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Off-Line SMPS Quasi-Resonant PWM
Controller with integrated 650V CoolMOS® and

startup cell in DSO-16/12

Product Highlights

<100mW@no load

Features

« 650V avalanche rugged CoolMO®ith built-in startup The CooISEF-Q1 series (ICE2QRxx65)

cell

(< 0.1W)

reduced switching loss
Built-in digital soft-start

current limitation
Maximum on/off time lim

Undervoltage protections

Quasi resonant operation
Active Burst Mode to reach théowest standby power requirement

itation

Auto restart mode for overload protection
Auto restart mode for overtemperature protection
Latch-off mode for adjustable output overvoltage

Quasiresonant operation till very low load
Active burst mode operation for low standby input po

Auto restart mode for VCC Overvoltage and

Digital frequency reduction fo better overall system efficiency
Integrated 650V avalanche rugged CoolM¥Swith startup cell
PB-free lead plating; ROHS compliant

Digital frequency reduction with decreasing load for

Foldback point correction and cycle-by-cycle peak

protection and transformshort-winding protection

CooISET® - Q1
ICE2QR4765G

==

PG-DSO-16/12

Description

is the first
generation of quasi-resonant integrated power ICs. It is
optimized for off-line switch mode power supply applications

ch as LCD monitor, DVD R/W, DVD Combo, Blue-ray
DVD, set top box, etc. Opdamag the MOSFET switch in
guasi-resonant mode, lower EMigher efficiency and lower
voltage stress on secondary diodes are expected for the
SMPS. Based on the BICMOS technology, the CoofSBT
series has a wide operation rar(ge to 25V) of IC power
supply and lower power consumption. It also offers many
advantages such as quasi-resonant operation till very low load
which increases the average system efficiency, Active Burst
Mode operation which enables an ultra-low power
consumption at standby mode with small and controllable
output voltage ripple, etc.
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Pin Configuration and Functionality

1.1  Pin Configuration with PG-DSO-16/ 1.3 Pin Functionality
12 ZC (Zero Crossing)
At this pin, the voltage from the auxiliary winding after a
time delay circuit is applied. Internally, this pin is connected
Pin | Symbol |[Function to the zero-crossing detecttor switch-on determination.
Additionally, the output overvoltge detection is realized by
1 ZC Zero crossing comparing the voltage Vzc with an internal preset threshold.
2 FB Feedback
3 NG Not C red FB (Feedback)
" o -onnecte Normally, an external capacitorésnnected to this pin for a
4 Cs Current Sense smooth voltage ;. Internally, this pin is connected to the
5 Drai D ™ ] PWM signal generator for switch-off determination
rain | 650V CoolMOS™ Drain (together with the current seng signal), the digital signal
6 Drain | 650V CoolMOS™ Drain processing for the frequency reduction with decreasing load
during normal operation, and the Active Burst Mode
7 Drain | 650V CoolMOS™ Drain controller for entering Active Burst Mode operation
- determination and burst ratio control during Active Burst
8 Drain | 650V* CoolMOS™ Drain Mode operation. Additionally, the open-loop / over-load
9 N.C Not Connected protection is implemented byanitoring the voltage at this
- pin.
10 N.C. Not Connected
11 VCC | Controller Supply Voltage CS(Current Sense)
12 GND | Controller Ground This pin is connected to the external shunt resistor for the
primary current sensing and the internal PWM signal

Y atT=110°C

1.2 Package PG-DS0O-16/12
zc [ l. 12 |1 GND
FB [I]| 2 11 ([0 vcc
NC. [T]| 3 10 ([0 N.C.
cs M| a4 9 |[@ N.C.
Drain [T] 5 8 |[[I] Drain
Drain [T] 6 7 [T] Drain

generator for switch-off determination (together with the
feedback voltage). Moreover, short-winding protection is
realised by monitoring the voltage \during on-time of the
main power switch.

