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1 Introduction

The CooISET® - F3(Jitter Version), ICE3Bxx65J(G) is the further development of the third generation
CoolSET® -F3 with a frequency jitter feature for better EMI and BiCMOS technology to provide a wider Vcc
operating range and a lower controller power consumption. The switching frequency is running at 67 kHz
and it targets for DVD player, set-top box, portable game console, white goods, smart meter, auxiliary power
supply for server/PC, etc.

This application note provides detail functional description of the new features. The description of all other
functions and calculations are shown in the datasheet as well as in the application note “AN-PS0076”.

2 List of Features

650V Avalanche Rugged CoolMOS® with built in 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 Detection

Auto Restart Mode for Over voltage Detection

Auto Restart Mode for Over load and Open Loop

Auto Restart Mode for VCC Under voltage

User defined Soft Start

Minimum of external Components required

Max Duty Cycle 75%

Overall Tolerance of Current Limiting < £5%

Internal Leading Edge Blanking

BiCMOS technology provides wide VCC Range

Frequency Jittering for Low EMI

Application Note 5 2013-03-19
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ICE3Bxx65J(G)
The package for F3(Jitter Version) ICE3Bxx65J product is DIP-8.

Pin Name Description
8 }l GND

1 SoftS Soft-Start
; }I vee 2 FB Feedback

3 cs Current Sense/650V CoolMOS® Source
6 }u N.C 4 Drain 650V" CoolMOS® Drain

5 Drain 650V! CoolMOS” Drain
5 ::] Drain

6 N.C Not Connteced

7 VCC Controller Supply Voltage

8 GND Controller Ground

Figure 1

The package for F3(Jitter Version) ICE3Bxx65JG product is DSO-16/12

Pin configuration - ICE3Bxx65J

NC ] 1
o

Softs[M]| 2

FB [I]| 3

cs M| a4

Drain [T]| 5

Drain [T]| ¢

12

11

10

M GND

M vce

[T] Drain

[T] Drain

Figure 2

Pin configuration - ICE3Bxx65JG

! at T=110°C

Application Note

Pin Name Description
1 N.C. Not Connected
2 SoftS Soft-Start
3 FB FeedBack
4 Cs Current Sense/650V CoolMOS® Source
5 Drain 650V* CoolMOS® Drain
6 Drain 650V* CoolMOS® Drain
7 Drain 650V* CoolMOS® Drain
8 Drain 650V* CoolMOS® Drain
9 N.C. Not Connected
10 N.C. Not Connected
11 VCC Controller Supply Voltage
12 GND Controller Ground
6 2013-03-19
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Block Diagram
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Block Diagram of ICE3Bxx65J(G)
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Typical Application Circuit
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6 Functional description and component design
6.1 Startup time

Startup time is counted from applying input voltage to IC turn on. ICE3Bxx65J(G) has a startup cell which is
connected to input bulk capacitor. When there is input voltage, the startup cell will act as a constant current
source to charge up the Vcc capacitor and supply energy to the IC. When the Vcc capacitor reaches the
Vcce_on threshold 18V, the IC turns on. Then the startup cell is turned off and the Vcc is supplied by the
auxiliary winding. Start up time is independent from the AC line input voltage and it can be calculated by the
equation (1). Figure 4 shows the start up time of 85Vac line input.

Vyccon X Cyec
Lsiareup = €))
IVCCcharge

: 0.965mA (average current of lyccchargez @Nd lvcccharges)
Vvecon . IC turns on threshold ( 18V)
Cvcce : Vcc capacitor

Please refer to the datasheet for the symbol used in the equation.

Where, IVCCcharge

Channel 1; C1:
Channel 2; C2:
Channel 3; C3:
Channel 4; C4 .

Drain voltage (Vp)

Supply voltage (Vcc)
Feedback voltage (Vrg)
Soft Start voltage ( Vsotts )

Measured startup time = 490ms

Tmebase -208 g (Trigger 1
1.00MS 1.0M3isJEdge  Positive)
Xl= -1944ms &%= 480767 ms
X2= 488823ms 1/A%= 2037627 Hz

s |
@ 77” 100u V (ot
| .0 Vidiy 1
1 88V B2mviL
T 1193v|r 18.156 V|1
& 1126 VAay 18094 VAdy

Figure 5

The start-up time at AC line input voltage of 85Vac

Pre-caution : For a typical application, start up should be VCC ramps up first, other pin (such as FB pin)
voltage will follow VCC voltage to ramp up. It is recommended not to have any voltage on other
pins (such as FB; SoftS and CS) before VCC ramps up.

