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Application Note

About this document

Scope and purpose

This document is a 15W 5.0V high efficiency USB adapter reference design using Infineon Quasi-Resonant
PWM IC ICE2QS03G with CoolMOS™ IPS65R1K5CE (IPAK) and secondary side synchronous rectification IC
with OptiMOS™ BSC067N06LS3 G (ThinPAK 5x6) in a small form factor, high efficiency and various mode of
protections for a high reliable system.

Intended audience

This document is intended for users who wish to design high efficiency, very small form factor universal 15W
5V AC-DC adapter with Infineon CoolMOS™ CE series, OptiMOS™, Quasi-Resonant PWM IC ICE2QS03G and
synchronous rectification.
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Abstract
1 Abstract

This application note is an engineering report of a very small form factor reference design for universal input
15W 5V adapter. The adapter is using ICE2QS03G, a second generation current mode control Quasi-
Resonant flyback topology controller, IPS65R1K5CE, a CE series of high voltage power CoolMOS™ and
BSCO067N0O6LS3 G, a third series of medium voltage power OptiMOS™, optimized for Synchronous
Rectification. The distinguishing features of this reference design are very small form factor, Best-in-Class
low standby power, very high efficiency, good EMI performance and various modes of protection for high
reliable system.

2 Reference board

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.

Figurel REF-15W_CE1KS5 ADAPTER [Dimensions L x W x H: 45mm x 31mm x 16mm]

(Top view) (Bottom view)

Figure2 REF-15W_CE1K5 ADAPTER [Top & Bottom View]
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3 Specifications

Table1 Specifications of REF-15W_CE1K5 ADAPTER

Input voltage

85Vac~265Vac

Input frequency 50~60Hz
Output voltage 5V
Output current 3A
Output power 15W
Minimum switching frequency at full load and minimum 45kHz

input voltage

Maximum input power for universal mains

<+6% of input power

No-load power consumption
(EU CoC Version 5, Tier 2 and EPS of DOE USA)

<40mW

Active mode four point average efficiency (25%,50%),75% &
100%load) (EU CoC Version 5, Tier 2 and EPS of DOE USA)

Active mode at 10% load efficiency
(EU CoC Version 5, Tier 2)

>89% at 115Vac & >87% at 230Vac

>87% at 115Vac &>85% at 230Vac

Steady state output ripple

+/-1% of nominal output voltage
(Vripple_p_p<100 mV)

Dynamic load response undershoot & overshoot

+/-3% of nominal output voltage
(Vripple_p_p <300mV)

Conducted emissions (EN55022 class B)

Pass with 8 dB margin

ESD immunity (EN61000-4-2)

level 3 (+6kV) contact discharge

Surge immunity (EN61000-4-5)

Installation class 3 (2kV: common mode)

Form factor case size (Lx W x H)

(45x31x16) mm?
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Circuit description

4 Circuit description

4.1 Mains input rectification and filtering

The AC line input side comprises the input fuse F1 as over-current protection. A rectified DC voltage (120V ~
374V) is obtained through a bridge rectifier BR1 and a pi filter C13, FB21 and C22. The pi filer also attenuates
the differential mode conducted EMI.

4.2 PWM control and switching MOSFET

The PWM pulse is generated by the Quasi Resonant PWM current-mode Controller ICE2QS03G and this PWM
pulse drives the high voltage power CoolMOS™, IPS65R1K5CE (CE) which designed according to the
revolutionary Superjunction (SJ) principle. The CoolMOS™ CE provides all benefits of a fast switching SJ
MOSFET while not sacrificing ease of use. It achieves extremely low conduction and switching losses and can
make switching applications more efficient, more compact, lighter and cooler. The PWM switch-on is
determined by the zero-crossing input signal and the value of the up/down counter. The PWM switch-off is
determined by the feedback signal Vs and the current sensing signal Vcs. ICE2QS03G also performs all
necessary protection functions in flyback converters. Details about the information mentioned above are
illustrated in the product datasheet.

4.3 Snubber network

A snubber network R11, R11A, C15 and D11 dissipate the energy of the leakage inductance and suppress
ringing on the SMPS transformer. Due to the resonant capacitor (MOSFET’s drain source capacitance), the
overshoot is relatively smaller than fixed frequency flyback converter. Thus the snubber resistor can be used
with a larger one which will reduce the snubber loss.

4.4 Output stage

On the secondary side, 5V output, the PWM pulse is generated by synchronous rectification controller
UCC24610. The synchronous rectification pulse drives the medium voltage power OptiMOS™,
BSC067NO6LS3 -G which is optimized for synchronous rectification such as the lowest Rpson), the perfect
switching behavior of fast switching, the smallest footprint and highest power density. The capacitors C22
provides energy buffering following with the LC filter FB21 and C24 to reduce the output ripple and prevent
interference between SMPS switching frequency and line frequency considerably. Storage capacitor C22 is
designed to have an internal resistance (ESR) as small as possible. This is to minimize the output voltage
ripple caused by the triangular current.