Drain (Drain of integrated CoolMO%

Drain pin is the connection tthe drain of the internal
CoolMOS™

VCC (Power supply)
VCC pin is the positive supply of the IC. The operating range
is between Vecor and Mccove

GND (Ground)
This is the common ground of the controller.

Figure 1 Pin Configuration PG-DSO-16/12 (top view)
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Functional Description

3 Functional Description
3.1 VCC Pre-Charging and Typical 3.2 Soft-start
VCC Voltage During Start-up As shown inFigure 4, at the timet,, the IC begins to

In ICE2QR4765G, a startup cell is integrated into thaperate with a soft-start. By this soft-start the switching

CoolMOS®. As shown in Figure 2, the start cell consists of atresses for the switch, dioded transformer are minimised.
high voltage device and a controller, whereby the hig.he soft-start implementeh ICE2QR4765G is a digital

voltage device is controlledy the controller. The startup time-based function. The prssoft-start time i¢2mswith

: ; P 4 steps. If not limited by other functions, the peak voltage on
cell provides a pre-chargiraf the VCC capacitor till VCC o= .
voltage reaches the VCC turned-on threshgig-., and the CS pin will increase step by stépm 0.32V to 1V finally.
IC begins to operate. Ves sst 4

Once the mains input voltage is applied, a rectified voltage ),
shows across the capacit@y, The high voltage device
provides a current to charge the VCC capacitgr. Before 0.83
the VCC voltage reaches a certain value, the amplitude of te
current through the high voltage device is only determinedl  °-6¢
by its channel resistance and can be as high as several nA.
After the VCC voltage is high enough, the controller controld
the high voltage device so that a constant current arour]d o32
1mA is provided to charge the VCC capacitor further, until

0.49

the VCC voltage exceeds the turned-on threshqlg. . As ton 3 6 9 12 Time(ms)
shown in the time phase | iRigure 3, the VCC voltage
increase near linearly and the charging speed is independgigiure 4 Maximum current sense voltage during
of the mains voltage level. softstart
Vice A 3.3 Normal Operation
Viecon Il I
e /7 The PWM controller during normal operation consists of a
VP digital signal processing circuit including an up/down
) counter, a zero-crossing counter (ZC counter) and a

comparator, and an analogratiit including a current
measurement unit and a comparator. The switch-on and -off
time points are determined by the digital circuit and the
analog circuit respectively. Ehzero-crossing input signal
Figure 3 VCC voltage at start up and the value of the up/down counter are needed for the

: _ _ switch-on determination while the feedback signg} snd
The time taking for the VCC pre-charging can then Dge cyrrent sensing signakyare necessary for the switch-

~v

1 t2

approximately calculated as: off determination. Details about the full operation of the
Vv ) PWM controller in normal operation are illustrated in the
VCCon Cvcc i
= ——— [1] following paragraphs.

IVCCcharge2

herel is the chardi o the start II3.3.1 Digital Frequency Reduction
wherelycecnargedS the charging current from the startup ce . - . . o
which is 1.05mA, typically. As mentioned above, the digital signal processing circuit

consists of an up/down counter, a ZC counter and a
When the VCC voltage exceeds the VCC turned-Ogpmparator. These three parts are key to implement digital
thresholdvy cconat timet,, the startup cell is switched off andfrequency reduction with decreasing load. In addition, a
the IC begins to operate with soft-start. Due to powgfnging suppression time contretlis implemented to avoid
consumption of the IC and the fact that there is still no energyistriggering by the high frequey oscillation when the
from the auxiliary winding tocharge the VCC capacitor output voltage is very low under conditions such as soft start

before the output voltage is built up, the VCC voltage droRseriod or output short circuit. Functionality of these parts is
(Phase II). Once the output voltage is high enough, the VCfascribed in the following.

capacitor receives the energy from the auxiliary winding
from the time point, onward. The VCC will then reach a331.1 Up/down counter

constant value depending on output load. The up/down counter stores thember of the zero crossing

where the main power switch is switched on after
demagnetisation of the transformer. This value is fixed

