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Off-Line SMPS Current Mode Controller
with integrated 650V Startup Cell/

Depletion CoolMOS™

Product Highlights

Best in class in DIP7, DIP8, TO220/I2Pak packages
Active Burst Mode to reach the lowest Standby Power

Requirements < 100mW

Protection features (Auto Restart Mode) to increase

robustness and safety of the system

Adjustable Blanking Window for high load jumps to

increase system reliability

Isolated drain package for TO220/I2Pak

Wide creepage distance for DIP7/TO220/12Pak

Wide power class of products for various applications
Pb-free lead plating for all packages; RoHS compliant

Features

650V avalanche rugged CoolMOS™ with built in

switchable Startup Cell

Active Burst Mode for lowest Standby Power
@ light load controlled by Feedback signal

CoOoISET™-F3

Slis

PG-DIP-7-1

PG-DIP-8

PG-TO220-6-47

Description

The new generation CoolSET™-F3 provides Active Burst
Mode to reach the lowest Standby Power Requirements
<100mW at no load. As the controller is always active
during Active Burst Mode, there is an immediate response
on load jumps without any black out in the SMPS. In Active

e Fastload jump response in Active Burst Mode
e 67/100 kHz fixed switching frequency Burst Mode the ripple of the output voltage can be reduced
* Auto Restart Mode for Overtemperature Detection <1%. Furthermore, to increase the robustness and safety
e Auto Restart Mode for Overvoltage Detection of the system, the device enters into Auto Restart Mode in
» Auto Restart Mode for Overload and Open Loop  the cases of Overtemperature, VCC Overvoltage, Output
e Auto Restart Mode for VCC Undervoltage Open Loop or Overload and VCC Undervoltage. By means
» Blanking Window for short duration high current of the internal precise peak current limitation, the
* User defined Soft Start dimension of the transformer and the secondary diode can
e Minimum of external components required be lowered which leads to more cost efficiency. An
¢ Max Duty Cycle 72% adjustable blanking window prevents the IC from entering
e Overall tolerance of Current Limiting < 5% Auto Restart or Active Burst Mode unintentionally during
¢ Internal PWM Leading Edge Blanking high load jumps. The CoolSET™-F3 family consists a wide
e Soft driving for low EMI power class range of products for various applications.
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Overview

Type Package Vps Fosc Roson” 230VAC +15%2 | 85-265 VAC?

" typ @ T=25°C
?  Calculated maximum input power rating at 7,=75°C, T=125°C and without copper area as heat sink.

Type Package Vps Fosc Roson” 230VAC +15%2 | 85-265 VAC?

Y typ @ T=25°C

2 Calculated maximum input power rating at T,=75°C, T=125°C and without copper area as heat sink.
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Type Package Vps Fosc Rpson” 230VAC 85-265 VAC?
+15%2?

Y typ @ T=25°C
2)

Calculated maximum continuous input power in an open frame design at T,=50°C, T=125°C and Ry,ca(external heatsink)=2.7K/W
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Pin Configuration and Functionality

1 Pin Configuration and Functionality
1.1 Pin Configuration with PG-DIP-8 1.2  Pin Configuration with PG-DIP-7-1
Pin | Symbol | Function Pin Symbol | Function
1 SoftS | Soft-Start 1 SoftS | Soft-Start
2 FB Feedback 2 FB Feedback
3 CS Current Sense/ 3 CS Current Sense/
650V" Depl. CoolMOS™ Source 650V" Depl. CoolMOS™ Source
4 Drain 650Vv" Depl. CoolMOS™ Drain 4 n.c. Not connected
5 Drain | 650V" Depl. CoolMOS™ Drain 8] Drain | 650V") Depl. CoolMOS™ Drain
6 n.c. Not Connected - - -
7 VCC | Controller Supply Voltage 7 VCC | Controller Supply Voltage
8 GND | Controller Ground 8 GND | Controller Ground
" atT,=110°C " atT,=110°C
Package PG-DIP-8 Package PG-DIP-7-1
\/ \/
SoftS I{ 8 ::] GND SoftS I{ 1 8 ::] GND
FB I{ 7 ::] VCC FB I{ 2 7 ::] VCC
CS I{ 6 ::] n.c. CS I{ 3
Drain I{ 5 ::] Drain n.c. |{ 4 5 ::] Drain
Figure 1 Pin Configuration PG-DIP-8(top view) Figure 2 Pin Configuration PG-DIP-7-1(top view)

Note: Pin 4 and 5 are shorted within the DIP 8 package.
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1.3 Pin Configuration with PG-T0220-6-46

Pin | Symbol | Function
1 Drain 650V" Depl. CoolMOS™ Drain
3 CS Current Sense/

650V" Depl. CoolMOS™ Source

4 GND Controller Ground
5 VCC Controller Supply Voltage
6 SoftS Soft-Start
7 FB Feedback
Voat T,=110°C

Package PG-T0O220-6-46 (I12Pak)

(

Drain

(
(
(

cs
GND
vce
softs  (
FB

Pin Configuration and Functionality

1.4 Pin Configuration with PG-T0220-6-47

Pin Symbol | Function

1 Drain 650V" Depl. CooIMOS™ Drain
3 CS Current Sense/

650V" Depl. CooIMOS™ Source

4 GND Controller Ground

5 VCC Controller Supply Voltage

6 SoftS Soft-Start

7 FB Feedback
D at T,=110°C

Package PG-T0O220-6-47

O

(
(
(
(

Drain
GND
VCC
Softs
FB

CS

Figure 3 Pin Configuration PG-TO220-6-46 I12Pak
(front view)

Figure 4 Pin Configuration PG-TO220-6-47
(front view)
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1.5 Pin Functionality

SoftS (Soft Start & Auto Restart Control)

The SoftS pin combines the functions of Soft Start
during Start Up and error detection for Auto Restart
Mode. These functions are implemented and can be
adjusted by means of an external capacitor at SoftS to
ground. This capacitor also provides an adjustable
blanking window for high load jumps, before the IC
enters into Auto Restart Mode.

