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Product Highlights

9 Active Burst Mode to reach the lowest Standby PowB0 W
9 Auto Restart protectiorfor over load, over temperature and over voltage
| External auto-restartenable function
9 Built-in soft start and blankingvindow PGDSG12
9 Extendable blanking Window for high load jursp @ @ @ros
f Built-in frequency jitter and soft driving for low EMI
 GreenMold Compound
9 Pbfree lead plating; RoHS compliant
Features Applications
6506 ; P; F; H=B? L OA Builtsin Startup Cell / 3 U AQaptrEharger, Blue Ray/DVD player, $& Box, Digital
1 Active Burst Mode for lowest Standby Power Photo Frame
1 Fast load jump response in Active Burst Mode 1 Auxiliary power spply of Server, PC, Printer, TV, Home
1 65kHz internally fixed switching frequency theater/Audio System, White Goods, etc
9 Auto Restart Protection for Over load, Open Loop, VCC Undiaescrlptlon
voltage & Over voltage and Over temperature ICESRBR4765JG (ICE3RBRxx65JG series) is modified from
9 Built-in Soft Start ICE3BRxx65J iDSQ12 package. It has more robust design and
 Built-in blanking window with extendable blanking time for can work to -40 °C. The outstanding performance includes
short duration high current BiCMOS technology, active burst mode, btiift frequency jitter,
 External autorestart enable pin soft gate driving, propagation delay compensation, builh soft
1 Maximum Duty Cycle 75% start time, built-in blankingtime and extendable blanking time for
1 Overall tolerance of Current Limiting < +5% over load protection, external auteestart enable feature, etc.
9 Internal PWM Leading Edge Blanking
9 BIiCMOS technology for low power consumption and wide VCC
voltage range
f Built-in Frequency jitter andSoft gate drivefor low EMI
Typical Application
S =Sl | e
Converter
Shubb I
85... 270 VAC T G Loner .I: T [ Dcoutput
= I >0 -
¢ Fo ¢ i |
N vocY = | Drain i
l Sartup Cell 4
> Power Management Lot _@ =
=
PWM Controller
Qurrent Mode =
Precise Low Tolerance Peak oIMOS®
Qurrent Limitation
GND Gontrol Active Burst Mode
)_—_I_ unit Auto Restart Mod
L o resiant Hode ol SET®-F3R
(Jdtter Mode)
Figure 1 Typical application
Type Package Marking Vbs Fosc Rosort 230Vact15% 85-265 W&
ICERBR4763G PGDSQ12 3RBR4763G 650V 65kHz Bnxl 24W 16.5W
Liyp at T=25°C
2 Calculated maximum input power rating at¥50°C, jE125°C and without copper area as heat sink.
Data Sheet Please read the Important Notice and Warnings at #d of this document Revision 1.1

