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Off-Line SMPS Current Mode Controller with
integrated 650V CoolMOS® and Startup cell

(frequency jitter Mode) in DIP-8
Product Highlights

e Active Burst Mode to reach the lowest Standby Power

Requirements < 100mW

* Adjustable Blanking Window for High Load Jumps to
increase Reliability

* Frequency Jittering for Low EMI
* Pb-free lead plating, ROHS compilant

Features

CooISET®-F3
ICE3Bxx65J

PG-DIP-8

Description

* 650V Avalanche Rugged CoolMOS® with builtin  The CoolSET®-F3(Jitter version) meets the requirements
switchable Startup Cell

» Active Burst Mode for lowest Standby Power

@ light load controlled by Feedback Signal
» Fast Load Jump Response in Active Burst Mode

» 67 kHz fixed Switching Frequency
» Auto Restart Mode for Over temperature

for Off-Line Battery Adapters and low cost SMPS for the
lower power range. By use of a BICMOS technology a wide
VCC range up to 26V is provided. This covers the changes
in the auxiliary supply voltage if a CV/CC regulation is
implemented on the secondary side. Furthermore an Active
Burst Mode is integrated to fullfill the lowest Standby Power

Detection _ Requirements <100mW at no load and V,, = 270VAC. As
* Auto Restart Mode for Overvoltage Detection during Active Burst Mode the controller is always active
* Auto Restart Mode for Overload and Open Loop there is an immediate response on load jumps possible
* Auto Restart Mode for VCC Undervoltage without any black out in the SMPS. In Active Burst Mode
* User defined Soft Start _ the ripple of the output voltage can be reduced <1%.
* Minimum of external Components required Furthermore Auto Restart Mode is entered in case of
« Max Duty Cycle 75% o Overtemperature, VCC Overvoltage, Output Open loop or
* Overall Tolerance of Current Limiting < +5% Overload and VCC Undervoltage. By means of the internal
* Internal Leading Edge Blanking precise peak current limitation, the dimension of the
* BICMOS technology provides wide VCC Range  transformer and the secondary diode can be lowered which
+ Frequency Jittering for Low EMI leads to more cost efficiency.
Typical Application
»! I .
0 < ‘__L Snubber | l l Converter
85 ... 270 VAC == Coux N B T | Dcoutput
¢ Ll = % 1 i °
,; J % CVCC X * i
VCCY = P_ram :
} it Startup Cell
Power Management ‘ =
PWM Controller T{ﬁ
Current Mode cs |
Precise Low queran_ce Peak ) W R .
Current Limitation Depl. CoolIMOS™ Sense
FB (]
Control Active Burst Mode D
GNP Ol Unit SoftS ﬁ_ﬁ_‘
l Auto Restart Mode CoOISET™-F3 c
(Jitter Version) T sots E
Type Package Marking Vps Fosc Rpson” | 230VAC £15%? | 85-265 VAC?
ICE3B0365J PG-DIP-8 ICE3B0365J 650V 67kHz 6.45Q 22W 10W
ICE3B0565J PG-DIP-8 ICE3B0565J 650V 67kHz 4.70Q 25W 12W
ICE3B1565J PG-DIP-8 ICE3B1565J 650V 67kHz 1.70Q2 42W 20W
ICE3B2065J PG-DIP-8 ICE3B2065J 650V 67kHz 0.92Q 57W 28W

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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Pin Configuration and Functionality
1.1  Pin Configuration with PG-DIP-8

Pin Symbol | Function
1 SoftS | Soft-Start
2 FB Feedback
3 CSs Current Sense/

650VY CoolIMOS® Source
4 Drain | 650vY CooIMOS® Drain
5 Drain | 650vY CoolMOS® Drain
6 N.C. Not Connected
7 VCC Controller Supply Voltage
8 GND Controller Ground

Vo at T,=110°C

Package PG-DIP-8

SoftS

T
w

—C ' Y T

Drain

/
8 }I GND
7 }l VCC
6 || ne
5 }I Drain

Figure 1 Pin Configuration PG-DIP-8(top view)

Note: Pin 4 and 5 are shorted within the DIP

package.

1.2 Pin Functionality

SoftS (Soft Start, Auto Restart & Frequency
Jittering Control)

The SoftS pin combines the function 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. Furthermore this pin is
also used to control the period of frequency jittering
during normal load.

