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Off-Line SMPS Current Mode Controller with
integrated 800V CoolMOS®and Startup cell

(brownout & CCM) in DIP-7

Product Highlights

800V avalanche rugged CoolMOS® with startup cell

CCM and DCM operation with slope compensation

Active Burst Mode to reach the lowest Standby Power <100mW
Active burst mode with selectable entry and exit burst mode level

Frequency jitter and soft driving for low EMI
Brownout feature
Latch enable and fast AC reset

Auto Restart protection for over load, over temperature and over voltage

Pb-free lead plating; RoHS compliant
Features
800V avalanche rugged CoolMOS® with Startup Cell The ICE3ARxx80CJZ is an enhanced version of
Active Burst Mode for lowest Standby Power
Slope compensation for CCM operation
Selectable entry and exit burst mode level
100kHz internally fixed switching frequency with

jittering feature

Auto Restart Protection for Over load, Open Loop,
VCC Under voltage & Over voltage and Over

temperature

External latch enable pin and fast AC reset
Over temperature protection with 50°C hysteresis
Built-in 10ms Soft Start
Built-in 40ms blanking time for short duration peak

power

Propagation delay compensation for both maximum
load and burst mode

Brownout feature

BiCMOS technology for low power consumption and
wide VCC voltage range
Soft gate drive with 50Q turn on resistor

CooISET®-F3R80
ICE3AR4780CJZ

il fre

PG-DIP7

Description

ICE3ARXx80JZ (CoolSET®-F3R80). The PWM controller
is based on F3R80 with new and enhanced features. The
major new features include slope compensation for CCM
operation and fast AC reset after latch enabled. The
major enhanced features include fixed voltage brownout
detect and voltage detect for the burst selection. In
particular it is a device running at 100KHz, implemented
with brownout features, installing 800V CoolMOS® with
startup cell and packaged into DIP-7. It targets for the low
power SMPS with increased MOSFET voltage margin
requirement such as Off-Line battery adapters, DVD R/
W, DVD Combi, Blue ray, set top box, auxiliary power
supply for PC and server, etc. In summary, this enhanced
ICE3ARXxx80CJZ provides 800V MOSFET, lowest
standby power, CCM opeation, selectable burst level,
brownout feature, maximum power compensated for both
maximum and standby load, low EMI with frequency
jittering and soft gate drive, built-in and flexible
protections, etc. Therefore, ICE3ARxx80CJZ is a
complete solution for the low power SMPS application.

Typical Application
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Calculated maximum input power rating at T,=50°C, T=125°C and without copper area as heat sink.
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1  Pin Configuration and Functionality
1.1 Pin Configuration with PG-DIP-7

CooISET®-F3R80
ICE3AR4780CJZ

Pin | Symbol | Function

1 BRL Brownout, fast AC Reset &
Latch enable

2 FBB Feedback & Burst entry/exit con-
trol

3 CS Current Sense/
800V CooIMOS® Source

4 n.c. not connected

5 Drain | 800V CoolMOS® Drain

6 - (no pin)

7 VCC Controller Supply Voltage

8 GND | Controller Ground

Package PG-DIP-7

-
o)
[o9)

(@]
1)

S ™ ™
w

/

8 }IGND
7 ::]VCC

Pin Configuration and Functionality

1.2 Pin Functionality

BRL (Brownout, fast AC Reset & Latch enable)

The BRL pin combines the functions of brownout, fast
AC reset and the external latch enable. The brownout
feature is to stop the switching pulse when the input
voltage is dropped to lower than 1V. The Fast AC reset
feature is to recover from latch feature when the
voltage of BRL pin has a rising rate of <1.33V/ms from
0.4V to 1V. The external latch enable function is an
external access to stop the gate switching and force the
IC to enter latch mode. It is triggered by pulling the pin
voltage to less than 0.4V.

FBB (Feedback & Burst entry select)

The FBB pin combines the feedback function and the
burst entry/exit control. The regulation information is
provided by the FBB pin to the internal Protection Unit
and the internal PWM-Comparator to control the duty
cycle. The FBB-signal is the only control signal in case
of light load at the Active Burst Mode. The burst entry
select provides an access to select the entry/exit burst
mode level.

CS (Current Sense)

The Current Sense pin senses the voltage developed
on the shunt 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 operation.

Drain (Drain of integrated CoolMOS®)

The Drain pin is the connection to the Drain of the
integrated CoolMOS®.

VCC (Power Supply)
The VCC pin is the power supply of the IC. The voltage

n.c. 4 5 ::] Drain operating range is between 10.5V and 24.7V.
GND (Ground)
Figure 1 Pin Configuration PG-DIP-7 (top view) The GND pin is the ground of the controller.
Version 2.0 19 Apr 2013
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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

ICE3ARXx80CJZ brownout and CCM 800V version is
an enhanced version of the CoolSET®-F3R80. The
major new and enhanced features include slope
compensation for CCM operation, fast AC reset after
latch enabled, fixed voltage brownout detect and
voltage detect for the burst selection. It is particular
good for high voltage margin low power SMPS
application such as auxiliary power supply for PC and
server. The major characteristics are that the IC is
developed with 800V CoolMOS® with start up cell,
having adjustable brownout feature, running at 100KHz
switching frequency, CCM operation and packed in
DIP-7 package.

The features include BiCMOS technology to reduce
power consumption and increase the Vcc voltage
range, cycle by cycle current mode control, built-in
10ms soft start to reduce the stress of switching
elements during start up, built-in 40ms for short period
of peak power before entering protection, active burst
mode for lowest standby power, propagation delay
compensation for close power limit between high line
and low line which also takes into consideration of
slope compensation, frequency jittering for low EMI
performance, the built-in auto-restart mode protections
for open loop, over load, Vcc OVP, Vcc under voltage,
and latch enable feature etc.