4.5 Feedback loop

For feedback, the output is sensed by the voltage divider of R26 and R25 and compared to TL431 internal
reference voltage. C25, C26 and R24 comprise the compensation network. The output voltage of TL431 is
converted to the current signal via optocoupler IC12 and two resistors R22 and R23 for regulation control.

Application Note 6 Revision 1.1,2014-11-27
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5 Circuit operation

5.1 Startup operation

Since there is a built-in startup cell in the ICE2QS03G, there is no need for external start up resistor, which
can improve standby performance significantly. When Vcc reaches the turn on voltage threshold 18V, the IC
begins with a soft start. The soft-start implemented in ICE2QS03G is a digital time-based function. The
preset soft-start time is 12ms with 4 steps. If not limited by other functions, the peak voltage on CS pin will
increase step by step from 0.32V to 1V finally. After IC turns on, the Vcc voltage is supplied by auxiliary
windings of the transformer.

5.2 Normal mode operation

The secondary output voltage is built up after startup. The secondary regulation control is adopted with
TL431 and optocoupler. The compensation network C25, C26 and R24 constitutes the external circuitry of
the error amplifier of TL431. This circuitry allows the feedback to be precisely controlled with respect to
dynamically varying load conditions, therefore providing stable control.

5.3 Primary side peak current control

The MOSFET drain source current is sensed via external resistor R14 and R14A. Since ICE2QS03G is a current
mode controller, it would have a cycle-by-cycle primary current and feedback voltage control which can
make sure the maximum power of the converter is controlled in every switching cycle.

5.4 Digital frequency reduction

During normal operation, the switching frequency for ICE2QS03G is digitally reduced with decreasing load.
At light load, the CoolMOS™ IPS65R1K5CE will be turned on not at the first minimum drain-source voltage
time, but on the n'. The counter is in range of 1 to 7, which depends on feedback voltage in a time-base. The
feedback voltage decreases when the output power requirement decreases, and vice versa. Therefore, the
counter is set by monitoring voltage Ves. The counter will be increased with low Vs and decreased with high
Ves. The thresholds are preset inside the IC.

5.5 Burst mode operation

At light load condition, the SMPS enters into Active Burst Mode. At this stage, the controller is always active
but the Vcc must be kept above the switch off threshold. During active burst mode, the efficiency increase
significantly and at the same time it supports low ripple on V..« and fast response on load jump.

For determination of entering Active Burst Mode operation, three conditions apply:

1. The feedback voltage is lower than the threshold of Vegses(1.25V). Accordingly, the peak current sense
voltage across the shunt resistor is 0.1667,

2. The up/down counteris 7;
3. And a certain blanking time (tges=24ms).

Once all of these conditions are fulfilled, the Active Burst Mode flip-flop is set and the controller enters
Active Burst Mode operation. This multi-condition determination for entering Active Burst Mode operation
prevents mis-triggering of entering Active Burst Mode operation, so that the controller enters Active Burst
Mode operation only when the output power is really low during the preset blanking time.

Application Note 7 Revision 1.1,2014-11-27
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Protection features

During active burst mode, the maximum current sense voltage is reduced from 1V to 0.34V so as to reduce
the conduction loss and the audible noise. At the burst mode, the FB voltage is changing like a sawtooth
between 3.0 and 3.6V.

The feedback voltage immediately increases if there is a high load jump. This is observed by one
comparator. As the current limit is 34% during Active Burst Mode a certain load is needed so that feedback
voltage can exceed VLB (4.5V). After leaving active burst mode, maximum current can now be provided to
stabilize Vo. In addition, the up/down counter will be set to 1 immediately after leaving Active Burst Mode.
This is helpful to decrease the output voltage undershoot.

6 Protection features

6.1 Vcc over voltage and under voltage protection

During normal operation, the Vcc voltage is continuously monitored. When the Vcc voltage increases up to
Vecove OF Vee voltage falls below the under voltage lock out level Ve ofr, the IC will enter into autorestart mode.

6.2 Over load/Open loop protection

In case of open control loop, feedback voltage is pulled up with internally block. After a fixed blanking time,
the IC enters into auto restart mode. In case of secondary short-circuit or overload, regulation voltage Ve
will also be pulled up, same protection is applied and IC will auto restart.

6.3 Auto restart for over temperature protection

The IC has a built-in over temperature protection function. When the controller’s temperature reaches
140°C, the IC will shut down switch and enters into auto restart. This can protect power MOSFET from
overheated.

6.4 Adjustable output overvoltage protection

During off-time of the power switch, the voltage at the zero-crossing pin ZC is monitored for output
overvoltage detection. If the voltage is higher than the preset threshold 3.7V for a preset period 100ys, the IC
is latched off.

6.5 Short winding protection

The source current of the MOSFET is sensed via external resistor R14 and R14A. If the voltage at the current
sensing pin is higher than the preset threshold Vcsswof 1.68V during the on-time of the power switch, the IC s
latched off. This constitutes a short winding protection. To avoid an accidental latch off, a spike blanking
time of 190ns is integrated in the output of internal comparator.