6.2 Soft Start

When the IC is turned on after the start-up time, the soft start capacitor at pinl, Csotts is immediately charged
up to approximately 0.8V and from this point IC starts switching. The soft start voltage Vsotis is generated by
Csofts and the internal pull up resistor Rsoits. The duty cycle of the gate drive is determined by the Vsotts during
the soft start phase, which is terminated when Vsotis reaches 3.1V. Afterward, IC goes into normal mode and
the duty cycle is dependent on the FB signal. The duration of the soft start can be estimated by the equation
(2). Figure 6 shows the soft start behaviour at 85VAC input and full load. It can be seen that the primary peak
current follows Vsst voltage and slowly increase to the maximum. The soft start time is approximately
35.6ms.

5-3.1

tss = Csofes X Rgopes X In =0.793 X Cgoft5 X Rgofes (2)

where, Rsoiis : internal soft start resistor (45kQ)
Cesofts : Soft start capacitor

Application Note 9 2013-03-19
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Channel 1; C1: Current sense voltage (Vcs)
Channel 2; C2 : Supply voltage (Vcc)
Channel 3; C3 : Feedback voltage (Veg)
Channel 4; C4 : Soft Start voltage ( Vsotts )

Soft Start time = 35.6ms

e e weei | Soft start @ Vin=85Vac & max. load

Figure 6  Soft start at AC line input voltage of 85 Vac & full load
6.2.1 Vcc capacitor
The minimum value of the Vcc capacitor is determined by voltage drop during the soft start time. The formula

is expressed in equation (3).

_ 1 VCCsup_g_max X tSS 2

Cyce = X = 3
vece VVCChys 3 €)
where, lvcesup g max . supply current with active gate ( 3.6mA)
tss . soft start time ( 35.6ms)
Veenys - Vcc turn-on/off hysteresis voltage ( 7.7V )

Therefore, the minimum Vcc capacitance can be 11.09uF. In order to give more margins, 22ufF is taken for
the design. The startup time tsunup iS then 0.41s. The measured start up time is 0.49s (Figure 5). A 0.1uF
filtering capacitor is always needed to add as near as possible to the Vcc pin to filter the high frequency
noise.

6.3 Low standby power - Active Burst Mode

The IC will enter Active Burst Mode function at light load condition which enables the system to achieve the
lowest standby power requirement of less than 100mW. Active Burst Mode means the IC is always in the
active state and can therefore immediately response to any changes on the FB signal, Veg.

6.3.1 Entering Active Burst Mode

Because of the current mode control scheme, the feedback voltage Vrs actually controls the power delivery
to output. When the output load is getting lower, the feedback voltage Vrs drops. If it stays below 1.35V for a
timeframe set by the blanking time, the IC enters into the burst mode operation. The threshold power to enter
burst mode is:

Prret enter = 3 % Lp x (205 Ltex-tmp o @
where, L, : transformer primary inductance

Vegscs : feedback level to enter burst mode (1.35V)

VMax-Ramp : voltage ramp offset (0.6V)

fs : switching frequency

Ay : PWM OP gain (3.2)

Res : current sense resistor

Application Note 10 2013-03-19



o~ _. ICE3Bxx65J(G)

Infineon
=

Figure 7 shows the waveform with the load drops from nominal load to light load. After the 21ms blanking
time IC goes into burst mode. The blanking time to enter burst mode is:

5-34
tblanking = CSoftS X RSoftS X ln? =0.47 x CSoftS X RSoftS (5)
where, Rqoiis : internal soft start resistor (45kQ)
Csoits . Soft start capacitor

Channel 1; C1 : Drain voltage (Vp)
Channel 2; C2 : Feedback voltage (Vgs)
Channel 3; C3: Soft Start voltage ( Vsotts )
Channel 4; C4 : Output voltage ( Vo)

e Entering Active Burst mode with blanking time
X oc21stoms when load changes from full to light @ Vin=85Vac

¥o= 2824 ps 1= -455755 He

Figure 7  Entering active burst mode

6.3.2 Working in Active Burst Mode

In the active burst mode, the IC is constantly monitoring the output voltage by feedback pin, Vgg, which
controls burst duty cycle and burst frequency. The burst “ON” starts when Vg reaches 3.61V and it stops
when Vg is dropped to 3V. During burst “ON”, the primary current limit is reduced to Vcs2 ( 32% of maximum
peak current ) to reduce the conduction losses and to avoid audible noise. The FB voltage is swinging like a
saw tooth between 3V and 3.61V. The corresponding secondary output ripple (peak to peak) is controlled to
be small. It can be calculated by equation (6).