www.infineon.com 201706-13



o _.
Fixed-& L ? KO? H=SH Xp I' 6-12Padkdg8 %4 Hb CH <|nf|neon

Pin Configuration and Functionality

4;, <F? | @ #1 HN? HNM

1 Pin Configuration and FUNCLONAIILY ... e e 3
2 Representative BIOCK DIagram..........cuuiiiiiiiiiiiiiiiiis o aeeeeaaeaaaaaaaaaaaaaens 4
3 FUunctional DESCIPLION .....ccoviiiiiii i et e e s arrreeeee e e e e e eaeees .5
3.1 T 100 13 Tox 1o o S 5
3.2 POWEr MBIAGEIMENT. ... ..ot iremr e e e e e e e e e e e e ee e e r e e b mmm s e e e e e e e e e e e e e e e eeeees 6.
3.3 gl 0T go)Y=To I @A U] 5 =T 010 1Y, o Lo L= TS 7
3.3.1 PWWMOP......ceee ettt ettt et e e e e e e e s ammm ettt ettt e aeeee e e e e e ommnss s ssee ittt eeeaeeeee e e e mnnrnreneenes 8
3.3.2 T\ (@010 0] 0= = 1o ] P 8.
3.4 STAMUP PREASE ... ettt e e e e e et e e e e e e e 9
3.5 YA Y Y=o 1o o 11
351 (@ ST =1 (o PP PPP RSP 11
3.5.2 LYY I (o o T e O EPRPPR 12
3.5.3 L= L= 1Y PP PPPPPPRPP 12
3.6 (LT (=7 o o 1T 71 1] Vo PR 13
3.6.1 Leading EAge BIAnKING...........uuiiiiiiiiiii it immm e e 13
3.6.2 Propagation Delay Compensation (Patented)............uuuuiiiiiiiiccs e eemr s 14
3.7 L@ 0] 011 ] 1 o PP 15
3.7.1 Basicand Extendable Blanking MOE.............coouviiiiiiiicemieiiiiee e e 15
3.7.2 Active Burst Mode (PatENLEA)............ooiiiiiiiiiieicecece e —————— 16
3.7.2.1 Entering ACtIVE BUIST IMOGE. .........uuiiiiiiiiiei et emmm e mmmaee 16
3.7.2.2 WOorking in ACHVEBUIST MOGE. ... ..uuuuiieiiiiei i e ecme ettt eeer s e e e e e e e e e e e e 16
3.7.2.3 Leaving ACHIVE BUISt MOGE..........cooiiiiiiiiieemi ettt eeme et e emme e 17
3.7.3 g (01 (=T o 10 101V o o =PSRRI 17
3.7.3.1 Auto Restart mode with extended blanking time..............cccoiiiiiiicmii e 18
3.7.3.2 Auto Restart mode without extended blanking time............cccoo e 19
4 o =Ton (o= U O g = 1= Tod 1= ] (o= 20
4.1 Absolute Maximum RaAtINGS..........ooiiiiiiiiiiiiiieemrcccsse e s s e s e e e e e e e e e e e emme e e e e e e eeeesereeber e aaa s m——— e eeeeeeas 20
4.2 Absolute Maximum RaAtINGS..........ooiiiiiiiiiiii it eemriccs s re s e s e e e e e e e e e e e emr e e e e e e eeeesareeree e m——— e eeeeeeeas 21
4.3 (O g1 7= 1o (=] 1S 1SS PERP 21
431 ST U] 0] 0] VRS T=Tex 1o o PP P PP 21
4.3.2 INternal Voltage RETEIEINCE. .........oi it remr e emmr e e e 22
4.3.3 YA Y=o 1o o S 22
4.3.4 Y0 1S} = T 1] 0 = P EERPRPR 22
4.3.5 L0707 o1 10 10 o 23
4.3.6 LOLU T4 (=T o] T3 11T Vo T 23
4.3.7 B 1 F- 7 3HL.3 2. m NG Ha e errrr e 24
5 #1 1 F-/ 3H 0?L@ LG; H=2..#£B.,.L..s N2LCMNC=M. ... 25
6 INPUL POWET CUIVE ... s e aaanaes 27
7 L@ 10 11 T =2 I 10 0= ] o] o P 28
8 =V 2T T 29
9 Schematic for recommended PCB layOut...............ccccciiiiiiiins i e, 30
REVISION HISTOTY ..ottt e eeeeeeeeaaeaaaaaaaaaaaaaaaaaaaes  tetteessassssnseesennenenees 31
Data Sheet 2 Revision 1.1

201706-13



o _.
Fixed-& L ? KO? H=SH Xp I' 6-12Padkdg8 %4 Hb CH <|nf|neon

Pin Configuration and Functionality

1 OCH #1 H@CAOL: NCIH ;: H> &OH=NCI
Table 1 Pin definitions and functions

Pin Symbol Function

1,9,10 |N.C Not Connected

2 BA BA (extended Blanking & Auterestart enable)

The BA pin combinethe functions of extendable blanking time for over load protection an
the external auterestart enable. The extendable blanking time function is to extend the
built-in 20 ms blanking time by adding an external capacitor at BA pin to ground. The
externalauto-restart enable function is an external access to stop the gate switching and
force the IC enter autoestart mode. It is triggered by pulling down the BA pin to less than
0.33V.

3 FB FB (Feedback)

The information about the regulation is provided kthe FB Pin to the internal
Protection Unit and to the internal PWi@omparator to control the duty cycle. The FB
Signal is the only control signal in case of light load at the Active Burst Mode.

