AAUAAUAUAIAAL
Vvecoft
VoA

Figure 7 Signals in active burst mode
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If the output load is still low, the feedback signal decreases as the PWM section is operating. When feedback
signal reaches the low threshold Vg (3.0V), the internal bias is reset again and the PWM section is disabled
until next time regultaion signal increases beyond the Vg4 threshold. During the active burst mode the
feedback signal is changing like a saw tooth between 3.0V and 3.6V shown in Figure 7.

4.4.3 Leaving Active Burst Mode

The feedback voltage immediately increases if there is a high load jump. This is observed by one comparator.
As the current limit is 34% during active burst mode a certain load is needed so that feedback voltage can
exceed VLB (4.5V). After leaving active burst mode, maximum current can now be provided to stabilize Vo. In
addition, the up/down counter will be set to 1 immediately after leaving active burst mode. This is helpful to
decrease the output voltage undershoot.

4.5 Current sense

The PWM comparator inside the CoolSET has two inputs: one from current sense pin and the other from
feedback voltage. Before being sent to the PWM comparator, there is an offset and operational gain on
current sense voltage. In normal operation, the relationship between feedback voltage and maximum current
sense voltage is determined by equation (8).

Vg = GPWMVCS_pk +Voum (8)

where Gpwn=3.3 and Vpwn=0.7

The absolute maximum current sense voltage, Vcs px is 1V. Therefore, the current sense resistor can be
chosen according to the maximum required peak current in the transformer as shown in (9).

Res =11, , 9)

The design procedure of quasi-resonant flyback transformer is shown in [2]. In addition, a leading edge
blanking (LEB) is already built inside the current sense pin. The typical value of leading edge blanking time is
330ns, which can be thought as a minimum on time.

4.6 Feedback

Inside the CoolSET, the feedback (FB) pin is connected to the 5V voltage source through a pull-up resistor
Rrg. Outside the CooISET, this pin is connected to the collector of opto-coupler. Normally, a ceramic
capacitor Cgg, 1nF for example, can be put between this pin and ground for smooting the signal.

Feedback voltage will be used for a few functions as following:
e |t determines the maximum current sense voltage, equivalent to the transformer peak current.
e |t determines the ZC counter value according to load condition

4.7 Zero crossing

The circuit components connected to zero crossing (ZC) pin include resistors Rzc; and Rzc, and capacitor
Czc. The values of three components shall be chosen so that the three functions combined to this pin will
perform as designed.

At first, the ratio between Rc; and Ryc, is chosen first to set the trigger level of output overvoltage protection.
Assuming the protection level of output voltage is Vo ove, the turns of auxiliary winding is Na and the turns of
secondary output winding is Ns, the ratio is calculated as

RZCZ NS

< Vzcovp VENVE (10)
ch1 + chz Vo Na

In (10), Vzcove is the trigger level of output overvoltage protection which can be found in product datasheet.
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Secondly, as shown in Figure 3, there are two delay times for detection of the zero crossing and turn on of
the MOSFET. The delay time tpepay: iS the delay from the drain-source voltage cross the bus voltage to the ZC
voltage follows below 100mV. This delay time can be adjusted through changing Czc. The second one, tpejay2,
is the delay time from ZC voltage follows below 100mV to the MOSFET is turned on. This second delay time
is determined by CooISET internal circuit and cannot be changed. Therefore, the capacitance Cz¢ is chosen
to adjust the delay time tpeiys MOSFET is justed turned on at the valley point of drain-source voltage. This is
normally done through experiment.

Next, there is a foldback point correction integrated in this pin. This function is to decrease the peak current
limit on current sense pin so that the maximum output power of the converter will not increase when the input
voltage increases. This is done through sensing the current flowing out from ZC pin when MOSFET is turned
on.

When the main power switch is turned on, the negative voltage on auxiliary winding can be calculated as

N
V,, = Vg2 11
BUSN ( )

aux
P

Inside ZC pin, there is a clamping circuit so that the ZC pin voltage is kept at nearly zero. Therefore, the
current flowing out from ZC pin at this moment is

_ VausNa

= 12
oo RciNp (2

The threshold in ZC pin to start the foldback point correction is I;c = 0.5 mA. Therefore, Rzc; can be chosen
so that
VBUS_SNa
RZCl = —* (13)
0.5mA* N,

In (13), Veus s is the voltage from which the maximum output power is desired to be maintained at constant
level. The corresponding maximum current sense voltage in relation to the ZC current is shown in Figure 8.