Rpio X AVﬂ, )

V.. .. =
out.ripplepp Ry X Gopro X Grpazy

where, Ropo :series resistor with opto-coupler at secondary side (e.g. Rc6 in Figure 4)
Ry :IC internal pull up resistor connected to FB pin (Ry,=14KQ)
Gopto :current transfer gain of opto-coupler

Grss1 :voltage transfer gain of the loop compensation network (e.g. Rcl, Rc2, Rc3, Rc4, Rc5, Rc6,
Ccl, Cc2in Figure 4)

AV : feedback voltage change (0.61V)
Figure 8 is the output ripple waveform of the 12W 5V demo board. The burst ripple voltage is about 19mV.

Channel 1; C1: Drain voltage (Vp)
Channel 2; C2 : Feedback voltage (Veg)
Channel 4; C4 : Output ripple voltage (Viippie_pk_pk )

Viipple_pk_pk=60mV

Probe terminal end with decoupling capacitor of
0.1uF(ceramic) & 1uF(electrolytic), 20MHz filter

R Output ripple voltage @ 85Vac and 0.5W load

Figure 8  Output ripple during Active Burst Mode at light load

Application Note 11 2013-03-19
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6.3.3 Leaving Active Burst Mode

When the output load increases to be higher than the maximum exit level of burst mode, Vq will drop a little
and Ve Will rise up fast to exceed 4.5V. The system leaves burst mode immediately when Vg reaches 4.5V.
Once system leaves burst mode, the current sense voltage limit is set to V¢qn=1.06V & the feedback voltage
Ve swings back to the normal control level.

The leaving burst power threshold (i.e. maximum power to be handled during burst operation) is expressed
in equation (7). However, the actual power can be higher as it would include propagation delay time.

Voo
CS
Pburst_leave =0.5X%Lp X<R ) X fs
[}
2
|4 2 Vcsth
=0.5xL x(Lx— xf
i Vcsth RCS 3
Ves2
= (ﬁ)z X Pin_max @)
cst
where, V, : peak current in the burst mode (0.32V)
Vestn : maximum current limit threshold at CS pin
Pin_max : maximum input power
Rcs : current sense resistor
Lo . primary inductance of transformer

The leave burst mode timing diagram is shown in Figure 9.

Vour Vbut_av

Vout_drop_max

Vcsth A

VCSZ ]

Figure 9 Vout_drop during leaving burst mode

The maximum output drop during the transition can be estimated in equation (8).

Ropto % (4 5 36+3) _ 1.2 XRopto
' 2 " Rpp X Gopro X Grpazg

(8)

174 =
out.drop-max Ry X Gopro X Grpazy

where, Ropio :series resistor with opto-coupler at secondary side (e.g. Rc6 in Figure 4)
R :IC internal pull up resistor connected to FB pin (Ry=14KQ)
Gopto :current transfer gain of opto-coupler

Gras1r  :voltage transfer gain of the loop compensation network (e.g. Rcl, Rc2, Rc3, Rc4, Rc5, Rc6,
Ccl, Cc2in Figure 4)

Figure 10 is the captured waveform when there is a load jump from light load to full load. The output ripple
drop during the transition is about 123mV.

Application Note 12 2013-03-19
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Channel 1; C1: Current sense voltage (Vcs)
Channel 3; C3: FB voltage (Vegg)
Channel 4; C4 : Output ripple voltage (Vo)

x Leaving Active Burst mode when load change from

mebase 120

S | light to full @ Vin=85Vac

Figure 10 Leaving burst mode waveform

6.3.4 Minimum Vcc supply voltage during burst mode

It is particularly important that the Vcc voltage must stay above Vyccof (i.€. 10.3V). Otherwise, the expected
low standby power cannot be achieved. The IC will go into auto-restart mode instead. A reference Vcc circuit
is presented in Figure 4. This is for a low cost transformer design where the transformer coupling is not too
good. Thus the circuit ZD1 is added to clamp the Vcc voltage exceeding 25.5V in extreme case such as high
load and the Vcc OVP protection is triggered. If the transformer coupling is good, this circuit is not needed.

6.4 Low EMI noise

6.4.1 Frequency jittering

The IC is running at a fixed frequency of 67kHz with jittering frequency of +4% (+2.7kHz) and adjustable
jittering period in a switching modulation period by changing the value of the capacitor, Cses. This kind of
frequency modulation can effectively help to obtain a low EMI noise level particularly for conducted EMI. The
jittering frequency measured for ICE3B0565J is 63 KHz ~ 68 KHz with a jittering period of 3.2ms which is
controlled by Csois (refer to Figure 11).