The other features include narrowing the feedback
voltage swing to 0.3V (from 0.5V) during burst mode so
that the output voltage ripple can be reduced by 40%,
reduction of the fast voltage fall time of the MOSFET by
increasing the soft turn-on time and addition of 50Q
turn-on resistor, faster start up time by optimizing the
Vcce capacitor to 10uF and over temperature protection
with 50°C hysteresis.

The new features include slope compensation for
stable operation in CCM mode when duty is larger than
0.5, fixed voltage triggering for the bronwout feature for
easier design, voltage levels select for entry/exit burst
level, fast AC reset fto reset the latch feature, etc.

In summary, the CoolSET® ICE3ARxx80CJZ provides
good voltage margin of MOSFET, lowest standby
power, flexible burst level, CCM operation, reduced
output ripple during burst mode, accurate power limit
for both maximum power and burst power, low EMI with
frequency jittering and soft gate drive, built-in and
flexible protections, etc. Therefore, CoolSET®
ICE3ARXxx80CJZ is a complete solution for the low
power SMPS application.

Functional Description

3.2 Power Management
Drain VCC
—_ —_—— ) ——— e — — — — —— —— — O —_——
Startup Cell
S
—
A coomos®
Power Management
internal Bias | Undervohage]L;\fkom \
Latched Off Mode 10.5V —[I
Reset; Vycc < 8V or T
AC fast reset is *
triggered ]
Voltage [—Q 5.0V
-
-
| Auto Restart
Mode
Soft Start block Active Burst
Mode
Latched Off
Mode
Figure 3 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 Cygc which is
connected to the VCC pin. This VCC charge current is
controlled to 1.0mA by the Startup Cell. When the V¢
exceeds the on-threshold Vqc,,=17V the 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 start up voltage is implemented.
The switch-off of the controller can only take place
when V¢ falls below 10.5V after normal operation
was entered. The maximum current consumption
before the controller is activated is about 210pA.

When V. falls below the off-threshold Ve, =10.5V,
the bias circuit is switched off and the soft start counter
is reset. Thus it ensures that at every startup cycle the
soft start starts at zero.

The internal bias circuit is switched off if Latched Off
Mode or Auto Restart Mode is entered. The current
consumption is then reduced to 420uA.

Once the malfunction condition is removed, this block
will then turn back on. The recovery from Auto Restart
Mode does not require re-cycling the AC line. In case
Latched Off Mode is entered, VCC needs to be lowered
below 8V or having AC fast reset triggered to reset the

Version 2.0
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CooISET®-F3R80
ICE3AR4780CJZ

Latched Off Mode. This is done usually by re-cycling
the AC line.

When Active Burst Mode is entered, the internal Bias is
switched off most of the time but the Voltage Reference
is kept alive in order to reduce the current consumption
below 620pA.

Functional Description

In case the amplified current sense signal exceeds the
FBB signal the on-time t,, of the driver is finished by
resetting the PWM-Latch (Figure 5).

The primary current is sensed by the external series
resistor Rg.nse iNserted in the source of the integrated
CoolMOS®. By means of Current Mode regulation, the
secondary output voltage is insensitive to the line
variations. The current waveform slope will change with

3.3 Improved Current Mode the line variation, which controls the duty cycle.
The external Rgg, allows an individual adjustment of
Soft-Start Comparator the maximum erésgurce current of the integrated
A CoolMOS®.
To improve the Current Mode during light load
FER <€ ~ PWM:-Latch conditions the amplified current ramp of the PWM-OP
cs R is superimposed on a voltage ramp, which is built by
) Q ._ the switch T2, the voltage source V1 and a resistor R1
b Driver (see Figure 6). Every time the oscillator shuts down for
maximum duty cycle limitation the switch T2 is closed
s Q by Vosc: When the oscillator triggers the Gate Driver,
T2 is opened so that the voltage ramp can start.
0sy V4TAUAE
PWM OP Soft-Start Comparator
A PWM Comparator
CS FBB —p—1=
C8
Improved
+ -
Current Mode (Oscillator) PWM-Latch
Figure 4  Current Mode Vosc ]
time delay
Current Mode means the duty cycle is controlled by the S circuit (156ns) ]
slope of the primary current. This is done by comparing Gate Driver
the FBB signal with the amplified current sense signal. 0.6V
10kQ
Amplified Current Signal l_
A
FBB = = = T2 BTy
| I | I PWM OP
| | | |
| | | 1
0.6V
Ir/ Ir/ Irf I{ 'Y Voltage Ram
Driver t g P
| | | |
| | | |
| | | 1 Figure 6  Improved Current Mode
I ! In case of light load the amplified current ramp is too
ton small to ensure a stable regulation. In that case the
Voltage Ramp is a well defined signal for the
} > comparison with the FBB-signal. The duty cycle is then
t controlled by the slope of the Voltage Ramp.
By means of the time delay circuit which is triggered by
Figure 5 Pulse Width Modulation the inverted Vg signal, the Gate Driver is switched-off
until it reaches approximately 156ns delay time (Figure
Version 2.0 19 Apr 2013
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7). It allows the duty cycle to be reduced continuously
till 0% by decreasing Vggg below that threshold.