FB (Feedback)

The information about the regulation is provided by the
FB Pin to the internal Protection Unit and to the internal
PWM-Comparator to control the duty cycle. The FB-
Signal controls in case of light load the Active Burst
Mode of the controller.

CS (Current Sense)

The Current Sense pin senses the voltage developed
on the series resistor inserted in the source of the
integrated Depl. CoolMOS™. If CS reaches the internal
threshold of the Current Limit Comparator, the Driver
output is immediately switched off. Furthermore the
current information is provided for the PWM-
Comparator to realize the Current Mode.

Drain (Drain of integrated Depl. CoolMOS™)

Pin Drain is the connection to the Drain of the internal
Depl. CoolMOS™,

VCC (Power supply)

The VCC pin is the positive supply of the IC. The
operating range is between 8.5V and 21V.

GND (Ground)
The GND pin is the ground of the controller.

Pin Configuration and Functionality
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Representative Blockdiagram

Representative Blockdiagram
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3 Functional Description

All values which are used in the functional description
are typical values. For calculating the worst cases the
min/max values which can be found in section 4
Electrical Characteristics have to be considered.

3.1 Introduction

CooISET™-F3 is the further development of the
CooISET™-F2 to meet the requirements for the lowest
Standby Power at minimum load and no load
conditions. A new fully integrated Standby Power
concept is implemented into the IC in order to keep the
application design easy. Compared to CoolSET™-F2
no further external parts are needed to achieve the
lowest Standby Power. An intelligent Active Burst
Mode is used for this Standby Mode. After entering this
mode there is still a full control of the power conversion
by the secondary side via the same optocoupler that is
used for the normal PWM control. The response on
load jumps is optimized. The voltage ripple on V is
minimized. V_, is further on well controlled in this
mode.

The usually external connected RC-filter in the
feedback line after the optocoupler is integrated in the
IC to reduce the external part count.

Furthermore a high voltage Startup Cell is integrated
into the IC which is switched off once the Undervoltage
Lockout on-threshold of 15V is exceeded. This Startup
Cell is part of the integrated Depl. CoolMOS™. The
external startup resistor is no longer necessary as this
Startup Cell is connected to the Drain. Power losses
are therefore reduced. This increases the efficiency
under light load conditions drastically.

The Soft-Start capacitor is also used for providing an
adjustable blanking window for high load jumps. During
this time window the overload detection is disabled.
With this concept no further external components are
necessary to adjust the blanking window.

An Auto Restart Mode is implemented in the IC to
reduce the average power conversion in the event of
malfunction or unsafe operating condition in the SMPS
system. This feature increases the system’s
robustness and safety which would otherwise lead to a
destruction of the SMPS. Once the malfunction is
removed, normal operation is automatically initiated
after the next Start Up Phase.

The internal precise peak current limitation reduces the
costs for the transformer and the secondary diode. The
influence of the change in the input voltage on the
power limitation can be avoided together with the
integrated  Propagation Delay = Compensation.
Therefore the maximum power is nearly independent
on the input voltage which is required for wide range
SMPS. There is no need for an extra over-sizing of the
SMPS, e.g. the transformer or the secondary diode.

Functional Description

3.2 Power Management

Startup Cell

D)
N,

Depl. CoolMOS™

>
_|_

Power
Management

| Internal Bias

Undervoltage Lockout

L] J]— 15V
8.5V

Voltage
Reference

F5 1

Auto Restart
Mode

Active Burst
Mode

Figure 6 Power Management

The Undervoltage Lockout monitors the external
supply voltage Vycc. When the SMPS is plugged to the
main line the internal Startup Cell is biased and starts
to charge the external capacitor Cyc; which is
connected to the VCC pin. This VCC charge current
which is provided by the Startup Cell from the Drain pin
is 1.05mA. When V. exceeds the on-threshold
Veeon=15V the internal voltage reference and bias
circuit are switched on. Then the Startup Cell is
switched off by the Undervoltage Lockout and therefore
no power losses present due to the connection of the
Startup Cell to the Drain voltage. To avoid uncontrolled
ringing at switch-on a hysteresis is implemented. The
switch-off of the controller can only take place after
Active Mode was entered and Vo falls below 8.5V.

The maximum current consumption before the
controller is activated is about 160pA.

When V. falls below the off-threshold V. 4=8.5V the
internal reference is switched off and the Power Down
reset let T1 discharging the soft-start capacitor Cg ;g at
pin SoftS. Thus it is ensured that at every startup cycle
the voltage ramp at pin SoftS starts at zero.

Version 2.3
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The internal Voltage Reference is switched off if Auto
Restart Mode is entered. The current consumption is
then reduced to 300uA.

Once the malfunction condition is removed, this block
will then turn back on. The recovery from Auto Restart
Mode does not require disconnecting the SMPS from
the AC line.

When Active Burst Mode is entered, the internal Bias is
switched off in order to reduce the current consumption
to below 1.05mA while keeping the Voltage Reference
active as this is necessary in this mode.

3.3 Startup Phase

I
Coats Soft Start Soft-Start
rator
1 : | e Corrpa Gate Driver
- I |
I
I
I
I
I
I
I
I
I
I x37 cs
! PAWMOP
Figure 7 Soft Start

At the beginning of the Startup Phase, the IC provides
a Soft Start duration whereby it controls the maximum
primary current by means of a duty cycle limitation. A
signal Vg, Which is generated by the external
capacitor Cg,4 in combination with the internal pull up
resistor Rg,qg, determines the duty cycle until Vgyug
exceeds 4V.

