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1 Abstract

This document is an engineering report of an universal input 20W 5V off-line flyback converter power supply
utilizing IFX F3R80 CooISET® ICE3AR2280JZ. The application demo board is operated in Discontinuous
Conduction Mode (DCM) and is running at 100 kHz switching frequency. It has a single output voltage with
secondary side control regulation. It is especially suitable for small power supply such as DVD player, set-top
box, game console, char(ger and auxiliary power of high power system, etc. The ICE3AR2280JZ is the latest
version of the CoolSET . Besides having the basic features of the F3R CooISET® such as Active Burst
Mode, propagation delay compensation, soft gate drive, auto restart protection for major faults (Vcc over
voltage, Vcc under voltage, over temperature, over-load, open loop and short opto-coupler), it also has the
BiCMOS technology design, selectable entry and exit burst mode level, adjustable brownout feature, built-in
soft start time, built-in and extendable blanking time, frequency jitter feature and external auto-restart enable,
etc. The particular features need to be stressed are the best-in-class low standby power and the good EMI
performance.

2 Evaluation board
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Figure 1 — EVAL3AR2280JZ

This document contains the list of features, the power supply specification, schematic, bill of material and the
transformer construction documentation. Typical operating characteristics such as performance curve and
scope waveforms are showed at the rear of the report.
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3 List of features

800V avalanche rugged CoolMOS® with Startup Cell

Active Burst Mode for lowest Standby Power

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 auto-restart enable pin

Over temperature protection with 50°C hysteresis

Built-in 10ms Soft Start

Built-in 20ms and extendable blanking time for short duration peak power

Propagation delay compensation for both maximum load and burst mode

Adjustable brownout feature

Overall tolerance of Current Limiting < +5%

BiCMOS technology for low power consumption and wide VCC voltage range

Soft gate drive with 50Q turn on resistor

4 Technical specifications

Input voltage 85Vac~282Vac
Brownout detect/reset voltage 75/85Vac

Input frequency 50/60Hz

Input Standby Power <100mW @ no load
Output voltage 5V +/- 1%

Output current 4A

Output power 20W

Acitve mode average efficiency >75%

Output ripple voltage < 50mVp-p
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5 Circuit description

5.1 Introduction

The EVAL3AR2280JZ demo board is a low cost off-line flyback switch mode power supply (SMPS) using the
ICE3AR2280JZ integrated power IC from the CoolSET®-F3R80 family. The circuit, shown in Figure 3, details
a 5V, 20W power supply that operates from an AC line input voltage range of 85Vac to 282Vac and
brownout detect/reset voltage is 75/85Vac, suitable for applications in enclosed adapter or open frame
auxiliary power supply for different system such as PC, server, DVD, LED TV, Set-top box, etc.

5.2 Line input

The AC line input side comprises the input fuse F1 as over-current protection. The choke L11, X1-capacitor
C11, and Y1-capacitor C15 act as EMI suppressors. Optional spark gap device SG1, SG2 and varistor VAR
can absorb high voltage stress during lightning surge test. After the bridge rectifier BR1 and the input bulk
capacitor C13, a voltage of 120 to 400 V¢ is present which depends on input voltage.

5.3 Startup

Since there is a built-in startup cell in the ICE3AR2280JZ, there is no need for external start up resistors. The
startup cell is connecting the drain pin of the IC. Once the voltage is built up at the Drain pin of the
ICE3AR2280JZ, the startup cell will charge up the Vcc capacitor C16 and C17. When the Vcc voltage
exceeds the UVLO at 17V, the IC starts up. Then the Vcc voltage is bootstrapped by the auxiliary winding to
sustain the operation.

5.4 Operation mode

During operation, the Vcc pin is supplied via a separate transformer winding with associated rectification D12
and buffering C16, C17. In order not to exceed the maximum voltage at Vcc pin, an external zener diode
ZD11 and resistor R14 can be added.

5.5 Soft start

The Soft-Start is a built-in function and is set at 10ms.

5.6 RCD clamper circuit

While turns off the CoolMOS®, the clamper circuit R11, C14 and D11 absorbs the current caused by
transformer leakage inductance once the voltage exceeds clamp capacitor voltage. Finally drain-source
voltage of CoolMOS® is lower than maximum break down voltage (V(grypss = 800V) of CoolMOS°®.

5.7 Peak current control of primary current

The CoolMOS® drain source current is sensed via external shunt resistors R15 and R16 which determine the
tolerance of the current limit control. Since ICE3AR2280JZ is a current mode controller, it would have a
cycle-by-cycle primary current and feedback voltage control and can make sure the maximum power of the
converter is controlled in every switching cycle. Besides, the patented propagation delay compensation is
implemented to ensure the maximum input power can be controlled in an even tighter manner thoughout the
wide range input voltage. The demo board shows approximately. +/-3.86% (refer to Figure 14).
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5.8 Output stage

On the secondary side the power is coupled out by a schottky diode D21. The capacitor C21 & C22 provide
energy buffering following with the LC filter L21 and C23 to reduce the output voltage ripple considerably.
Storage capacitors C21 & C22 are selected to have a very small internal resistance (ESR) to minimize the
output voltage ripple. The optional common mode choke L22 and ceramic capacitor C24 are added to
suppress the high voltage electrostatic static charge during ESD test.