Vosc max.
Duty Cycle
— '—
>
Voltage t
Ramp,
0.6V
FBB
>
Gate t
Drlver - 156ns time delay
»
;
t
Figure 7 Light Load Conditions
3.3.1 PWM-OP

The input of the PWM-OP is applied over the internal
leading edge blanking to the external sense resistor
Rsense cONNected to pin CS. Rggee CONverts the source
current into a sense voltage. The sense voltage is
amplified with a gain of 3.25 by PWM OP. The output
of the PWM-OP is connected to the voltage source V.
The voltage ramp with the superimposed amplified
current signal is fed into the positive inputs of the PWM-
Comparator C8 and the Soft-Start-Comparator (Figure
8).

3.3.2

The PWM-Comparator compares the sensed current
signal of the integrated CoolMOS® with the feedback
signal Vegg (Figure 8). Vgg is created by an external
optocoupler or external transistor in combination with
the internal pull-up resistor Reg and provides the load
information of the feedback circuitry. When the
amplified current signal of the integrated CoolMOS®
exceeds the signal Vggg the PWM-Comparator
switches off the Gate Driver.

PWM-Comparator

Functional Description

'osv
: Res
| Soft-Start Comparator
| A
FBBL | >~_PWM-Latch
C8
+

PWM Comparator

Optocoupler

Improved
Current Mode

Figure 8 PWM Controlling

3.3.3 Slope Compensation

Due to the sub harmonic oscillation of CCM operation
when duty cycle is larger than 50%, the slope
compensation is added.

The slope Mc; 50mV/us is added to the current sense
pin when gate is on.

During burst mode operation, the Mc slope is shut
down and no slope added into the current sense signal.
This can save the power consumption at burst mode.

I
I
I
|
|
|
|
I
|

Figure 9 Slope compesnation
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3.4 Startup Phase

Soft Start counter

v

Soft Start

SoftS

-
L

Soft Start

Soft Start finish

Soft-Start
Comparator
Cc7 &
p> G7

oA

x3.25 ——@ CS
PWM OP

Figure 10  Soft Start

In the Startup Phase, the IC provides a Soft Start
period to control the primary current by means of a duty
cycle limitation. The Soft Start function is a built-in
function and it is controlled by an internal counter.

Gate Driver

>

vCC

vCConp— — — —

Vsorts

VSOHSZ

Softs1

Soft Start Phase

When the V¢ exceeds the on-threshold voltage, the
IC starts the Soft Start mode (Figure 11).

Figure 11

Functional Description

The function is realized by an internal Soft Start
resistor, an current sink and a counter. And the
amplitude of the current sink is controlled by the
counter (Figure 12).

5V
RSM(S
SoftS
> ) J )
| | | I/ l/ VI/ =II =I
Soft Start |32! 8l 41 2l |
Counter
Figure 12 Soft Start Circuit

After the IC is switched on, the Vgyg voltage is
controlled such that the voltage is increased step-
wisely (32 steps) with the increase of the counts. The
Soft Start counter would send a signal to the current
sink control in every 300us such that the current sink
decrease gradually and the duty ratio of the gate drive
increases gradually. The Soft Start will be finished in
10ms (tsof.start) after the IC is switched on. At the end of
the Soft Start period, the current sink is switched off.

Within the soft start period, the duty cycle is increasing
from zero to maximum gradually (see Figure 13).

Vsofts
A t
. Soft-Start -
VsorTsaz X Lt
‘/.
Kd
>
t
Gate
Driver
H ’7 >
t

Figure 13 Gate drive signal under Soft-Start Phase
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Functional Description
In addition to Start-Up, Soft-Start is also activated at 3.5 PWM Section
each restart attempt during normal Auto Restart.
Vsotts : 075 PWM Section
Oscillator m
A t
i Soft-Start - -
VsorTsaz = = Duty Cycl
’,—l max
LN
Clock i
> Frequency
Vrs 1 Jitter
A
N
4.5V k A
Soft Start
v > Block FF1
ouT t .
A Soft Start _L sl Gate Driver
Comparator = 1 &
Vour ! > G8 [ R aH
PWM | gy G
tstarup Comparator < —O
» Current
t Limiting
®
Figure 14 Start Up Phase CooMos
The Start-Up time tgi,q.y, before the converter output
voltage Vg7 is settled, must be shorter than the Soft- ) .
Start Phase tgyq.sian (Figure 14). By means of Soft-Start Figure 15 PWM Section Block
there is an effective minimization of current and voltage i
3.5.1 Oscillator

stresses on the integrated CoolMOS®, the clamp circuit
and the output rectifier and it helps to prevent
saturation of the transformer during Start-Up.

The oscillator generates a fixed frequency of 100KHz
with frequency jittering of +4% (which is +4KHz) at a
jittering period of 4ms.

A capacitor, 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 operating mode, the switching frequency of
the clock is varied by the control signal from the Soft
Start block. Then the switching frequency is varied in
range of 100KHz + 4KHz at period of 4ms.

3.5.2 PWM-Latch FF1

The output of the oscillator block provides continuous
pulse to the PWM-Latch which turns on/off the
integrated CoolMOS®. After the PWM-Latch is set, it is
reset by the PWM comparator, the Soft Start
comparator or the Current -Limit comparator. When itis
in reset mode, the output of the driver is shut down
immediately.
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3.5.3 Gate Driver
VCC
PWM-Latch
p{ =1
50Q
Gate
CoolMOS®
Gate Driver
Figure 16 Gate Driver

The driver-stage is optimized to minimize EMI and to
provide high circuit efficiency. This is done by reducing
the switch on slope when exceeding the integrated
CoolMOS® threshold. This is achieved by a slope
control of the rising edge at the driver’s output (Figure
17) and adding a 50Q gate turn on resistor (Figure 16).
Thus the leading switch on spike is minimized.

(internal)
VGateA
—
—P €—typ. t = 160ns
4.6V
>
t
Figure 17 Gate Rising Slope

Furthermore the driver circuit is designed to eliminate
cross conduction of the output stage.