When the Soft Start begins, Cg.g is immediately
charged up to approx. 1V by T2. Therefore the Soft
Start Phase takes place between 1V and 4V. Above
Vaoiss = 4V there is no longer duty cycle limitation

Functional Description

DC,,.x Which is controlled by comparator C7 since
comparator C2 blocks the gate G7 (see Figure 7). This
maximum charge current in the very first stage when
Vsoits is below 1V, is limited to 1.32mA.

A A

-t -

Figure 8 Startup Phase

By means of this extra charge stage, there is no delay
in the beginning of the Startup Phase when there is still
no switching. Furthermore Soft Start is finished at 4V to
have faster the maximum power capability. The duty
cycles DC, and DC, are depending on the mains and
the primary inductance of the transformer. The
limitation of the primary current by DG, is related to
Vsoits = 4V. But DC; is related to a maximum primary
current which is limited by the internal Current Limiting
with CS = 1V. Therefore the maximum Startup Phase
is divided into a Soft Start Phase until t1 and a phase
from t1 until 2 where maximum power is provided if
demanded by the FB signal.

Version 2.3
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Functional Description

3.4 PWM Section 3.4.3 Gate Driver
L] PVWM Section
Osdillator H ” |
VCC
Duty Cycle i
max 9
| | || PWM-Latch
Clock — P =1 A
Gate
Soft Start FF1
Comparator Gate Driver CoolMOS™
PWM P e 18 A [
—P G9
Comparator ———(O
> Gate Driver —
Current J_
Limiting
Figure 10 Gate Driver
Internal
CoolMOS™ The driver-stage is optimized to minimize EMI and to
Gate provide high circuit efficiency. This is done by reducing
the switch on slope when exceeding the internal
CoolIMOS™ threshold. This is achieved by a slope
control of the rising edge at the driver's output (see
Figure 9 PWM Section Figure 11).
3.4.1 Oscillator

The oscillator generates a fixed frequency. The
switching frequency of ICE3AXxx65x is fogc = 100kHz
and for ICE3Bxx65x fogc = 67kHz. A resistor, a
capacitor and a current source and current sink which
determine the frequency are integrated. The charging
and discharging current of the implemented oscillator
capacitor are internally trimmed, in order to achieve a
very accurate switching frequency. The ratio of
controlled charge to discharge current is adjusted to
reach a maximum duty cycle limitation of D,,,,=0.72.

3.4.2 PWM-Latch FF1

The oscillator clock output provides a set pulse to the
PWM-Latch when initiating the internal CoolIMOS™
conduction. After setting the PWM-Latch can be reset
by the PWM comparator, the Soft Start comparator or
the Current-Limit comparator. In case of resetting, the
driver is shut down immediately.

(inteTaI) Vaute
(
—p <€— ca.t=130ns
5V —
>
t
Figure 11 Gate Rising Slope

Thus the leading switch on spike is minimized. When
the integrated CoolMOS™ is switched off, the falling
shape of the driver is slowed down when reaching 2V
to prevent an overshoot below ground. Furthermore the
driver circuit is designed to eliminate cross conduction
of the output stage.

During powerup when VCC is below the undervoltage
lockout threshold V.4, the output of the Gate Driver
is low to disable power transfer to the seconding side.

Version 2.3
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3.5 Current Limiting

PWM Latch

FF1
A

Current Limiting

Propagation-Delay
Compensation

Leading
Edge

Blanking ||
220ns
& ¥

< O 02V

Active Burst 10k o
Mode D1 —_l__
________ O————————— =
CS
Figure 12 Current Limiting Block

There is a cycle by cycle Current Limiting realized by
the Current-Limit comparator C10 to provide an
overcurrent detection. The source current of the
internal CoolMOS™ is sensed via an external sense
resistor Rggnee - BY means of Rg,,e the source current
is transformed to a sense voltage Vg, Which is fed
into the pin CS. If the voltage Vg, exceeds the
internal threshold voltage V., the comparator C10
immediately turns off the gate drive by resetting the
PWM Latch FF1. A Propagation Delay Compensation
is added to support the immediate shut down without
delay of the internal CooIMOS™ in case of Current
Limiting. The influence of the AC input voltage on the
maximum output power can thereby be avoided.

To prevent the Current Limiting from distortions caused
by leading edge spikes a Leading Edge Blanking is
integrated in the current sense path for the
comparators C10, C12 and the PWM-OP.

The output of comparator C12 is activated by the Gate
G10if Active Burst Mode is entered. Once activated the
current limiting is thereby reduced to 0.257V. This
voltage level determines the power level when the
Active Burst Mode is left if there is a higher power
demand.

Functional Description

3.5.1 Leading Edge Blanking
VSense
A
V
csth tLEB=220nS
> | <

|
t

Figure 13  Leading Edge Blanking

Each time when the internal CoolMOS™ is switched
on, a leading edge spike is generated due to the
primary-side capacitances and secondary-side rectifier
reverse recovery time. This spike can cause the gate
drive to switch off unintentionally. To avoid a premature
termination of the switching pulse, this spike is blanked
out with a time constant of t gz = 220ns. During this
time, the gate drive will not be switched off.

3.5.2 Propagation Delay Compensation

In case of overcurrent detection, the switch-off of the
internal CooIMOS™ is delayed due to the propagation
delay of the circuit. This delay causes an overshoot of
the peak current | ., which depends on the ratio of dI/
dt of the peak current (see Figure 14).

