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About this document

Scope and purpose

This document describes a universal input 15W, 12V, and 5V offline flyback converter using the CoolSET™ 5%
Generation Quasi-Resonant (QR) Plus ICE5SQR4780BG-1 IC from Infineon, which offers high efficiency, low
standby power with selectable entry and exit standby power option, wide Vccoperating range with fast startup,
robust line protection with input OVP, and brownout and various protections for a highly reliable system.

This reference board is designed to evaluate the performance of CoolSET™ 5% Generation QR Plus
ICE5QR4780BG-1 IC and its ease of use.

Intended audience

This document is intended for power supply design/application engineers, students, etc., who wish to design a
low-cost and high reliable offline SMPS as either auxiliary power supply for white goods, PCs, servers, and TVs,
or enclosed adapters for gaming consoles.

CoolSET™

Infineon’s CoolSET™ AC-DC integrated power stages in quasi-resonant switching scheme offers increased
robustness and outstanding performance. This family offers superior energy efficiency, comprehensive
protective features, and reduced system costs, and is ideally suited for auxiliary power supply applicationsin a
wide variety of potential applications such as:

e SMPS

e Home appliances

e Server

e Telecom

Application note Please read the sections “Important notice” and “Warnings” at the end of this document Revision V 1.0
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1 Introduction

This document describes a 15W, 12V, and 5 V reference board designed in a quasi-resonant flyback converter
topology using the CoolSET™ 5™ Generation QR Plus ICE5QR4780BG-1 IC.

With the CoolMOS™ integrated in this IC, it simplifies the design and layout of the PCB. The new improved
digital frequency reduction with proprietary QR operation offers lower EMI and higher efficiency for a wide AC
range by reducing the switching frequency difference between low- and high-line. The active burst mode (ABM)
power enables flexibility in standby power operation range selection and QR operation during ABM. As a result,
the system efficiency over the entire load range is significantly improved compared to a conventional free-
running QR converter implemented with only maximum switching frequency limitation at light loads.

In addition, several adjustable protection functions have been implemented in ICE5QR4780BG-1 to protect the
system and customize the IC for the chosen application. In case of failure modes, like brownout or line
overvoltage, Vcc overvoltage and undervoltage, open control loop or overload, output overvoltage,
overtemperature, and Vcc short-to-ground, the device enters protection mode.

By means of the cycle-by-cycle peak current limitation (PCL), the dimension of the transformer and the current
rating of the secondary diode can both be optimized. Thus, a cost-effective solution can be easily achieved. The
target applications of ICESQR4780BG-1 are either auxiliary power supply of white goods, PCs, servers, and TVs,
or enclosed adapters for gaming consoles, etc.

This document contains the list of features, power supply specifications, schematics, bill of materials (BOM)
and transformer construction documentation. Typical operating characteristics such as performance curves
and scope waveforms are shown at the end of the document.

Application note 4 Revision 'V 1.0
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3 Reference board specifications

Table1 REF_5QR4780BG-1_15W1 specifications

Input voltage and frequency 85V AC (60 Hz) ~300 V AC (50 Hz)
Output voltage, current, and power (12Vx1.16 A)+(5Vx0.2A)=15W
Dynamic load response +5% of nominal output voltage

(5Vat0.2Aand 12V load change from 10% to 100%, slew
rate at 0.4 A/us, 100 Hz)

Output ripple voltage 5 Vripple_p_p< 100 mV

(full load, 85 VAC ~ 300 VAC) 12 Viipple_p_p< 100 mV

Active mode four-point average efficiency >84% at 115V AC and 230V AC

(25%, 50%, 75%, 100% load)

No-load power consumption <100 mW at 230 VAC

Conducted emissions (EN55022 class B) Pass with 6 dB margin for 115V AC and 6 dB
margin for 230 VAC

ESD immunity (EN61000-4-2) Special level (+14 kV for contact and 16 kV air
discharge)

Surge immunity (EN61000-4-5) Installation Class 4 (+2 kV for line to line and

+4 kV for line to earth)
Form factor case size (L x W x H) (110 x66 x27) mm?