Version 2.0 7 July 26, 2011
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Functional Description

according to the feedback voltagegzV which contains Vg, are changed internally depending on the line voltage
information about the output p@w Indeed, in a typical peak levels.

current mode control, a highutput power results in a high
feedback voltage, and a low output power leads to a lojv  clock 4
regulation voltage. Hence, according tg;Mhe value in the

»

T=48ms

up/down counter is changedwary the power MOSFET off-
time according to the output power. In the following, thg =
variation of the up/down counter value according to the x g
feedback voltage is explained. %
The feedback voltage ¥ is internally compared with three V.
threshold voltages M, Veszy and Veggr, at each clock V [l
period of 48ms. The up/down counter counts then upwarfl, FezH I J v
keep unchanged or count downward, as shown in Table 1 VEszL ] 1} V ¥
Table 1 Operation of the up/down counter Up/down t
counter TITITITIRGT T
up/down counter S Ul el By Bkt Bl okt S e Sail
Vrs action Casel 4 {5i6 i6i6i6i5i4i3i1
Always lower than Vg, Count upwards till 7 Case2 2 3334 :414:413:24181
Once higher than M, , but Stop counting, no Case3 71737 3rivi7i64534tl
plways lower than ¥z, value changing Figure 5  Up/down counter operation
Once higher than M, but Count downwards
always lower than Mg, till 1 3.3.1.2 Zero crossing (ZC counter)
. In the system, the voltage from the auxiliary winding is
. Set up/down counte '
Once higher than Mg, 01 P applied to the zero-crossing pin through a RC network,
which provides a time delay to the voltage from the auxiliary

winding. Internally, this pin is connected to a clamping
In the ICE2QR4765G, the numbafrzero crossing is limited network, a zero-cssing detector, an output overvoltage
to 7. Therefore, the counter varies between 1 and 7, and aegector and a ringing suppression time controller.

attempt beyond this range is ignored. Wheg, ¥xceeds puyring on-state of the power switch a negative voltage
Vegry Voltage, the up/down counter is reset to 1, in order ighplies to the ZC pin. Through the internal clamping
allow the system to react rapidly to a sudden load increag@twork, the voltage at the pin is clamped to certain level.

The up/down counter value is also reset to 1 at the start-ﬁ;Re ZC counter has a minimum value of 0 and maximum
t|hme, to ensure an ef|f|C|ent r;:axmu/rg load start{-‘uggreﬁ v%ue of 7. After the internal MOSFET is turned off, every
;ng\'%iior?g tﬁ)grgg d%sasgvocljtvz\:l l;povtévrvrt}nﬁgun €r1s changffle when the falling voltageamp of on ZC pin crosses the

9 9 : 100mV threshold, a zero crossing is detected and ZC counter

The use of two different thresholdggy, and Vg, to count il increase by 1. It is resevery time after the DRIVER
upward or downward is to prewt frequency jittering when output is changed to high.

the feedback voltage is close to the threshold poinF
However, for a stable operati, these two thresholds must
not be affected by the Ilftback current limitation (see
Section 3.4.1), which limits the M voltage. Hence, to
prevent such situation, the threshold voltages,,V and

he voltagev,. is also used for the output overvoltage
detection. Once the voltage at this pin is higher than the
thresholdV,qq,p during off-time of the main switch, the IC

is latched off after a fixed blanking time.

To achieve the switch-on atkage valley, the voltage from
the auxiliary winding is fed to a time delay network (the RC
network consists of R, R,.;, R,.,and G.as shown in typical
application circuit) before iis applied to the zero-crossing
detector through the ZC pin. The needed time delay to the
main oscillation signal Dshould be approximately one
fourth of the oscillation péod (by transformer primary
inductance and drain-source capacitance) minus the
propagation delay from the detected zero-crossing to the
switch-on of the main switcty,,, theoretically:

TOSC

A= == ~tgelay [2]
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Functional Description

This time delay should be matched by adjusting the tinte prevent the switching frequency from going too low

constant of the RC network which is calculated as: because of long on time.
R ‘R
I T B8] 3.4 Current Limitation
R +R
zcl "‘zc2

There is a cycle by cycle current limitation realized by the

current limit comparator to pvide an overcurrent detection.