4 CS CS (Current Sense)

The Current Sense pin senses the voltage developed on the series resistor inserted in tt
source of the integratedCoolMOS"If voltage in CS pin reaches the internal threshold of tt
Current Limit Comparator, the Driver output is immediately switched &feirthermore the
current information is provided for the PWA@omparator to realize the Current Mode.
5,6,7,8 | Drain Drain (Drain of 650V integrated CoolMOSH)

Drain pinsare connected tothe Drain of integrated CoolMG6

11 VCC VCOPower supply)
VCC pin is the positive supply of the IC. The operating range is betwegpand Vccove
12 GND GND (Ground)

This is the common ground of the controller.

N.C [T 1 12 |[1J GND
[

BA M| 2 11 (@ vcc

FB [| 3 10 ([@ N.C

cs M| a4 9 |[D N.C.

Drain [(IJ| 5 8 |[1] Drain

Drain [T] 6 7 [T] Drain

Figure 2 Pin configuration PGDSO12(top view)

lat T=110°C
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Functional Description

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

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 aye considered.

3.1 ) HNLI >O0=NCI H

ICE3RBR4765JG (ICE3RBRxx65JG series) is derived from ICE3BRxx65J. It has more robust design and can wo
to -40°C.

A high voltage Startup Cell is integrated into the IC which is switched off once the Undervoltage Lockeut on
threshold of 18 V is exceeded. This Startup Cell is part of the integrated Cod¥De 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 undeght load conditions drastically.

The particular features are the active burst mode, propagation delay compensation, modulated gate driving,
auto-restart protection for Vcc overvoltage, over temperature, over load, open loop, builsoft start, blankng
window and frequency jitter. It provides the flexibility to increase the blanking window by simply addition of a
capacitor in BA pin. In order to further increase the flexibility of the protection feature, an external-aestart
enable feature is adde.

The intelligent Active Burst Mode can effectively obtain the lowest Standby Power at light load and no load
conditions. After entering the burst mode, there is still a full control of the power conversion to the output
through the optocoupler, that is ged for the normal PWM control. The response on load jumps is optimized
and the voltage ripple on Vout is minimized. The Vout is on well controlled in this mode.

The usually external connected Rilter in the feedback line after the optocoupler is integied in the IC to
reduce the external part count.

Adopting the BICMOS technology, it can increase the design flexibility as the Vcc voltage range is increased to
25 V.

It has a builtin 20 ms soft start function.

There are 2 modes of blanking time for higgad jumps; the basic mode and the extendable mode. The
blanking time for the basic mode is set at 20 ms while the extendable mode will increase the blanking time by
adding an external capacitor at the BA pin in addition to the basic mode blanking timeirguhis blanking

time window the system can give the maximum power to the loading.

In order to increase the robustness and safety of the system, the IC provides Auto Restart protection. The Auto
Restart Mode reduces the average power conversion to a mimn level under unsafe operating conditions.

This is necessary for a prolonged fault condition which could otherwise lead to a destruction of the SMPS over
time. Once the malfunction is removed, normal operation is automatically retained after the nextt&ia

Phase. To make the protection more flexible, an external avéstart enable pin is provided. When the pin is
triggered, the switching pulse at gate will stop and the IC enters the awgstart mode after the predefined

spike blanking time.

The intenal precise peak current control reduces the costs for the transformer and the secondary diode. The
influence of the change in the input voltage on the maximum power limitation can be avoided together with
the integrated Propagation Delay Compensation. diefore the maximum power is nearly independent on the
input voltage, which is required for wide range SMPS. Thus there is no need for thesizneg of the SMPS, e.g.
the transformer and the output diode.

Furthermore, it implements the frequency jitter wde to the switching clock such that the EMI noise will be
effectively reduced.

Data Sheet 5 Revision 1.1
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Functional Description

3.2 01 Q?L -; H; A2G?HN

Sartup Cell

)
N

L
A Depl. / 22fa h{n

Power Management

|le—— Undervoltage Lockout
|~ J]_ 18V
10.5V

Y

Power-Down Reset Voltage —O 5.0v

Reference
Auto Restart

Mode

Internal Bias

Soft Sart block

Active Burst Mode

Figure 4  Power Management

The Undervoltage Lockout monitors the external supply voltagedWhen the SMPS is plugged to the main

line the internal Startup Cell is biased and starts to charge the external capaciteevhich is connected to the
VCC pin. This VCC charge current is controlled to 0.9 mA by the Startup Cell. Whegtixedéds the on
threshold Wccor18 V the bias circuére 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 switclon, a hysteresis start up vaige is implemented. The switebff of the
controller can only take place whenytfalls below 10.5 V after normal operation was entered. The maximum
current consumption before the controller is activated is about 150 mA.