Try = Ky X Csofs C))
4ms
where, Kp = o

Channel 1; C1 : Drain voltage (Vp)
Channel 4; C4 : Soft Start voltage ( Vsots )
| Channel F1; F1: Frequency track of Drain

Frequency jittering from 63 kHz ~ 68 kHz with a
jittering period of 3.2ms

Measure P1:freq(C1) P2:min(F1) o3 max(F1) P4:period(F1) P5Width(C1) PB:mean(C4) Frequency Jltterlng @ 85VaC and max. Ioad

value 66.5794 kHz 633433 kHz 68.2375 kHz 31963214 ms
status a a a A

100 Vidiv| 500 mvidiv] €92
0.00V offset) -1.9900 V|

(Trgger @)
2.00 msioiv| Sto 18V

100MS 50 MS/s)Edge  Positive

Figure 11 Switching frequency jittering
Application Note 13 2013-03-19
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6.4.2 Other suggestions to solve EMI issue

Some more suggestions to improve the EMI performance are listed below.

1. Add RCD clamper circuit to the primary winding of the transformer: RCD clamper circuit (D1, R1 &
C3) can absorb the current due to leakage inductance of transformer during switch off time of the
MOSFET, so voltage spike of the drain can clamp to desired voltage level and suppress the EMI
noise (refer to Figure 4).

2. Add capacitor (Cps) at the drain source pin: Cps can slow down the turn off speed of the MOSFET
and the high AV/At noise will be reduced and so is the EMI noise. The drawback is more energy will
be dissipated due to slower turn off speed of MOSFET.

3. Add snubber circuit to the output rectifier: Most of the radiated EMI noise comes out from the output
of the system especially for a system with output cable. Adding snubber circuit (R21 and C23) to the
output rectifier is a more direct way to suppress those EMI noise (refer to Figure 4).

4. Reduce the reflection voltage: if the secondary to primary reflection voltage is reduced, the
switching voltage at drain can also be reduced. Hence the voltage switching noise is reduced and so
is the EMI noise. The drawback is the reverse voltage of the secondary rectifier will increase.

6.5 Tight control in maximum power (Propagation delay compensation)

The maximum power of the system is changed with the input voltage; higher voltage got higher maximum
power. This is due to the propagation delay of the IC and the different rise time of the primary current under
different input voltage. The propagation delay time is around 200ns. But if the primary current rise time is
faster, the maximum power will increase. The power difference can be as high as >14% between high line
and low line. In order to make the maximum power control become tight, a propagation delay compensation
network is implemented so that the power difference is greatly reduced to best around 2%. Figure 14 shows
the compensation scheme of the IC. The equation (10) explains the rate of change of the current sense
voltage is directly proportional to the input voltage and current sense resistor. For a DCM operation, the
operating range for the dVsense/dt is from 0.1 to 0.7. It can show in Figure 12 that higher dVsense/dt will give
more compensation; i.e. lower value of Vgense.
dl : dl . .
—£= \h - Rsense —L = Rsense ) Vm = % = Rsense : Vm (10)
dt L, dt L, dt L,
where, |, : primary peak current, Vi, : input voltage, L, : primary inductance of the transformer,

Vsense - CUrrent sense voltage, Reense : CUITENt sense resistor

This function is limited to discontinuous conduction mode flyback converter only.

‘ with compensation = - - without compensation ‘
Va
1,3 T
. -
1,25 _
-
-
1,2 -
@ P -
2 1,15 —
<5} -
3 -
> 11 - —
- s - /
1,05 =
_//
1
0,95
0,9 »
0 02 04 06 08 1 1,2 1,4 16 18 2 V
dVSense s
dt

Figure 12 Propagation delay compensation curve
Application Note 14 2013-03-19
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6.6 Protection Features

Protection is one of the major factors to determine whether the system is safe and robust. Therefore
sufficient protection is necessary. A list of protections and the failure conditions are shown in the following
table.

Protection function Failure condition Protection Mode

Vcc over-voltage Vee > 20.5V & Vsoiis < 4V & Vg > 4.5V & last for 8us Auto Restart Mode

Over-temperature

(controller junction) Ty >140°C & last for 8us Auto Restart Mode

Veg > 4.5V & Vsorrs > 4V

(blanking time counted from charging Cssr from (3.2V~3.6V to 4V ) Auto Restart Mode

Over-load / Open loop

Vcc under-voltage /

short opto-coupler Vee < 10.3V Auto Restart Mode

6.6.1 Auto restart protection mode

When the failure condition meets the auto restart protection mode, the IC will go into auto restart. The
switching pulse will stop. Then the Vcc voltage will drop. When the Vcc voltage drops to 10.3V, the startup
cell will turn on again. The Vcc voltage is then charged up. When it hits 18V, the IC will turn on and the
startup cell will turn off. It would then start the startup phase with soft start. After the startup phase the failure
condition is checked to determine whether the fault persists. If the fault is removed, it will go to normal
operation. Otherwise, the IC will repeat the auto restart protection and the switching pulse stop again.