Note that the reference board is designed for dual-output with cross-regulated loop feedback. It may not
regulate properly if loading is applied only to a single output. If you want to evaluate for a single output (12 V
only) condition, make the following changes on the board:

1. Remove D22,122,C28,C210, and R25A to disable 5V output.

2. Change R26 to 10 kQ and R25 to 38 kQ) to disable 5 V feedback and enable 100% weighted factor on the 12V
output.

Because the board (especially the transformer) is designed for dual output with optimized cross regulation,
single output efficiency might not be optimized. This configuration is only for IC functional evaluation under
single output condition.

Application note 6 Revision 'V 1.0
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4 Schematic

BRI

— GND ra
CESQRATR0BG-1

Line OVP=323 Vac
BrownIn=77 Vac
BrownOut=45 Vac(No load)

# Optional Compeonent

Figure 2 Schematic of REF_5QR4780BG-1_15W1

4.1

General guidelines for PCB layout

1. Star ground at the bulk capacitor (C13): Connect all primary grounds separately to the ground of the bulk
capacitor (C13) at one point. This reduces the switching noise going into the sensitive pins of the CoolSET™
device effectively. The primary star ground can be split into four groups as follows:

Combine the signal (all small-signal grounds connecting to the GND pin of the CoolSET™ device, such as
filter capacitor grounds C17, C18, C19, and C111, and optocoupler ground) and power grounds (CS
resistors R14 and R14A).

Ve ground that includes the Ve capacitor ground (C16) and the auxiliary winding ground (pin 2) of the
power transformer.

EMI return ground, which includes the Y capacitor (C12).
DC ground from the bridge rectifier (BR1).

2. Filter capacitor close to the controller ground: Place the filter capacitors (C17, C18, C19, and C111) close
to the controller ground and controller pin to reduce the switching noise coupled into the controller.

3. HVtrace clearance: To avoid arcing, space out the high-voltage traces far apart from the nearby traces.

400 V traces (positive rail of the bulk capacitor C13) to the nearby trace: > 2.0 mm
600 V traces (drain voltage of the CoolSET™ IC11) to the nearby trace: > 2.5 mm

4. For better thermal performance, add a minimum copper area of 232 mm?at the drain pin on the PCB.
5. To minimize the switching emissions, keep the following as small as possible:

Power-loop area (bulk capacitor C13)

Primary winding of the transformer (TR1; pin 4 and 6)
IC11 drain pin

IC11CS pin

CSresistors (R14/R14A)

Application note 7 Revision 'V 1.0
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5 Bill of materials
Table 2 Bill of materials
No. | Designator Description Part Number Manufacturer Quantity
1 BR1 600V/1A S1VBA60 Shindengen 1
2 C11 0.22 uF/305V B32922C3224 Epcos 1
3 C12 2.2 nF/500V DE1E3RA222MA4BQ Murata 1
4 C13 47 uF/500V 500BXC47MEFC18X31.5 Rubycon 1
5 C15 1 nF/1000V GRM31BR73A102KWO01# Murata 1
6 Cle 22 uF/50V 50PX22MEFC5X11 Rubycon 1
7 C17 100 nF/50V GRM188R71H104KA93D Murata 1
8 C18,C26 1nF/50V GRM1885C1H102GA01D Murata 2
9 C19 120 pF/50V GRM1885C1H121GA01D Murata 1
10 |Cl11 22nF/50V GCM188R71H223KA37D Murata 1
11 | C21,C27 1nF/100V GRM2162C2A102JA01# Murata 2
12 | C22 1000 uF/16V 16ZLH1000MEFC10X16 Rubycon 1
13 [ C24 470 uF/16V 16ZLH470MEFC8X11.5 Rubycon 1
14 | C25 220 nF/50V GRM188R71H224KAC4D Murata 1
15 | (C28,C210 330 uF/10V 10ZLH330MEFC6.3X11 Rubycon 2
16 |Dl11 1A/800V UF4006 - 1
17 | D12,D13 0.2A/200V 1N485B - 2
18 | D21 30A/100V STPS30M100SFP - 1
19 | D22 10A/45V VFT1045BP - 1
20 |F1 1.6 A/300V 36911600000 - 1
21 |IC11 ICE5QR4780BG -1 ICE5QR4780BG-1 Infineon 1
22 |IC12 Optocoupler SFH617A-3 - 1
23 |lIc21 Shunt regulator TL431BVLPG - 1
24 | JP2,JP3, JP4, JP5, | Jumper - - 7