When Vcfalls below the offthreshold Vccoi10.5 V, the bias circuit is switched off and the soft start counter is
reset. Thus it is ensured that at every startup cycle the soft start starts at zero.

The internal bias circuit is switched off if Auto Restart Mode is entered. The cuc@mumption is then
reduced to 150mA.

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

When Active Burst Mode is entered, the internal Bias isdwdt off most of the time but the Voltage Reference
is kept alive in order to reduce the current consumption below 450 mA.

Data Sheet 6 Revision 1.1
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Functional Description

3.3 ) GILI P?2> #OLL?HN -1 >°?
Soft-Sart Comparator
A
FBt| = PWM-Latch
:lcg T
1 b2 Driver
S Q
O.GNM,
PWM OP
> CS
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Qurrent Mode

Figure 5 Current Mode

Current Mode means the duty cycle is controlled by the slope & phimary current. This is done by comparing
the FB signal with the amplified current sense signal.

Amplified Qurrent Sgnal
A

]

(a4

|
I
(
|
|
|
|

T T

__I_____\_____
-

Figure 6 Pulse Width Modulation

In case the amplified current sense signal exceeds the FB signal thina To, of the driver is finished by
resetting the PWM_.atch figure 6.

The primary current is sensed by the external series resist@rsRnserted in the source of th 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 the line variation, which controls the duty cycle.

The external RSense allows ardimidual adjustment of the maximum source current of the integrated
CoolMOS".

To improve the Current Mode during light load conditions the amplified current ramp of the P@RVis
superimposed on a voltage ramp, which is built by the switch T2, the vadtagurce V1 and a resistor RAigure
7). Every time the oscillator shuts down for maximum duty cycle limitation the switch T2 is close@dyWhen
the oscillator triggers the Gate Driver, T2 is opened so that the voltage ramp can start.

In case of light load the amplified current ramp is too small to ensure a stable regulation. In that case the
Voltage Ramp is a well defined signal for the comparison with theskfal. The duty cycle is then controlled
by the slope of the Voltage Ramp.

By means of the time delay circuit which is triggered by the invertedcsignal, the Gate Driver is switcheaff
until it reaches approximately 156 ns delay timeigure §. It allows the duty cycle to be reduced continuously
till 0% by decreasing Mbelow that threshold.

Data Sheet 7 Revision 1.1
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Functional Description

Soft-Sart Comparator
A PWM Gomparator
B e— >
a3
(Oscillator ) +~" PWM-Latch
Voo
> > A time delay
1 M circuit (156ns) W
0.67V
10kW
T, R v ‘a
1
PWM OP
G \
Voltage Ramp
Figure 7 Improved Current Mode
VOSC
— max. L
Duty Cycle
Voltage Ramp t
A
0.67V
FB
Gate Driver t
> 4‘_156nsnme delay
t

Figure 8 Light Load Conditions

3.3.1 07-/0

The input of the PWNDP is applied over the internal leading edge blanking to the external sense resistes R
connected to pin CS. fs.converts the source current into a sense voltage. Theseroltage is amplified with
a gain of 3.3 by PWM OP. The output of the P@AMs connected to the voltage source Yhe voltage ramp
with the superimposed amplified current signal is fed into the positive inputs of the RP@dparator C8 and
the SoftStart-Comparator Figure 7.

3.3.2 O7-#1 GJ; L; NIL

The PWMComparator compares the sensed current signal of the integrated CoolM@$h the feedback
signal \ig(Figure 9. \fgis created by an external optocoupler or external transistor in combination with the
internal pull-up resistor Rsand provides the load information of the feedb&aircuitry. When the amplified
current signal of the integrated CoolM®&:xceeds the signalsy, the PWMComparator switches off the Gate
Driver.

Data Sheet 8 Revision 1.1
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Functional Description

5V
Soft-Sart Comparator

A

:' M»Latch

PWM Comparator

Optocouplerl ENNIGE

|
|
|
|
: Improved
|
|

Qurrent Mode

Figure 9  PWM Controlling

3.4 3N; LNOJ 0B; M?