—— Signall == Signal2
I
Serie tPropagation Delay
Ipeak2 IOvershootZ —» ‘T
o v
| it / *
IOvershoot1
>
t
Figure 14 Current Limiting

The overshoot of Signal2 is bigger than of Signal1 due
to the steeper rising waveform. This change in the
slope is depending on the AC input voltage.
Propagation Delay Compensation is integrated to limit
the overshoot dependency on dl/dt of the rising primary
current. That means the propagation delay time
between exceeding the current sense threshold V
and the switch off of the internal CoolMOS™ is
compensated over temperature within a wide range.

Version 2.3
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Current Limiting is now possible in a very accurate way.
E.Q. lpeak = 0.5A with Rge,ge = 2. Without Propagation
Delay Compensation the current sense threshold is set
to a static voltage level V ,=1V. A current ramp of
dl/dt = 0.4A/ps, that means dVg,./dt = 0.8V/us, and a
propagation delay time of i.e. tprpagation pelay =180NS
leads then to an I, overshoot of 14.4%. By means of
propagation delay compensation the overshoot is only
about 2% (see Figure 15).

‘ with compensation = - - without compensation
Va
1,3 =
1,25 = -
1,2 —= -
21,15 s
NGER —- ~r ]
1,05 r’ — —
1 L
0,95
0,9 >
0 02 04 06 08 1 1,2 1.4 16 18 2 14
AV us
dt
Figure 15 Overcurrent Shutdown

The Propagation Delay Compensation is realized by
means of a dynamic threshold voltage V., (see Figure
16). In case of a steeper slope the switch off of the
driver is earlier to compensate the delay.

Functional Description

3.6 Control Unit

The Control Unit contains the functions for Active Burst
Mode and Auto Restart Mode. The Active Burst Mode
and the Auto Restart Mode are combined with an
Adjustable Blanking Window which is depending on the
external Soft Start capacitor. By means of this
Adjustable Blanking Window, the IC avoids entering
into these two modes accidentally. Furthermore it also
provides a certain time whereby the overload detection
is delayed. This delay is useful for applications which
normally works with a low current and occasionally
require a short duration of high current.

3.6.1 Adjustable Blanking Window

SoftS

6.5V

|
I
|
| 4.4V
|
I St G2
l L
| =
| 3
| C3
| 54V O— -
I
Auto
> L &
: 48V OH ¢ el R
(0] @ - Mode
| —+
I
I Active
I Burst
| Mode
I
: &
B
O (€]
|
1| 1.32v
: Control Unit
Figure 17 Adjustable Blanking Window

Vsoits 18 Clamped at 4.4V by the closed switch S1 after
the SMPS is settled. If overload occurs Vg is
exceeding 4.8V. Auto Restart Mode can’t be entered as
the gate G5 is still blocked by the comparator C3. But
after Vgg has exceeded 4.8V the switch S1 is opened

VOSC A max. Duty Cycle
<
—» |
off ime
>
VSens > Propagation Delay t
A >
VCSth /u’
f »
— Signal Signal2
t
Figure 16 Dynamic Voltage Threshold Vg,
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via the gate G2. The external Soft Start capacitor can
now be charged further by the integrated pull up
resistor Rq g The comparator C3 releases the gates
G5 and G6 once Vg, has exceeded 5.4V. Therefore
there is no entering of Auto Restart Mode possible
during this charging time of the external capacitor
Cgqonis: The same procedure happens to the external
Soft Start capacitor if a low load condition is detected
by comparator C5 when Vg is falling below 1.32V.
Only after Vg4 has exceeded 5.4V and Vg is still
below 1.32V Active Burst Mode is entered.

3.6.2 Active Burst Mode

The controller provides Active Burst Mode for low load
conditions at V. Active Burst Mode increases
significantly the efficiency at light load conditions while
supporting a low ripple on Vg and fast response on
load jumps. During Active Burst Mode which is
controlled only by the FB signal the IC is always active
and can therefore immediately response on fast
changes at the FB signal. The Startup Cell is kept
switched off to avoid increased power losses for the
self supply.

6.5V
Intemnal Bias

Soft

I
I
I
I
|
: Current
| Limiting
| &
I G10
I 54V O—
|
48V O—-
| » A
| . I
I | . Active
O - Burst
FB C5 L o- & | Mode
1.32Vv0O—+ G6

|

|
¢
| Cb6a

|4.0VO——
| > |: &
|

|

|

Functional Description

The Active Burst Mode is located in the Control Unit.
Figure 18 shows the related components.

3.6.2.1 Entering Active Burst Mode

The FB signal is always observed by the comparator
C5if the voltage level falls below 1.32V. In that case the
switch S1 is released which allows the capacitor Cg g
to be charged starting from the clamped voltage level
at 4.4V in normal operating mode. If Vg o exceeds
5.4V the comparator C3 releases the gate G6 to enter
the Active Burst Mode. The time window that is
generated by combining the FB and SoftS signals with
gate G6 avoids a sudden entering of the Active Burst
Mode due to large load jumps. This time window can be
adjusted by the external capacitor Cg;s.

After entering Active Burst Mode a burst flag is set and
the internal bias is switched off in order to reduce the
current consumption of the IC down to approx. 1.05mA.
In this Off State Phase the IC is no longer self supplied
so that therefore C,,o; has to provide the VCC current
(see Figure 19). Furthermore gate G11 is then released
to start the next burst cycle once Vg has 3.4V
exceeded.

It has to be ensured by the application that the VCC
remains above the Undervoltage Lockout Level of 8.5V
to avoid that the Startup Cell is accidentally switched
on. Otherwise power losses are significantly increased.
The minimum VCC level during Active Burst Mode is
depending on the load conditions and the application.
The lowest VCC level is reached at no load conditions
at V.