JP6, JP22 and

JpP23
25 |L11 2X47MH 0.5A B82731M2501A30 Epcos 1
26 |L21 2.2 uH/6.3A 744746 202 2 Wirth Elektronik |1
27 | L22 4.7TuH/4.2A 744746204 7 Wiirth Elektronik |1
28 | R110,R110A 2 MQ/5%/200 V RC1206JR-072ML 2
29 |R11 68 kQ/2 W/500 V MO2CT631R683J KOA Speer 1
30 |R12A 0 Q(0603) - - 1
31 |JP1 27Q - - 1
32 |R14 2.2 R/0.33 W/+1% ERJ8BQF2R2V Panasonic 1
33 |RI14A 2 R/0.33 W/+1% ERJ8BQF2RQOV Panasonic 1
Application note 8 Revision 'V 1.0
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Bill of materials
No. | Designator Description Part Number Manufacturer Quantity
34 |R15 27k Q +1% (0603) - - 1
35 | R16,R16A,R16B 15 MQ/0.25 W/5% RC1206JR-0715ML - 3
36 | R18,R18A,R18B 3 MQ/0.25 W/1% RC1206FR-073ML - 3
37 |R19 58.3 kR/0.1 RTO603DREO758K3L - 1
W/0.5%
38 |R21 51 R/0.25 W/+1% ERJ8ENF51R0OV Panasonic 1
39 |R22 820 Q (0603) - - 1
40 |R23 1.2 kQ (0603) - - 1
41 |R24 12 kQ (0603) - - 1
42 |R25 16 kQ (0603) - - 1
43 | R25A 6.2 kQ) (0603) - - 1
44 |R26 2.5 kQ (0603) - - 1
45 | R27 13 R/0.25 W/+1% ERJSENF13ROV Panasonic 1
46 | R110,R110A 2 MQ/5%/200 V RC1206JR-072ML 2
47 | TR1 998 uH 750343074(Rev 0.2) Wiirth Elektronik |1
48 | VAR Varistor B72207S2321K101 Epcos 1
49 |ZD1 22V Zener MMSZ5251B-7-F Diodes 1
Incorporated
50 |HS1 Heatsink 577202B00000G 1
51 | Con(LN) Connector 691102710002 Wiirth Elektronik |1
52 | Con(+12V Com), Connector 691412120 002B Wiirth Elektronik |2
Con(+5V Com)
Application note 9 Revision 'V 1.0
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6 Circuit description
6.1 Line input

The AC line input side comprises the input fuse (F1) as overcurrent protection. The choke (L11), X-capacitor
(C11), and Y-capacitor (C12) act as EMI suppressors. A rectified DC voltage (120~424 V DC) is obtained through
the bridge rectifier (BR1) together with the bulk capacitor (C13).

6.2 Startup

To achieve a fast and safe startup, ICE5QR4780BG-1 is implemented with startup resistors and Vcc-to-GND
short-circuit protection. When Vicc reaches the turn-on voltage threshold (16 V), the IC begins with a soft start.

The soft start implemented in ICE5QR4780BG-1 is a digital time-based function. The preset soft-start time is
12 ms with four steps. If not limited by other functions, the peak voltage on the CS pin will increase
incrementally from 0.3V to 1 V. After the IC turns on, the V¢ voltage is supplied by auxiliary windings of the
transformer. Vcc-to-GND short-circuit protection is implemented during the startup time.

6.3 Integrated CoolMOS™ MOSFET and PWM control

ICE5QR4780BG-1 comprises a power MOSFET and the proprietary novel QR controller, which enables higher
average efficiency and low EMI. This integrated solution simplifies the circuit layout and reduces the cost of
PCB manufacturing. The PWM switch-on is determined by the zero-crossing detection 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. ICE5QR4780BG-1 also performs all necessary protection functions in the flyback converters.
For more details, refer to the datasheet [1].

6.4 RCD clamper circuit

A clamper network (R11, C15, and D11) dissipates the energy of the leakage inductance and suppresses the
ringing on the SMPS transformer.

