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Product Highlights

9 Active Burst Mode to reach the lowest standby power requiremeb®mwW @ no
load

 Quasi resonant operation

9 Digital frequency reduction for better werall system efficiency _ PGBSO%

M 8006 ; P; F; H=B? LOAA?> ell |l F-/3H QCNB MN; LNOJ @@Q'ROHS

i Pbfree lead plating, halogen free mold compound, RoHS compliant

Features 9 Auxiliary power supply of Server, PC, Printer, TV, Home
{1 800V avalanche rugged CoolM®8ith built-in startup cell theater/Audio System, White Goods, etc

1 Quasi resonant operationill very low load
1 Active burst mode operation for low standby input power (< Description

.0:1W) . ) . The ICE2QR2286G is derived from CoolSE™Q1. The only
T Digital frequency reduction with decreasing load for reduced difference is it has a lower Vcc turn off threshold. The CoolSET
S_W'FCh'_”Q loss Q1 is the first generation of quasésonant controller and
T Built-in d'g't"’_ll soft—start. CoolMOSVintegrated power IC. Operating the MOSFET switch in
T Foldback point correction, cycléy-cycle peak current quastresonant mode, lower EMI, higheefficiency and lower
limitation and maximum on time limitation voltage stress on secondary diodes are expected for the SMPS.
1 Auto restart mode for VCC ov&pltage protection, under Based on the BICMOS technology, the Cool3EJL series has a
voltage protection, overload protection and over wide operation range (up to 25V) of IC power supply and lower
temperature protection . power consumption. It also offers many advantagesuch as
T Latch-off mode for adjustable output overoltage protection gy asiresonant operation till very low load, increasing the higher
and transformer shoriwinding protedtion average system efficiency compared to other conventional
T Lower Ve turn off threshold solutions, achieving ultraow power consumption with small and
) ) controllable output voltage ripple at standby mode with Age
Applications Burst Mode operation, etc.

9 Adapter/Charger, Blue Ray/DVD player, 51 Box, Digital
Photo Frame
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Figure 1 Typical application

Type Package Marking Vs Rosor' 230Vac15% 85-265 \Ac?
ICE2QR280G1 PGDSG12 ICRQR280G1 800 V 2.26A 53W 30W
MypatT=25°C

2 Calculated maximum input power rating at Ta=50°C, Ti=125°C and with 232&wa copper area on Drain pin as heaink..
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Pin Configuration and Functionality

1 OCH #1 H@CAOL; NCIH ; H> &OH=NCI }
Table 1 Pin definitions and functions
Pin Symbol Function
ZC(Zero Crossing
Atthis pin, the voltage from the auxiliary winding after a time delay circuit is applied.
1 ZC Internally, this pin is connected to the zeftrossing detector for switckon determination.

Additionally, the output overvoltage detection is realized by comparingthioltage Ycwith
an internal preset threshold.

FB (Feedback)

Normally an external capacitor is connected to this pin for a smooth voltage V
Internally this pin is connected to the PWM signal generator block for swiitth
determination (together with the current sensing signal), to the digital signal processil
2 FB block for the frequency reduction with decreasing load during normal operation, and
the Active Burst Mode controller block for entering Active Burst Mode operation
determination and hurst ratio control during Active Burst Mode operation. Additionally
the openloop / overload protection is implemented by monitoring the voltage at this
pin.

3,9,10 | N.C. Not Connected

CS (Current Sense/80V CoolMOB.Source)

This pin is conected to the shunt resistor for the primary current sensing externally and 1
4 CS the PWM signal generator block for switdlff determination (together with the feedback
voltage) internally. Moreover, shosvinding protection is realted by monitoring the
voltage \sduring ontime of the main power switch.