3.6.2.2 Working in Active Burst Mode

After entering the Active Burst Mode the FB voltage
rises as Vg7 starts to decrease due to the inactive
PWM section. Comparator C6a observes the FB signal
if the voltage level 4V is exceeded. In that case the
internal circuit is again activated by the internal Bias to
start with switching. As now in Active Burst Mode the
gate G10 is released the current limit is only 0.257V to
reduce the conduction losses and to avoid audible
noise. If the load at V1 is still below the starting level
for the Active Burst Mode the FB signal decreases
down to 3.4V. At this level C6b deactivates again the
internal circuit by switching off the internal Bias. The
gate G11 is released as after entering Active Burst
Mode the burst flag is set. If working in Active Burst
Mode the FB voltage is changing like a saw tooth
between 3.4V and 4V (see Figure 19).

3.6.2.3 Leaving Active Burst Mode

The FB voltage immediately increases if there is a high
load jump. This is observed by comparator C4. As the
current limit is ca. 26% during Active Burst Mode a
certain load jump is needed that FB can exceed 4.8V.
At this time C4 resets the Active Burst Mode which also

Céb G11
4V
34V Ot Control Unit
Figure 18 Active Burst Mode
Version 2.3

02 Apr 2013



. CoOoISET™-F3
Cnfineon.

Functional Description

blocks C12 by the gate G10. Maximum currentcan now  3.6.3 Protection Mode (Auto Restart Mode)
be provided to stabilize Vqyr- In order to increase the SMPS system’s robustness
and safety, the IC provides the Auto Restart Mode as a
\V/ protection feature. The Auto Restart Mode is entered
i A Entering Active | | Leaving Active upon detection of the following faults in the system:
agov bt BustMode | |BustMede _| |/ |« VCC Overvoltage
aovl_ [ ) L __7 _____ e Overtemperature
sav T NNV L + Overload
e Open Loop
1av N\ RN e VCC Undervoltage
’ > e Short Optocoupler
VSoftS ‘ t
A Blanking VMindow I
i SoftS, C—0 65V Control Unit
Y e I A o | Rae
Softq]
\ T U
440Vt~ - = Veeo b
I 44V & | ["Spike
V. > I /x/ e G1 Blanking [
CSA t : q F 8.0us
I
| 40V0 Thermal Shutdown
ooy |- Curentlimitievel auring || 1| || | 1L LU l Tou0cd I
: Active Burst Mode \ | '
b ([
0257V TTE I L Y
I I I ml : ABVO _04 & Auto Restart
Vi FBCP = Moo
VOCA t | - 6 |
| +c3 — *
| 54V O Voltage
' : Reference
/\/\/\/\/\/\/\/\/\/ 1

85 [~ STTTITITTTTTITTTIT T )
Figure 20  Auto Restart Mode

oo The VCC voltage is observed by comparator C1 if 17V

A is exceeded. The output of C1 is combined with both
the output of C11 which checks for SoftS<4.0V, and the
output of C4 which checks for FB>4.8V. Therefore the
overvoltage detection is can only active during Soft
Start Phase(SoftS<4.0V) and when FB signal is
1.05mA L - | | | outside the operating range > 4.8V. This means any
’ small voltage overshoots of V.. during normal
>t operating cannot trigger the Auto Restart Mode.

7 2mA—— -1

VOU"" In order to ensure system reliability and prevent any

Meax. Ripple < 1% false activation, a blanking time is implemented before

l the IC can enter into the Auto Restart Mode. The output

Y 0 1 1 G 9 A S of the VCC overvoltage detection is fed into a spike
== N NVAVAVAVAVAVAVAN o P

1 SR blanking with a time constant of 8.0us.

The other fault detection which can result in the Auto
Restart Mode and has this 8.0us blanking time is the
T - Overtemperature detection. This block checks for a

t junction temperature of higher than 140°C for
malfunction operation.

Figure 19  Signals in Active Burst Mode
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Once the Auto Restart Mode is entered, the internal
Voltage Reference is switched off in order to reduce the
current consumption of the IC as much as possible. In
this mode, the average current consumption is only
300uA as the only working block is the Undervoltage
Lockout(UVLO) which controls the Startup Cell by
switching on/off at Vyccon/Vvecot

As there is no longer a self supply by the auxiliary
winding, VCC starts to drop. The UVLO switches on the
integrated Startup Cell when VCC falls below 8.5V. It
will continue to charge VCC up to 15V whereby it is
switched off again and the IC enters into the Start Up
Phase.

As long as all fault conditions have been removed, the
IC will automatically power up as usual with switching
cycle at the GATE output after Soft Start duration. Thus
the name Auto Restart Mode.

Other fault detections which are active in normal
operation is the sensing for Overload, Open Loop and
VCC undervoltage conditions. In the first 2 cases, FB
will rise above 4.8V which will be observed by C4. At
this time, S1 is released such that Vg ;5 can rise from
its earlier clamp voltage of 4.4V. If Vg,g exceeds 5.4V
which is observed by C3, Auto Restart Mode is entered
as both inputs of the gate G5 are high.

This charging of the Soft Start capacitor from 4.4V to
5.4V defines a blanking window which prevents the
system from entering into Auto Restart Mode un-
intentionally during large load jumps. In this event, FB
will rise close to 6.5V for a short duration before the
loop regulates with FB less than 4.8V. This is the same
blanking time window as for the Active Burst Mode and
can therefore be adjusted by the external Cgg4g.

In the case of VCC undervoltage, ie. VCC falls below
8.5V, the IC will be turn off with the Startup Cell
charging VCC as described earlier in this section. Once
VCC is charged above 15V, the IC will start a new
startup cycle. The same procedure applies when the
system is under Short Optocoupler fault condition, as it
will lead to VCC undervoltage.

Functional Description

Version 2.3
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Electrical Characteristics
4 Electrical Characteristics

Note: All voltages are measured with respect to ground (Pin 8). The voltage levels are valid if other ratings are
not violated.