The source current of the MOSFET is sensed via a sense
3.3.1.3 Ringing suppression time resistor R By means of Ry the source current is

After MOSFET s turned off, there will be some oscillatiorfransformed to a sense voltaggsWhich is fed into the pin

on Vps, Which will also appear on the voltage on ZC pin. T&S. If the voltage ¥ exceeds an internal voltage limit,
avoid mistriggering by such oscillations to turn on th@djusted according to the Mains voltage, the comparator
MOSFET, a ringing suppression timer is implemented. Thigymediately turns off the gate drive.

suppresion time is depended on the voltage If the To prevent the Current Limitation process from distortions
voltagev,is lower than the threshold,.r5 a longer preset caused by leading edge spikes, a Leading Edge Blanking
time is applied. However, if the voltagg. is higher than the time (i o) is integrated in the current sensing path.

threshold, a shorter time is set. A further comparator is implemented to detect dangerous
) o current levels (¥ssw Which could occur if one or more
3.3.1.4 Switch on determination transformer windings are shortedif the secondary diode is
After the gate drive goes to low, it can not be changed to highorted. To avoid an accidental latch off, a spike blanking
during ring suppression time. time of tgqy IS integrated in the output path of the

After ring suppression time, the gate drive can be turned 6amparator.
when the ZC counter value is higher or equal to up/down
counter value. 34.1 Foldback Point Correction

However, it is also possible that the oscillation betweeWhen the main bus voltage increases, the switch on time
primary inductor and drain-source capacitor damps very fdacomes shorter and therefore the operating frequency is
and IC can not detect enough zero crossings and ZC courtisio increased. As a result, for a constant primary current
value will not be high enough to turn on the gate drive. In thignit, the maximum possible output power is increased
case, a maximum off time is implemented. After gate drivehich is beyond the converter design limit.

has been remained off for the period gy the gate drive To avoid such a situation, the internal foldback point
will be turned on again regardless of the counter values agékrection circuit varies the M voltage limit according to
Ve This function can effectively prevent the switchinghe bus voltage. This means thgWill be decreased when
frequency from going lower than 20kHz. Otherwise it wilkhe bus voltage increases. To keep a constant maximum

cause audible noise, during start up. input power of the converter, the required maximupy V
versus various input bus voltage can be calculated, which is
3.3.2 Switch Off Determination shown inFigure 6.

In the converter system, theipary current is sensed by an
external shunt resistor, which is connected between low-si|  * T
terminal of the main power switch and the common groun
The sensed voltage across the shunt resigtds applied to
an internal current measurenmemit, and its output voltage
V, is compared with the regulation voltagggVOnce the
voltage V, exceeds the voltagepy, the output flip-flop is
reset. As a result, the main power switch is switched off. T}
relationship between the,\and the \.5is described by:

4
©

o
©

Ves-max(V)

o
3

T T T
| | |
| | |
| | |
| | |
| | |
| | |
! | |
| |
| | |
| | |
——————— |- — = - - - —+-———-—--1
| | |
| | |
| |
| | |
| |
| | |
| | |
| | |
| | |

V) =383V +07 4]

. og L
To avoid mistriggering caused by the voltage spike acro 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

the shunt resistor at the turn on of the main power switch Vin(v)
leading edge blanking timeL, is applied to the output of _ . T ]
the comparator. In other wordsjce the gate drive is turned Figure 6 Variation of the VCS limit voltage according to
on, the minimum on time of the gate drive is the leading edge the I current

blanking time. According to the typical apisiation circuit, when MOSFET

In addition, there is a maximum on timg,}., limitation is turned on, a negative voltage proportional to bus voltage
implemented in the IC. Once the gate drive has been in higfil be coupled to auxiliary winding. Insid2oolSET® - Q1,
state longer than the maximum on time, it will be turned offn internal circuit will clamp the voltage on ZC pin to nearly
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Functional Description

0V. As a result, the current flowing out from ZC pin can bsection. One comparator observes the feedback signal if the

calculated as
_VeusNa

ZC RycqNp

[5]

voltage level ¥, (3.6V) is exceeded. In that case the
internal circuit is again activatday the internal bias to start
with switching.