5.6 78 | Drain 800V CoolMOS8WDrain
" OCH $L; CH CM NB? =1 HH?=NCI H NI NB? $L;
1 VEE VCPower supply)
VCC pin is the positive supply of the IC. The operating range isd®niwW/ccoand Mccove
GND (Ground
12 GND . .( round)
This is the common ground of the controller.
zc M| 1 12 |M GND
[
FB 0| 2 11 |[@d vcc
Ne. M| 3 10 @ NC.
cs M| a 9 |[M N.C.
Drain [T]| 5 8 |[DO Drain
Drain [T]| ¢ 7 |[DO Drain

Figure 2 Pin configuration PGDSO12(top view)
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Functional Description

3 &OH=NCI H; F $?M=LCJNCI H

3.1 ) HNLNCIOH

ICE2QR2280G is derived from CoolSEYQ1. The only difference is it has a lower Vcc turn off threshokek
CooISET™-Q1 has a startup cell which is integrated into the CoolM®&s shown irFigure 3 the start cell

consists of a high voltage device and a controller, whereby the high voltage device is controlled by the controller.
The startup cell provides a preharging of the VCC capacitor till VCC voltage reaches the VCC tomed

threshold Mccorand the IC begins toperate.

Once the mains input voltage is applied, a rectified voltage shows across the capaditori@e high voltage

device provides a current to charge the VCC capacit@iz Before the VCC voltage reaches a certain value, the
amplitude of the curren through the high voltage device is only determined by its channel resistance and can

be as high as several mA. After the VCC voltage is high enough, the controller controls the high voltage device so
that a constant current around 1 mA is provided to alge the VCC capacitor further, until the VCC voltage

exceeds the turneebn threshold VWccon AS shown as the time phase IRigure 4 the VCC voltage increase near
linearly and the charging speed is independent of the mainstage level.

Viee A
VY I I LI [N
MVCCOt ek, $eaens R
tl t2 )t
Figure 4 VCC voltage at start up
The time taking for the VCC prharging can then be approximately calculated as:
w P )

0
where lccenargedS the charging current from the startup cell which is 1.05 mA, typically.

When the VCC voltage exceeds the VCC tuarethreshold Vcconat time t1, the startup cell is switched off and
the IC begins to operate with sofitart. Due to power consumption of the IC and the fact that there is still no
energy from the auxiliary winding to charge the VCC capacitor before the output voltage is byithep/CC
voltage drops (Phase II). Once the output voltage is high enough, the VCC capacitor receives the energy from
the auxiliary winding from the time point t2 onward. The VCC then will reach a constant value depending on
output load.

3.2 31 @®N; LN

As shaovn inFigure 5 at the time ton, the IC begins to operate with a sstart. By this softstart the switching
stresses for the switch, diode and transformer are minimized. The-stdirt implemented in CoolSEHQ1 is a
digital time-based function. The preset softtart time is £s(12ms) with 4 steps. If not limited by other
functions, the peak voltage on CS pin will increase step by step from U.821V finally.
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Functional Description

Ves_sst 4

V)
1.00

0.83

0.66

0.49

0.32

ton 3 6 9 12 Time(ms)

Figure 5 Maximum current sense voltage during soft start

3.3 .ILG;, F /J?L; NCIH

The PWM controller during normal operation consists of a digital signal processing circuit including an
up/down counter, a zerecrossing counter (ZC counter) and a comparator, and an analog circuit including a
current measurement unit and a comparator. The switebn and-off time points are each determined by the
digital circuit and the analog circuit, respectively. As input information for the swiwmh determination, the
zero-crossing input signal and the value of the (gown counter are needed, while the feedback signak&nd
the current sensing signald¢are necessary for the switebff determination. Details about the full operation of
the PWM controller in normal operation are illustrated in the following paragraph

3.3.1 $CACN; F &L?KO?H=S 27?>0=NCI H

As mentioned above, the digital signal processing circuit consists of an up/down counter, a ZC counter and a
comparator. These three parts are keto implement digital frequency reduction with decreasing load. In
addition, aringing suppression time controller is implemented to avoid misggering by the high frequency
oscillation, when the output voltage is very low under conditions such as soft start period or output short
circuit. Functionality of these parts is describeas in the following.

3.3.1.1 5JY>1 QH =1 OHN?L

The up/down counter stores the number of the zero crossing where the main power switch is switched on after
demagnetization of the transformer. This value is fixed according to the feedback voltageyWiich contans
information about the output power. Indeed, in a typical peak current mode control, a high output power
results in a high feedback voltage, and a low output power leads to a low regulation voltage. Hence, according
to VFB, the value in the up/down cougttis changed to vary the power MOSFEFtioffe according to the

output power. In the following, the variation of the up/down counter value according to the feedback voltage is
explained.