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 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 CoolMOS®)

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

VCC (Power supply)

The VCC pin is the positive supply of the IC. The
operating range is between 10.3V and 26V.

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

Version 2.9
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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

CoolSET®-F3 Jitter version is the further development
of the CoolSET®-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 wusually 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 18V is exceeded. This Startup
Cell is part of the integrated 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.

Introduction

3.2 Power Management
Drain VCC
Startup Cell
()
N
Power Management
Internal Bias <—— Undervoltage Lockout
- J]— 18V
10.3
—(O 5V
Voltage
Power-Down Reset Reference
1
Auto Restart
Mode
Active Burst
T1 Mode
______ O-——— - ——————~
SoftS

Figure 3 Power Management

The Undervoltage Lockout monitors the external
supply voltage V.. When the SMPS is plugged to the
main line the internal Startup Cell is biased and starts
to charge the external capacitor C,.. which is
connected to the VCC pin. The VCC charge current
that is provided by the Startup Cell from the Drain pin is
1.05mA. When V,.. exceeds the on-threshold
Veeon=18V, bias circuit is 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
V¢ falls below 10.3V.

The maximum current consumption before the
controller is activated is about 300uA.

Version 2.9
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When V, . falls below the off-threshold V.,;=10.3V
the bias circuit 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.

The bias circuit 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, some internal Bias
is switched off in order to reduce the current
consumption to about 500uA while keeping a
comparator (which trigger if Vg has exceeded 3.61V)
and the Soft Start capacitor clamped at 3.0 V as this is
necessary in this mode.

3.3 Startup Phase
| ’ o
| 3.25kQ
| 5V
I RSoﬂS
] e (T
I Freq Jitter i : T2
: Chargtir:g : T3
SoftS current I, . : 0.8V
Freq Jitter : =
| Discharging l
Csons| current I_,£) ¢--tee-- Freq Jitter
| Control
L S
= | Soft Start Soft-Start
| Comparator
*— - .
| c7 2 Gate Driver
I
| + G7
| -
| c2
3.1V +
: .= PWM OP
: x3.2 cs
I o6v / / /
U 0o

Figure 4 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
capacitor Cg,4s in combination with the internal pull up

resistor Rg.4s determines the duty cycle until Vggqq
exceeds 3.1V.

When the Soft Start begins, Cg,4g is immediately
charged up to approx. 0.8V by T2. Therefore the Soft
Start Phase takes place between 0.8V and 3.1V.
Above Vg = 3.1V there is no longer duty cycle
limitation DC,,,, Which is controlled by comparator C7
since comparator C2 blocks the gate G7 (see Figure
5).This maximum charge current in the very first stage
when Vg g is below 0.8V, is limited to 0.9mA.

VSoftS ]
: max. Startup Phase i
g : >
[
>
ot
—»
tl t2 t

Figure 5 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 3.1V
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 DC, is related to
Vgois = 3.1V. 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 t2 where maximum power is provided if
demanded by the FB signal.

Version 2.9
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34 PWM Section
10.75!
129 PWM Section
Oscillator | || |
Duty | o
Cycle
max | | ||
Clock i
Frequency
Jitter
Soft Start FF1
Comparator Gate Driver
J =1 S I
PWM _EE cs HR QpH R -
Comparator G9
——QO
Current
Limiting
________________ O
SoftS Gate
Figure 6 PWM Section
3.4.1 Oscillator and Jittering

The oscillator generates a fixed frequency with
frequency jittering of +4% from the fixed frequency
(which is £2.7kHz from 67kHz) at a jittering period Tg;.
The switching frequency is fgc, = 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,,,,=0.75.

Once the Soft Start period is over and when the IC goes
into normal mode, the Soft Start capacitor will be
charged and discharged through internal current
source, I; to generate a triangular waveform with a
jittering period T, which is externally adjustable by the
Soft Start capacitor, Cqg (See Figure 4).

Tes= Key * Coonis
where Kg; is a constant = 4 ms/uF

eg. Tg;=4 ms if Cgyug = 1UF

3.4.2 PWM-Latch FF1

The oscillator clock output provides a set pulse to the
PWM-Latch when initiating the internal CoolMOS®
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.

3.4.3 Gate Driver

The Gate Driver is a fast totem pole gate drive which is
designed to avoid cross conduction currents.