Soft Sart counter

v

Soft Sart

SftS

Soft Sart

Soft-Sart

Comparator
- Gate Driver
(o4 & .y
L
G7

Soft Sart finish

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 budin function and it is controlled by an internal counter.

vcc

VCConp— — — — —,

VSRC

VSRC2
VSRC1

ton tp1 tp2 t

Figure 11 Soft Start Phase

Data Sheet 9 Revision 1.1
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Functional Description

When the Vccexceeds the orthreshold voltage, the IC starts the Soft Start modédure 1).

The function is realized by an internal Soft Start resistoguarent sink and a counter. And the amplitude of the
current sink is controlled by the countelF{gure12).

Soft Sart |32 8l 4 2l
Counter

Figure 12 Soft Start Circuit

Afterthe IC is switched on, thesMrsvoltage is controlled such that the voltage is increased stefsely (32

steps) with the increase of the counts. The Soft Start counter would send a signal to the current sink control in
every 60Qus such that the currensink decrease gradually and the duty ratio of the gate drive increases
gradually. The Soft Start will be finished in 285 (Tsorestart) after the IC is switched on. At the end of the Soft Start
period, the current sink is switched aff

v

Gate
Driver

HISI]

Figure 13 Gate drive signal under SoftStart Phase

“ v

Within the soft start period, the duty cycle is increasing from zero to maximum graduBityufe 13.

In addition to StartUp, SoftStart is also activated at each restart attempt during Auto Restart

Data Sheet 10 Revision 1.1
201706-13
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Functional Description

Vatts

A P Toot-gan
<

\4

Veorrss
e

./4

e 4

i 4

TSan—Up

i 4

Figure 14 Start Up Phase

The StartUp time Tswrupbefore the converter output voltage d4ris settled, must be shorter than the Se8tart
Phase TForsiwart (Figure 13.

By means of Sofftart there is an effective minimization of current and voltage stresses on the integrated
CoolMOS, the clamp circuit and the output overshoot and it helps to prevent sation of the transformer
during StartUp.

3.5 07- 3?=NCIH

0.75

L
I

PWM Section

Oscillator

L

Duty Cycle
max

=

Jock

Frequency
Jtter

A

Sbl;tl an

ocl

Sft Sart L0 i Gate Driver

Cbn:l)va':/lator _I 8 oH ;

Comparator i ———C _‘
Qurrent

Limiting

QolMOS’
Gate

Figure 15 PWM Section Block

3.5.1 /| M=CFF; NI L

The oscillator generates a fixed frequency of 65 kHz with frequency jittering of +4% (which is £2.6 kHz) at a
jittering period of 4 ms.

A cagacitor, a current source and current sink which determine the frequency are integrated. In order to
achieve a very accurate switching frequency, the charging and discharging current of the implemented

Data Sheet 11 Revision 1.1
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Functional Description

oscillator capacitor are internally timmed. The ratiof controlled charge to discharge current is adjusted to
reach a maximum duty cycle limitation of [2=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 contraignal from the Soft Start block. Then the switching frequency is varied in
range of 6%Hz + 2.&kHz at period of 4 ms.

3.5.2 07- ; N=B &&r

The output of the oscillator block provides continuous pulse to the PW&tch which turns on/off the
integrated CoolMOBLAfter the PWM._atch is set, it is reset by the PWM comparator, the Soft Start comparator
or the CurrentLimit comparator. When it is in reset mode, the output of the driver is shut down immediately.

3.5.3 "y N? $LCP?L
wﬂmal @
Gate ‘
@olMOos®

Figure 16 Gate Driver

The driverstage is optimized to minimize EMI and to provide high circuit efficiency. The switch on speed is
slowed down before it reaches the integrated CoolM&@isirn on threshold. That is a slope control of the rising
edge at the output of the driverHigure 17.