5.9 Feedback and burst entry/exit control

FBB pin has 2 features; functions of output voltage feedback and burst entry control.

The output voltage is controlled by using a TL431 (IC21) which incorporates the voltage reference as well as
the error amplifier and a driver stage. Compensation network C26, C27, R23, R24, R25, R26 and R27
constitutes the external circuitry of the error amplifier of IC21. This circuitry allows the feedback to be
precisely matched to dynamically varying load conditions and provides stable control. The maximum current
through the optocoupler diode and the voltage reference is set by using resistors R21 and R22. Optocoupler
IC12 is used for floating transmission of the control signal to the “Feedback” input of the ICE3AR2280JZ. The
capacitor C19 at the FBB pin acts 2 functions; filter the noise from going to the pin and setting for the
selection of the burst entry control (explained below). The optocoupler used meets DIN VDE 884
requirements for a wider creepage distance.

C19 capacitor is also used to select the entry and exit burst level. The IC would generate the charge and
discharge current to the FBB pin and then detect the number of count for the charge and discharge cycle
during the 1% 1ms of IC start up (Vcc > 17V). Based on the detected number of count, the entry and exit
burst level are set. The below table is the recommended capacitance range for the entry and exit level with
the Crg (C19) capacitor.

Cea Corresponding Entry level Exit level
no. of counts % Of Pin max | VB burst | % Of Pin max | Vesth burst
= 6.8nF <7 10% 1.6V 20% 0.45V
1nF~2.2nF 8~ 39 6.67% 1.42V 13.30% 0.37V
220pF~470pF 40 ~ 91 4.38% 1.27V 9.60% 0.31V
<100pF =92 0 never 0 always

5.10 Blanking window for load jump

In case of load jumps the controller provides a blanking window before activating the Over Load Protection
and entering the Auto Restart Mode. There are 2 modes for the blanking time setting; basic mode and the
extendable mode. If there is no capacitor added to the BBA pin, it would fall into the basic mode; i.e. the
blanking time is set at 20ms. If a longer blanking time is required, a capacitor, Cgx (C18) can be added to
BBA pin to extend it. The extended blanking time can be achieved by the lead time of 256 times of charging
and discharging of Cgk capacitor, which is generated by the controller. Thus the overall blanking time is the
addition of 20ms and the extended time. For example, Cgk (C18) = 0.22uF, lcng gs (internal charging current)
= 720uA

(4.5-0.9)x Cpp

Ltanking = Basic + Extended =20ms + {256 x [ ] + (CBK x 500 x ln(%)j =346.9ms

chg EB

Since the BBA pin is multi-function pin, extended blanking time can be changed if the brownout resistor R110
(28kQ ) is added to the system, new l.ng g’ and overall blanking time can be calculated as follows,

. 4.5+0.9
IchngB = 720/JA —% = 6236/JA

BO2

Application Note 9 2010-08-11



iﬁ'ﬁn eon 20W 5V Demoboard using ICE3AR2280JZ

(45-0.9)x C,p

Uotanking Ryy, = 20MS +9256 % [ ] + (CBK x 500 x ln(%)j =390.4ms

chg EB

Note: A filter capacitor (e.g. 100pF (min. value)) may be needed to add to the BBA pin if the noise cannot be
avoided to enter that pin in the physical PCB layout. Otherwise, some protection features may be mis-
triggered and the system may not be working properly.

5.11 Brownout mode

When the AC line input voltage is lower than the input voltage range, brownout mode is detected by sensing
the voltage level at BBA pin through the resistors divider from the bulk capacitor. Once the voltage level at
BBA pin falls below 0.9V, the controller stops switching and enters into brownout mode. It is until the input
level goes back to input voltage range and the Vcc hits 17V, the brownout mode is released. Brownout
sensing resistor Rgo1 and Rgo, can be calculated as below.

Vuik

Brownout
mode

i 30ps~B0ps

blanking time

<
LD6&
v
: ke Control Unit

Figure 2 — Brownout detection circuit

Vso s . Vso el X Ryor
R301 = ) R302 =
I |4 -V
chg _BO BO_L BO _ref

where Vg ws: input brownout hysteresis voltage
leng 80 = 10pA: charging current for brownout
Vzo_r= 0.9V: brownout reference voltage for IC
Vzo 1 input brownout voltage (low point)
Rgo1 and Rgoy: resistors divider from input voltage to BBA pin

For example, if brownout release voltage is 85Vac and entry voltage is 75Vac and assuming there is a ripple
voltage of 14Vdc at the bulk capacitor before entering brownout at full load.