09 r

08 -

Ves-max(V)

0.7 -

06 . . . I . . I
300 500 700 900 1100 1300 1500 1700 1900 2100

1zc(uA)

Figure 8 Maximum current sense limit versus ZC current during MOSFET on-state

In addition, as shown in Figure 3, an overshoot is possible on ZC voltages when MOSFET is turned off. This
is because of the oscillation 1 on drain voltage, shown in Figure 3 may be coupled to the auxiliary winding.
Therefore, the capacitance Czc and ratio can be adjusted to obtain the trade off between the output
overvoltage protection accuracy and the valley switching performace.

If, however, the amplitude of the ring at the ZC pin is too small and the zero crossing cannot be detected, it is
advised to increase the Drian_Source capacitor, Cps of the MOSFET. But this capacitor would incur switching
loss, the value is suggested to be as small as possible; best to be <100pF.

Furthermore, to avoid mis-triggerring of ZC detection just after MOSFET is turned off, a ring suppression time
is provided. The ring suppression time is 2.5 s typically if Vzc is higher than 0.7V and it is 25 s typically if
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V¢ is lower than 0.7V. During the ring suppression time, CoolSET can not be turned on again. Therefore, the
ring suppression time can also be thought as a minimum off time.

4.8 Protections

The ICE2QRxx65/80x CooISET provides full protection functions. The following table summarizes these
protection functions.

VCC Overvoltage Auto Restart Mode
VCC Undervoltage Auto Restart Mode
Overload/Open Loop Auto Restart Mode
Over Temperature Auto Restart Mode
Output Overvoltage Latched Off Mode
Short Winding Latched Off Mode

During Operation, the VCC over voltage is continuously monitored. In case of an under- or an over-voltage,
the CooISET is reset and the main power switch is then kept off. After the VCC voltage falls below the
threshold Vyccor, the startup cell is activated. The VCC capacitor is then charged up. Once the voltage
exceeds the threshold Vyccon, the CoolSET begins to operate with a new soft-start.

In case of open control loop or output over load, the feedback voltage will be pulled up. After a blanking time
of 24ms, the CooISET enters auto-restart mode. The blanking time here enables the converter to provide a
high power in case the increase in Vg is due to a sudden load increase.

During off-time of the power switch, the voltage at the zero-crossing pin is monitored for output over-voltage
detection. If the voltage is higher than the preset threshold Vcovp, the CoolSET is latched off after the preset
blanking time.

If the junction temperature of CoolSET exceeds 140°C, the CoolSET enters into auto-restart mode.

If the voltage at the current sensing pin is higher than the preset threshold V¢ssw during on-time of the power
switch, the CoolISET is latched off. This is short-winding protection.

During latch-off protection mode, when the VCC voltage drops to 10.5V, the startup cell is activated and the
VCC voltage is charged to 18V then the startup cell is hut down again and repeats the previous procedure.
The latch-off mode can only be reset if the VCC voltage < 6.23V.

4.9 Others

For quasi-resonant flyback converters, it is possible that the operation frequency goes too low, which
normally resulted in audible noise. To prevent it, in ICE2QRxx65/80x, a maximum on time and maximum
switching period is provided.

The maximum on time in ICE2QRxx65/80x is 30 us typically. If the gate is maintained ON for 30 ps, CoolSET
will turn off the gate regardless of the current sense voltage.

When the MOSFET is off and CoolSET can not detect enough number of ZC to turn on the MOSFET,
CooISET will turn on the MOSFET when the maximum switching period, 50 s typically, is reached. Please
note that even a non-zero ZC pin voltage can not prevent CoolSET from turning on the MOSFET. Therefore,
during soft start, a CCM operation of the converter is expected.