Turn-on of the power MOSFET is triggered by the timer.
The PWM generator for Active Burst Mode operation

When this current is higher thag.|,, the amount of current composes of a timer with a fixed frequency of 52kHz,
exceeding this threshold is used to generate an offsettypically, and an analog comparator. Turn-off is resulted by
decrease the maximum limit on.y Since the ideal curve comparison of the voltage signal with an internal
shown inFigure 6 is a nonlinear one, a digital block inthreshold, by which the voltage across the shunt resistgr V
CooISET® - Q1 is implemented to get a better control ofis 0.34V, accordingly. A turn-off can also be triggered by the
maximum output power. Additionaldvantage to use digital maximal duty ratio controller which sets the maximal duty
circuit is the production tolerance is smaller compared t@tio to 50%. In operation, the output flip-flop will be reset

analog solutions. The typical maximum limit og¢ersus

the ZC current is shown frigure 7.

Ves-max(V)

0.6

300 500 700 900 1100 1300 1500 1700 1900
Izc(uA)

2100

Figure 7 Vg maxVersus j¢

3.5 Active Burst Mode Operation

by one of these signals which comes first.

If the output load is still lowthe feedback signal decreases
as the PWM section is operating. When feedback signal
reaches the low thresholdgM3.0V), the internal bias is
reset again and the PWM section is disabled until the next
regulation signal increases beyond thg, threshold. In
Active Burst Mode, the feedback signal is changing like a
saw tooth between 3.0V and 3.6V showifrigure 8.

3.5.3 Leaving Active Burst Mode Operation

The feedback voltage immediately increases if there is a high
load jump. This is observelly one comparator. As the
current limit is 34% during Active Burst Mode a certain load
is needed so that feedback voltage can excegd4/5V).
After leaving active burst mode, maximum current can now
be provided to stabilize y/ In addition, the up/down counter
will be set to 1 iimmediately after leaving Active Burst

At light 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 Entering Active Burst Mode Operation
For determination of entering Active Burst Mode operation,

three conditions apply:

» the feedback voltage is lower than the threshold of

Vieeea(1.25V). Accordingly, te peak current sense

voltage across the shunt resistor is 0.17V;
e the up/down counter is 7; and
» acertain blanking timeyt).

Once all of these conditions are fulfilled, the Active Burst
Mode flip-flop is set and the controller enters Active Burst

Mode operation. This multtendition determination for

entering Active Burst Mode operation

blanking time.

3.5.2 During Active Burst Mode Operation

prevents
mistriggering of 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

After entering the Active Burst Mode the feedback voltage
rises as Y, starts to decrease due to the inactive PWM
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Functional Description

Mode. This is helpful to decrease the output voltageset and the main power switch is then kept off. After the

undershoot.

Vs L Entering Leaving 0o
| | ActiveBurst | |Active Burst || |
| | Mode | 1 Mode |

VraLs T I T I T

VesBon 1AL

VEsBoff

VFBEB

time to 7" zero and
A I T
| | (A
Il
| __Current limit level

during Active Burst
Mode

1.ov

Ves blanking Window (tgeg)

VVCCOff

Wi

Vo

Figure 8 Signals in Active Burst Mode

3.6 Protection Functions

The IC provides full proteiin functions. The following

table summarizes these protection functions.
Table 2 Protection features

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 voltage

VCC voltage falls below the threshold,M. . the startup
cell is activated. The VCC capacitor is then charged up.
Once the voltage exceeds the threshglg.y, the IC 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
IC enters auto-restart mode. The blanking time here enables
the converter to provide a mgower in case the increase in
Vg is due to a sudden load increase. During off-time of the
power switch, the voltageat the zero-crossing pin is
monitored for output over-voltage detection. If the voltage is
higher than the preset threshold . the IC is latched off
after the preset blanking tim&his latch off mode can only

be reset if the Vcc <6.23V.