6.5 Output stage

There are two outputs on the secondary side (12 Vand 5 V). The power is coupled out via the Schottky diodes
(D21 and D22). The capacitors (C22 and C28) provide energy buffering followed by the L-C filters (L21-C24 and
L22-C210) to reduce the output ripple and prevent interference between the SMPS switching frequency and line
frequency. Storage capacitors (C22 and C28) are designed to have the smallest possible internal resistance
(ESR) to minimize the output voltage ripple caused by the triangular current.

6.6 Feedback loop

For feedback, the output is sensed by the voltage dividers (R26, R25, and R25A) and compared to IC21 (TL431)
internal reference voltage. C25, C26, and R24 comprise the compensation network. The output voltage of IC21
(TL431) is converted to the current signal via the optocoupler (IC12) and two resistors (R22 and R23) for
regulation control.

Application note 10 Revision 'V 1.0
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6.7 Primary-side peak current control

The MOSFET drain-source current is sensed via the external resistors (R14 and R14A). Because ICE5QR4780BG-1
is a current mode controller, it would have a cycle-by-cycle primary current and feedback voltage control,
which ensures that the maximum power of the converter is controlled in every switching cycle.

For a QR flyback converter, the maximum possible output power is increased when a constant current limit
value is used for the entire line input voltage range. However, this is not desirable because this will increase the
cost of the transformer and output diode in case of output over-power conditions.

Internal current limitation with line-dependent Vcs curve and the new proprietary QR switching, which reduces
the switching frequency difference between the minimum and maximum line are implemented in
ICE5QR4780BG-1. As a result, the maximum output power can be limited against the input voltage.

6.8 Digital frequency reduction

During normal operation, the switching frequency for ICE5QR4780BG-1 is digitally reduced with decreasing
load. At light load conditions, the MOSFET will be turned on - not at the first minimum drain-source voltage
time, but on the n". The counter is in the range of 1 to 8 for low-line and 3 to 10 for high-line, which depends on
the 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 the monitoring voltage (Ves). The counter will be
increased with low Vg and decreased with high Ves. The thresholds are preset inside the IC.

6.9 Active burst mode (ABM)

ABM entry and exit power (two levels) can be selected in ICE5QR4780BG-1 [1]. ABM power level 1 is used in this
reference board (R17 = open). At light load conditions, the SMPS enters into ABM with QR switching. At this
stage, the controller is always active but the Vycc must be kept above the switch-off threshold. During ABM, the
efficiency increases significantly; and it supports low ripple on Vo, and fast response on load jump.

For determination of entering ABM operation, three conditions apply:

e The feedback voltage is lower than the threshold of Ves_gsix.
e The up/down counter is 8 for low line and 10 for high-line.
e Acertain blanking time (trs_ges =20 ms).

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

During ABM, the maximum current sense voltage is reduced from Vcs_y to Ves_gsix to reduce the conduction loss
and the audible noise. During ABM operation, the feedback voltage changes like a sawtooth between Veg gorr
and Vg_gon.

The feedback voltage immediately increases if there is a sudden increment in the output load, as observed by
one comparator. When the current limit is 31/35% during ABM, a certain load is needed so that the feedback
voltage can exceed Vig 5. After leaving ABM, maximum current can now be provided to stabilize Vou. In
addition, the up/down counter will be set to ‘1’ (low-line) or ‘3’ (high-line) immediately after leaving ABM. This
is helpful to decrease the output voltage undershoot.
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7 Protection features

ICE5QR4780BG-1 provides comprehensive protection features to ensure that the system is operating safely.
When faults are detected, the system enters the protection mode, and remains in this mode until the fault is
removed, and then the system resumes normal operation. Table 3 lists the protections and the failure
conditions.