The feedback voltage ¥is internally compared with three thresholdoltages Vsz, \eznand Mers at each clock
period of 48 ms. The up/down counter counts then upward, keep unchanged or count downward, as shown in
Table 2

Data Sheet 6 Revision 2.4
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Functional Description

Table 2
Vs up/down counter action
Always lower than Mz Count upwads till 7

Once higher than Mz, but always lower than Mzu Stop counting, no value changing

Once higher than Mz but always lower than Mr. Count downwards till 1

Once higher than Mgr: Set up/down counter to 1

In the CoolSET™-Q1, the numberof zero crossing is limited to 7. Therefore, the counter varies between 1 and 7,
and any attempt beyond this range is ignored. Whesn&kceeds Mrivoltage, the up/down counter is reset to

1, in order to allow the system to react rapidly to a sudden ldadrease. The up/down counter value is also
reset to 1 at the starup time, to ensure an efficient maximum load start upigure 6shows some examples on
how up/down counter is changed according to the feedback voltage overel

The use of two different thresholdssz.and \ez+to count upward or downward is to prevent frequency

jittering when the feedback voltage is close to the threshold point. However, for a stable operation, these two
thresholds must not be affected bthe foldback current limitation (see.4.1), which limits the ¥svoltage.

Hence, to prevent such situation, the threshold voltagese¥and \ sz are changed internally depending on

the line voltage levels.

clock 4 T=48ms
T
vef E LR
P I L
P A T T e
v e P A
NS S S S S S
Uprdoun &t tatatial i
ciEiEitiEititicit
Casel 4 (516 616, 6(5i4i3 1
SErS e tu i vhth Be P rive
Case3 7 *7_~7_? _7h; 6_§€§_4§_1_
Figure 6 Up/down counter operation
3.3.1.2 s ?2 L =Ll MMCHA ©: # =1 OHN?LS e

In the system, the voltage from the auxiliary winding is applied to the zerossing pin through a RC network,
which provides a time delay to the voltage from the auxiliary winding. Intaltg this pin is connected to a
clamping network, a zerecrossing detector, an output overvoltage detector and a ringing suppression time
controller.

During onstate of the power switch a negative voltage applies to the ZC pin. Through the internal clagnpi
network, the voltage at the pin is clamped to certain level.

Data Sheet 7 Revision 2.4
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Functional Description

The ZC counter has a minimum value of 0 and maximum value of 7. After the internal MOSFET is turned off,
every time when the falling voltage ramp of on ZC pin crosses the{400 mV) threlsold, a zero crossing is
detected and ZC counter will increase by 1. It is reset every time after the DRIVER output is changed to high.

The voltage ¥is also used for the output overvoltage protection. Once the voltage at this pin is higher than the
threshold Vcoveduring off-time of the main switch, the IC is latched off after a fixed blanking time.

To achieve the switclon at voltage valley, the voltage from the auxiliary winding is fed to a time delay network
(the RC network consists of:B) Rc1, Recc and Gcas shown irFigure 3 before it is applied to the zerorossing
detector through the ZC pin. The needed time delay to the main oscillation signakhould be approximately
one fourth of the oscillation period, dsc(by transformer primary inductor and draksource capacitor) minus

the propagation delay from the detected zerorossing to the switckon of the main switch day.

o Y
%o — 9 @)

This time delay should be matched by adjusting the time constant of the RC network which is calculated as:

Y OY 3)
N Y

3.3.2 2C8HAA MOJJL?MMCIH NCG?

After MOSFET is turned off, there will be some oscillation gghwhich will also appear on the voltage on ZC
pin. To avoid migriggering by such oscillations to turn on the MOSFET, a ringing suppression timer is
implemented. This sppression time is depended on the voltaged/If the voltage ¥is lower than the
threshold \icrs @ longer preset timeztrsis applied. However, if the voltage-dis higher than the threshold, a
shorter time tcrsiS set.