Vo u =85x2 =120Vdc Vo o =715x32 —14=92Vde

VBOihys = VBOﬁH - VBOﬁL =28Vdc

Vo s
Ry, =221 =2 8MQ

chg _BO

Vso rer % Rpon —28KO

R, =
BO2
J BO_L J BO _ref
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Note: The above calculation assumes the tapping point (bulk capacitor) has a 14Vdc ripple voltage at full
load when entering brownout mode. If there is no ripple voltage at light load, the enter brownout point will be
lower, 65Vac. Besides that the low side brownout voltage Vs, added with the ripple voltage at the tapping
point should always be lower than the high side brownout voltage (Veor); Veon > Veo + ripple voltage.
Otherwise, the brownout feature cannot work properly. In short, when there is a high load running in system
before entering brownout, the input ripple voltage will increase and the brownout voltage will increase (Veo . =
Vot ripple voltage) at the same time. If the Vg, 1 is set too small and is close to the ripple voltage, then the
brownout feature cannot work properly (Veo . = Veo ).

If the brownout feature is not needed, it needs to tie the BBA pin to the Vcc pin through a current limiting
resistor (R17), 500kQ~1MQ. The BBA pin cannot be in floating condition. If the brownout feature is disabled
with a tie up resistor, there is a limitation of the capacitor Cg« (C18) at the BBA pin. It is as below.

Vcc tie up resistor Cair_max
1 500kQ 0.47uF
2 TMQ 0.22uF

5.12 Active burst mode

At light load condition, the SMPS enters into Active Burst Mode. For this 800V CoolSET, the enter/exit burst
mode level is selected by a FB capacitor (refer to section 5.9). The light load condition is actually reflected to
the FB voltage level for the DCM operation; i.e. FB voltage drops according to how light the load is. With the
selectable feature, the enter burst mode level, Veg pust is determined by the capacitor at FB capacitor. After
entering burst mode, the controller is always active and thus the Vcc must always be kept above the switch
off threshold Vo 2 10.5V. During the active burst mode, the efficiency maintains in a very high level and at
the same time it supports low ripple on Vout and fast response on load jump. To avoid mis-triggering of the
burst mode, there is a 20ms internal blanking time. Once the FB voltage drops below Vg purst, the internal
blanking timer starts to count. When it reaches the built-in 20ms blanking time, it then enters Active Burst
Mode.

During Active Burst Mode the current sense voltage limit is reduced from 1V to Vs purst SO @s to reduce the
conduction losses and audible noise. All the internal circuits are switched off except the reference and bias
voltages to reduce the total V¢ current consumption to below 0.62mA. At burst mode, the FB voltage is
changing like a sawtooth between 3.2 and 3.5V. To leave Burst Mode, FB voltage must exceed 4V. It will
reset the Active Burst Mode and turn the SMPS into Normal Operating Mode. Maximum current can then be
provided to stabilize Vour.

5.13 Jitter mode, soft gate drive and the 50Q gate turn on resistor

In order to obtain better EMI performance, the ICE3AR2280JZ is implemented with frequency jittering, soft
gate drive and 50Q2 gate turn on resistor.

The jitter frequency is internally set at 100 kHz (+/-4 kHz) and the jitter period is set at 4ms.

5.14 Protection modes

Protection is one of the major factors to determine whether the system is safe and robust. Therefore
sufficient protection is necessary. ICE3AR2280JZ provides two kinds of protection mode; odd skip auto
restart mode and non switch auto restart mode.

In odd skip auto restart mode, 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 detects and soft start switching pulses 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.

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.

Application Note 11 2010-08-11
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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 when a small Vcc capacitor is used. A list of protections and the
failure conditions are shown in the following table.

Protection functions Failure condition Protection Modes
V¢ overvoltage(1) Ve > 20.5V & Vegg > 4.5V & during soft start Odd skip auto restart
eriod

V¢ overvoltage(2) {)/CC > 255V Odd skip auto restart
Over load Vegg > 4.5V, after blanking time Odd skip auto restart
Open loop -> Overload Odd skip auto restart
Vcc under voltage Vee < 10.5V Non switch auto restart
short optocoupler -> Vcc Undervoltage Non switch auto restart
Over temperature T, > 130°C ( recovered with 50°C hysteresis) Non switch Auto restart
External protection enable | Vgga < 0.4V Non switch auto restart
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Figure 3 — 20W 5V ICE3AR2280JZ power supply schematic
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N.B. : In order to get the optimized performance of the CoolSET®, the grounding of the PCB layout must be
connected very carefully. From the circuit diagram above, it indicates that the grounding for the
CoolSET® can be split into several groups; signal ground, Vcc ground, Current sense resistor ground
and EMI return ground. All the split grounds should be connected to the bulk capacitor ground
separately.