The Gate Driver is active low at voltages below the
undervoltage lockout threshold V,,cc -

VCC
PWM-Latch
—>[ =1 A
GateN
Depl. CooIMOS™
Gate Driver —
Figure 7 Gate Driver
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3.5 Current Limiting

PWM Latch
FF1

AA

Current Limiting

Propagation-Delay
Compensation

- _l_o Vcsth

Leading
Edge
Blanking
220ns

C10

PWM-OP g

G10

N

Active Burst
Mode

Figure 8 Current Limiting

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
integrated CoolMOS® is sensed via an external sense
resistor Rge,e - BY means of Rg.,¢ the source current
is transformed to a sense voltage Vg, Which is fed
into the pin CS. If the voltage Vg, €xceeds 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 integrated internal CoolMOS® 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
G10 if Active Burst Mode is entered. Once activated the
current limiting is thereby reduced to 0.32V. This
voltage level determines the power level when the
Active Burst Mode is left if there is a higher power
demand.

3.5.1 Leading Edge Blanking
VSense
A
v
o o = 22005
> | <

»
t

Figure 9 Leading Edge Blanking

Each time when the integrated internal CoolIMOS® 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, ., = 220ns.
During this time, the gate drive will not be switched off.

3.5.2

In case of overcurrent detection, the switch-off of the
integrated internal CoolMOS® 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 dl/dt of the peak current (see Figure 10).

Propagation Delay Compensation

""" Signal2 — Signali
I
SenAse tPropagation Delay
Ipeak2 IOvershoot2 —>» (T

4
’

/ IOvershoot1

Ipeak1

ILimit T

\4

Figure 10

The overshoot of Signal2 is bigger than of Signall 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 g,
and the switch off of the integrated inernal CoolMOS®
is compensated over temperature within a wide range.

Current Limiting

Version 2.9
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Current Limiting is now possible in a very accurate way.

E.Q. lpeak = 0.5A with Rgenee = 2. Without Propagation
Delay Compensation the current sense threshold is set
to a static voltage level V y,=1V. A current ramp of
di/dt = 0.4A/ps, that means dVg,,./dt = 0.8V/us, and a
propagation delay time of i.e. tpoagation pelay =180NS
leads then to an |, overshoot of 14.4%. By means of
propagation delay compensation the overshoot is only
about 2% (see Figure 11).

‘ — with compensation ~ — - - without compensation

Vi
13 _ .-
'/
1,25
=
-
12 -
-
8115 T
as /
> 11 —&
1,05 C |
— _//
1
0,95
09 -
0 02 04 06 08 1 12 14 16 18 2
Vg us

dt

Figure 11 Overcurrent Shutdown

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

VOSCA max. Duty Cycle
D E—
—» |«
off time
>
VSense Propagation Delay  t
A >
Veetn /u/
f >
— Signali ---- Signal2
t
Figure 12 Dynamic Voltage Threshold V.,

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 ~
qj 5V
S3 RSoﬁS

|

|

| > - ey

| 3.0v S2

|

I| | s2

|

Il [ =

|

| +

| C3

1140V OH=

I Auto

o — &

: LY @ ca —P»| Restart
| 1, G5 Mode
|

| Active
| Burst
| Mode
|

| &

FB

A G6

|

Il 1.35vO

: Control Unit

Figure 13 Adjustable Blanking Window

Vgois SWINGs between 3.2V and 3.6V after the SMPS is
settled and S2 is on while S3 is off, this is due to the
frequency jittering function that is making use of the
Soft Start pin. If overload occurs Vg is exceeding 4.5V.
Auto Restart Mode can't be entered as the gate G5 is
still blocked by the comparator C3. But after Vg has

Version 2.9
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exceeded 4.5V the switch S2 is opened and S3 is
closed. The external Soft Start capacitor can now be
charged further by the integrated pull up resistor Rgqs
via switch S3. The comparator C3 releases the gates
G5 and G6 once Vg has exceeded 4.0V. Therefore
there is no entering of Auto Restart Mode possible
during this charging time of the external capacitor
Csonis: 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 1.35V.
Only after Vg.4s has exceeded 4.0V and Vg is still
below 1.35V Active Burst Mode is entered.

3.6.2 Active Burst Mode

The controller provides Active Burst Mode for low load
conditions at Vgyr. Active Burst Mode increases
significantly the efficiency at light load conditions while
supporting a low ripple on V,,; 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.