Application Note 8 Revision 1.1,2014-11-27
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Protection features

6.6 Foldback point protection

For a quasi-resonant flyback converter, the maximum possible output power is increased when a constant
current limit value is used for all the mains input voltage range. This is usually not desired as this will
increase additional cost on transformer and output diode in case of output over power conditions.

The internal foldback protection is implemented to adjust the VCS voltage limit according to the bus voltage.
Here, the input line voltage is sensed using the current flowing out of ZC pin, during the MOSFET on-time. As
the result, the maximum current limit will be lower at high input voltage and the maximum output power
can be well limited versus the input voltage.

Application Note 9 Revision 1.1,2014-11-27
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8 PCB layout
8.1 Top side
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L3
9 Component list
Table 2 Bill of materials
No. Designator Description Footprint Part Number Manufacturer Quantity
1 BR1 (800V/1A) SOP-4 D1UBAS80 SHINDENGEN 1
2 C12 2.2nF/250V MKT2/13/10_0M8 DE1E3KL222MC4BNA1S MURATA 1
3 C13,C13A 15uF/400V RB10H(10x16) 400AX15M10X16 RUBYCON 2
4 C15 1nF/1000V 0805 C0805X102KDRACTU 1
5 Cl16 22uF/35V 1206 C3216X5R1V226M 1
6 C17 100nF/50V 0402 GRM155R71H104KE14D MURATA 1
7 C18,C26 1nF/50V 0402 GRM155R71H102KA01D MURATA 2
8 C19 47pF/50V 0402 GRM1555C1H470JA01D MURATA 1
9 c21 560pF/100V 0603 GRM1885C2A561JA01D MURATA 1
10 C22 820uF/6.3V RB6.3 MP6RL820MC8 1
11 C24 450uF/6.3V RB5 MP6RL450MB8 1
12 C25 220nF/25V 0402 GRM155C81E224KE01D MURATA 1
13 c27 1uF/25V 0402 GRM155R61E105KA12D MURATA 1
14 D11 600V/1A Sub SMA ES1JL 1
15 D12,D13 200V/0.25A SOD323 BAS21-03W INFINEON 2
16 D21 45V/5A D0O-221AC VSSAF5L45 1
(slimSMA)
17 F1 250V/1A AXIALO.4_V 3mm 0263001.HAT1L 1
18 FB21 FAIRRITE AXIALO.4_V 3mm 2743002112 1
19 IC11 ICE2QS03G SO-8 ICE2QS03G INFINEON 1
20 IC12 TCMT1103 optocoupler half TCMT1103 1
pitch mini flat
package
21 1C21 TL431 SOT-23 TL431BFDT 1
22 1C22 UCC24610 SO-8 UCC24610 1
23 L connector Connector 5000RED 1
24 L11 1mH/0.5A CH8 768772102 WURTH ELECTRONICS 1
25 N Connector N(2.5) Connector(2.5) 5001BLACK 1
26 Q11 650V/1R TO251(IPAK) IPS65R1K5CE INFINEON 1
27 Q21 60V/6.7TmR INF-PG-TDSON81 BSC067N06LS3 G INFINEON 1
28 R11,R11A 200k/400V/0.5W 0805 ERJPO6F2003V 2
29 | R12,R15 10R 0402 2
30 | R12A,R13,R14B | OR 0402 3
31 R12B 43k/1% 0402 1
32 R12C 10k/1% 0402 1
33 R14, R14A 2R/0.33W/1% 1206 ERJ8BQF2ROV 2
34 R18 10k 0402 1
35 R21 47R/0.5W 0805 ERJP6WF47ROV 1
36 R22 130R 0402 1
37 R23 1.2k 0402 1
38 R24 12k 0402 1
39 R25, R26 20k 0402 2
40 R27 2R 0402 1
41 R28 68k 0402 1
42 R29 220k 0402 1
43 R30 43.2k 0402 1
44 R31,R33 51.1k 0402 1
45 R32 75k 0402 1
46 TR1 718uH(66:5:16) TR_RM6_THT6PIn 1
RM6(TP4A)
47 USB Port USBPORT usB2 1
Short(Horizontal) JL-CAF-001
48 ZD11 22V Zener SOD323 UDZS22B 1
Application Note 12 Revision 1.1,2014-11-27
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Transformer construction

10 Transformer construction

Core and material: RM6 TP4A
Bobbin: RM6 with 3 pin
Primary Inductance, Lp=718 JH( +10%), measured between pin 2 and pin 6

s1
Pin 2
Pin 1
____________________________ Start Stop No. of turns Wire size Layer
st 6 1 33 IXAWGH34 Y/, Primary
_____________________________ S1(Flying wire) floating 30 1XAWGH34 Shield
2 S2(5) Flying wire | F2(3) Flying wire 5 1XLitz TIW(7 X AWG#29) | Secondary
----------------------------- s S1(Flying wire) floating 30 IXAWGH34 Shield
51 30 tums (1 X AWGH#34 shield) 1 2 33 1IXAWGH#34 Y, Primary
e . S1(Flying wire) | F1 (Flying wire) 16 1XTIW(0.25mm) Auxiliary
Fin 6 33 tums (1 X AWG#34 Prim.)