(internal)
Veate A

—

- J(* ca t =130ns
5V

v

Figure 17 Gate Rising Slope
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Functional Description

3.6 #OLL?HN , CGCNCHA
PWM Latch
FFL
“ A Qurrent Limiting
Propagation-Delay
o Compensation
- -l-O Vesin
c10 Leading
+ Edge [ |
PMOP & — 1 Hza;(;(.;r;g
& +
— | Glo <
-FO o034v

1pF
Active Burst 10k 2

Mode D1

Figure 18 Current Limiting Block

There is a cycle by cycle peakreent limiting operation realized by the Curredtimit comparator C10. The
MI OL=? =OLL?HN | @ NB? CHN?AL; N?> #1 dnk By medts oCRAthEI? HM?
source current is transformed to a sense voltaga\which is fal into the CS pin. If the voltagesds.exceeds
the internal threshold voltage M, 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 dowd Bf? CHN? AL ; N? >
with very short propagation delay. Thus the influence of the AC input voltage on the maximum output power
can be reduced to minimal.

In order to prevent the current limit from distortions caused by leading edge spikes, a Leading Bthnking is
integrated in the current sense path for the comparators C10, C12 and the M

The output of comparator C12 is activated by the Gate G10 if Active Burst Mode is entered. When it is activated,
the current limiting is reduced to 0.34 V. Thigltage level determines the maximum power level in Active Burst
Mode.

3.6.1 , 2, >CHA %>A? "F; HECHA

VSense

A
Vesth

tim=220ns

—> | —

e 4

Figure 19 Leading Edge Blanking

Whenever the integrated CoolM®Ss switched on, a leading edge spike is generated due to the prirstg
capacitances and reverse recovery time of the secondargle 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 tg= 220ns.
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Functional Description

3.6.2 OLI J; A; NCIH $?F; S #1 GJ?HM; NCI H ©J;

In case of ovecurrent detection, there is always propagation delay to switch off the integrated CoolMO$h
overshoot of the peak current Ipeak is induced to the delay, which depends on the ratili/df of the peak
current (Figure 20.

‘ ------- Sgnal2  — Sgnall ‘

Isense thropagation Delay
Ipeakz A ¢ lovershoot2 —>» <T
Ipeakl /"0 *

Iiimit T *

IOvershoot 1

\4

Figure 20 Current Limiting

The overshoot of Signal2 is larger than of Signall due to the steeper rismgform. This change in the slope
depends 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 s and the switching off of the integrated CoolM®$ compensated over temperature within a

wide range. Current Limiting is then very accurate.

For example,pbac= 0.5A with Rense= 2. The current sense threshold is set to a static voltage lexgEVV
without Propagation Delay Compensation. A current ramp of dl/dt = Alds, or d¥ensddt = 0.8V/us, and a
propagation delay time of gopagation pela=180NS leads to an Ipeak overshoot of 14.4%. With the propagation
delay compensation, the ouweshoot is only around 2%Hjgure 2).
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Figure 21 Overcurrent Shutdown

The Propagation Delay Compensation is realized by means of a dyntmeshold voltage Vs (Figure 23. In
case of a steeper slope the switch offthe driver is earlier to compensate the delay.

Data Sheet 14 Revision 1.1
201706-13



o _.
Fixed-& L ? KO? H=SH Xp I' 6-12Padkdg8 %4 Hb CH <|nf|neon |

Functional Description
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Figure 22 Dynamic Voltage Threshold s

3.7 #1 HNLI F 5HCN

The Control Unit contains the functions for Active Burst Mode and Auto Restart Mode. The Active Burst Mode
and the Auto Restart Mode both have 26 internal Blanking Time. For the Auto Restart Mode, a further
extendable Blanking Time is achieved by adding external capacitor at BA pin. By means of this Blanking Time
the IC avoids entering into these two modes accidentally. Furthermore that buffer time for the overload
detection is very useful for the application thhavorks in low current but requires a short duration of high

current occasionally.

3.7.1 ", MC= ; H> %RN?H>; <F? "F; HECHA - |

Auto
Restart
Mode
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& [ Blanking
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Active

Gs )| Burst
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Qontrol Unit

Figure 23 Basic and Extendable Blanking Mode

There are 2 kinds of Blanking mode; basic mode and the extendable mdde.basic mode is just an internal
set 20ms blanking time while the extendable mode has an extra blanking time by connecting an external
capacitor to the BA pin in addition to the preet 20ms blanking time. For the extendable mode, the gate G5 is
blocked even though the 2@ns blanking time is reached if an external capacita@ added to BA pin. While
the 20ms blanking time is passed, the switch S1 is opened by G2. Then thedla®nped voltage at BA pin is
charged to 4.0/ through the internalgk constant current. G5 is enabled by comparator GSter the 30 us spike
blanking time, the Auto Restart Mode is activated.