SoftS
CP » S 10 o
S3
I RSoﬂS
| Frequency
| \0— Jitter
3.0V
I S2
|
|l |s1 Internal Bias
|
| L ACurrent
| + Limiting
| C3 &
|| 40vO—= G10
I 45v O-
I C4
I +
I | > Active
- Burst
FBI C5 & [ Mode
| ]1.35vO—+ G6
| _—
|1+
I Cé6a
I 3.61VQO——
| > |: &
I céb G11
Il 3.0v O+
I Control Unit
Figure 14 Active Burst Mode

The Active Burst Mode is located in the Control Unit.
Figure 14 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 1.35V. In that case the
switch S1 and S2 is released which allows the
capacitor Cg.5 to be charged via S3 starting from the
swinging voltage level between 3.2V and 3.6V in
normal operating mode. If Vg5 €xceeds 4.0V 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 Cgys.

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. 500uA.
Also, switch S1 is closed to clamped the Soft Start
voltage to 3.0V. In this Off State Phase the IC is no
longer self supplied so that therefore C,cc has to
provide the VCC current (see Figure 15). Furthermore
gate G11 is then released to start the next burst cycle
once Vg has 3.0V exceeded.

It has to be ensured by the application that the VCC
remains above the Undervoltage Lockout Level of
10.3V 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 V7.

3.6.2.2 Working in Active Burst Mode

After entering the Active Burst Mode the FB voltage
rises as Vgt Starts to decrease due to the inactive
PWM section. Comparator C6a observes the FB signal
if the voltage level 3.61V 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 0.32V to
reduce the conduction losses and to avoid audible
noise. If the load at V¢ is still below the starting level
for the Active Burst Mode the FB signal decreases
down to 3.0V. 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 3.0V and 3.61V (see figure 15).

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. 32% during Active Burst Mode a
certain load jump is needed that FB can exceed 4.5V.
At this time C4 resets the Active Burst Mode which also

Version 2.9
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blocks C12 by the gate G10. Maximum current can now  3.6.3 Protection Modes

be provided to stabilize Vqr. The IC provides several protection features that
increase the SMPS system’s robustness and safety.
The following table shows the possible system failures

and the corresponding protection modes.
VFB A Entering Leaving
Active Burst Active Burst
ey WWWWWW}/{QLEWWWW”MQQG ”7,,3,7 —~ | [VCC Overvoltage Auto Restart Mode |
3.61V |-t A A AL At At A=
o oA AN\ W= Over temperature Auto Restart Mode |
~\ Overload Auto Restart Mode I
1.35V === A= T ST
> Open Loop Auto Restart Mode Il
Vsmi ‘ t \VCC Undervoltage Auto Restart Mode Il
Blanking Window Short Optocoupler Auto Restart Mode ||
€
40V [T~y 7T TTTTTTT I
3.6V~ \ A 3.6.3.1 Auto Restart Mode |
3.2v
3.0V |77 -
- -_-)—_——__—_—_—_————_—_—_——————
VCS t SoftS
A
Current limit level +
1.0v during Active Burst 3
Mode \\\ "l 4.0vO— - Auto
0-32V e ———————— - - - Restar[
M uu — P Mode
S
V. &
VCCA t —R Q _C
UVLO FE2 G13
[¥ Spike
/ Blanking
NSNS o —1 s.ous
VCC + ’
103V R . B I I 013 &
| | 20.5vO--= v
t
vce A " G12
ca Internal
2mA m In Bias
45V0=
Thermal Shutdown
500UA |-~~~ e e e L o
- TJ >140°CP> ol Control Unit
V, t o —-—-—-—————
A . FB
Max. Ripple < 1%
"_"m"""l_"_](]Y? i IR Figure 16 Auto Restart Mode |
B M T The VCC voltage is observed by comparator C13 if
20.5V is exceeded. The output of C13 is combined with
both the output of C3 which checks for Vg s < 4.0V and
> the output of C4 which checks for Vg > 4.5V. Therefore
t the overvoltage detection can only be active during Soft

Start Phase (Vgus < 4.0V) and when FB signal is
outside the operating range > 4.5V. This means any

Figure 15 Signals in Active Burst Mode
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small voltage overshoots of V.. during normal
operating cannot trigger the Auto Restart Mode |.