e Signal ground includes all small signal grounds connecting to the CooISET® GND pin such as filter
capacitor ground, C17, C18, C19 and opto-coupler ground.

e Vcc ground includes the Vcc capacitor ground, C16 and the auxiliary winding ground, pin 2 of the
power transformer.

e Current Sense resistor ground includes current sense resistor R15 and R16.

e EMI return ground includes Y capacitor, C15.
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7 PCB layout

7.1 Top side

7.2 Bottom side

gy 32 1c13
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Figure 4 — Top side component legend

Application Note

Figure 5 — Bottom side copper & component legend
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8 Component list

No | Designator dComp.on.ent Part No. Manufacturer
escription

1 BR1 DF08M(800V,1.5A)

2 C11 0.22uF/305V B32922C3224K000 EPCOS

3 C13 82uF/450V B43504A5826M000 EPCOS

4 C14 2.2nF/400V

5 C15 2.2nF/250V,Y1 DE1E3KX222MA4BLO01 MURATA

6 C16 10uF/35V B41821A6106M000 EPCOS

7 Cc17 0.1uF RPER71H104K2K1A03B MURATA

8 C18 220nF RPER71H224K2K1C03B | MURATA

9 C19 1nF RPE5C1H102J2K1A03B MURATA

10 | C21,C22 1000uF/25V

11 | C23 220uF/25V

12 | C26 680nF

13 | D11 UF4006 UF4006 VISHAY

14 | D12 1N485B(200V,0.2A)

15 | D21 STPS30L45CT

16 | F1 1A

17 | IC11 ICE3AR2280JZ ICE3AR2280JZ INFINEON

18 | IC12 SFH617A-3

19 | IC21 TL431

20 | J1,J3,J4,J5,R25,L22 | Jumper

21 | L1 2 x 27mH, 0.9A B82732F2901B001 EPCOS

22 | L21 1.5uH

23 | R11 330k(2W,5%)

24 | R12 OR(SMD 0805)

25 | R13 20R(SMD 0805)

26 | R14 47R(SMD 0805)

27 | R15 1R(0.5W,1%)

28 | R16 20R(SMD 1206)

29 | R18 1.8M

30 | R19 ™

31 | R21 68R(SMD 0805)

32 | R22 1.1K(SMD 0805)

33 | R23 510R(SMD 0805)

34 | R24, R26 10k

35 | R110 28k(SMD 0805)

36 | TR1 500uH(56:4:11)V1.0 B662061110T001 EPCOS

37 | ZD11 22V
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9 Transformer construction

Core: E20/10/6, N87(EPCOS)
Bobbin: Horizontal Version
Primary Inductance, Lp=500uH, measured between pin 4 and pin 5 (Gapped to inductance)

Transformer structure:

5 6
[
3le
Pin1
Fin 2 A1 turme (1 3 2AVGELT Aux) |.J ile _
Pin 4 Td tumz (1 X SWGEZT Prim.)
Pin 3 T4 tums (1 X AAGEZT Prim.)
E-----Z-C-Z-Z-Z-Z-Z-Z-Z-Z-Z-ZZZzZZzZZzZZEZ-Z=-f 2
Fin &
4 turms (3 ¥ ANGEZE Sec) l - Pin 7
s
Pin 3 L 1_4iur_ns_(1-}-{-.l\f\?#-21T|T )_ _____ hdin. 3mm insulation 1je
Pin 5 TE Lrms (1 X BAGEZT Frim 3 steewe for all vire
tennination
Idin. 3mm insulation -
i for all vire Core centre limb
termination
Pin1 | O O | Pin10o
Pn2 | O O |Ping
Margin Tape 3mm Margin Tape 3mm Pin3 | O O |pns
Pind | O O |Pin7
Pins | O O |Piné

Figure 6 — Transformer structure and top view of transformer complete

Wire size requirement:

Start Stop No. of turns Wire size Layer
2 1 11 1XAWG#27 Auxiliary
3 4 28 1XAWG#27 | '/, Primary
7 6 4 3XAWGH#26 | Secondary
5 3 28 1XAWGH#27 | '/, Primary
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10 Test results

10.1 Efficiency

Active-Mode Efficiency versus AC Line Input Voltage
83.00
82.00 -
81.00 -
= 80.00
)
2 79.00 -
9
(3]
e 78.00 -
i
77.00 -
76.00 -
75.00 : : : : :
85 115 150 180 230 282
AC Line Input Voltage [ Vac]
—&— Full load Efficiency —8— Average Efficiency(25%,50%,75% & 100%)
Figure 7 — Efficiency vs. AC line input voltage
Efficiency versus Output Power
85.00 T
80.9 81.6 80.8 80.3
80.00 - —i ——
— 80.6 79.8
N )
7500 LT T g g
3 .
c
o
‘5 70.00
£
w
65.00 f— - oo
60.00 T
0 75 100
Output Power [ %]
—e—Vin=115Vac ==l=\/in=230Vac