If the junction temperature of IC exceeds 140 °C, the IC
enters into autorestart mode (OTP).

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

During latch-off protection mode, the VCC voltage drops to
10.5V and then the startup cell is activated. The VCC voltage
is then charged to 18V. Theastup cell is shut down again.
This action repeats again and again.

There is also a maximum on time limitation implemented
inside the ICE2QR4765G. Once the gate voltage is high and
longer thand,yax the switch is turned off immediately.

is continuously

monitored. In case of an under- or an over-voltage, the IC is
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Electrical Characteristics

4 Electrical Characteristics

Note: All voltages are measured with respect to ground (R The voltage levels are valid if other ratings are not
violated.

4.1 Absolute Maximum Ratings

Note: Absolute maximum ratings are defined as ratingschwivhen being exceeded may lead to destruction of the
integrated circuit. For the same reason make sure, éingtcapacitor that will be connected to pin MCC) is
discharged before assembling the application circLitZb°C unless otherwise specified.

Parameter Symbol Limit Values Unit Remarks
min. max.

Drain Source Voltage Vps - 650 \ T=110C

Switching drain current, pulse widthlimited | I - 1.67 A

bY Timax

Pulse drain current, pulse widthlimited by | I ps - 2.32 A

Timax

Avalanche energy, repetititg, limited by | Exg - 0.01 mJ

max.T;=150°C"

Avalanche current, repetitiitgg limited by | 1,5 - 0.5 A

max.T;=150°C

VCC Supply Voltage Vyee -0.3 27 \%

FB Voltage Veg -0.3 55 \Y

ZC Voltage Ve -0.3 55 \Y

CS Voltage Ves -0.3 5.5 \Y

Maximum current out from ZC pin 2émax 3 - mA

Junction Temperature T, -40 150 °C Controller & CoolMO%

Storage Temperature Ts -55 150 °C

Thermal Resistance Riia - 110 K/w

Junction -Ambient

ESD Capability (incl. Drain Pin) Vesp - 2 kv Human body mod@

D Repetitive avalanche causadditional power losses that can be calculate®,asE,* f
2 According to EIA/JESD22-A114-B (disahging a 100pF capacitor through a DSeries resistor)

4.2 Operating Range

Note:  Within the operating range the IC opesates described in the functional description.

Parameter Symbol Limit Values Unit Remarks
min. max.

VCC Supply Voltage Vvee Vvceort | Vvecove |V

Version 2.0 12 July 26, 2011
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Electrical Characteristics

Junction Temperature of ControlleT;c,, -25 130 °C Max. value is limited by over
temperature protection of the
controller

Junction Temperature of Ticoomos -25 150 °C

CoolMOS®

4.3 Characteristics

43.1 Supply Section

Note: The electrical characteristics involve the spreadvalues within the specified supply voltage and junction
temperature range ;Tfrom — 25°C to 125°C. Typical values represent the median values, which are related to
25°C. If not otherwise statl, a supply voltage of¥= 18 V is assumed.