Table 3 Protection function of ICE5QR4780BG-1

Protection function Failure condition Protection mode

Line overvoltage Vuin > Vuin_Love Non-switch auto-restart

Brownout Vuin < Vuin_so Non-switch auto-restart

Vccovervoltage Vvee > Vvee_ove Odd-skip auto-restart

Vcc undervoltage Vvee < Vvec_orr Auto-restart

Overload Ves > Vee_ore and lasts for 30 ms Odd-skip auto-restart

Output overvoltage Vzep > Vzep_ove and lasts for 10 Odd-skip auto-restart
consecutive pulses

Overtemperature (junction T,>140°C with 40°C hysteresis to reset Non-switch auto-restart

temperature of controller chip only)

Vee short-to-GND Vvee < Vvec_scp, Ivec_charge = vee_charger Cannot start up

(Vv =0V, Rstartup = 50 MQ and Vprain =

90V)
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PCB layout
8 PCB layout
8.1 Top side

15W 12Vx1.17A and
SVx0.2A SMPS with
ICESQR47380BG-1
0312024

V1.0

Figure 3 Top side component legend

8.2 Bottom side

000 00 ©

Figure 4 Bottom side component legend

Application note 13 Revision 'V 1.0
2024-11-19



o _.
15W, 12V and 5V SMPS reference board with CoolSET™ In f| neon
ICE5QR4780BG-1
REF_5QR4780BG-1_15W1
Transformer construction

9 Transformer construction

Core and material: EE20/10/6(EF20), TP4A (TDG)

Bobbin: 070-5643 (14 Pin, THT, horizontal version)

Primary Inductance: Lp =998 uH (+10%), measured between pin 4 and pin 6

Manufacturer and part number: Wiirth Electronik Midcom (750343074)

Fin T . |
Bin1 I 14 Tums (1 X AWGELD  Auwx) |J
Fink i 28 Tums [LX AWG #30  1/3Frim.} ::|
PinG f = G ‘3pfim. ) n "
1 30 Tumns [1X AWE %30  1/3Prm.) Start Stop |No. of turng Wire size Layer
Fintl 4 5 30 LXAWGH30 '/3 Primary
T Tums (1x Liz [IWT /0.7 Sse) M —'—g;:; 12 9 5 1x Litz [TIW 7/0.17] Secondary 2
5 Turns (1x Litz [TIW 7 /0.17] S=c.2) Hp—<— Fini2 7 11 T 1x Litz[TIW 7/ 0.17] Secondary 1
I |t etututututututututut? 5 6 58 LXAWGH30 %3 Primary
n bl ™
i T Tums (1A AWGER_ U3Fam) | — 1 2 14 LXAWGH#30 Auxiliary
insulation sleeve for =
31l primany side wire
termination
1}®)
CUSTOMER TERMINAL|RoHS |LEAD(PE)-FREE] H
Sn 96%, Ag 4% | Yes | Yes |
—o-
= ate
I ™ DIMENSION WAY BE EXCEEDED WITH SOLDER OWLY - " WallRTH ELERTRONIK
13.00/4.00] ELECTRICAL SPECIFICATIONS @ 25° C unless otherwise noted:
TERM. NO.s FOR REF. OWLY
PARAMETER TEST CONDITIONS VALUE
D.C. RESISTAMCE [E @2AT 250 chms_max
g:\' [ #H D.C. RESISTANCE 45 @20C 320 ohms _max
o o D.C. RESISTANCE 71 @IFC 040 ohms max
Hei—g al D.C. RESISTANCE 12- @A 025 ohms_max
ED:J B INDUCTAMCE 46 50kHz. 100m\V. Ls 228 0uH £10%
sz'}‘f L350y LEAKAGE INDUCTANCE 462 1+257+8+11+12), 100w+, 100N, L] OuH typ... 15uH max
=i | DIELECTRIC 6-T[tej224, 11+12), 3TSIVAC. 1 second
DIELECTRIC T-core| tie{11£12), 3TSOVAC. 1 second
020 $0.014) TURNS RATIO (48112) 5201, 9%
L-:_J WUST BSERT FULLY T0 TURNS RATIO i 12571, £2%
SURFACE A IK RECOMMENDED GRID TURNS RATIO 17601, £2%
seC 1
|E‘ 12V, 1.2A
sEC 2
5V, 0.2
{8
RECONMENDED.
P.C. PATTERM. CONPOKENT SIDE
GENERAL SPECIFICATIONS:
OPERATING TEMPERATURE RANGE: 40°C 10 +125°C Incuding temp rise.
Designed ta comply with the frilowing raquraments as defined by IEC50250-1,
ENS0250-1, ULEDIS(-UCSARIFS0H and ASNZSE0950.1:
- Reinforced InsuiEZon for 3 primary circuit 3t 3 working voitage of 320vms, Overvoltage Category Il
Wire insulation & RioHS status not affected by wire color. Wire insulation color may vary depending on availability.
DFM Packaging Specifications Tolerances unless otherwise specified: DRAWING TITLE PART NO.
DATE Method: Tray Angles: 217 Decimals: £005 [.13]
ENG NWA |PKG-0T38 Fractions: £1/54 Footprint: + 001 [.03] TRANSFORMER 7 50343074
REV. o0z CONVENTION PLACEMENT] - This drawing is dual dimensioned. Dimensions im
DATE | 2015-03-15 P A brackets are in milimeters. SPECIFICATION SHEET 10F 1
.
Figure5 Transformer structure
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Test results