Figure 8 — Efficiency vs. output power @ low and high line
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10.2 Input standby power

Standby Power @ no-load versus AC Line Input Voltage

100

Input Power [ mW ]

85 115 150 180 230 282
AC Line Input Voltage [ Vac ]

—e— Po = OW(Enable Broownout) —@—Po=0W Disable Brownout)

Figure 9 — Input standby power @ no load vs. AC line input voltage (measured by Yokogawa WT210
power meter - integration mode)

Standby Power Efficiency @ 0.5W load versus AC Line Input Voltage
80 ‘ ‘
| |
7565 | :
| . |
| |
75 | ‘ :
| |
< | |
OI_. | |
> l l
g 70 - | |
() | |
S : :
= | |
w | |
1 1
| |
| |
: :
| |
60 1 1
85 115 150 180 230 282
AC Line Input Voltage [ Vac ]
—e— Pout=0.5W ‘

Figure 10 — Input standby power @ 0.5W vs. AC line input voltage (measured by Yokogawa WT210
power meter - integration mode)
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Standby Power Efficiency @ 0.5W,1W,2W & 3W
85 T
79.28 79.78
8O 7751 L >
_ 75.03 1
X 7 //7391 : 74.85
= > 71.62 : —i
o |
[= |
[} |
© 70 A 67.82 ;
i |
65
60 : : 1
0.5 1.0 2.0 3.0
Output power [W ]
—&—Vin=115Vac - Vin=230Vac

Figure 11 — Input standby power efficiency vs. light output power

10.3 Line regulation

Line Regulation : Output Voltage @ Max. Load versus AC Line Input Voltage

__ 5.200 ‘ ‘ ‘ ‘
> 1 | | |
§5.100
S 5.000 ,,,,A,.ae,,,J:,,,4.,95,,,:L,,,4,.96,,,,3,,,4.,95,,,:_,,49@,,,,,,,4,95,,,
> ——o—o—¢ .
B8 4900 |- e
3 1 1 1 1
© 4800 | | | |
85 115 150 180 230 282

AC Line Input Voltage [ Vac ]
—— Vo @ max. load

Figure 12 — Line regulation Vo @ full load vs. AC line input voltage
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10.4 Load regulation

Load Regulation: Vout versus Outoput Power
5.10 ‘ ‘
> 5.05 | |
g l l
o] 4.99 !
550+, - 498 ___________ 497-————-—-—-—-—-- e
3 Qs 3 4.96 4.95
3 4.99 w —— e
S 4.95 - 14.98 4.97 496 —®
(o] : ! 4.96
4.90 1 ‘ 1 ‘
0 5 10 15 20
Output Power [ W]
e Output Voltage @ 230Vac — - ® - — Output Voltage @ 115Vac
Figure 13 — Load regulation Vout vs. output power
10.5 Max. output power
Max. Overload Output & Input Power ( Peak Power ) versus AC Line Input Voltage
Pin=31.97%3.86% & Pout=23.64%5.61%
= 40 | | | |
5 | | | |
c 35+ 1*****3].53****1***31ig3**”1””51*_8*9””1*”32.24 ****** 3321 - - -
5 30.74 | | | 1
e -/-»—'_'f — | -
= — | | | |
g 30 ' oag7 ; 2551 | 2576 | 2626 26.45
© 23.64 | | | |
5 25 ‘ e *
3 1 1 1 1
g 20 | | | |
85 115 150 180 230 282
AC Line Input Voltage [ Vac ]
‘ —o— Peak Output Power —s— Peak Input Power

Figure 14 — Max. output power (before over-load protection) vs. AC line input voltage
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10.6 ESD test

Pass* (EN61000-4-2): 20kV for contact discharge.
*Add L22 and C24

10.7 Lightning surge test

Pass* (EN61000-4-5) 6kV for line to earth
*Add SG1 & SG2 (DSP-301N-S00B)

10.8 Conducted EMI

The conducted EMI was measured by Schaffner (SMR4503) and followed the test standard of EN55022
(CISPR 22) class B. The demo board was set up at maximum load (20W) with input voltage of 115Vac and
230Vac.

80

70 T —

60 ] T T A I s P I R
> A e e N
= - _ Al L
m
T

-10

0.1 1 10 100
f/ MHz

Figure 15 — Max. Load (20W) with 115 Vac (Line)
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Figure 17 — Max. Load (20W) with 230 Vac (Line)
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80 B

T ENNaR]
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s0{ q“ﬁ
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[T 2l
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N
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Figure 18 — Max. Load (20W) with 230 Vac (Neutral)

Pass conducted EMI EN55022 (CISPR 22) class B with > 8dB margin.
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11 Waveforms and scope plots