4.1 Absolute Maximum Ratings

Note: Absolute maximum ratings are defined as ratings, which when being exceeded may lead to destruction
of the integrated circuit. For the same reason make sure, that any capacitor that will be connected to pin 7
(VvCC) is discharged before assembling the application circuit.

Parameter Symbol Limit Values | Unit Remarks
min. max.
Drain Source Voltage Vbs - 650 \ T=110°C
ICE3AXx65/xx651/xx65P
ICE3Bxx65/xx651/xx65P
Pulse drain current, t, |ICE3x0365 | Ip pyg - 1.6 A
limited by max. T;=150°C
ICE3x0565 | Ip pyso - 2.3 A
ICE3A0565Z
ICE3x1065 | Ip pyss - 3.4 A
ICE3x1565 | Iy puss - 6.1 A
ICE3x2065 | Ih pyss - 10.3 A
ICE3A2065Z
ICE3x2565 | Iy pyse - 15.7 A
ICE3x2065! | Iy pys7 - 3.4 A
ICE3x2065P
ICE3x3065! | I pyss - 4.3 A
ICE3x3065P
ICE3x35651 | Iy pyso - 6.5 A
ICE3x3565P
ICE3x5085! | Iy pusto - 9.4 A
ICE3x5065P
ICE3x5565! | Ih pys11 - 10.7 A
ICE3x5565P
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Electrical Characteristics

Parameter Symbol Limit Values Unit Remarks
min. max.
Avalanche energy, ICE3x0365 | Epgy - 0.005 mdJ
repetitive t,g limited by
=150°C"

max. T=150°C ICE3X0565 | Eypy - 0.01 |mJ
ICE3A0565Z
ICE3x1065 | Epps - 0.07 mJ
ICE3x1565 | Epp, - 0.15 mJ
ICE3x2065 | Epps - 0.40 mdJ
ICE3A2065Z
ICE3x2565 | Epgg - 0.47 mdJ
ICE3x2065! | Eg, - 0.07 mdJ
ICE3x2065P
ICE3x3065! | Epgs - 0.11 mJ
ICE3x3065P
ICE3x3565! | Epgg - 0.17 mJ
ICE3x3565P
ICE3x5065! | Exgqo - 0.40 mJ
ICE3x5065P
ICE3x5565! | Epgyy - 0.44 mJ
ICE3x5565P
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Parameter Symbol Limit Values Unit Remarks
min. max.
Avalanche current, ICE3x0365 | lzp1 - 0.3 A
repetitive t,g limited by
max. T=150°C ICE3X0565 | Iap; . 0.5 |[A
ICE3A0565Z
ICE3x1065 | Iyps - 1.0 A
ICE3x1565 | Iy, - 1.5 A
ICE3x2065 | Izgs - 2.0 A
ICE3A2065Z
ICE3x2565 | Ixgs - 2.5 A
ICE3x2065! | I\g; - 2.0 A
ICE3x2065P
ICE3x3065! | lxgs - 3.0 A
ICE3x3065P
ICE3x3565! | Iypg - 3.5 A
ICE3x3565P
ICE3x5065! | lxg1o - 5.0 A
ICE3x5065P
ICE3x5565! | lyz¢4 - 5.5 A
ICE3x5565P

) Repetitive avalanche causes additional power losses that can be calculated as Py =Exz*f
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Parameter Symbol Limit Values Unit Remarks
min. max.
Thermal Resistance ICE3x0365 | Ry a1 90 KW PG-DIP-8
Junction-Ambient ICE3x0565
ICE3x1065
ICE3x1565
ICE3x2065
ICE3x2565
ICE3A0565Z | Ry a0 96 KW PG-DIP-7-1
ICE3x2065Z
ICE3x2065! | Ryjas 103 K/W PG-TO220-6-46
ICE3x3065I Free standing without
ICE3x3565I heatsink
ICE3x5065I
ICE3x5565I
ICE3x2065P | Ry a4 82 K/W PG-TO220-6-47
ICE3x3065P Free standing without
ICE3x3565P heatsink
ICE3x5065P
ICE3x5565P
Thermal Resistance ICE3x2065! | Ry, cq 3.30 K/W PG-TO220-6-46
Junction-Case ICE3x2065P PG-TO220-6-47
ICE3x3065! | Ry co 3.08 KW PG-T0220-6-46
ICE3x3065P PG-T0O220-6-47
ICE3x3565! | Ryjcs 2.94 KW PG-T0O220-6-46
ICE3x3565P PG-TO220-6-47
ICE3x5065! | Rycs 2.79 K/W PG-TO220-6-46
ICE3x5065P PG-TO220-6-47
ICE3x55651 | Ry cs 2.75 K/W PG-TO220-6-46
ICE3x5565P PG-TO220-6-47
VCC Supply Voltage Wee -0.3 22 Vv
FB Voltage Vis -0.3 6.5 \
SoftS Voltage Vsoits -0.3 6.5 \%
CS Voltage Ves -0.3 6.5 \%
Junction Temperature T -40 150 °C Controller & CoolMOS™
Storage Temperature T -55 150 °C
ESD Capability(incl. Drain Pin) Veso - 3 kv Human body model"

" According to EIA/JJESD22-A114-B (discharging a 100pF capacitor through a 1.5kQ series resistor)
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Electrical Characteristics
4.2 Operating Range

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

Parameter Symbol Limit Values Unit Remarks
min. max.
VCC Supply Voltage Wee Vyeeoit | 21 \Y
Junction Temperature of Ticon -25 130 °C Max value limited due to thermal
Controller shut down of controller
Junction Temperature of Ticoomos -25 150 °C
CoolMOS™
4.3 Characteristics
4.3.1 Supply Section 1

Note: The electrical characteristics involve the spread of values within the specified supply voltage and junction
temperature range T, from —25 °C to 130°C. Typical values represent the median values, which are
related to 25°C. If not otherwise stated, a supply voltage of V.- = 15 V is assumed.