In Order to ensure system reliability and prevent any
false activation, a blanking time is implemented before
the IC can enter into the Auto Restart Mode I. The
output of the VCC overvoltage detection is fed into a
spike 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
Overtemperature detection. This block checks for a
junction temperature of higher than 140°C for
malfunction operation.

Once Auto Restart Mode is entered, the internal bias 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 blocks are the reference block and the
Undervoltage Lockout(UVLO) which controls the
Startup Cell by switching on/off at V,,ccon/Vveco-

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 10.3V. It
will continue to charge VCC up to 18V 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.

3.6.3.2 Auto Restart Mode I

I

|

I Internal

| SoftS Bias
+

I c3 *

Ia0vOH-

|

| ) Auto

| 4.5V Or— | Restart

Ca Mode
¢ + G5
FB
| Control Unit
|

Figure 17 Auto Restart Mode |l

In case of Overload or Open Loop, FB exceeds 4.5V
which will be observed by C4. At this time, the external
Soft Start capacitor can now be charged further by the
integrated pull up resistor Rg g Via switch S3 (see
Figure 13). If Vg5 €xceeds 4.0V which is observed by
C3, Auto Restart Mode Il is entered as both inputs of
the gate G5 are high.

This charging of the Soft Start capacitor from
3.2V~3.6V to 4.0V defines a blanking window which
prevents the system from entering into Auto Restart
Mode Il unintentionally during large load jumps. In this
event, FB will rise close to 5.0V for a short duration
before the loop regulates with FB less than 4.5V. This
is the same blanking time window as for the Active
Burst Mode and can therefore be adjusted by the
external Cgyug-

In case of VCC undervoltage, ie. VCC falls below
10.3V, the IC will be turned off with the Startup Cell
charging VCC as described earlier in this section. Once
VCC is charged above 18V, 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.
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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
(VCCQ) is discharged before assembling the application circuit.
Parameter Symbol Limit Values Unit Remarks
min. max.
Drain Source Voltage Vs - 650 \Y T,=110°C
Pulse drain current, |ICE3B0365J | I pyg; - 1.6 A
%jggﬁ%by Max- \CE3B0565J | Iy pyes i 23 | A
ICE3B1565J | I puss - 6.1 A
ICE3B2065J | I pysa - 10.3 A
Avalanche energy, |ICE3B0365J |Epg; - 0.005 mJ
[)eyp;t;t;‘feﬁgq* 5”82'%91? ICE3B0565J | Exny - 001 |mJ
ICE3B1565J | Epng - 0.15 mJ
ICE3B2065J | Epng - 0.4 mJ
Avalanche current, ICE3B0365J | lzg1 - 0.3 A
Leypfqtg;‘feﬁgq* 5"&'891? ICE3B0565J | I,y ] 05 A
ICE3B1565J | Izng - 1.5 A
ICE3B2065J | lzn, - 2.0 A
VCC Supply Voltage Vvee -0.3 27 Vv
FB Voltage Veg -0.3 5.5 \
SoftS Voltage Vsoits -0.3 5.5 Vv
CS Voltage Ves -0.3 5.5 Vv
Junction Temperature T; -40 150 °C Controller & CoolMOS®
Storage Temperature Tg -55 150 °C
Thermal Resistance Rinua - 90 K/W PG-DIP-8
Junction-Ambient
ESD Capability Vesp - 2 kV Human body model?

) Repetetive avalanche causes additional power losses that can be calculated as P, =E,g* f

2 According to EIA/JJESD22-A114-B (discharging a 100pF capacitor through a 1.5kQ series resistor)
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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 Vyvee Vyceort | 26 Vv
Junction Temperature of Controller | Tjc,, -25 130 °C Max value limited due to
integrated thermal shut down
Junction Temperature of T, coomos -25 150 °C
CoolMOS®
4.3 Characteristics
4.3.1 Supply Section

Note: The electrical characteristics involve the spread of values guaranteed 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.- = 18 V is assumed.