All waveforms and scope plots were recorded with a LeCroy 6050 oscilloscope

11.1 Start up at low and high AC line input voltage and max. load

- ¢— 236ms

kR

i
i
T

|
Deee--s
FARY
- _-:__._,_q:__ — . g /| Entry/exit -
& I burst -

i = it ]
10—

e =
A0 s 1 8 IEREHE

selection

«——236ms '
n

Entry/exit
burst

selection

Channel 1; C1 : Current sense voltage (Vcs)
Channel 2; C2 : Supply voltage (V¢c)
Channel 3; C3 : Feedback voltage (Vegg)
Channel 4; C4 : BBA voltage (Vgga)

Channel 1; C1 : Current sense voltage (Vcs)
Channel 2; C2 : Supply voltage (V¢c)
Channel 3; C3 : Feedback voltage (Vegg)
Channel 4; C4 : BBA voltage (Vgga)

Startup time = 236ms

Startup time = 236ms

Figure 19 — Startup @ 85Vac & max. load

Figure 20 — Startup @ 282Vac & max. load

11.2 Soft start at low and high AC line input voltage and max. load

M= -).TGus  &x= G41@DIma
Wi G3RT1AMS VM= 106169 HE

Channel 1; C1 : Current sense voltage (Vcs)
Channel 2; C2 : Supply voltage (V¢c)
Channel 3; C3 : Feedback voltage (Vegg)
Channel 4; C4 : BBA voltage (Vgga)

Channel 1; C1 : Current sense voltage (V¢s)
Channel 2; C2 : Supply voltage (V¢c)
Channel 3; C3 : Feedback voltage (Vegg)
Channel 4; C4 : BBA voltage (Vgga)

Soft Star time = 9.4ms(32 steps)

Soft Star time = 9.4ms(32 steps)

Figure 21 — Soft Start @ 85Vac & max. load

Figure 22— Soft Start @ 282Vac & max. load
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11.3 Frequency jittering

€« 96kHz
«———104 kHz—!

Ki=
Hi= V03614 LS WMs SHHIEKHT

Channel 1; C1 : Drain voltage (Vpyain)

Channel 1; C1 : Drain voltage (Vpyain)

Frequency jittering from 96 kHz ~ 104 kHz, Jitter
period is set at 4ms internally

Frequency jittering from 96kHz ~ 104 kHz, Jitter
period is set at 4ms internally

Figure 23 — Frequency jittering @ 85Vac and max.
load

Figure 24 — Frequency jittering @ 282Vac and
max. load

11.4 Drain to source voltage and Current at max. load

P phpkiCa)

i I
Paphpaicl)
332V

PRms(C]
020 MA

Fimas3)
5 A

Measure
vl
satus v

PATTE(CD)

L

f
L)

P pkpaic1)

n PemSICD
2021 mA “av
- o

P pkEATC)

500 FATIN
-1.5100 Al

Channel 1; C1 : Drain voltage (Vpyain)
Channel 2; C2 : Drain current (Ips)

Channel 1; C1 : Drain voltage (Vpyain)
Channel 2; C2 : Drain current (Ips)

Duty cycle = 41%, Vorain peak = 323V

Duty cycle = 11%, Vprain_peak = 658V

Figure 25 — Operation @ 85Vac and max. load

Figure 26 — Operation @ 282Vac and max. load
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11.5 Load transient response (Dynamic load from 10% to 100%)

P phpkiCa)

FIphphiC1)
£03 v
L

FlmasCl) PRms(C]

PATTE(CD) PEmIN(CT)

5.00 i
1.00ME 20 MES

PomingC)

P pkpkiC4)

PapkpkiC1) PamE(C ]

800 i

Channel 1; C1 : Output ripple voltage (Vo)
Channel 2; C2 : Output current (lo)

Channel 1; C1 : Output ripple voltage (Vo)
Channel 2; C2 : Output current (lo)

Viipple_pk_pk=900mV (Load change from10% to
100%,100Hz,0.4A/uS slew rate)

Viiople_pk_pk=900mV  (Load change from10% to
100%,100Hz,0.4A/uS slew rate

Figure 27 — Load transient response @ 85Vac

Figure 28 — Load transient response @ 282Vac

11.6 Output ripple voltage at max. load

P phpkiCa)

PRms(C] FIphphiC1)

FlmasCl)
! 182V

PATTE(CD)

v

s

fmmranih, e
-

PamE(C ] PomingC)

P pkpkiC4)

FimaxiCly Fimmait) PaphpkiC)

L iy

Channel 1; C1 : Output ripple voltage (Vo)

Channel 1; C1 : Output ripple voltage (Vo)

Vrippleﬁpkﬁpk= 18mV

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

Vrippleipkipk =19mV

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

Figure 29 — AC output ripple @ 85Vac and max.
load

Figure 30 — AC output ripple @ 282Vac and max.
load
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20W 5V Demoboard using ICE3AR2280JZ

11.7 Output ripple voltage during burst mode at 1 W load

e FAmEED P phpkiCa)

281 v
v

Fimast3) PRms(C]