5 Typical application circuit

A 12W evaluation board with ICE2QR4780z is shown below as an example. The detailed information can be
found in [5]. The application circuit is shown in Figure 9.
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Figure 9 Schematic of the 12W 5V evalulation board with ICE2QR4780Z

6 Input Power Curves for Quasi Coolset 650V/800V

The purpose of the input power curve is to simplify the selection of the CoolSET® device. The curve is a
function of ambient temperature to the input power of the system in which the input filter loss, bridge rectifier
loss and the MOSFET power loss are considered. The only information needed is the required output power,
the input voltage range, the operating ambient temperature and the efficiency of the system. The required
input power can then be calculated as equation (14).

P

[¢]

n

where Py, : input power, P, : output power, n : efficiency

P (14)

It then simply looks up the closed input power at the required ambient temperature from the input power
curve.

The input power curves for the Quasi Resonant CoolSET family are listed below.
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Figure 10 Input power curve for ICE2QR0665
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The major assumption for the calculation is listed below.
1.

Reflection voltage from secondary side to primary side is 115V for 650V CoolSET and 150V for 800V
COoOISET.

The assumed maximum power for the device is when the junction temperature of the integrated
CooIMOS® reaches 125°C. (With some margins to reach the over temperature protection of the
device : 130°C). The maximum Rgyso, Of the device at 125°C is taken for calculation.

For 650V DIP-8 CoolSET there is no copper area as heatsink and the Ry,;z=90K/W, for 650V DIP-7
CooISET there is no copper area as heatsink and the Ry,z=96K/W, for 650V DSO-12 CoolSET there
is no copper area as heatsink and the Ryj,=110K/W , for 800V DIP-7 CooISET there is 232mm?
copper area of 20z PCB at drain pin for heatsink and the Ry,;z=80K/W and for 800V DSO12 CoolSET
there is 232mm? copper area of 20z PCB at drain pin for heatsink and the R,;z=85K/W.

Saturation current (Iy max @ 125°C) of the MOSFET is considered which is showed in below table.
The typical resistance of the EMI filter is listed in the below table.

The voltage drop for the bridge rectifier is assumed to be 1V.

Rdson_125°C (Q) | Iy max @125°C (A) | Rem_ser (@) | Ve miage (V)
ICE2QR0665x% 1.58 9.95 2 *0.56 2*1
ICE2QR1065x 2.22 6.47 2 *0.56 2*1
ICE2QR1765x 412 4.03 2*1 2*1
ICE2QR4765x% 12.5 1.67 2*3 2*1
ICE2QR0680x 1.58 12.60 2 *0.56 2*1
ICE2QR2280x 5.80 2.87 2%2 2*1
ICE2QR4780x 11.50 1.45 2*3 2*1
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PCB Layout Recommendation

In power supply system, PCB layout is a key point for a successful design. Following are some suggestions
for this (refer to application circuit in Figure 9).

Minimize the loop with pulse share current or voltage; examples are the loop formed by the bus
voltage source, primary winding, main switch and current sensing resistor or the loop consisting of
secondary winding, output diode and output capacitor, or the loop of VCC power supply.

Good grounding of the CooISET; as the CoolSET sees every signal to the reference point of the
CoolSET ground which is also the ground of the VCC power supply, it is advisable that the ground of
the CooISET is connected to the bus voltage ground through a short and thick PCB track in a star
structure. Note that ground of CooISET is treated as small signal ground and the Rcs resistor ground
and primary ground of auxiliary winding of the transformer are treasted as power loop ground. It
needs to be separated before connected to the bulk capacitor ground.

Good grounding of other parts/functions. This includes the CoolSET ground, FB loop ground, ZC loop
ground and the VCC loop ground. It is advisable that all the above grounds connected to the
CooISET ground and then connected to the bus voltage ground using a star-structure.

Power loop grounds can connect to bulk capacitor ground directly and separately; such as EMI filter
return ground Y capacitor, C15, auxiliary winding ground of transformer and the R¢s resistor.

The high voltage pins are connected to bus voltage in typical applications. During lightning surge test,
the noise on bus voltage is high. It is suggested that the track to high voltage pin shall be kept away

from other small signal tracks. The distance is better to be more than 3mm.