During power up, when VCC is below the undervoltage
lockout threshold Vycc.i, the output of the Gate Driver
is set to low in order to disable power transfer to the
secondary side.

Functional Description

3.6 Current Limiting
PWM Latch
FF1
A A Current Limiting
Propagation-Delay
* Compensation
- V&h
ci0 LEB s
& #- 220ns
PWM-OP _.\1
LEB
& 7Y 180ns [°
H G6 C12 S
- VCS\h,burst

Propagation-Delay
Compensation-Burst

or

G8
Vs burst 10k 1pF
T
TREY T T
Figure 18  Current Limiting Block

There is a cycle by cycle peak current limiting operation
realized by the Current-Limit comparator C10. The
source current of the integrated CoolMOS® is sensed
via an external sense resistor Rgg,s.. By means of
Rsense the source current is transformed to a sense
voltage Vggse Which is fed into the pin CS. If the voltage
Vsense €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 of the integrated
CoolMOS® with very short propagation delay. Thus the
influence of the AC input voltage on the maximum
output power can be reduced to minimal. This
compensation applies to both the peak load and burst
mode.

In order to prevent the current limit from distortions
caused by leading edge spikes, a Leading Edge
Blanking (LEB) 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
Gé6 if Active Burst Mode is entered. When it is activated,
the current limiting is reduced to Vg, pursi- This voltage
level determines the maximum power level in Active
Burst Mode.
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3.6.1 Leading Edge Blanking

VSense

A
Vesth

t.es = 220ns/180ns
«

>
t

Figure 19 Leading Edge Blanking

Whenever the integrated CoolMOS® is switched on, a
leading edge spike is generated due to the primary-
side capacitances and reverse recovery time of the
secondary-side rectifier. This spike can cause the gate
drive to switch off unintentionally. In order to avoid a
premature termination of the switching pulse, this spike
is blanked out with a time constant of t g = 220ns for
normal load and t, gg = 180ns for burst mode.

3.6.2 Combined OPP curve considering
Propagation Delay and Slope

Compensation

The ICE3ARxx80CJZ has combined the propagation
delay, CCM inherit reduced power effect and the slope
compensation effect for the overcurrent control.

It employs the dynamic threshold voltage Vg, with 2
steps slope compensation to achieve the closed over
current for whole input voltage range.

In case of overcurrent detection, there is always
propagation delay to switch off the integrated
CoolMOS®. An overshoot of the peak current Ipeak i
induced to the delay, which depends on the ratio of dI/
dt of the peak current (Figure 20).

‘ ------- Signal2 — Signall ‘
|
Senfe tPr::pagation Delay
Ipeakz IOvershootz > <|
Ipeak1 ," *
Limit *
IOvershoon
»
t
Figure 20 Current Limiting

The overshoot of Signal2 is larger than of Signall due
to the steeper rising waveform. This change in the

Functional Description

slope is depending on the AC input voltage.
Propagation Delay Compensation is integrated to
reduce the overshoot due to dl/dt of the rising primary
current. Thus the propagation delay time between
exceeding the current sense threshold V., and the
switching off of the integrated CoolMOS® s
compensated over temperature within a wide input
range. Current Limiting is then very accurate.

For the inherit influence of the CCM operation, the final
Vces can not be constant in whole line range as in DCM.
This ICE3ARxx80CJZ has implemented with 2
compensation curves for the compensation so that the
maximum power can be close. One of the curve is used
when the time range is larger than 4us and the other is
for lower than 4us.

The Propagation Delay Compensation is realized by
means of a dynamic threshold voltage V g, (Figure 21).
In case of a steeper slope the switch off of the driver is
earlier to compensate the delay.

Vosc max. Duty Cycle
< »
—5 |l
off time
>
Vsense Propagation Delay t
— <_
Vcsth
i |
A >
— Signalt - Signal2 \
t
Figure 21~ Dynamic Voltage Threshold Vg,

A typical measured Vsense vs dVsense/dt is plotted in
Figure 22 for reference.

0.800
0.780
S 0760 Can
S 0740 \'_ S —
. N~
0.720
0.700
0.000 0.100 0.200 0.300 0.400 0.500 0.600 0.700
dV,gnse/dt (V/is)
Figure 22 Overcurrent Shutdown
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Similarly, the same concept of propagation delay
compensation is also implemented in burst mode with
reduced level, Vi g, pust (Figure 18). With this
implementation, the entry and exit burst mode power
can be close between low line and high line input
voltage.

3.7 Control Unit

The Control Unit contains the functions for Active Burst
Mode, Auto Restart Mode and Latch Mode. The Active
Burst Mode, Latch Mode and the Auto Restart Mode
both have internal blanking time. With the blanking
time, the IC avoids entering into those two modes
accidentally. Those buffer time is very useful for the
application which works in short duration of peak power
occasionally.

3.71 Active Burst Mode (patented)

To increase the efficiency of the system at light load,
the most effective way is to operate at burst mode.
Starting from CoolSET® F3, the IC has been employing
the active burst mode and it can achieve the lowest
standby power. ICE3ARxx80CJZ adopts the same
concept with some more innovative improvements to
the feature. It includes the adjustable entry burst level,
close power control between high line and low line and
the smaller output ripple during burst mode.

Most of the burst mode design in the market will
provide a fixed entry burst mode level which is a ratio
to the maximum power of the design. ICE3ARxx80CJZ
provides a more flexible level which can be selected
externally.

Propagation delay is the major contributor for the
power control variation for DCM flyback converter. It is
proved to be effective in the maximum power control.
ICE3ARXx80CJZ also apply the same concept in the
burst mode. Therefore, the entry and exit burst mode
power is also finely controlled during burst mode.