3.3.2.1 3QCN=B I H >?N?LGCH,; NCI H

After the gate drive goes to low, it cannot be changed to high during ring suppression time.

After ring suppression time, the gate drive can be turned on when the ZC counter value is higher or equal to
up/down counter value.

However, it is also possible thadhe oscillation between primary inductor and draisource capacitor damps

very fast and IC cannot detect enough zero crossings and ZC counter value will not be high enough to turn on
the gate drive. In this case, a maximum off time is implemented. Afeteglrive has been remained off for the
period of Tormmax the gate drive will be turned on again regardless of the counter values aadMiis function

can effectively prevent the switching frequency from going lower than 20 kHz. Otherwise it will caudible

noise during start up.

3.3.3 3QCN@®? N? LGCH: NCI H

In the converter system, the primary current is sensed by an external shunt resistor, which is connected
between lowside terminal of the main power switch and the common ground. The sensed voltagesscthe
shunt resistor ¥sis applied to an internal current measurement unit, and its output voltage V1 is compared
with the regulation voltage . Once the voltage \éxceeds the voltage sy, the output flip-flop is reset. As a
result, the main power witch is switched off. The relationship between the V1 and thei¥described by:

w O w w (4)
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Functional Description

To avoid mistriggering caused by the voltage spike across the shunt resistor at the turn on of thie power
switch, a leading edge blanking time,e is applied to the output of the comparator. In other words, once the
gate drive is turned on, the minimum on time of the gate drive is the leading edge blanking time.

In addition, there is a maximum otime, tonvax limitation implemented in the IC. Once the gate drive has been
in high state longer than the maximum on time, it will be turned off to prevent the switching frequency from
going too low because of long on time.

3.4 #OLL?HN , CGCN; NCI H

There is aycle by cycle current limitation realized by the current limit comparator to provide an eearrent
detection. The source current of the MOSFET is sensed via a sense registBy Reans of &the source
current is transformed to a sense voltageswhich is fed into the pin CS. If the voltages¥xceeds an internal
voltage limit, adjusted according to the Mains voltage, the comparator immediately turns off the gate drive.

To prevent the Current Limitation process from distortions caused by leadidge spikes, a Leading Edge
Blanking time (teg is integrated in the current sensing path.

A further comparator is implemented to detect dangerous current levelsséy which could occur if one or
more transformer windings are shorted or if the secondatipde is shorted. To avoid an accidental latch off, a
spike blanking time of ¢sswis integrated in the output path of the comparator.

34.1 &l F><; =E Ol CHN #I LL?=NCI H

When the main bus voltage increases, the switch on time becomes shorter and therefore the toggera
frequency is also increased. As a result, for a constant primary current limit, the maximum possible output
power is increased which is beyond the converter design limit.

To avoid such a situation, the internal foldback point correction circuit vartee \&svoltage limit according to
the bus voltage. This means thedWill be decreased when the bus voltage increases. To keep a constant
maximum input power of the converter, the required maximums¥ersus various input bus voltage can be
calculated,which is shown irFigure 7

N EEEEEE T

0.9 \
N\

VCS-TI'IaX(V)
/

0.7 : —
i T—
| i

0.6 i ! :
80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

Vin(V)

Figure 7  Variation of the Vcslimit voltage according to the | zccurrent

According to the typical application circuit, when MOSFET is turned on, a negative voltage proportional to bus
voltage will be coupéd to auxiliary winding. Inside CoolSEIQ1, an internal circuit will clamp the voltage on
ZC pin to nearly ¥. As a result, the current flowing out from ZC pin can be calculated as
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Functional Description

o 9 Cb ©)
Y

When this current is higher thand rs the amount of current exceeding this threshold isagsto generate an

offset to decrease the maximum limit oncy Since the ideal curve shown iRigure 7is a nonlinear one, a digital
block in CoolSE™Q1 is implemented to get a better control of maximum output power. Additad advantage

to use digital circuit is the production tolerance is smaller compared to analog solutions. The typical maximum
limit on \esversus the ZC current is shown figure 8

&
0.9 I-L"_l
= 1
=
w
£ 08
w
S
1
0.7 !__I
0.6
300 500 700 900 1100 1300 1500 1700 1900 2100
Izc(uA)
Figure 8  Vcs maxversus kc
3.5 Il =NCP? " OLMN -1 >7?