Parameter Symbol Limit Values Unit | Test Condition
min. typ. max.
Start Up Current lveestart - 300 550 MA | Vyce=Vveeon-0-2V
VCC Charge Current lveceharger | - 5.0 - mA | Vyee= 0V

lvecchargez | 0-8 - - mA Vyee= 1V
lvcoeharges | - 1 - mA Vvee=Vveecon0.2V
mA

Maximum Input Current of | brainin - - 2 Vyee =Vveeon-0-2V
Startup Cell and CoolMOS
Leakage Current of | brainLeak - 0.2 50 MA | Vpain= 610V
Startup Cell and CoolMJS atT,=100°C
Supply Current in normal operation lycenm - 15 2.3 mA output low
Supply Current in lveear - 300 - mA I = 0A
Auto Restart Mode with Inactive Gate
Supply Current in Latch-off Mode | Iyccjaten - 300 - mA
Supply Current in Burst Mode with | lyccpurst - 500 950 MA | Vg = 2.5V, exclude the
inactive Gate current flowing out from
FB pin
VCC Turn-On Threshold Vyecon 17.0 18.0 19.0 \
VCC Turn-Off Threshold Vyecoft 9.8 10.5 11.2 \
VCC Turn-On/Off Hysteresis Vvcchys - 75 - \
43.2 Internal Voltage Reference
Parameter Symbol Limit Values Unit | Test Condition
min. typ. max.
Internal Reference Voltage VRer 4.80 5.00 5.20 Y Measured at pin Fg=0

Version 2.0 13 July 26, 2011
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433 PWM Section

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

Feedback Pull-Up Resistor R 14 23 33 (9)

PWM-OP Gain Gwwm 3.18 3.3 - -

Offset for Voltage Ramp Muvm 0.6 0.7 - \Y

Maxim_um on time in normal tonMax 22 30 41 ms

operation

4.3.4 Current Sense

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

Peak current limitation in normal| Vg, 0.97 1.03 1.09 \

operation

Leading Edge Blanking time ds 200 330 460 ns

Peak Current Limitation in Active| Vqg 0.29 0.34 0.39 \Y,

Burst Mode

435 Soft Start

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

Soft-Start time ds 8.5 12 - ms

soft-start time step ot & - 3 - ms

Internal regulation voltage at firsf Vg - 1.76 - \

step

Internal regulation voltage step Vss_sl) - 0.56 - \

soft start

1)

The parameter is not subjected to productést - verified by design/characterization

4.3.6 Foldback Point Correction
Parameter Symbol Limit Values Unit Test Condition
min. typ. max.
ZC current firststep threshold 7t Fs 0.350 0.5 0.621 mA
ZC current last step threshold zclis 1.3 1.7 2.2 mA
CS threshold minimum Memie - 0.66 - \Y ,=2.2mA, Vz=3.8V

Version 2.0
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4.3.7 Digital Zero Crossing

Parameter Symbol Limit Valu es Unit Test Condition
min. typ. max.

Zero crossing threshold voltage | ,M+ 50 100 170 mV

Ringing suppression threshold 20ks - 0.7 - \%

Minimum ringing suppression time ;drs: 1.62 25 4.5 us Ve > Vyers

Maximum ringing suppression | t;crs, - 25 - us Ve < Vycrs

time

Threshold to set Up/Down CounteN ggg, - 3.9 - \Y

to one

Threshold for downward counting V g1 - 3.2 - \Y

at low line

Threshold for upward counting at Vggz | - 25 - \Y

low line

Threshold for downward counting V ggzin - 2.9 - \Y,

at hig line

Threshold for upward counting at Vggz - 2.3 - \Y

highline

ZC current for IC switch thresholdl s - 1.3 - mA

to high line

ZC current for IC switch thresholdl,g, - 0.8 - mA

to low line

Counter tim@ teounT - 48 - ms

Maximum restart time in normal | tomvax 30 42 57.5 us

operation

D' The parameter is not subjected to productést - verified by design/characterization

4.3.8 Active Burst Mode

Parameter Symbol Limit Valu es Unit Test Condition
min. typ. max.