Parameter Symbol Limit Values Unit Test Condition
min. typ. max.
Start Up Current lvccstart - 300 450 pA Vyee =17V
VCC Charge Current lvcocharget | - - 5.0 mA Vygc =0V
lvcocharge2 | 0-55 1.05 1.60 mA Vyee=1V
lvcecharges | - 0.88 - mA Vyee=17V
Leakage Current of IStarteak - 0.2 50 pA Vprain= 450V
Start Up Cell & CoolMOS atT;=100°C
Supply ICE3B0365J lvcosupngt | - 1.7 25 mA Soft Start pin is open

Current with  |CE3B0565J
Inactive Gate |CE3B1565J

ICE3B2065J lvcosup ng2 | - 3.3 4.2 mA

Supply Current with Active Gate | lyccsyp o - 25 3.6 mA Vgons = 3.0V
lrg =

Supply Current in lvccrestart - 300 - pA lrg=0

Auto Restart Mode lgoiis =0

with Inactive Gate

Supply Current in lvceburstt - 500 950 uA Veg =25V

Active Burst Mode Vgong = 3.0V

with Inactive Gate T ] 500 950 uA Vyge=11.5V
Vg =2.5V
Vsons = 3.0V

VCC Turn-On Threshold Vyccon 17.0 18.0 19.0 \

VCC Turn-Off Threshold Vyccot 9.6 10.3 11.0 \

VCC Turn-On/Off Hysteresis Vycchys - 7.7 - \
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4.3.2 Internal Voltage Reference
Parameter Symbol Limit Values Unit Test Condition

min. typ. max.

Trimmed Reference Voltage Vger 4.90 5.00 5.10 \ measured at pin FB

llg=0

4.3.3 PWM Section

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

Fixed Oscillator Frequency foscs 58 67 76 kHz

fosca 62 67 74.5 kHz T,=25°C

Frequency Jittering Range felta - 2.7 - kHz T;=25°C

Max. Duty Cycle D ax 0.70 0.75 0.80

Min. Duty Cycle Dmin 0 - - Veg < 0.3V

PWM-OP Gain Ay 3.0 3.2 3.4

Max. Level of Voltage Ramp V Max-Ramp - 0.6 - \

Vg Operating Range Min Level | Vegnin - 0.5 - \

Vg Operating Range Max level | Vegnax - - 4.3 \ CS=1V limited by

Comparator C4"
Feedback Pull-Up Resistor Reg 9 14 22 kQ
Soft-Start Pull-Up Resistor Rsotts 30 45 62 kQ

) This parameter is not subject to production test - verified by design/characterization

4.3.4 Control Unit

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

Deactivation Level for SoftS Vsotisce 2.98 3.10 3.22 \ Veg =5V

Comparator C7 by C2

Clamped Vg Voltage during | Vseiseimp bm | 2-88 3.00 3.12 Vv

Burst Mode

Activation Limit of Vsoitscs 3.85 4.00 4.15 \'% Veg =5V

Comparator C3

SOftS Startup Current ISoﬂSstart = 0.9 = mA Vsoﬂs = OV

Over Load & Open Loop Vegca 4.33 4.50 4.67 Vv Vgons = 4.5V

Detection Limit for

Comparator C4

Active Burst Mode Level for Vegcs 1.23 1.35 1.43 \ Veong = 4.5V

Comparator C5

Active Burst Mode Level for Vegcea 3.48 3.61 3.76 \ After Active Burst

Comparator C6a Mode is entered
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Active Burst Mode Level for Vesceb 2.88 3.00 3.12 \ After Active Burst
Comparator C6b Mode is entered
Overvoltage Detection Limit Vyvccove 19.5 20.5 21.5 \' Veg =5V, Vggug = 3V
Thermal Shutdown" Tiso 130 140 150 °C