At ight load condition, the IC enters Active Burst Mode operation to minimize the power consumption. Details
about Active Burst Mode operation are explained in the following paragraphs.

3.5.1 %HN? LCHA ! =NCP? " OLMN -1>? [ J?L; NC

For determination of entering ActivBurst Mode operation, three conditions apply:

1 the feedback voltage is lower than the threshold ofsM(1.25V). Accordingly, the peak current sense
voltage across the shunt resistor is 0.Y7

1 the up/down counter is M aeM7) and
1 acertain blanking tine tses(24ms).

Once all of these conditions are fulfilled, the Active Burst Modefllgp is set and the controller enters Active
Burst Mode operation. This mulitondition determination for entering Active Burst Mode operation prevents
mis-triggering o entering Active Burst Mode operation, so that the controller enters Active Burst Mode
operation only when the output power is really low during the preset blanking time.

3.5.2 $OLCHA I =NCP? "OLMN -1>? [J?L; NCI }

After entering the Active Burst Mode the feedbaakltage rises as djrstarts to decrease due to the inactive
PWM section. One comparator observes the feedback signal if the voltage Iesh(8.6 V) is exceeded. In that
case the internal circuit is again activated by the internal bias to start vattitching.

Turn-on of the power MOSFET is triggered by the timer. The PWM generator for Active Burst Mode operation
composes of a timer with a fixed frequency @f (52 kHz, typical) and an analog comparator. Teoff is
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Functional Description

resulted if the voltage across thshunt resistor at CS pin hits the threshold VcsB (0.34 V). Adffican also be
triggered if the duty ratio exceeds the maximal duty ratia.L (50%). In operation, the output fliglop will be
reset by one of these signals which come first.

If the ouput load is still low, the feedback signal decreases as the PWM section is operating. When feedback
signal reaches the low threshold:doi(3.0 V), the internal bias is reset again and the PWM section is disabled
until next time regulation signal increses beyond the Mgon(3.6 V) threshold. If working in Active Burst Mode
the feedback signal is changing like a saw tooth betweessMand \tssorshown inFigure 9

3.5.3 ?, PCHA ! =NCP? " OLMN -1>7? [ J?L,; NCI

The feedback voltage imediately increases if there is a high load jump. This is observed by a comparator. As
the current limit is 34% during Active Burst Mode a certain load is needed so that feedback voltage can exceed
Vesis(4.5V). After leaving active burst mode, maximumroent can now be provided to stabilizeoVr. 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.

Entering Leaving

I ) [0
Active Burst | | Active Burst || ||
1 \

-~ w4l

lanking Window (tgeg)
|
|
|

\

\

\
__Current limit level during ‘r
Active Burst Mode |
\

Figure 9  Signals in Active Burst Mod
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Functional Description

3.6 OLI N?&QK+ NCI HM

The IC provides full protection functions. The following table summarizes these protection functions.

During operation, the VCC voltage is continuously monitored. In case of an uadiéage or an oveivoltage,

the IC is reset anche main power switch is then kept off. After the VCC voltage falls below the thresheld:V
the startup cell is activated. The VCC capacitor is then charged up. Once the voltage exceeds the threshold
Mccos the IC begins to operate with a new sefart.

Table 3

Protection Function Failure Condition Protection Mode

VCC Overvoltage Wcc> 25V & last for 1@&s (normal | Auto Restart
mode only)

VCC Undervoltageshort Wee< 10.5V Auto Restart

Optocoupler

OverloadOpen Loop Vs> 45V & last foBOms Auto Restart

Over Temperature (Controller T;>130°C Auto Restart

Junction)

Output Ovewroltage Vzcove> 3.7V & last for 10@s Latch

Short Winding Vessw> 1.68V & last for 19@s Latch

In case of open control lgp or output over load the feedback voltage will be pulled up. After a blanking time of
tor_ g(30mMs), the IC enters autoestart mode. The blaking time here enables the converter to provide a peak
power in case the increase inAfs due to a sudden load increase. This output over load protection is disabled
during burst mode.