For example, if gx= 0.22 uFgk= 13 pA
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Functional Description
Blanking time = 20 ms +skX (4.0-0.9) / k=72 ms
In order to make the startup propdy, the maximum Gk capacitor is restricted to less than 0.65 pF.

The Active Burst Mode has basic blanking mode only while the Auto Restart Mode has both the basic and the
extendable blanking mode.

3.7.2 '=NCP? " OLMN -1>? ©J; N?7HN?>6e

The IC enters Active Burstode under low load conditions. With the Active Burst Mode, the efficiency increases
significantly at light load conditions while still maintaining a low ripple on VOUT and a fast response on load
jumps. During Active Burst Mode, the IC is controlled by BB signal. Since the IC is always active, it can be a
very fast response to the quick change at the FB signal. The Start up Cell is kept OFF in order to minimize the
power loss.The Active Burst Mode is located in the Control URigure 24shows the related components.

Internal Bias
N Qurrent
Limiting
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Figure 24 Active Burst Mode
3.7.2.1 %HN? LCHA ! =NCP? " OLMN -1 >7?

The FB signal is kept monitoring by the comparator C5. During normal operation, the internal blanking time
counter is reset to 0. Once the FB signal falls below 1.35 V, it starts to count. When the counter reach 20 ms and
FB signal is still below 1.35 Wet 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 approximately 450 pA.

It needs the application to enforce the VCC voltage above the Undervoltage Lockout level of 10.5 V such that
the Startup Cell will not be switched on accidentally. Or otherwise the power loss will ineeliastically. 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.

3.7.2.2 7l LECHA CH ! =NCP? " OLMN -1 >7?

After entering the Active Burst Mode, the FB voltage rise84arstarts to decrease, which is due to the inactive
PWM section. The comparator C6a monitors the FB signal. If the voltage level is larger than 3.5 V, the internal
circuit will be activated; the Internal Bias circuit resumes and starts to provide skiig pulse. In Active Burst
Mode the gate G10 is released and the current limit is reduced to 0.34 V, which can reduce the conduction loss
and the audible noise. If the load atWis still kept unchanged, the FB signal will drop to 3.0 V. At this lewel t

C6b deactivates the internal circuit again by switching off the internal Bias. The gate G11 is active again as the
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Functional Description

burst flag is set after entering Active Burst Mode. In Active Burst Mode, the FB voltage is changing like a saw
tooth between 3.0 V and B.V Figure 25.

3.7.2.3 ?, PCHA ! =NCP? " OLMN -1>7

The FB voltage will increase immediately if there is a high load jump. This is observed by the comparator C4.
Since the arrent limit is app. 34% during Active Burst Mode, it needs a certain load jump to rise the FB signal to
exceed 4.0 V. At that time the comparator C4 resets the Active Burst Mode control which in turn blocks the
comparator C12 by the gate G10. The maximauanrent can then be resumed to stabilize the )

Vs Entering . .
) Leaving Active
A f/lc(t)z/: Burst Burst Mode
4.0V
3.5V
3.0V
1.35v -
h >
Blanking Timer t
20ms Blanking Time
>
| >
Ves A t
Qurrent limit level during
1osv Active Burst Mode
0.34v
VvocA t
10.5v
>
lvec A t
N J-I_I.I_’UI_I-I_’I_I-I_”_’IJ/
450uA .
>
VourA t
>
t
Figure 25 Signals in Active Burst Mode
3.7.3 OLI N?=NCIH -1>7?M

The IC provides Auto Restart Mode as the protection feature. Auto Restart mode can prevent the SMPS from
destructive states. Théollowing table shows the relationship between possible system failures and the
corresponding protection modes.
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Functional Description

Before entering the Auto Restart protection mode, some of the protections can have extended blanking time to
delay the protection and some needs fast react and will go straight to the protection. Overload and open loop
protection are the one can have extended blanking time whileGOvervoltage, Over temperature,GC
Undervoltage, short optecoupler and external auto restart enable will go taqtection right away.