Core centre limb

CUSTOMER TERMINAL| ReHS [ LEAD(Pb)—FREE |
SnBEX, AgiX | Yes | Yea

100 MM, ELECTRICAL SPECIFICATIONS @ 25°C unless otherwise noted:
[2.54]
. PARAMETER TEST CONDMIONS VALUE
[a-on1.00] “ " L. 5-2 warc 1913 chms ar
LI[sT] D, RESISTANCE 51-F1 [ 0.393 chme Max
D.C. RESISTANCE s2-F2 earc 0.015 ohma Mex
s NDUCTANCE 5-2|  50kfz, 100mVAC, s 78Ul £10%
=] IEAKAGE INDUCTANCE 5-2 1ﬁd£,+féﬁ$}ie 35.0uH mas,
e DIELECTHC 52| g 5000VDC. | min,
MELECTRIC SI—Core 8250VIC, 1 econd S000VDC, | min,
TURKS RATIO (6—2):(S1—F1) 4121, 2%
PART MUST IMSERT FULLY TO TURKS RATIO {8—2):(32-P2) 13.2:1, £27

SURFACE A IN RECOMMEMDED GRID

-1 00 GENERAL SPECIFICATIONS:
% [2-54213 OPERATING TEMPERATURE RANGE: —40°C te +125°C including temp rise.
O__"“=
jl _* Degigned to comply with the following requirements aa defined by [ECS0850-1,
PRI 44! — Reinforced inaulatien for a primary clreuit at o worldng veltage of 400VDC.
85-277V/AC G‘f‘.‘; !
SSkHE )y o] T
—4! EC -100(2) |
. j! 5V, 3.0A [2.54] ! !
B l|= ey ‘ _L
@—:I | |
AuX -———‘-
16VDE,20ma :ﬁ —T— —1—
ISE——" | RECOMMENDED
L P.C. PATTERN, COMPOMENT SIDE

Wire inaulation & RoHS statua not affected by wire celor.
Wire insulation coler mey very depending on aveilability.

REV. DWTE [ Packaging Specifications DRAWING TITLE PART HO.

unless i i
A i > b
Wethod; Tray - Angles: =1 Decimals: £.008 [13 o
PKG-D103 ﬁ[-_’/ -L_—__ﬂ“ Fractione: +1,/64 Factprint: +.001 [.0F TR A N pu) FOR M ER K}( X X}( % X X
ik we—online com/mideotn| gy ruenen This drawing is dual dimensiored. Dimensians B
00 | 02/14 | SEE REVISION SHEET FOR REVISION LEVEL in_brackets are in milimetars. siSes p/ni HEKIDOMK SPECIFICATION SHEET 1 OF 1

Figure 6 Transformer structure
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Test results

11 Test results
11.1 Efficiency, regulations and output ripple
Table 3 Efficiency, regulation & output ripple
vin Pin vout Iout Vout_ripple_pk_pk Pout n Average rl oLP Pin oLP Iout
(Vac) (w) (vdc) (A) (mVv) (w) (%) (%) (W) (A)
0.0323 5.02 0.00 59.70
1.7400 5.02 0.30 57.40 1.51 86.55
4.2600 5.02 0.75 22.60 3.77 88.38
85 20.07 3.42
8.5000 5.02 1.50 32.10 7.53 88.59 87.97
12.7900 5.02 2.25 35.20 11.30 88.31 ’
17.3900 5.02 3.00 49.70 15.06 86.60
0.0326 5.02 0.00 64.90
1.7300 5.02 0.30 59.90 1.51 87.05
115 4.2500 5.02 0.75 20.10 3.77 88.59 19.80 3.45
8.4400 5.02 1.50 29.80 7.53 89.22 89.05
12.6300 5.02 2.25 35.00 11.30 89.43 ’
16.9300 5.02 3.00 40.30 15.06 88.95
0.0336 5.02 0.00 70.20
1.7700 5.02 0.30 81.30 1.51 85.08
4.3800 5.02 0.75 22.40 3.77 85.96
230 8.4600 5.02 1.50 33.50 7.53 89.01 88.24 20.19 3.7
12.6100 5.02 2.25 35.30 11.30 89.57 ’
17.0300 5.02 3.00 37.00 15.06 88.43
0.0344 5.02 0.00 76.00
1.7890 5.02 0.30 77.90 1.51 84.18
4.4500 5.02 0.75 22.90 3.77 84.61
265 21.06 3.70
8.5100 5.02 1.50 33.70 7.53 88.48 87.43
12.6800 5.02 2.25 36.60 11.30 89.08 ’
17.2000 5.02 3.00 38.80 15.06 87.56
Active-Mode Efficiency versus AC Line Input Voltage
93.00
91.00
= 88.95
2 80.00 8797 88.43
1] ™
§ §Mﬁ
%]
E 87 00 */ 88.24
86.60 87.43
85.00
85 115 230 265
AC Line Input Voltage [ Vac ]
—e— Full load Efficiency == Average Efficiency(25%,50%,75% & 100%)
Figure7  Efficiency vs AC line input voltage
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Efficiency versus Output Power