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

VCC Charge Current Ncoeharger | 0-95 1.05 1.60 mA Wee= 0V

Ivcocharge2 | - 0.88 - mA Wee =14V
Leakage Current of Istartt eak - 0.2 50 pA Wee=16V, Vpain = 450V
Start Up Cell and CoolMOS™ at T=100°C
Supply Current with Tyccsupt - 5.5 7.0 mA
Inactive Gate
Supply Current in Lyccrestart | - 300 - pA Ig=0
Auto Restart Mode with lsoits =0
Inactive Gate
Supply Current in Lycooursit | = 1.05 1.25 mA Ve =15V
Active Burst Mode Vig = 8.7V, Vgois = 4.4V
with Inactive Gate heoome | - 0.95 115 mA Vyoo= 9.5V

VFB = 37V, VSOﬂS = 44V

VCC Turn-On Threshold Vyccon 14.2 15.0 15.8 \
VCC Turn-Off Threshold Wecof 8.0 8.5 9.0 \Y
VCC Turn-On/Off Hysteresis Weehys - 6.5 - \
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Electrical Characteristics

4.3.2 Supply Section 2
Parameter Symbol Limit Values Unit | Test Condition
min. typ. max.

Supply Current ICE3A0365 Necsup2 | - 5.6 7.1 mA Voors = 4.4V

with Active Gate [10E380365 | fyooame | - 55 7.0 ma | =0
ICE3A0565 Neoswpz | - 5.7 7.2 mA
ICE3A0565Z
ICE3B0565 Neoswp2 | - 5.6 7.1 mA
ICE3A1065 Neosup2 | - 5.9 7.5 mA
ICEBB1 065 IVCCSUDZ = 5.7 7.2 mA
ICE3A1565 Neosup2 | - 6.3 8.0 mA
ICE3B1565 Neosup2 | - 6.0 7.6 mA
ICE3A2065 Lycosupz | - 71 8.9 mA
ICE3A2065Z
ICE3B2065 Ncosup2 | - 6.5 8.2 mA
ICE3A2565 Ncosup2 | - 8.1 10.2 mA
ICE3B2565 Ncoswp2 | - 7.2 9.0 mA

Supply Current ICE3A2065I Nocsup2 | - 5.9 7.5 mA Vaoitg = 4-4V

with Active Gate | ICE3A2065P lg=0
ICE3B2065I Ncoswpz | - 5.7 7.2 mA
ICE3B2065P
ICE3A3065I Ncoswp2 | - 6.1 7.7 mA
ICE3A3065P
ICE3B3065I Neosup2 | - 5.9 7.4 mA
ICE3B3065P
ICE3A3565I Ncosup2 | - 6.4 8.0 mA
ICE3A3565P
ICE3B3565I Ncosup2 | - 6.0 7.6 mA
ICE3B3565P
ICE3A5065I Lycosupz | - 7.2 9.0 mA
ICE3A5065P
ICE3B5065I Ncoswp2 | - 6.6 8.3 mA
ICE3B5065P
ICE3A5565I Iycosupz | - 7.6 9.5 mA
ICE3A5565P
ICE3B5565I Iycosupz | - 6.8 8.5 mA
ICE3B5565P
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4.3.3 Internal Voltage Reference
Parameter Symbol Limit Values Unit Test Condition
min. typ. max.
Trimmed Reference Voltage Veer 6.37 6.50 6.63 Vv measured at pin FB
lrg =0
4.3.4 PWM Section
Parameter Symbol Limit Values Unit Test Condition
min. typ. max.
Fixed Oscillator ICE3Axx65 fosci 92 100 108 kHz
Frequency ICE3Axx65Z
ICE3Axx65I o
ICE3AXX65P fosca 94 100 106 kHz T,=25°C
Fixed Oscillator ICE3Bxx65 fosci 61 67 73 kHz
Frequency ICE3Bxx65I
ICE3BXxGSP 17 |63 67 71 kHz | T.=25°C
Max. Duty Cycle Dpax 0.67 0.72 0.77
Min. Duty Cycle D.in 0 - - Vg < 0.3V
PWM-OP Gain Ay 3.5 3.7 3.9
Voltage Ramp Max Level VMaxRamp | - 0.85 - \Y
Vg Operating Range Min Level VeBmin 0.3 0.7 - \Y
Vg Operating Range Max level VeBmax - - 4.75 Vv CS=1V, limited by
Comparator C4"
FB Pull-Up Resistor R 16 20 27 kQ
SoftS Pull-Up Resistor Rsoiis 39 50 62 kQ

' The parameter is not subjected to production test - verified by design/characterization
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4.3.5 Control Unit
Parameter Symbol Limit Values Unit Test Condition
min. typ.- max.