Functional Description

I
Current
Csg Limiting
1| Vesi burs G6&FF1 €—
| O
|
| i
1| —| Burst detect Intemal
I and adjust Bias
|
>
I Veeoust| 5 20ms
| Blanking Time
|
FBB <
£ )
Active Burst
| 1 Mode
|
|
= |
|
|
|
|
|
32v0-+
| O Control Unit
\
Figure 23 Active Burst Mode

The Active Burst Mode is located in the Control Unit.
Figure 23 shows the related components.

3.7141 Selectable burst entry level

The burst mode entry level can be selected by
changing the different Resistor Ry, at FBB pin. There
are 3 levels to be selected with different resistor which
are targeted for 15%, 10% and 5% of the maximum
input power. At the same time, the exit burst level are
targeted to 27%, 20% and 11% of the maximum power
accordingly. The below table is the control logic for the
entry and exit level with the FBB voltage.

The feedback control swing during burst mode will | Level Vegs Reel
affect the output ripple voltage directly. ] 205kQ
ICE3ARXx80CJZ reduces the swing to 0.3V (from ree< Vien (1.8V) <405
0.5V). Therefore, it would have around 40% 2 Vg (1.8V) <Vigg<Viepp (4.0V) | 685k ~ 900kC2
im ment for th ripple.
improvement for the output ripple 3 con > Vi (4.0V) - 1530k0
Entry level Exit level
Level % Of Pin max | Ve burst | % Of Pin max | Vestn burst

1 5% 1.29V 11% 0.21V

2 10% 1.61Vv 20% 0.29V

3 15% 1.84V 27% 0.34V
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During IC first startup, the Refy,o4 signal is logic low
when Vcc<8V. The low Refy,.q signal will reset the
Burst Mode level Detection latch. When the Burst Mode
Level Detection latch is low and IC is in OFF state, the
FBB resistor is isolated from the FBB pin and a current
source lgg (3.5nA) is turned on instead.

From Vce=8V to Vcc on threshold(17V), the FBB pin
will start to charge to a voltage level associated with
Rqe resistor. When Ve reaches Vee on threshold, the
FBB voltage is sensed. The burst mode thresholds are
then chosen according to the FBB voltage level. The
Burst Mode Level Detection latch is then set to high.
Once the detection latch is set high, any change of the
FBB level will not change the threshold level. When
Vcc reaches Vcc on threshold, a timer of 2us is started.
After the 2us ends, the |, is turned off while the FBB
resistor is connected to FBB pin (Figure 24).

Vea
l (¥
UVLo S
S 2us
R delay
Refyms o bl
Burst mode FBB
detection latch
Vet O Scection | | compare [q—— v, .
VFB,buvle— Logic logic  feg——on V: o
Control unit =
Figure 24 Burst mode detect and adjust

3.71.2 Entering Active Burst Mode

The FBB signal is kept monitoring by the comparator
C5 (Figure 23). During normal operation, the internal
blanking time counter is reset to 0. When FBB signal
falls below Vg 1 it Starts to count. When the counter
reaches 20ms and FBB signal is still below Vg g, the
system enters the Active Burst Mode. This time window
prevents a sudden entering into the Active Burst Mode
due to large load jumps.

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 to about 620uA.

It needs the application to enforce the VCC voltage
above the Undervoltage Lockout level of 10.5V such
that the Startup Cell will not be switched on
accidentally. Or otherwise the power loss will increase
drastically. The minimum VCC level during Active Burst
Mode depends on the load condition and the
application. The lowest VCC level is reached at no load
condition.

Functional Description

3.71.3 Working in Active Burst Mode

After entering the Active Burst Mode, the FBB voltage
rises as VOUT starts to decrease, which is due to the
inactive PWM section. The comparator C6a monitors
the FBB signal. If the voltage level is larger than 3.5V,
the internal circuit will be activated; the Internal Bias
circuit resumes and starts to provide switching pulse. In
Active Burst Mode the gate G6 is released and the
current limit is reduced to Vecsth_burst (Figure 2 and
23). In one hand, it can reduce the conduction loss and
the other hand, it can reduce the audible noise. If the
load at VOUT is still kept unchanged, the FBB signal
will drop to 3.2V. At this level the C6b deactivates the
internal circuit again by switching off the Internal Bias.
The gate G11 is active again as the burst flag is set
after entering Active Burst Mode. In Active Burst Mode,
the FBB voltage is changing like a saw tooth between
3.2V and 3.5V (Figure 25).

3.71.4 Leaving Active Burst Mode

The FBB voltage will increase immediately if there is a
high load jump. This is observed by the comparator
C13 (Figure 23). Since the current limit is reduced to
0.21V~0.34V during active burst mode, it needs a
certain load jump to rise the FBB signal to exceed 4.0V.
At that time the comparator C5 resets the Active Burst
Mode control which in turn blocks the comparator C12
by the gate G6. The maximum current can then be
resumed to stabilize Vg7,
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Figure 25  Signals in Active Burst Mode

Functional Description

3.7.2 Protection Modes

The IC provides Auto Restart mode as the major
protection feature. Auto Restart mode can prevent the
SMPS from destructive states. There are 3 kinds of
auto restart mode; normal auto restart mode, odd skip
auto restart mode and non switch auto restart mode.
Odd skip auto restart mode (Figure 26) is that there is
no detect of fault and no switching pulse for the odd
number restart cycle. At the even number of restart
cycle the fault detect and soft start switching pulses are
maintained. If the fault persists, it would continue the
auto-restart mode. However, if the fault is removed, it
can release to normal operation only at the even
number auto restart cycle .