92.00
— 89.57
s 90.00 Py 89.22 08,95
- /m
o 89.43
£ 8800 87 05 o Ve 8964
]
E / 88.43
W 86.00
= 85.96
84.00 85:08
82.00
10 25 50 75 100
Output Power [%]
e\ iN=115Vac il \/in=230Vac
Figure8 Efficiency vs output power @ 115Vac and 230V line
11.2 Standby power
Standby Power @ no-load versus AC Line Input Voltage
100
= 80
2
E
5 60
5
?: 40 3225 3257 33.61 34.35
§. — — — +
20
0
85 115 230 265
AC Line Input Voltage [ Vac ]
—t—Pout = 0W
Figure9 Standby power @ no load vs AC line input voltage (measured by Yokogawa WT210 power

meter - integration mode)
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Test results

11.3 Line regulation
Line Regulation: Qutput voltage @ max. load versus AC line input voltage
52
> 5.1
) 5.02 502 5.02 5.02
8 * g g .
5 50
>
H
s 4.9
o]
4.8
85 115 230 265
AC Line Input Voltage [ Vac ]
—t—\/out @ maximum load

Figure 10 Line regulation V., @ full load vs AC line input voltage

11.4 Load regulation

Load Regulation: Vout versus output power
520
E 510
A 5.02 5.02 5.02 5.02 5.02
% £ 00 & d & & o
s 5.02 5.02 5.02 5.02 502
a
5 490
o
4380
Output Power [%]
/o Ut @ 115Vac - B -Vout @ 230Vac

Figure 11 Load regulation V.. vs output power
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Test results

11.5 Maximum power

Peak input power(OLP)/Peak output currentversus AC Line Input Voltage

oy Pin=20.43%3.08% W 10=3.56%£3.93% A

E‘ 30 357 4 <
o 342 3.45 ' — -
o) - — ‘ 3.70 §
T 25 5
S 21.06 o
S 2007 19.80 2019 — 3
S 20 =- —- —— £
2 o
c

£ s
§ 15 2 ¢
o

90 115 230 264

AC Line Input Voltage [ Vac ]

—=—Peak Input Power —+—Peak Output Current

Figure 12 Maximum input power (before over-load protection) vs AC line input voltage

11.6  ESD immunity (EN61000-4-2)

Pass EN61000-4-2 level 3 (+6kV) contact discharge.

11.7 Surge immunity (EN61000-4-5)

Pass EN61000-4-5 Installation class 3 (2kV: common mode).

Application Note 17 Revision 1.1,2014-11-27




-
15W 5V Adapter Reference Board with ICE2QS03G, @i neon
IPS65R1K5CE, BSCO67NO6LS3 G & BAS21-03W o
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11.8 Conducted emissions (EN55022 class B)

The conducted EMI was measured by Schaffner (SMR25503) and followed the test standard of EN55022
(CISPR 22) class B. The demo board was set up at maximum load (15W) with input voltage of 115Vac and
230Vac.

80 LTI
—_— = EN_V_QP
70 _— . EMN_V_AV
aP

. ANV
60 =

50 e

40 p - i

e

30

| Pt

dBpV

T YT ALV T UM ™ - ~

20 -

s
<
-
=
=

=

10

e S

-10

-20

f/MHz

Figure 13 Conducted emissions(Line) at 115Vac and maximum Load

80 o
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20 |
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i

i

i
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Figure 14 Conducted emissions(Neutral) at 115Vac and maximum Load
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80 L]

70 = +« EN_V_AV
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A
40 l,'\ H [
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Figure 15 Conducted emissions(line) at 230Vac and maximum Load
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Figure 16 Conducted emissions(Neutral) at 230Vac and maximum Load

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

11.9 Thermal measurement

The reference adapter’s open frame thermal test was done by thermal infrared camera (TVS-500EX) at the
ambient temperature 25°C. The thermal measures were taken after two hours running with full load and the
highest temperature of Q11 (CoolMOS™ CE) is 73.6°C for low line and 81.1°C for high line.