Deactivation Level for SoftS Vaonsco 3.85 4.00 4.15 \ Vig > 5V
Comparator C7 by C2
Clamped Vg ;g Voltage during Vsottsoimp | 423 4.40 4.57 Vv Vg = 4V
Normal Operating Mode
Activation Limit of Vsotiscs 5.20 5.40 5.60 \Y Vg > 5V
Comparator C3
SoftS Startup Current lsofisstart | - 1.3 - mA Vsorg = OV
Over Load & Open Loop Detection | Vg 4.62 4.80 4.98 Vv Vsoits > 5.6V
Limit for Comparator C4
Active Burst Mode Level for Veaes 1.23 1.30 1.37 \% Vsoris > 5.6V
Comparator C5
Active Burst Mode Level for Vrscea 3.85 4.00 4.15 \ After Active Burst
Comparator C6a Mode is entered
Active Burst Mode Level for Visceb 3.25 3.40 3.55 \ After Active Burst
Comparator C6b Mode is entered
Overvoltage Detection Limit Weccovwr | 16.1 171 18.1 \ Vg > 5V

Vaors < 4.0V
Thermal Shutdown™ Tisp 130 140 150 °C
Spike Blanking tspike - 8.0 - us

) The parameter is not subjected to production test - verified by design/characterization

Note: The trend of all the voltage levels in the Control Unit is the same regarding the deviation except Vyccovp
and Vycepp
4.3.6 Current Limiting
Parameter Symbol Limit Values Unit Test Condition
min. typ. max.
Peak Current Limitation Visin 0.97 1.02 1.07 \ dVense / dt = 0.6V/us
(incl. Propagation Delay) (see Figure 16)
Peak Current Limitation during Veso 0.232 0.257 0.282 \
Active Burst Mode
Leading Edge Blanking les - 220 - ns Voors = 4.4V
CS Input Bias Current lcsbias -1.0 -0.2 0 pA Vg =0V
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4.3.7 CoolMOS™ Section
Parameter Symbol Limit Values Unit | Test Condition
min typ. max.
Drain Source Breakdown Voltage | Viggpss | 600 - - Vv T;=25°C
ICE3AXx65/xx651/xx65P 650 - - Vv T,=110°C
ICE3Bxx65/xx651/xx65P
Drain Source ICE3A0365 Rbson - 6.45 7.50 Q T,=25°C
On-Resistance ICE3B0365 - 13.7 17.0 Q Tj=125°C”
ICE3A0565 Rosons | - 4.70 5.44 Q T,=25°C
ICE3A0565Z - 10.0 12.5 Q T=125°C"
ICE3B0565 at [, = 0.5A
ICE3A1065 Rosons | - 2.95 3.42 Q T,=25°C
ICE3B1065 - 6.6 7.56 Q T=125°C"
at [ =1.0A
ICE3A1565 Rosons | - 1.70 1.96 Q T,=25°C
ICE3B1565 - 3.57 4.12 Q T=125°C"
at I = 1.5A
ICE3A2065 Rbsons - 0.92 1.05 Q T,=25°C
ICE3A2065Z - 1.93 2.22 Q T=1 25°C"
ICE3B2065 at I = 2.0A
ICE3A2565 Rbsons - 0.65 0.75 Q T,=25°C
ICE3B2565 - 1.37 1.58 Q TJ=125°C”
at Iy = 2.5A
Drain Source ICE3A2065I Rbson7 - 3.00 3.47 Q T,=25°C
On-Resistance ICE3A2065P - 6.6 7.63 Q Tj=125°C”
ICE3B2065I at Iy =1.0A
ICE3B2065P
ICE3A3065I Rbosons - 2.10 2.43 Q T,=25°C
ICE3A3065P - 4.41 5.10 Q Tj=125°C”
ICE3B3065I at Ip=1.5A
ICE3B3065P
ICE3A3565I Rosong - 1.55 1.80 Q T,=25°C
ICE3A3565P - 3.26 3.78 Q T=125°C"
ICE3B3565I at Iy =1.8A
ICE3B3565P
ICE3A5065I Rosonto 0.95 1.10 Q T,=25°C
ICE3A5065P 2.00 2.31 Q TJ=125°C”
ICE3B5065I at Iy = 2.5A
ICE3B5065P
ICE3A5565I Roson11 | - 0.79 0.91 Q T,=25°C
ICE3A5565P - 1.68 1.92 Q T=1 25°C"
ICE3B5565I at I =2.8A
ICE3B5565P
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Parameter

Symbol

Limit Values

min.

typ.

max.

Unit

Test Condition

Effective output
capacitance,
energy related

ICE3A0365
ICE3B0365

3.65

pF

ICE3A0565
ICE3A0565Z
ICE3B0565

4.75

pF

ICE3A1065
ICE3B1065

7.0

pF

ICE3A1565
ICE3B1565

11.63

pF

ICE3A2065
ICE3A2065Z
ICE3B2065

21

pF

ICE3A2565
ICE3B2565

Co(er)G

26.0

pF

Effective output
capacitance,
energy related

ICE3A2065I
ICE3A2065P
ICE3B2065I
ICE3B2065P

7.0

pF

ICE3A3065I
ICE3A3065P
ICE3B3065I
ICE3B3065P

Co(er)8

10.0

pF

ICE3A3565I
ICE3A3565P
ICE3B3565I
ICE3B3565P

Co(er)9

14.0

pF

ICE3A5065I
ICE3A5065P
ICE3B5065I
ICE3B5065P

Co(er)10

20.5

pF

ICE3A5565I
ICE3A5565P
ICE3B5565I
ICE3B5565P

C0(er)11

23.0

pF

Vps = OV to 480V

Rise Time

rise

302

ns

Fall Time

tfall

302

ns

" The parameter is not subjected to production test - verified by design/characterization

2)

Measured in a Typical Flyback Converter Application
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5 Outline Dimension

Outline Dimension

PG-DIP-8
(Plastic Dual In-Line Package)
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Figure 21 PG-DIP-8 (Pb-free lead plating Plastic Dual In-Line Outline)
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Outline Dimension

PG-DIP-7-1
(Plastic Dual In-Line package)
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Figure 22 PG-DIP-7-1 (Pb-free lead plating Plastic Dual In-Line Outline)
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Outline Dimension
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Figure 23 PG-T0O220-6-46 (Pb-free lead plating Isodrain 12Pak Package)
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Figure 24 PG-TO220-6-47 (Pb-free lead plating Isodrain Package)

Dimensions in mm
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