10.1 Efficiency, regulation, and output ripple
Table 4 Efficiency, regulation, and output ripple
OLP Iout12V
Efficiency | Average | OLP .
Input Pin Voutr lout Vorep1 | Vout2 lout2 Vorer2 | Pout n n g p (Fixed 5V
in
(A)
0.043 4.92 0.000 10.9 12.16 0.000 448
0.083 479 0.006 384 12.50 0.000 282 0.03
9.172 4.96 0.060 9.0 12.05 0.600 26.9 7.53 82.07
:gnAC/ 4562 | 493 0.050 9.1 1214 | 0290 211 377 82.54 25.18 1.52
zZ
9.030 493 0.100 9.6 12.14 0.580 422 7.53 83.40
82.76
13667 | 4.92 0.150 10.2 12.15 0.880 384 11.43 83.60
18.620 | 4.93 0.200 115 12.13 1170 416 15.18 81.51
0.046 4.92 0.000 10.9 12.16 0.000 467
0.092 479 0.006 384 12.50 0.000 26.9 0.03
8.973 4.96 0.060 8.3 12.06 0.600 314 7.53 83.96
é(l)av AC/ 4563 | 493 0.050 8.3 1213 | 0290 1856 3.76 82.49 27.97 1.79
Y4
9.018 4.94 0.100 83 12.10 0.580 224 7.51 83.30
83.16
13692 | 494 0.150 9.0 12.11 0.880 213 11.40 83.24
18.142 | 4.93 0.200 8.3 12.12 1170 243 15.17 83.60
0.071 4.92 0.000 115 12.17 0.000 49.9
0.118 479 0.006 30.1 12,51 0.000 21.1 0.03
9.020 4.96 0.060 10.2 12.05 0.600 275 7.53 83.45
230V AC/ 2868 87
oMz 4612 4.94 0.050 10.2 12.12 0.290 448 3.76 81.57 . .
9.050 493 0.100 9.6 12.13 0.580 326 7.53 83.19
83.35
13580 | 4.93 0.150 102 12.15 0.880 384 11.43 84.18
17.970 | 4.94 0.200 9.6 1213 1170 30.1 15.18 84.47
0.083 4.92 0.000 12.8 12.17 0.000 493
0.131 478 0.006 41.0 12.52 0.000 307 0.03
9.161 4.96 0.060 102 12.05 0.600 27.0 7.53 82.17
265V AC/ 4672 4.94 0.050 10.2 1211 | 0.290 435 3.76 80.46 29.57 1.95
50Hz
9.151 493 0.100 9.6 12.13 0.580 326 7.53 82.27
82.52
13670 | 4.93 0.150 10.2 12.13 0.880 365 11.41 83.50
18.087 | 4.93 0.200 9.6 12.12 1170 307 15.17 83.85
0.098 492 0.000 12.8 12.17 0.000 50.6
0.139 479 0.006 39.0 12.50 0.000 30.1 0.03
9.215 496 0.060 96 12.06 0.600 28.8 7.53 81.75
300V AC/
50Hz 4.868 493 0.050 10.2 12.16 0.290 23.7 3.77 7750 30.35 1.99
9.267 494 0.100 9.6 12.12 0.580 32.0 7.52 81.19
81.20
13.806 | 4.93 0.150 102 12.14 0.880 35.8 11.42 82.74
18.192 | 4.94 0.200 10.2 12.12 1170 30.1 15.17 83.38
e Minimum load condition: 5V at 6 mA
o Typical load condition: 5V at 60 mAand 12V at 0.6 A
¢ Maximum load condition: 5V at200 mAand 12Vat 1.17A
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Active-Mode Efficiency versus AC Line Input Voltage
88.00
86.00
84.47
g 83.16 . A— 83.85 83.38
S 84.00 X e T — :
2 82.76 = —— .
g — .