Q11 (CoolMOS™ CE) Q11 (CoolMOS™ CE)
73.6°C 81.1°C

(85Vac ,full load) (265Vac & full load)

Figure 17 Infrared thermal image of REF-15W_CE1K5 ADAPTER

12 Waveforms and scope plots

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

12.1 Start up at low/high AC line input voltage with maximum load

I LeCroy| J |

—_p! 210ms |

e FPosiivel
X1z 171 ms = - 209.551 ms
K= 213.385ms 1eXe 466079 Hz = 47721 He

Channel 1; C1: Drain voltage (Vorain) Channel 1; C1: Drain voltage (Vorain)

Channel 2; C2: Supply voltage (Vcc) Channel 2; C2 : Supply voltage (Vcc)

Channel 3; C3 : Feedback voltage (Ves) Channel 3; C3 : Feedback voltage (Ves)
Channel 4; C4 : Zero crossing voltage (Vzc) Channel 4; C4 : Zero crossing voltage (Vzc)
Startup time=210ms Startup time=210ms

Figure 18 Startup @ 85Vac & max. load Figure 19 Startup @ 265Vac & max. load
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12.2 Soft start

T T T | T I I LeCroy

ves

Channel 1; C1: Drain voltage (Vorain)
Channel 2; C2 : Supply voltage (Vcc)
Channel 3; C3: Feedback voltage (Ves)
Channel 4; C4 : Zero crossing voltage (Vzc)

Soft Star time =13ms
Figure 20 Soft Start @ 85Vac & max. load

. .
12.3 Drain voltage and current at maximum load
LeCroy| T LeCroy|
i — l\\\ || TP - -
i T —ry e A\ { \
H I '\l |
\ \ |
1 ] i
i =l i yas J | [
ves ! wes' T ¢
o m
L T | " L
T T
Measure P1.pkpk(C1) P2freq(C1) P3min(C1) Pamax(C3) PS:--- PG:--- Measure P1:pkpk(C1) PZfreq(C1) P3min(C1) Pamax(C3) PS--- PB---
value 2494V 48.267047 KHZ value 5398Y 106.18623 kHz
mean 263196V 5913744734 KHZ mean S38176Y  106.0423203 kHz
min 2476V 47.334899 kHz min 5314V 10547773 kHz
max 2768V 64.637305 KHz 5460V 106.71321 kHz
Sdev 8430V 491156464 KHZ 3690V 206.5451 Hz
num 202 289 423 423
status v v v 04

Channel 1; C1: Drain-source voltage (Vos) Channel 1; C1: Drain-source voltage (Vps)
Channel 2; C2 : Current sense voltage (Vcs) Channel 2; C2 : Current sense voltage (Vcs)
VDrainfpeak: 276V VDrainfpeak: 546V

Figure 21 Operation @ 85Vac and max. load Figure 22 Operation @ 265Vac and max. load
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Waveforms and scope plots

12.4 Zero crossing point during normal operation
| LeCroy i LeCroy
(DS N M N ) [ ER S M FP S
Channel 1; C1: Drain voltage (Vorain) Channel 1; C1: Drain voltage (Vorain)
Channel 2; C2: Current sense voltage (Vcs) Channel 2; C2 : Current sense voltage (Vcs)
Figure 23 Operation @ 85Vac and 2™ zero Figure 24 Operation @ 85Vac and 7* zero
crossing crossing
12.5 Load transient response (Dynamic load from 10% to 100%)
LeCroy| LeCroy|
g P g e e e | e )T tp e e s
T
Channel 1; C1: Output ripple voltage (Vout) Channel 1; C1: Output ripple voltage (Vout)
Channel 2; C2 : Output current (loy) Channel 2; C2 : Output current (loyt)
Viipple_pk_pk=241mV (Load change from10% to Vripple_pk_pk=245mV (Load change from10% to
100%,100Hz,0.4A/uS slew rate) 100%,100Hz,0.4A/uS slew rate)
Probe terminal end with decoupling capacitor of | Probe terminal end with decoupling capacitor of
0.1uF(ceramic) & 1uF(Electrolytic), 20MHz filter 0.1uF(ceramic) & 1uF(Electrolytic), 20MHz filter
Figure 25 - Load transient response @ 85Vac | Figure 26 Load transient response @ 265Vac
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Cifineon.

12.6

Output ripple voltage at maximum load

LeCroy| LeCroy|
val
L™ e e T e - - iy SV -
o]
Measure P1.pKPK(CT) PZMax(G1) P3min(G1) PAMaK(C3)  PE.OU@WC102)  PEA@WCICI) Measure P1-plpkiC1) P2max(C1) P3:min(C1) Pdmax(C3)  P5dI@MC1,C2)  PBAI@MGCI.C2)
value 445my 27.5my ATOmY val 342 25mV 9.7 mv
mean 43.883my 20511 my 14372V m 34 ETZ MV 25101 mv 9,481 my
min 3e5my 21.amy 249 my min 323V 232mV 116 mv
ax 97 mv 351 my TAmY m 3.8 My 280V 75 mv
2463 mv 3021 mv 475G mV ey ARETT 941 v 764 WY
nu 102 103 103 num 125 125 125
status v v v status v v v
20,0 mvidiv| 10,0 psidivjAuto 8.4 mv] 20.0 mvidiv|
0.00 myvorst] -8.000 4 orst 500ks 50 G8/s|Edge  Positivel 0.00 my ofst] 8000 4 ofst|