During offtime of the power switch, the voltage at the zewyossing pin is monitored for output ovewoltage
detection. If the voltage is higher than the preset thresholgtdr the IC is latched off after the preset blanking
time tzcove This latch off mode can only be reset if thigc<Wccrp

If the junction tempeature of IC controller exceedscl, (130 °C), the IC enters into OTP auto restart mode. This
OTP is disabled during burst mode.

If the voltage at the current sensing pin is higher than the preset threshélgdwduring orrtime of the power
switch, the 10s latched off. This is shomvinding protection. The short winding protection is disabled during
burst mode.

During latchoff protection mode, the VCC voltage drops ¥ac.#9.85V) and then the startup cell is activated.
The VCC voltage is then chadjto M.ccon(18V). The startup cell is shut down again. This action repeats again
and again.

There is also a maximum on time limitation implemented inside t@®olSEHQ1. Once the gate voltage is high
and longer than é.vax the switch is turned off imradiately.
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Electrical Characteristics

4 WF?=NLC=; F #B; L; =N?LCMNC=M

Note: All voltages are measured with respect to ground {2jnThe voltage levels are valid if other ratings
are not violated.

4.1 I <MI FON? - RCGOG 2; NCHAM

Note: Absolute maximum ratings are defined as ratings, which when beiregded may lead to

destruction of the integrated circuit. For the same reason make sure, that any capacitor that will be
connected to pii1(VCC) is discharged before ambéing the application circuifl,, 0 S _ # OHF?

otherwise specified.

Table 4 Absolute Maximum Ratings
Parameter Symbol Limit Values Unit Remarks
min. max.
Drain Source Voltage \bs - 800 \% T=25°C
Pulse drain currentt, limited by Timax | Ip_pius - 4.9 A
Avalanche energy, repetitiverlimited | Ear - 0.7 |mJ
by max.Tj=150°C
Avalanchecurrent, repetitivetr N - 15 A
limited by max.T=150°C
VCC Supply Voltage Wee -0.3 27 \%
FBVoltage Vks -0.3 5.5 \Y;
ZCVoltage Vac -0.3 5.5 \%
CSVOItage Ves -0.3 55 V
Maximum current out from ZC pin [zemax 3 - mA
Junction Temperature T -40 150 °C Controller & CoolMOy
Storage Temperature Ts -55 150 °C
Thermal Resistance Rhia - 85 KW With 232mnd 20z copper
(Junction¥Ambient) area on drain pin, o ¥ g I
Thermal Resistance Rl - 20 K/W With 232mni 20z copper
(Junction¥Drain) areaon drain pin, Tw ¥ 5 I
Soldering temperature, wavesoldering Tsoi - 260 [ 1.6mm (0.063in.) from case
only allowed at leads for 10s
ESD Capability (incl. Drain Pin) Vesp - 2 kV Human body modé&

1 Repetitive avalanche causes additional power losses that can be calculatedvwaERf

2 According to EIA/JJESD22114B (discharging a 100 pF capacitor through a 1.5 kW series resistor
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Electrical Characteristics

4.2 /' J?L; NCHA 2; HA?
Note: Within the operating range the IC opea as described in the functional description.
Table 5 Operating Range
Parameter Symbol Limit Values Unit Remarks
min. max.
VCC Supply Voltage Wee Wecoft | Wecove |V
Junction Temperature of Controller | Ticon -40 130 °C Limited by over
temperature protection.
Junction Temperature of CooIMQ% | Ticooimos -40 150 °C

4.3 #B; L; =N?LCMNC=M
4.3.1 30JJFS 3?=NCIH
Note: The electrical characteristics involve the spread of values within the specified supply voltage and

junction temperature range Tilompn40°C to 125C. Typical values represent the median values,
which are related to 25°C. If not otherwise atiata supply voltage of VCC /18 assumed.