PEmIN(CT)

|

FimanCly Frmmat) Pipkphiti) Porms(Ch P pkphiCa)
vl 04 miv

o

PomingC)

Chanel 1; C1 : Output ripple voltage (V)

Channel 1; C1 : Output ripple voltage (Vo)

Vripple_pk_pk=28 mV

Probe
0.1uF(ceramic) & 1uF(Electrolytic), 20MHz filter

terminal end with decoupling capacitor of

Vripple_pk_pk =30mV

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

Figure 31 — AC output ripple @ 85Vac and 1W load

Figure 32 — AC output ripple @ 282Vac and 1W
load

11.8 Entering active burst mode

I ]
—14ms ——»! |

Mex | i | |

- TV RPN ~

Wi=  -54195u3  dee
Wis 1848090ms 1S

1
|
!
| AR

&= 190N

. s na
H ¥im AR FSpE i 53ETAHT

Channel 1; C1 : Current sense voltage (Vcs)
Channel 2; C2 : Supply voltage (Vcc)
Channel 3; C3 : Feedback voltage (Vegg)
Channel 4; C4 : BBA voltage (Vgga)

Channel 1; C1 : Current sense voltage (V¢s)
Channel 2; C2 : Supply voltage (V¢c)
Channel 3; C3 : Feedback voltage (Vegg)
Channel 4; C4 : BBA voltage (Vgga)

Blanking time to enter burst mode : 19ms (load step
down from 4A to 0.2A)

Blanking time to enter burst mode : 19ms (load
step down from 4A to 0.2A)

Figure 33 — Active burst mode @ 85Vac

Figure 34 — Active burst mode @ 282Vac
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11.9 Vcc over voltage protection (Odd skip auto restart mode)

Ve OVP2 Vec OVP1

10.0 Videw o
10100, il

Ve OVP2 Vee OVPA

S5

. M—

Channel 1; C1 : Current sense voltage (Vcs)
Channel 2; C2 : Supply voltage (Vcc)
Channel 3; C3 : Feedback voltage (Vegp)
Channel 4; C4 : BBA voltage (Vgga)

Channel 1; C1 : Current sense voltage (V¢s)
Channel 2; C2 : Supply voltage (Vcc)
Channel 3; C3 : Feedback voltage (Vegg)
Channel 4; C4 : BBA voltage (Vgga)

VCC OVP2 first & follows VCC OVP1 (R24
disconnected before system start up with no load)

VCC OVP2 first & follows VCC OVP1 (R24
disconnected before system start up with no load)

Figure 35 — Vcc overvoltage protection @ 85Vac

Figure 36 — VVcc overvoltage protection @ 282Vac

11.10

Over load protection (Odd skip auto restart mode)

vee

; ;
_>::<_ built-in 20ms B

_’:iq_ built-in

"

e |1

| 1
<_>Textend‘ed blanking
by i

1 sims
Wi=  2ITEmMS 1= 2AOTIE HE

i

] -Textended blanking

Wi= ATLM0EME M= IT403mE
i 13ms i 267358 HE

Channel 1; C1 : Current sense voltage (Vcs)
Channel 2; C2 : Supply voltage (Vcc)
Channel 3; C3 : Feedback voltage (Vegg)
Channel 4; C4 : BBA voltage (Vgga)

Channel 1; C1
Channel 2; C2

: Current sense voltage (Vcs)
: Supply voltage (Vcc)
Channel 3; C3 : Feedback voltage (Vegg)
Channel 4; C4 : BBA voltage (Vgga)

Over load protection with (built-in+extended)

blanking time = 415ms (output load change from 4A
to 6A)

Over load protection with (built-in+extended)

blanking time = 364ms (output load change from
4A to 6A)

Figure 37 — Over load protection with extended
blanking time @ 85Vac)

Figure 38 — Over load protection with extended
blanking time @ 282Vac)

Application Note

29

2010-08-11



20W 5V Demoboard using ICE3AR2280JZ

11.11

Open loop protection (Odd skip auto restart mode)

[
&= 40011 ma
s 744835 HE

1,00
1 K= 407 604
! 3 T s 1807

Wl =
Wi= 1334ms U= TEABEL HE

Channel 1; C1 : Current sense voltage (Vcs)
Channel 2; C2 : Supply voltage (Vcc)
Channel 3; C3 : Feedback voltage (Vegg)
Channel 4; C4 : BBA voltage (Vgga)

Channel 1; C1 : Current sense voltage (Vcs)
Channel 2; C2 : Supply voltage (Vcc)
Channel 3; C3 : Feedback voltage (Vegg)
Channel 4; C4 : BBA voltage (Vgga)

Open loop protection (R24 disconnected during
system operation at max. load) — over load
protection

Open loop protection (R24 disconnected during
system operation at max. load) — over load
protection

Figure 39 — Open loop protection @ 85Vac

Figure 40 — Open loop protection @ 282Vac

11.12
mode)