Feedback voltage for entering | Vigeg - 1.25 - \Y

Active Burst Mode

Minimum Up/down value for Nzc aBMm - 7 -

entering Active Burst Mode -

Blanking time for entering Active| tgeg - 24 - ms

Burst Mode

Feedback voltage for leaving Veas - 4.5 - \Y,

Active Burst Mode

Feedback voltage for burst-on Fon - 3.6 - \Y

Feedback voltage for burst-off Yeoit - 3.0 - \Y
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Electrical Characteristics

Fixed Switching Frequency in feg 39 52 65 kHz

Active Burst Mode

Max. Duty Cycle in Active Burst | D5 - 0.5 -

Mode

4.3.9 Protection

Parameter Symbol Limit Valu es Unit Test Condition
min. typ. max.

VCC overvoltage threshold Wecove 24.0 25.0 26.0 \

Over Load or Open Loop DetectigrV ggo, p - 4.5 - \Y

threshold for OLP protection at FB

pin

Over Load or Open Loop tolp B 20 30 44 ms

Protection Blanking Time B

Output Overvoltage detection Vzcovp 3.55 3.7 3.84 \Y

threshold at the ZC pin

Blanking time for Output tycovp - 100 - us

Overvoltage protection

Threshold for short winding Vessw 1.63 1.68 1.78 \Y,

protection

Blanking time for short-windding | tegsy - 190 - ns

protection

Over temperature protectin Ticon 130 140 150 °C

Note: The trend of all the voltage levels in then@ol Unit is the same regarding the deviation exééptcovp

4.3.10 CoolMO® Section

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

Drain Source Breakdown Voltage Vierpss | 650 - - \ T;=110°C
Drain Source On-Resistance Roson - 4.70 5.44 Q T;=25°C

10.0 12.5 Q T=125°C)

atly = 0.5A

Effective output capacitance, energy | Cq ey - 4.7%) - pF Vps = 0V to 480V
related
Rise Time tice - 30? - ns
Fall Time tra - 30? - ns

D' The parameter is not subjected to productést - verified by design/characterization

2 Measured in a Typical Flgzk Converter Application
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Typical CoolMOS® Performance Characteristic

Typical CoolMOS® Performance Characteristic

Safe Operating Area for ICE2QR4765G
Ib=1(Vps)
parameter : D = 0, Tc = 25deg.C
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Figure 9 Safe Operating Area(SOA) curve for ICE2QR4765G
Allowable Power Dissipation for Quasi CoolSET in DSO-16/12 package
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Typical CoolMOS® Performance Characteristic
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Figure 11 Drain-source breakdown voltage;ysst(T;)
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Input power curve

6 Input power curve

Two input power curves gives typical input power versus ambient temperature are showed below;
Vin=85~265VacFigure 12) and Vin=230Vadfigure 13). The curves are derived based on a typical discontinuous mode
flyback model which considers 115V niaxum secondary to primameflected voltage(high pridy). The calculation is

based on no copper area as heatsink for the device. Th@oweit already includes power loss at input comman mode choke
and bridge rectifier and the CoolM®SThe device saturation curref(,,@T,=125 °C) is also considered.

To estimate the out power of the devitas simply multiplying the input poweat a particulary ambient temperature with

the estimated efficiency for the application. For example, a wide range input Veigage(12), operating temperature is 50

°C, estimated efficiency is 85%e output power is 14.45W(17W*0.85).

Input Power curve of ICE2QR4765

25

20

o T~

10 \

Input Power(85Vac~265Vac)[W]

0 25 35 45 55 65 75 85 95 105 115 125
Ambient Temperature[°C]

Figure 12 Input Power curve Vin=85~265Vac;Pin={fT

Input Power curve of ICE2QR4765
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Input Power(230Vac)[W]

Figure 13 Input Power curve Vin=230Vac;Pin={(T
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7 Outline Dimension

Outline Dimension

PG-DS0O-16/12
(Plastic Dual Small Outline)

0.1 MIN.

Index Marking

0.33 x45°

1) Does not include plastic or metal protrusion of 0.25 max. per side

Figure 14 PG-DSO0-16/12 (Pb-free lead platiRtastic Dual Small Outline Package)

Dimensions in mm
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