Table 6 Supply Section
Parameter Symbol | Limit Values Unit | Test Condition
min. | typ. max.
Start Up Current IVCCstart = 300 550 8 A \A/CCz\‘/CCon'O.ZV
VCC Charge Current lveeehargel| - 1.22 5 mMA | M= 0OV
IVCCchargeZ 0.8 11 - mA W= IV
IVCCchargeS - 1 - mA Wec=Wecor0.2V
Maximum Input Current of Startup Ce| Iprainin - - 2 MA | MccWecor0.2V
and CoolMOBL
Leaka@ Current Of IDrainI_eak = 02 50 8 A VDrain= 6®V atTFlOOoC
Startup Cell and CoolMQ$
Supply Current in normal operation | lvcenm | - 15 2.3 mA | lrs= 0A
Supply Current in lvcear | - 300 - eA les= OA
Auto Restart Mode with Inactive Gat¢
Supply Currenin Latchoff Mode lvcoiaeh | - 300 |- eA |lr=0A
Supply Current in Burst Mode with | lveeburst | - 500 950 €A | V=25V, exclude the
inactive Gate current flowing out from
FB pin
VCC TurfOn Threshold Weeon | 17.0 | 18.0 19.0
VCC TurfOff Threshold Ve | 9.2 9.85 105
Data Sheet 14 Revision 2.4

20170912



o _.
Quasi2 ? MI H: HNH 3T'T" 612#Package3 %4 Hb CH <|nf|neon

Electrical Characteristics

VCC TurfOn/Off Hysteresis Wechys | - 8.15 - \%

4.3.2 ) HN?LH; F 61 FN; A? 2?2@?L?H=7

Table 7 Internal Voltage Reference

Parameter Symbol| Limit Values Unit | Test Condition
min. | typ. max.

Trimmed Reference Voltage Vker 480 |5.00 520 \% measured at pn FB

lrg=0

4.3.3 07- 3?=NCIH

Table 8 PWM Section

Parameter Symbol| Limit Values Unit | Test Condition
min. | typ. max.

Feedback PulUp Resistor Res 14 23 33 kA

PWMOP Gain Gww |3.18 |33 - -

Offset for Voltage Ramp Vowm 06 |07 - V

Maximum on time in normal operatiol to., |22 30 41 €S

4.3.4 # OL L327HHRNM ?

Table 9 Current sense

Parameter Symbol | Limit Values Unit | Test Condition
min. | typ. max.

Peak current limitaton in normal Vesth 0.97 |1.03 1.09 vV

operation

Leading Edge Blanking time ties 200 |330 460 ns

Peak Current Limitation in Active Bul \/f.qg 0.29 |0.34 0.39 vV

4.3.5 31 @N 3 N; LN

Table 10 Soft Start

Parameter Symbol| Limit Values Unit | Test Condition
min. | typ. max.

Soft-Start time tss 8.5 12 - ms

Soft-start time step tsss' - 3 - ms

Internal regulation voltage at first steg Vssi - 1.76 - \%

1The parameter is not subjected to production tesverified by design/characterization
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Electrical Characteristics

Internal regulation voltage step at sof] \ks ¢ - 0.56 - \%

start

4.3.6 &I F><; = OI CHN #I LL?=NCI H

Table 11 Foldback Point Correction

Parameter Symbol| Limit Values Unit | Test Condition
min. | typ. max.

ZC current first step threshold lzcrs | 0.350[0.500 [0.621 |mA

ZC current last step threshold lzc1s | 1.3 1.7 2.2 mA

CS threshold minimum Vesve | - 0.66 - \Y 1,=2.2mA,V:=3.8V

4.3.7 $CACN; F :?2LI #LI MMCHA

Table 12 Digital Zero Crossing

Parameter Symbol| Limit Values Unit | Test Condition
min. | typ. max.