Table 2 Protection functions
Protection function | Failure condition Protection Mode
VCC Overvoltage 1.Mec> 20.5V & FB >¥ & during soft start period & last for 38 Auto Restart
2. Mec> 25.5V & last for (120+3@s (inactivated during burst
mode)
Overtemperature T,> 140xC & last of 3Qs Auto Restart
(controller junction)
OverloadOpen Loop | ks> 4V & last for 20ms &A% 4.0V & last for 3Qis AutoRestart
(extended blanking time counted from charging:Mrom 0.9 V to
40V)
VCC Undervoltage | Vcc< 10.5V & last for 1@ns + 3Qus Auto Restart
Short Optocoupler
Auto restart enable | Vea< 0.33V & last for 30s Auto Restart

After the system enters the Autestart mode, the IC will be off. Since there is no mewgtching, the \CC

voltage will drop. When it hits the Vcc turn off threshold, the start up cell will turn on and the Vcc is charged by
the startup cell current to ZCturn on threshold. The IC is on and the startup cell will turn off. At this stage, it
will enter the startup phase (soft start) with switching cycles. After the Start Up Phase, the fault condition is
checked. If the fault condition persists, the IC will go to auto restart mode again. If, otherwise, the fault is
removed, normal operation is reumed.

3.7.3.1 ' ONI 2?2MN; LN GI >? QCNB ?RN?H>?> <F

Auto
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Figure 26 Auto Restart Mode

In case of Overload or Open Loop, the FB exceed¥ 4bich will be observed by comparator C4. Then the
internal blanking counter starts to count. Whenriéaches 20ns, the switch S1 is released. Then the clamped
voltage 0.9V at ¥acan increase. When there is no external capacitgg &nnected, the Yawill reach 4.0v
immediately. When both the input signals at AND gate G5 is positive, the Auto R&&bae will be activated

after the extra spike blanking time of 3@ is elapsed. However, when an extra blanking time is needed, it can be

Data Sheet 18 Revision 1.1
201706-13



o _.
Fixed-& L ? KO? H=SH Xp I' 6-12Padkdg8 %4 Hb CH <|nf|neon |

Functional Description

achieved by adding an external capacitorgdCA constant current source ofdwill start to charge the capacitor
Gekfrom 0.9V to 4.0V after the switch S1 is released. The charging time fromMXt® 4.0V are the extendable
blanking time. If Gcis 0.22uF and é«is 13pA, the extendable blanking time is around B2 and the total
blanking time is 72ns. In combinng the FB and blanking time, there is a blanking window generated which
prevents the system to enter Auto Restart Mode due to large load jumps

3.7.3.2 I ONI 2?2MN; LN GI >? QCNBI ON ?RN?H>?>
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Figure 27 Over load, open loop protection

There are 2 modes of VCC overvoltage protection; one is during soft start and the other is at all conditions.
The first one is ¥cvoltage is > 20.% and FB is > 4\0and during sofstart period and the IC enters Auto Restart
Mode. The VCC voltagedbserved by comparator C1 and C4. The fault conditions are to detect the abnormal
operating during start up such as open loop during light load start up, etc. The logic can eliminate the possible
of entering Auto Restart mode if there is a small voltagemhoots of Vccduring normal operating.

The 2nd one isWc>25.5V and last for 12Q0s and the IC enters Auto Restart Mode. This 28/ 6COVP

protection is inactivated during burst mode.

The Thermal Shutdown block monitors the junction temperature thie IC. After detecting a junction
temperature higher than 130C, the Auto Restart Mode is entered.

In case the pradefined autorestart features are not sufficient, there is a customer defined external Atgstart
Enable feature. This function can bedggered by pulling down the BA pin to < 0.83It can simply add a trigger
signal to the base of the externally added transistoge @t the BA pin. When the function is enabled, the gate
drive switching will be stopped and then the IC will enter autestart mode if the signal persists. To ensure this
auto-restart function will not be mistriggered during start up, a ins delay time is implemented to blank the
unstable signal.

VCC undervoltage is thel¥voltage drop below Vcc turn off threshold. ThenghC will turn off and the start up
cell will turn on automatically. And this leads to Auto Restart Mode.

Short Optocoupler also leads to VCC undervoltage as there is no self supply after activating the internal
reference and bias.

Data Sheet 19 Revision 1.1
201706-13










