Fault Startup and detect
\1/\;: A_'(?tected N;deted J L:\Toi%etect \
10.5V] \/\/\
Vs t >
TIIIIII | | >

Figure 26 Odd skip auto restart waveform

Non switch auto restart mode is similar to odd skip auto
restart mode except the start up switching pulses are
also suppressed at the even number of the restart
cycle. The detection of fault still remains at the even
number of the restart cycle. When the fault is removed,
the IC will resume to normal operation at the even
number of the restart cycle (Figure 27).

def:;l;d No detect Startup and detect
Vieo A K No detect
17V ™
P
VCS t
T No switching
i ¥ | N
|
1 : »

Figure 27 non switch auto restart waveform

The main purpose of the odd skip auto restart is to
extend the restart time such that the power loss during
auto restart protection can be reduced. This feature is
particularly good for smaller Vcc capacitor where the
restart time is shorter.
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The following table lists the possible system failures
and the corresponding protection modes.

IVCC Over voltage Odd skip Auto Restart Mode
Odd skip Auto Restart Mode

Odd skip Auto Restart Mode

Over load

Open Loop
IVCC Undervoltage

Normal Auto Restart Mode

IShort Optocoupler Normal Auto Restart Mode

Non switch Auto Restart Mode
Latch Mode

Over temperature

External protection enable

3.7.21 Vcc OVP, OTP, external protection

enable and Vcc under voltage

|
: Thermel Shuidown Yy
| T>130c» I > ke [P A"’ﬁsz‘m
|| 255v Blarking
| O 120 blarking| 30us
| time
Voc O
| \
! Vol
| Control Unit FH;?;
|

Figure 28 Ve OVP, OTP, external protection

enable

Vcc OVP condition is when V¢ voltage is > 25.5V, the
IC enters into odd skip Auto Restart Mode (Figure 28).

The over temperature protection OTP is sensed inside
the controller IC. The Thermal Shutdown block keeps
on monitoring the junction temperature of the
controller. After detecting a junction temperature higher
than 130°C, the IC will enter into the non switch Auto
Restart mode. The ICE3ARxx80CJZ has also
implemented with a 50°C hysteresis. That means the
IC can only be recovered when the controller junction
temperature is dropped 50°C lower than the over
temperature trigger point (Figure 28).

The external latch enable feature can provide a
flexibility to a customer’s self-defined protection
feature. This function can be triggered by pulling down
the Vgg, voltage to < 0.4V. Or it can simply trigger the
base pin of an external transistor, T ¢ at the BRL pin.
When this function is enabled, it will enter into latch

Functional Description

mode after 210us blanking time. The gate drive is
stopped and there is no switching pulse before it is
recovered .

The Vcc undervoltage and short opto-coupler will go
into the normal auto restart mode inherently.

In case of VCC undervoltage, the Vcc voltage drops
indefinitely. When it drops below the Vcc under voltage
lock out “OFF” voltage (10.5V), the IC will turn off the
IC and the startup cell will turn on again. Then the Vcc
voltage will be charged up to UVLO “ON” voltage (17V)
and the IC turns on again provided the startup cell
charge up current is not drained by the fault. If the fault
is not removed, the Vce will continue to drop until it hits
UVLO “OFF” voltage and the restart cycle repeats.

Short Optocoupler can lead to Vcc undervoltage
because once the opto-coupler (transistor side) is
shorted, the feedback voltage will drop to zero and
there will be no switching pulse. Then the Vcc voltage
will drop same as the Vcc undervoltage.

3.7.2.2 Over load, open loop protection

40ms
. Auto
B'?.”k'“’a‘ P Restart
ime Mode
Control Unit

I
|
|
|
|
|
|

FBB

O
I
|
|
|
|

Figure 29

In case of Overload or Open Loop, the Vgg voltage
exceeds 4.5V which will be observed by comparator
C4. Then the built-in blanking time counter starts to
count. When it reaches 40ms, the odd skip Auto
Restart Mode is activated (Figure 29).

Over load and open loop protection

3.7.3 Brownout Mode

When the AC input voltage is removed, the voltage at
the bulk capacitor will fall. When it reaches a point that
the system is greater than the system allowed
maximum power, the system may go into over load
protection. However, this kind of protection is not
expected for some of the applications such as auxiliary
power for PC/server system because the output is in
hiccup mode due to over load protection (auto restart
mode). The brownout mode is to eliminate this
phenomenon. The ICE3ARxx80CJZ will sense the
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input AC voltage to the BRL pin by an AC hold up circuit
and 2 potential divider resistors.

In some applications, it needs the IC to continue to
work for certain time when AC voltage is disconnected.
After that, the IC will stop working. If the brownout
connection is taping from the bulk capacitor, the delay
time is too short. Therefore, it needs the brown out
detetction at the AC input (Figure 30). The Cggq is
charged up by AC line voltage through Rggo, Which is
then fed to BRL pin through a voltage divider. When the
AC voltage drops, if the BRL pin voltage is lower than
1V for 270ups, the ICE3ARxx80CJZ will go into
brownout mode. If, however, the AC line goes up again,
the BRL voltage will be larger than 1.25V and the
ICE3ARXx80CJZ will leave brown out mode and
recover to normal operation.

The brownout mode is default “ON” during the system
starts up. When the system is powered up, the bulk
capacitor and the Vcc capacitor are charged up at the
same time. When the Vcc voltage is charged to >8V,
the brownout circuit starts to operate (Figure 30). Since
the UVLO is still at low level as the Vcc voltage does
not reach the 17V UVLO “ON” voltage. The NAND gate
G20 will release a low signal to the flip flop FF2 and the
negative output of FF2 will release a high signal. Hence
it is in brownout mode during the system starts up.