8 Product Portfolio Quasi Resonant CoolSET®

Type Package | MOSFET | Rpson' Input power Input power Features®
Vbs 230 Vac (85-265) Vac

ICE2QR0665 DIP-8 650V° 0.65 Q 88w* 50w+ DFR, PPL
ICE2QR1765 DIP-8 650V° 1.7Q 56wW* 33w* DFR, PPL
ICE2QR4765 DIP-8 650V* 4.7 Q 3ow* 19W* DFR, PPL
ICE2QR0665Z DIP-7 650V* 0.65 Q 79W* 45W* DFR, PPL
ICE2QR1065Z DIP-7 650V° 0.92Q 71.6W* 41.0W* DFR, PPL
ICE2QR1765Z DIP-7 650V* 1.70Q 54.8W* 30.6W* DFR, PPL
ICE2QR4765Z DIP-7 650V* 4.7 Q 31w? 18w* DFR, PPL
ICE2QR0665G | DSO-12 650V° 0.65Q 79w 45W* DFR, PPL
ICE2QR1765G | DSO-12 650V* 1.70Q 49W* 28w* DFR, PPL
ICE2QR4765G | DSO-12 650V* 4.7 Q 29w+ 17w* DFR, PPL
ICE2QR0680Z DIP-7 800V 0.65Q 102w’ 57w DFR, PPL, 800V
ICE2QR2280Z DIP-7 800V 220 53w? 30w? DFR, PPL, 800V
ICE2QR4780Z DIP-7 800V 4.7 Q 39W° 22W° DFR, PPL, 800V
ICE2QR2280G | DSO-12 800V 220 51we 30wW? DFR, PPL, 800V

'Typical value @ T;=25°C

’DFR=Digital Frequency Reduction; PPL= Peak Power Limitation

°T=110°C

“Calculated maximum input power in an open frame design at T,=50°C, T;=125°C and without copper area heat sink.

®T=110°C

®Calculated maximum input power in an open frame design at T,=50°C, Tj=125°C and without copper area heat sink.
"Calculated maximum input power in an open frame design at T.=50°C, T;=125°C and with 232mm?’ 2 oz copper area heat sink.
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Design Equations

With reference to the typical application diagram in Figure 2, some useful design equations are tabulated as
below (refer to symbols to datasheet):

Transformer Calculation (Quasi Resonant flyback)

Vin_min=85V., Vin_max=400V,

Input data Vdc_max=515V for 650V MOSFET, 550V for 800V MOSFET
Vv, -V,
Turn ratio n = _ds_mex in_max
Vout +Vdi0de
1
o 2
1

Primary Inductance

V

in_min

fsw_Lr = switching frequency at low line full load; suggested : 40~65kHz
Cbos = capacitance across Drain_Source of MOSFET (including Coen 0f MOSFET)

Primary peak current

| _ I:3)ut
HP % 05x L, x fy, ¢

Primary turns

L x|
> p p_max

P2
Bmax x Anin
N p
Secondary turns NS =P
n
V. +V,
Auxiliary turns = % N
Vout +Vdiode
ICE2QRxx65/80x external component design
V,
Current sense resistor R < —c3h
I pk_P
Cv _ tstartup x IVCCchargeZ
VCC capacitor cCc — V.
VCCon

tstartup = Startup time of system; suggested Cycc is = 22uF

ZC resistors

R — VBUS_S X N ) _ Ryt
2t 0.5mAx N, N, XVout_OVP +Vioge 1
N, Vacowe

Vout ove = Output OVP voltage; Vsys s=bulk capacitor voltage to maintain max. output power

ZC Capacitor

CZC = tan|:2;7; . (1 — tdelay . fosczj} . chl + chz . 1
4 Reci Reco 27 foen

taelay CaN be taken as 100ns; fosc. = measured Drain oscillation frequency after secondary side
current drops to 0A (refer to Figure 3)

2
Enter burst mode P =0.5x L, x M x f

Burst_enter — " P sw_bb
power Res X Gpum

fsw bb = SWitching frequency before entering burst mode
N 2
_ cs

Leave burst mode PBurst_leave =05xL, x| == | xfg
power R

fss = switching frequency at burst mode

Please refer to the below references for some more useful calculation formulas.
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