Channel 1; C1: Output ripple voltage (Vou)
Channel 2; C2 : Output current (loy)

Channel 1; C1: Output ripple voltage (Vout)
Channel 2; C2: Qutput current (lout)

Vripple_pk_pk:49-7 mV

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

Vripple_pk_pk =38.8mV

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

Figure 27 AC output ripple @ 85Vac and max.
load

Figure 28 AC output ripple @ 265Vac and

max. load

12.7

Output ripple voltage during burst mode at 1 W load

LeCroy| LeCroy/
Svg vo
Ayl Y]
6
Measure P1:pkpk(C1) P2max(C1) PImin(C1) Pemax(C3)  PEUI@MCICI)  PEUI@MC! 0D P pkpk(C1) Prmax(c1) PImin(c1) PAMANCY)  PEUAMCICY  PEAGWCI.CH
value sT4mY 272my -30.2mv 725my 301 my 334 my
mean 57.287 mv 26.247 mv -31.040my T1425mV 37.882mV 33543 my
min s5.0my 247 myv 330my 689.2mY 3.2 MY -361 v
max 595my 280mv 283 my 738mY 388 my 31 amv
sdev 1.038 mv 62311V 151 @724 7084 851 v
num 102 102 102 129 129 129
status. v v v v v v

1
20.0 mVidiv 2.00 Aldiv 200 psidivf Auto 8.4 mV|
0.00 mv ofst] -8.000 A ofst 1.00 MS 500 MS/sQEdge  Fositive]

nur

status

C1 (Timebase -100 9 (Trigger (@)
000mvofst] -8.000 Acrst 1.00 M5 500 wsss [Eage  Positiel

Channel 1; C1: Output ripple voltage (Vout)
Channel 2; C2 : Output current (loy)

Channel 1; C1: Output ripple voltage (Vout)
Channel 2; C2 : Output current (loyt)

Vrippleipkipk:59.5 mV

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

Viipple_pk_pk = 713.8mV

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

Figure 29 AC output ripple @ 85Vac and 1W
load

Figure 30 AC output ripple @ 265Vac and 1W
load
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12.8 Active Burst mode operation

m

AL

wwwwww

1 Sosiivel
M= -1000000ms A= 19.93398ms
M= 9.9999Bms 1= 50.00005 Hz

¥2= 3798775ms 1= 344478 HZ

Channel 1; C1: Drain voltage (Vorain) Channel 1; C1: Drain voltage (Vorain)
Channel 2; C2 : Supply voltage (Vcc) Channel 2; C2 : Supply voltage (Vcc)
Channel 3; C3 : Feedback voltage (Ves) Channel 3; C3 : Feedback voltage (Ves)
Channel 4; C4 : Zero crossing voltage (Vzc) Channel 4; C4 : Zero crossing voltage (Vzc)
Condition: Vrg<1.2V, N2c=7 and toianking =29MS Condition: Veg>4.5V
(load change form full load to 1W load) (load change from 1W to full load)
Figure 31 Entering active burst mode @ Figure 32 Leaving active burst mode @ 85Vac
85Vac
12.9 Over load protection (Auto restart mode)

L L -

T
|
|
\
4—* built-in 30ms blanking
F_,, SdANEEEE SESERERARENREN
‘ !
o L 5
& g (Trigg C:

X2= 38.4545ms 274601 Hz

Channel 1; C1: Drain voltage (Vorain)

Channel 2; C2: Supply voltage (Vcc)

Channel 3; C3 : Feedback voltage (Vs)

Channel 4; C4 : Zero crossing voltage (Vzc)
Condition: Ves>4.5V & last for 30ms blanking time
(output load change from full load to short load)
Figure 33 Over load protection with extended

blanking time @ 85Vac
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12.10 Output overvoltage protection (Latched off mode)

Measure P1-pkpk(C1) P2max(C1) PEmin(C1) Pdmax(Cd)  PSU@MCI C  PEU@WCICY)
e 3.

Channel 1; C1: Output voltage (Vout)
Channel 2; C2 : Supply voltage (Vcc)
Channel 3; C3: Feedback voltage (Ves)
Channel 4; C4 : Zero crossing voltage (Vzc)

Condition: Vo >5.5V (Vzc>3.7V)(short R26 during
while system operation at no load)

Figure 34 Output overvoltage protection @
85Vac

12.11  Vccunder voltage/Short optocoupler protection (Auto restart mode)

[ i i LeCroy/|

tart % E>

T

Channel 1; C1: Drain voltage (Vorain)
Channel 2; C2: Supply voltage (Vcc)
Channel 3; C3 : Feedback voltage (Ves)
Channel 4; C4 : Zero crossing voltage (Vzc)