Brownout
mode
s Q
R Q
FFR2
Control Unit

Figure 30  Brownout detection circuit

Once the system enters the brownout mode, there will
be no switching pulse and the IC enters into another
type auto-restart mode which is similar to the protection
auto-restart mode but the IC will monitor the BRL signal
in each restart cycle (Figure 31).

Functional Description

Brownout

v detecied Startup and detect BBL voltage
oy S v¥ N
10.5V} \/\/\/\/\
Ves t >
[ .
Figure 31 Brownout mode waveform

If the brownout feature is not needed, it needs to tie the
BRL pin to the Vcc pin through a current limiting
resistor, 5SMQ~10MQ. The BRL pin cannot be in
floating condition.

3.74 Fast AC reset

During normal operation, the ICE3ARxx80CJZ can be
latched by pulling down the BRL voltage below 0.4V for
210us. There are 2 condtions to reset the latch feature.
The first one is to pull down the Vcc voltage to below
8V. However, the Vcc drop would take quite a long time
if it is by normal AC power down. The second one is to
have a slow rise time of the BRL voltage from 0.4V to
1V for at least 450us after the BRL pin is pulled down.
This timing can be achieved by the AC recycle. And it
is also called the fast AC reset (Figure 32).

a Blanking time Latch
0. 4VO— N 210us Mode
040 ;22 Blanking time &
N a 450us G2
—
L
: b Latch
Latch I v Ot @ Reset
Erllable | Vee O—=
Signal | c11
= | 8V O+ Control Unit
|
Figure 32 Latch and fast AC reset

Figure 33 shows different latch and reset cases.

Case a : not latched (solid line); the timing below 0.4V
is 150us and is less than 210us.
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Case b : latched (dashed line); the timing below 0.4V is
450us which is larger than 210us. No latch reset as the
rise time from 0.4V to 1V is 300us which is less than the
450ps.

Case c : latched and reset (dotted line); the timing
below 0.4V is 710us which is larger than 210us. But the
rise time from 0.4V to 1V is 560us which is larger than
the latch reset blanking time of 450us.

A 15005
710us 1, 560us,

Ver > »¢ Latched and reset (c)
..... M 45005130035
Lo — K Latched (o)

-\ R m=-="" yoTT
\ k 1 . Not atched (2)
j ‘f I "'
\ [ / :
1V . +
“ K
“ K
vl .
[T K
0.4V s C
(. " K
| AR
i (UGN -
t Ll

Figure 33 Latch and fast AC reset example

Functional Description
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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.

41 Absolute Maximum Ratings

Electrical Characteristics

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
(VCC) is discharged before assembling the application circuit. T,=25°C unless otherwise specified.

Parameter Symbol Limit Values Unit Remarks
min. max.
Drain Source Voltage Vs - 800 \Y
Pulse drain current, &, limited by Tjpa, Iy pus - 1.95 A
Avalanche energy, repetitive tyg limited by Exr - 0.024 mJ
max. T=150°C"
Avalanche current, repetitive fyg limited by Iar - 0.95 A
max. T=150°C
VCC Supply Voltage Wee -0.3 27 \
FBB Voltage Vigs -0.3 55 \Y
BRL Voltage VarL -0.3 55 \
CS Voltage Ves -0.3 55 \Y
Junction Temperature T -40 150 °C Controller & CoolMOS®
Storage Temperature Tg -55 150 °C
Thermal Resistance Rinoa - 96 KW
Junction -Ambient
Soldering temperature, wavesoldering Tsold - 260 °C 1.6mm (0.063in.) from
only allowed at leads case for 10s
ESD Capability (incl. Drain Pin) Veso - 2 kV | Human body model?

" Repetitive avalanche causes additional power losses that can be calculated as Pa=Exs*f
2 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 Vee Vvecoit 24.7 \' Max value limited due to Vcc OVP
Junction Temperature of Ticon -25 130 °C Max value limited due to thermal
Controller shut down of controller
Junction Temperature of TicoolMos -25 150 °C
CoolMOS®
4.3 Characteristics
4.3.1 Supply Section

Note: The electrical characteristics involve the spread of values within the specified supply voltage and junction
temperature range T, from — 25 °C to 125°C. Typical values represent the median values, which are
related to 25°C. If not otherwise stated, a supply voltage of Vo = 17 V is assumed.

Parameter Symbol Limit Values Unit Test Condition
min. typ. max.
Start Up Current Nccstart - 210 300 pA | Vyec =16V
VCC Charge Current Noceharget - - 5.0 mA | Wyeo=0V
Ncceharge2 | 0-55 1.0 1.60 mA | Vyge=1V
Nooeharges | 0-38 0.75 - mA | Vyec=16V
Leakage Current of IstartLeak - 0.2 50 pA | Vpin = 650V
Start Up Cell and CoolMOS® at T=100°C ")
Supply Current with Nocsupt - 1.9 3.2 mA
Inactive Gate
Supply Current with Active Gate Necsupz - 3.4 4.8 mA | lgg =0A
Supply Current in Ncciateh - 420 B pA | kg =0A
Latched Off Mode with Inactive
Gate
Supply Current in Necrestart - 420 - pA | g = 0A
Auto Restart Mode with Inactive
Gate
Supply Current in Active Burst Nccburstt - 620 950 pA | Vegg=2.5V
Mode with Inactive Gate
ocourste - 620 950 BA | Ve =11.5V, Vigg =
2.5V
VCC Turn-On Threshold Viccon 16.0 17.0 18.0 \Y
VCC Turn-Off Threshold Vuccoff 9.8 10.5 11.2 \Y
VCC Turn-On/Off Hysteresis Wichys - 6.5 - \

" The parameter is not subjected to production test - verified by design/characterization
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4.3.2

Internal Voltage Reference

Electrical Characteristics

Parameter Symbol Limit Values Unit Test Condition

min. typ. max.