6.6.2 Blanking Time for over load protection

The IC controller provides a blanking window before entering into the auto restart mode due to output
overload/short circuit. The purpose is to ensure that the system will not enter protection mode unintentionally.
The blanking time calculation for overload protection is same as active burst mode blanking window
(equation 5).

J v LeCroy|
e e
s e~~~ _#~_~_, | Channel 1; C1: Drain voltage (Vp)

["| Channel 2; C2 : Supply voltage (Vcc)

Channel 3; C3 : Feedback voltage (Vgs)
Channel 4; C4 : Soft Start voltage ( Vsots )

Blanking time =21ms

[Z4Esemg) (Timebase -340md (Trigger ] :
e Over load protection with blanking time @ 85Vac
X2= -72535ms 18%= 4591 Hz

Figure 13 blanking window for over load protection
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7 Product portfolio of CoolSET®-F3 Jitter Version (DIP-8 & DSO-
16/12)

Device Package Vbs Frequency / kHz | Rgson /Q* | 230Vac+15%" 85-265Vac *
ICE3B0365J PG-DIP-8 650V 67 6.45 22w 1ow
ICE3B0565J PG-DIP-8 650V 67 4.70 25W 12w
ICE3B1565J PG-DIP-8 650V 67 1.70 42W 20W
ICE3B2065J PG-DIP-8 650V 67 0.92 57W 28W
ICE3B0365JG PG-DS0O-16/12 650V 67 6.45 22W 1ow
ICE3B0565JG PG-DS0O-16/12 650V 67 4.70 25W 12w

8 Useful formula for the SMPS design

Transformer ( DCM flyback)

VDC_min =90V, VDC_mux =374V,

Vs norminar = 450V for 600V Mosfet (Reflection voltage, Vg = Vs norminat — Vbcpma,)

Dppax < 0.50(50%)

A U g
> _ Velamp £
3
Input data = Vv E
— x
£ _ YR _ g
S A |
2 a8
A Ve >
>
I v [ >
0 Pt t
Drain to source voltage compaosition
4 inal —V | 4
Turn ratio Nratio — DS_norminal DC_max — R

Vout + VFDiode Vout + VFDiode

Duty maximum

D,y = Vi
M Ve + Ve min

_ (VDC_min X Dmax )2

Primary Inductance L, =

P 2X Py, X fs

VDC min X Dmax

Primary peak current Ip max = ——)

h LP X fs
Primary rms current - Dinax

I Prms — I P_max X 3
1 X L

Primary turns Np > P_max p

' Typ @ 25°C

2 Calculated maximum input power rating at T,=75°C, Tj=125°C and without copper area as heat sink.
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ICE3Bxx65J(G)

infineon
e

Np
Secondary turns Ng =
Nratio
Vee +Vip;
Auxiliary turns Ny, = —c—fhiode o N
Vout + VFDiode
ICE3Bxx65J(G) other components
V
Current sense resistor | Reg < —csth
IP_max
o = Coopes X Roppes X oD — 0,793 X Cgypes X R
= n— — .
Soft start time §§ 7 “Softs = TSofts 5-3.1 softs % Ksofts

where, Rgops = 45k

_ IVCCsup_g_max X tSS x E

Vce capacitor Cyvce =
VVCChys 3
_ Vvecon X Cyec
. tStartUp - Ji
Startup time VCCcharge

where, Iycccharge iS the average current of Iycccnargez a0 Iycecharges

2
1 Vescs — Vmax—ramp

Enter burst mode Phurst enter = 2 XLp x Ay X R s

power v ©

Where, VFBCS = 1 35V,AV = 3 Z,fs = 67kHZ, VMax—Ramp e 0 6V

Output ripple during v Ropto X AV

out_ripple_pp —
burst mode be X Gopw X GTL4-31
VcsZ 2
Leave burst mode Ppyrst teave =0.5XLp X R X fs
power cs

where, Vg, = 0.32V

thlanking = CSoftS X RSoftS X In 5

Blanking time for over =0.47 X Csofts X Rgofts
4

load protection/ active
burst mode where, Rgops = 45kQ
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