Vcc under voltage/Short optocoupler protection (Non switch auto restart

ry
2 ey
000V ofs) 1.00ME

Channel 1; C1 : Current sense voltage (Vcs)
Channel 2; C2 : Supply voltage (Vcc)
Channel 3; C3 : Feedback voltage (Vegp)
Channel 4; C4 : BBA voltage (Vgga)

Channel 1; C1 : Current sense voltage (V¢s)
Channel 2; C2 : Supply voltage (Vcc)
Channel 3; C3 : Feedback voltage (Vegg)
Channel 4; C4 : BBA voltage (Vgga

Vcc under voltage/short optocoupler protection
(short the transistor of optocoupler during system
operating @ full load)

Ve under voltage/short optocoupler protection
(short the transistor of optocoupler during system
operating @ full load)

Figure 41 - V. under voltage/short optocoupler
protection @ 85Vac

Figure 42 - V. under voltage/short optocoupler
protection @ 282Vac
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11.13

External protection enable (Non switch auto restart mode)

AT OATEY
T T AL \

ww\
.

1.00V| 200V
1,980 | 500 V|

Channel 1; C1 : Current sense voltage (Vcs)
Channel 2; C2 : Supply voltage (Vcc)
Channel 3; C3 : Feedback voltage (Vegp)
Channel 4; C4 : BBA voltage (Vgga

Channel 1; C1 : Current sense voltage (V¢s)
Channel 2; C2 : Supply voltage (Vcc)
Channel 3; C3 : Feedback voltage (Vegg)
Channel 4; C4 : BBA voltage (Vgga

External protection enable (short BBA pin to Gnd by
10Q resistor)

External protection enable (short BBA pin to Gnd
by 10Q resistor)

Figure 43 — External protection enable @ 85Vac

Figure 44— External protection enable @ 282Vac

11.14 Brownout mode
120vde ! | 120de | T | |
| :W E — 4 : - . . : 90.5Vdc !
22.6Vdc E bl -l | 226vde i 22.6|VdC i ~~ ~ ’lﬁmc
|
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|
|
|
|
i
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[
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Channel 1; C1 : Bulk voltage(Vpuxk)

Channel 2; C2 : Supply voltage (Vcc)
Channel 3; C3 : Current sense voltage (Vcs)
Channel 4; C4 : BBA voltage (Vgga)

Channel 1; C1 : Bulk voltage(Vpuik)

Channel 2; C2 : Supply voltage (Vcc)
Channel 3; C3 : Current sense voltage (V¢s)
Channel 4; C4 : BBA voltage (Vgga)

IC on & 1% detect brownout: V= 22.6Vdc (16Vac)
Brownout reset: V= 120Vdc (85Vac)

Brownout triggered: V= 105Vdc (74Vac)

IC off: Vpu= 22.6Vdc (16Vac)

IC on & 1% detect brownout:Vy = 22.6Vdc (16Vac)
Brownout reset: V, k= 120Vdc (85Vac)

Brownout triggered: V= 90.5Vdc (64Vac)

IC off: V= 22.6Vdc (16Vac)

Figure 45 — Brownout mode with max. load

Figure 46 — Brownout mode with no load
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12 Appendix

121 Slope compensation for CCM operation

This demo board is designed in Discontinuous Conduction Mode ( DCM ) operation. If the application is
designed in Continuous Conduction Mode ( CCM ) operation where the maximum duty cycle exceeds the
50% threshold, it needs to add the slope compensation network. Otherwise, the circuitry will be unstable. In
this case, three more components ( 2 ceramic capacitors C17 / C18 and one resistor R19) is needed to add
as shown in the circuit diagram below.
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bl czf_ | ® cli_[]
i N
i — JEIIPEY S |
=c6 RO [l]Rl? [I]RQ
PGND T l CTI SGND

Figure 47 — Circuit Diagram Switch Mode Power Supply with Slope Compensation

More information regarding how to calculate the additional components, see application note
AN_SMPS_ICE2xXXX — available on the internet: www.infineon.com (directory : Home > Power
Semiconductors > Integrated Power ICs > CoolSET® F2)

13 References

[11 Infineon Technologies, Datasheet “CooISET® F3R80 ICE3AR2280JZ Off-Line SMPS Current Mode
Controller with integrated 800V CooIMOS® and Startup cell( brownout & Frequency Jitter) in DIP-7"

[2] Kyaw Zin Min, Kok Siu Kam Eric, Infineon Technologies, Design Guide “ICE3ARxx80JZ CoOISET®
F3R80 (DIP-7) brownout & frequency jitter version Design Guide”

[3] Harald ZoelImger Rainer Kling, Infineon Technologies, Application Note “AN-SMPS-ICE2xXXX-1,
CooISET® ICE2xXXXX for Off-Line Switching Mode Power supply (SMPS )”

Application Note 32 2010-08-11