Trimmed Reference Voltage Vier 4.90 5.00 5.10 \ measured at pin FBB

lrgs = 0A
4.3.3 PWM Section
Parameter Symbol Limit Values Unit Test Condition

min. typ. max.

Fixed Oscillator Frequency fosct 87 100 113 kHz

fosce 92 100 108 kHz | T;=25°C

Frequency Jittering Range fiter - +4.0 - kHz T;=25°C

Frequency Jittering period Tiiter - 4.0 - ms T;=25°C

Max. Duty Cycle Dinax 0.70 0.75 0.80

Min. Duty Cycle Diin - - 0 Vigs < 0.3V

PWM-OP Gain Ay 3.17 3.25 3.33

Voltage Ramp Offset Vottset-Ramp - 0.60 - \Y

Vegg Operating Range Min VeBmin - 0.7 - \

Level

Vegg Operating Range Max VeBmax - - 4.4 \' dViense/ dt=0.134V/ps

level , limited by Comparator

c4"
FBB Pull-Up Resistor Res 9.0 15.4 22.0 kQ
Slope Compensation rate M 45 50 55 mV/us | CS=0V

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

434 Soft Start time
Parameter Symbol Limit Values Unit Test Condition
min. typ. max.
Soft Start time fss - 10 - ms
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Electrical Characteristics

4.3.5 Control Unit
Parameter Symbol Limit Values Unit Test Condition
min. typ. max.
Brownout reference voltage for Veo L 1.14 1.25 1.36 |V
comparator Cla
Brownout reference voltage for Veo e 0.91 1 1.09 |V
comparator C1b
Leakage current of BRL pin lieakage -0.5 - 0.5 HA
Blanking time to enter brownout mode |  Vgyc1p 190 270 310 |ps
Fast AC reset voltage for comparator Vioa 0.3 0.4 0.5 \
C2a
Fast AC reset voltage for comparator Vo 0.91 1 1.09 |V
C2b
Blanking time for comparator C2a Vekcea 315 450 585 |ps
Charging current to select burst mode lsel 2.8 3.5 4.2 A
Burst mode selection reference Viett 1.69 1.80 191 |V
voltage Voo 378 | 400 | 422 |v
Over Load Limit for Comparator C4 Vescs 4.40 4.50 472 |V
Active Burst Mode | 15% Py, nax Vg burstt 1.77 1.84 191 |V Vipp>Vier2
Entry level for - -
Comyparator c5 10% Pin_max Ve busie | 150 1.61 172 |V [ Viernr<Vip<Veer2
5% Pin max Veg bursts | 1.20 1.29 1.38 |V Vipp<Vrett
Active Burst Mode High Level for Vrscsa 3.35 3.50 365 |V In Active Burst Mode
Comparator C6a
Active Burst Mode Low Level for Vesceb 3.06 3.20 334 |V
Comparator C6b
Active Burst Mode Level for Vegco 3.85 4.00 415 |V
Comparator C9
Overvoltage Detection Limit for Wecove 24.7 25.5 263 |V
Comparator C2
Latch enable reference voltage for Vie 0.3 0.4 0.5 \'
Comparator C3
Built-in Blanking Time to enter Latch taK_latch 140 210 295 |ps
Mode
Thermal Shutdown” Tiso 130 140 150 [°C | Controller
Hysteresis for thermal Shutdown" Tisp_nys - 50 - °C
Built-in Blanking Time for Overload Tk - 40 - ms
Protection
Built-in Blanking Time for entering taK_purst - 20 - ms
Active Burst Mode
Spike Blanking Time for Vcc OVP tspike - 150 - us
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Electrical Characteristics

) The parameter is not subjected to production test - verified by design/characterization. The thermal shutdown
temperature refers to the junction temperature of the controller.

Note: The trend of all the voltage levels in the Control Unit is the same regarding the deviation except Vyccovp-

4.3.6 Current Limiting
Parameter Symbol Limit Values Unit Test Condition
min. typ. max.
Peak Current Limitation Visthi 0.69 0.73 0.77 " dViense/ df = 0.41V/us
Viogtno 072 | 0.76 0.80 V[ dVinee/ dt=0.134V/us

Plea_k C_urr_ent ] 27% Py max Vesth_burstt | 0-313 0.34 0.368 ) Vipo>Vei2
E'L:‘:'S‘f‘p,fo”d'g AV [ 0% Py mae | Vosn oz | 0264 | 029 | 0320 V| Vi <Vigp<Vier

1% Pin max Viosth bursts | 0-184 0.21 0.238 \ Vipo<V'ett
Leading Edge Normal mode | feg nomal - 220 - ns
Blanking Burst mode tiEB burst - 180 - ns
CS Input Bias Current Iospias -1.5 -0.2 - pA Ves =0V
437 CooIMOS® Section

Parameter Symbol Limit Values Unit Test Condition
min. typ. max.
Drain Source Breakdown Voltage Vier)Dss 800 - - Vv T.=25°C
870 - - V| T=110CY
Drain Source On-Resistance Roson - 4.70 5.18 Q T,=25°C
- 1045 | 1150 | Q |7=125°C"
- 1276 | 1404 | Q |T=150°C"
at I = 0.58A

Effective output capacitance, energy Coen) - 7.2 - pF | Vpg =0V to 480V
related
Rise Time tise - 302 - ns
Fall Time bt - 30? - 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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