Zero crossing threshold voltage Vecer | 50 100 170 mV

Ringing suppression threshold Vacrs | - 0.7 - \%

Minimum ringing suppression time | tzcrs 1.62 |25 4.5 €S Vze>Vacrs

Maximum ringing suppression time | tzcrs2 | - 25 - €S Voc<Vicrs

Threshold to set Up/Down Counter tq Vksra - 3.9 - \%

one

Threshold for downward counting at | Veszu. | - 3.2 - \%

low line

Threshold for upward counting at Iow Veszue | - 2.5 - \%

line

Threshold for downward counting at | Vkszun | - 2.9 - \%

high line

Threshold for upward counting at Vegzin | - 2.3 - \%

highline

ZC current for IC switch threshold to | lzcsn - 1.3 - mA

high line

ZC current for IC switch threshold to | Izcs. - 0.8 - mA

low line

Counter timé tcount | - 48 - ms

Maximum restart time in normal tomvax | 30 42 57.5 €S

1The parameter is not subjected to production tesverified by design/characterization
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Electrical Characteristics

4.3.8 ' =NCP? " OLMN -1>7?

Table 13 Digital Zero Crossing

Parameter Symbol| Limit Values Unit | Test Condition
min. | typ. max.

Feedback voltage for entering Active| Vkges - 1.25 - \%

Minimum Up/down value for entering| Nzc aem | - 7 -

Active Burst Mode

Blankingtime for entering Active tees - 24 - ms

Burst Mode

Feedback voltage for leaving Active | Vksis - 4.5 - \%

Burst Mode

Feedback voltage for bursbn Veggon | - 3.6 - \%

Feedback voltage for bursoff Vkggort | - 3.0 - \%

Fixed Switching Frequency iActive | fs 39 52 65 kHz

Burst Mode

Max. Duty Cycle in Active Burst Draxe |- 0.5 -

Mode

4.3.9 OLI N?=NCI H

Table 14 Protection

Parameter Symbol| Limit Values Unit | Test Condition
min. | typ. max.

VCC overvoltage threshold Wecove | 24.0 | 25.0 26.0 \%

Over Load or Opendop Detection Vegolp | - 4.5 - \%

threshold for OLP protection at FB pi

Over Load or Open Loop Protection |tor s |20 30 44 ms

Blanking Time

Output Overvoltage Vzcove | 3.55 | 3.7 3.84 Vv

detectionthreshold at the ZC pin

Blanking time for Output Overvoltage| tzcovr | - 100 - €S

Threshold for short winding Vessw | 1.63 | 1.68 1.78 \%

Blankingtime for short-winding tessw |- 190 - ns

protection

Over temperature protectioh Ticon 130 |140 150 °C

Power Down Reset threshold for Wecerp | 5.2 - 7.8 °C After Lathed Off Mode is

Latched Mode entered

1The parameter is not subjected to production tesverified by design/characterization
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Electrical Characteristics

Note: The trend of all the voltage levels in the Control Unit is the same regarding the deviationvexgspt
&\A/CCPD.
4.3.10 #1' I F-/ 3H 3?=NCIH
Table 15 #1 1 F-/ 3H 3?2=NCI H
Parameter Symbol | Limit Values Unit | Test Condition
min. typ. max.
Drain Sairce Breakdown Voltage | Vigrpss | 800 - - \Y, T=25C
870 T,=110°C
Drain Source O+Resistance Roson - 2.26 262 |q T=25C
5.02 5.81 T=125°C
6.14 7.10 T=150°C at b= 081A
Effective output capacitance, energy| Cen - 16.3 |- pF \bs= 0V to 480/
related
Rise Time Lise ) 3¢ ) ns
Fall Time tran - 3¢ - ns

1The parameter is not subjected to product test- verified by design/characterization
2Measured in a Typical Flyback Converter Application
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#1 1 F-/ 3H 0?L@I LG; H=? #B; L; =N?LCMNC=M

5 #1 1 F-/ 3H 0?L@ LG; H=? #B,; L; =N?L
Safe Operating Area for ICE2QR2280G
Ip=f(Vps)
10 parameter : D = 0, T = 25deg.C
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Figure 10 Safe Operating Area(SOA) curve folCE2QR280G 1
Allowable Power Dissipation for F3 CoolSET in DSO-16/12 package
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Figure 11  Power dissipation; P:=f(T5)
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#1 1 F-/ 3H 0?L@I LG; H=? #B; L; =N?LCMNC=M

Figure 12 Drain-source breakdown voltage; Verpssf(T), Io=0.25mA
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