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

Figure 35 Vcc under voltage/short
optocoupler protection @ 85Vac
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THE INFORMATION GIVEN IN THIS APPLICATION
NOTE (INCLUDING BUT NOT LIMITED TO
CONTENTS OF REFERENCED WEBSITES) IS GIVEN
AS A HINT FOR THE IMPLEMENTATION OF THE
INFINEON TECHNOLOGIES COMPONENT ONLY
AND SHALL NOT BE REGARDED AS ANY
DESCRIPTION OR WARRANTY OF A CERTAIN
FUNCTIONALITY, CONDITION OR QUALITY OF THE
INFINEON TECHNOLOGIES COMPONENT. THE
RECIPIENT OF THIS APPLICATION NOTE MUST
VERIFY ANY FUNCTION DESCRIBED HEREIN IN THE
REAL APPLICATION. INFINEON TECHNOLOGIES
HEREBY DISCLAIMS ANY AND ALL WARRANTIES
AND LIABILITIES OF ANY KIND (INCLUDING
WITHOUT LIMITATION WARRANTIES OF NON-
INFRINGEMENT OF INTELLECTUAL PROPERTY
RIGHTS OF ANY THIRD PARTY) WITH RESPECT TO
ANY AND ALL INFORMATION GIVEN IN THIS
APPLICATION NOTE.

Information

For further information on technology, delivery terms
and conditions and prices, please contact the nearest
Infineon Technologies Office (Wwww.infineon.com).
Warnings

Due to technical requirements, components may
contain dangerous substances. For information on
the types in question, please contact the nearest
Infineon Technologies Office. Infineon Technologies
components may be used in life-support devices or
systems only with the express written approval of
Infineon Technologies, if a failure of such components
can reasonably be expected to cause the failure of
that life-support device or system or to affect the
safety or effectiveness of that device or system. Life
support devices or systems are intended to be
implanted in the human body or to support and/or
maintain and sustain and/or protect human life. If
they fail, it is reasonable to assume that the health of
the user or other persons may be endangered.
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CraHpapT
INeKTpPOoH
ﬂ CBAA3b

Mbl MOf04aA M aKTUBHO Pa3BMBAIOLLAACA KOMMAHWA B 061acTM  MOCTaBOK
3NEKTPOHHbIX KOMMOHEHTOB. Mbl NOCTAaBASEM  3/IEKTPOHHbIE  KOMMOHEHTbI
OTEYEeCTBEHHOIrO U MMMOPTHOIO NMPOWU3BOACTBA HAMPAMYIO OT NPOU3BOAMUTENEN U C
KpYMHEMLWKNX CKNaZ0B MUpa.

Enaro,a,apﬂ coTpygHn4ecTtesy C MMpPOBbIMU NOCTaBWMKaMWN Mbl OCYLLECTBIAEM
KOMMNNEKCHbIE N NN1aHOBblE MNMOCTABKU LumpoqaﬁLuero CNEeKTpa 3/1EKTPOHHbIX
KOMMOHEHTOB.

CobcTtBeHHan 3¢p@eKTUBHAA NOrMCTUKA M CKNag B obecneunBaeT HageKHYHo
MOCTaBKy MNPOAYKLMM B TOYHO YKa3aHHble CPOKM Mo Bcel Poccum.

Mbl ocyuiecTBisem TEXHUYECKYI0 MNOALEPKKY HAWWM  K/IMEHTaMm U
npeanpoaaxkHyto NPOBEPKY KayecTsa NpoayKumu. Ha Bce noctaBnsiemble NpoAyKTbl
Mbl MPEAOCTaBASEM TFAPaAHTUIO .

OcyuwiectBndem nNOCTaBKM NpoOAYKUMM nog, KoHTponem Bl MO PO Ha
npeanpuATUA BOEHHO-NPOMbIWIEHHOTO KoMnaekca Poccuun , a TakKe paboTtaem B
pamkax 275 ®3 c OTKpbITUEM OTAE/bHbIX CHETOB B YNONHOMOYEHHOM BaHKe. Cuctema
MeHeXMeHTa KayecTBa KomnaHum cooTBeTcTByeT TpeboBaHuam FOCT ISO 9001.

MWHUMaNbHbIE  CPOKM  MNOCTAaBKW, TMOKME  UeHbl, HeorpaHWYeHHbIN
aCCOPTUMEHT UM WHAMBMAYANbHbLIN MNOAXOA K KAMEHTaM ABAAIOTCA OCHOBOW ANA
BbICTPAMBaHMA A0FOCPOYHOIO M 3GPEKTUBHOIO COTPYAHMYECTBA C NPEeANPUATUAMM
PaANO3NEKTPOHHOMW NPOMBIWAEHHOCTU, NPEeanPUATUAMM BMNK u HayuHo-
nccnenoBaTeNbCKUMKU MHCTUTYTaMm Poccun.

C Hamu Bbl CTAaHOBMUTECH elle ycnewHee!

[HaLLIM KOHTAKTbI: \

TenedoH: +7 812 627 14 35

dNeKTpPOHHaA nouTa: sales@st-electron.ru

Appec: 198099, CaHkT-MNeTepbypr,
MpomblwneHHasa yn, gom Ne 19, nutepa H,
nometleHune 100-H Oduc 331
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