Spike Blanking tspike - 8.0 - us

) The parameter is not subject 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 Vy,ccove
4.3.5 Current Limiting
Parameter Symbol Limit Values Unit Test Condition
min. typ. max.
Peak Current Limitation (incl. Vesih 1.01 1.06 1.11 \ dV enee / dt = 0.6V/us
Propagation Delay Time)
(see Figure 11)
Peak Current Limitation during | Ve 0.27 0.32 0.37 \
Active Burst Mode
Leading Edge Blanking tes - 220 - ns Vgoig = 3.0V
CS Input Bias Current Icsbias -1.0 -0.2 0 HA Ves =0V
4.3.6 CoolMOS® Section
Parameter Symbol Limit Values Unit Test Condition
min. typ. max.
Drain Source Breakdown VsRpss 600 - - \'% T,=25°C
Voltage 650 - - \ T,=110°C
Drain Source ICE3B0365J | Rpsont - 6.45 7.50 Q T;=25°C
On-Resistance - 13.70 17.00 Q Ti= 125°C"
at /,=0.3A
ICE3B0565J | Rpgone - 4.70 5.44 Q T,=25°C
- 10.00 |1250 |Q T;=125°C"
at I, =0.5A
ICE3B1565J | Rpsons - 1.70 1.96 Q T,=25°C
- 357 4.12 Q T;=125°C"
at lp=1.5A
ICE3B2065J | Rpsons - 0.92 1.05 Q T,=25°C
- 1.93 2.22 Q T,=125°C"
at l,=2.0A
Effective output | ICE3B0365J | Cy e - 3.65 - pF Vpg = 0V to 480V
capacitance,
energy related ICE3B0565J | Coero - 4.75 - pF
ICE3B1565J | Coens - 11.63 - pF
ICE3B2065J | Coena - 21 - pF
Version 2.9 18 25 Mar 2013
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Rise Time

t

rise

30%

ns

Fall Time

tfaII

30?

ns

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

2)

Measured in a Typical Flyback Converter Application
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6 Outline Dimension
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(Plastic Dual In-Line Outline)
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Figure 23

PG-DIP-8 ( Pb-free lead plating Platic Dual-in-Line Outline )
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Marking
ICE3B0365J —— Part Marking
D@ somuMg
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\ LOTCODE
Figure 24  Marking for ICE3B0365J
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Figure 25  Marking for ICE3B0565J
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Marking
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Figure 26 Marking for ICE3B1565J
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Figure 27  Marking for ICE3B2065J
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Schematic for recommended PCB layout

8 Schematic for recommended PCB layout
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Figure 28 Schematic for recommended PCB layout

General guideline for PCB layout design using F3 CoolSET (refer to Figure 26):
1. “Star Ground “at bulk capacitor ground, C11:

“Star Ground “means all primary DC grounds should be connected to the ground of bulk capacitor C11
separately in one point. It can reduce the switching noise going into the sensitive pins of the CoolSET device
effectively. The primary DC grounds include the followings.

a. DC ground of the primary auxiliary winding in power transformer, TR1, and ground of C16 and Z11.
b. DC ground of the current sense resistor, R12

c. DC ground of the CoolSET device, GND pin of IC11; the signal grounds from C13, C14, C15 and collector of
IC12 should be connected to the GND pin of IC11 and then “star “connect to the bulk capacitor ground.

d. DC ground from bridge rectifier, BR1
e. DC ground from the bridging Y-capacitor, C4
2. High voltage traces clearance:
High voltage traces should keep enough spacing to the nearby traces. Otherwise, arcing would incur.
a. 400V traces (positive rail of bulk capacitor C11) to nearby trace: > 2.0mm
b. 600V traces (drain voltage of CoolSET IC11) to nearby trace: > 2.5mm
3. Filter capacitor close to the controller ground:

Filter capacitors, C13, C14 and C15 should be placed as close to the controller ground and the controller pin
as possible so as to reduce the switching noise coupled into the controller.

Guideline for PCB layout design when >3KV lightning surge test applied (refer to Figure 26):
1. Add spark gap

Spark gap is a pair of saw-tooth like copper plate facing each other which can discharge the accumulated
charge during surge test through the sharp point of the saw-tooth plate.

a. Spark Gap 3 and Spark Gap 4, input common mode choke, L1:
Gap separation is around 1.5mm (no safety concern)
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Schematic for recommended PCB layout

b. Spark Gap 1 and Spark Gap 2, Live / Neutral to GROUND:
These 2 Spark Gaps can be used when the lightning surge requirement is >6KV.
230Vac input voltage application, the gap separation is around 5.5mm
115Vac input voltage application, the gap separation is around 3mm
2. Add Y-capacitor (C2 and C3) in the Live and Neutral to ground even though it is a 2-pin input
3. Add negative pulse clamping diode, D11 to the Current sense resistor, R12:
The negative pulse clamping diode can reduce the negative pulse going into the CS pin of the CoolSET and
reduce the abnormal behavior of the CoolSET. The diode can be a fast speed diode such as IN4148.
The principle behind is to drain the high surge voltage from Live/Neutral to Ground without passing through the
sensitive components such as the primary controller, IC11.
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