S 82.00 — 83.60 83.35
S ~ 82.52 T —~—m
= 81.51 81.20
80.00
78.00
85VAC/60Hz 115VAC/60Hz 230VAC/50Hz 264VAC/50Hz 300VAC/50Hz
AC Line Input Voltage [VAC]
—4— Full load Efficiency —— Average Efficiency(25%,50%,75%,100%)
Figure 6 Efficiency vs. AC line input voltage
10.2 Standby power
Standby Power versus AC Line Input Voltage
150
—fll 139
125 73]
E 100 g _—
G;J 75 83 / 83
5 C —
£ 25 43 46
0
85VAC/60Hz 115VAC/60Hz ~ 230VAC/50Hz  264VAC/50Hz  300VAC/50Hz
AC Line Input Voltage [VAC]
=&—Pout=0mW == Pout=30mW
Figure 7 Standby power at no load and 30 mW load vs. AC line input voltage (measured by
Yokogawa WT210 power meter - integration mode)
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10.3 Line regulation
Line Regulation: Output voltage @ max. load versus AC line input voltage
12.13 12.12 12.13 12.12 12.12
T 120 L i i i i
o
[-1:]
£ 80
2 4.93 4.93 4.94 4.93 4.94
L o
E R 4 4 4 4
)
=
o
0.0
85VAC/60Hz 115VAC/60Hz 230VAC/50Hz 264VAC/50Hz 300VAC/50Hz
AC Line Input Voltage [ VAC]
= +5V @ max. load  ==l=+12V @ max. load
Line Regulation: Output voltage @ typ. load versus AC line input voltage
12.05 12.06 12.05 12.05 12.06
< 120 L i i i i
o
[-1)]
£ 80
S 4,96 4.96 4.96 4.96 4.96
E . ¢ ¢ ¢ *
2 40
=
o
0.0
85VAC/60Hz 115VAC/60Hz 230VAC/50Hz 264VAC/50Hz 300VAC/50Hz
AC Line Input Voltage [VAC]
——+5V @ typ.load  ==+12V @ typ. load
Line Regulation: Output voltage @ min. load versus AC line input voltage
16.0
12.50 12.50 12.51 12.52 12.50
> 120 * * ¢ ¢ —
‘o
1]
£ 80
o
3 4.79 4.79 4.79 4,78 4.79
3 40 [ i i i il
& .
-
o
0.0
85VAC/60Hz 115VAC/60Hz 230VAC/50Hz 264VAC/50Hz 300VAC/50Hz
AC Line Input Voltage [ VAC]
=—=—+5V @ min. load ==l=+12V @ min. load
Figure 8 Line regulation Vo at full load vs. AC line input voltage
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10.4 Load regulation
Load Regulation: Output voltage versus output power
14.00
2.51 .05 13 %2-15 13
S 2.50 12.06 .10 12.11 2.12
~10.00
(]
(@]
8
Ee.oo 4-79 4.96 4.93 4.93 494
2 4.79 4.96 4.94 4.94 493
52.00
@] 0.2 25 50 75 100
Output Power [%)]
+12V @ 115V +12V @ 230V
——+5V @ 115V ——+5V @ 230V
Load Regulation: Output voltage versus output power
100 1252 12.05 12.1 1213 12.12
> =709 —-+2-06 S 7y = B3Pl 12.12
- 12.50 12.05 12. 12.15 12.13
©0.00
(@]
8
S6.00 478 4.96 4.93 4.93 4.93
5 N 79 96 He=d94 We=4-93 K 4,94
= 4.79 4.96 4.93 4.92 4.93
32.00
O 0.2 25 50 75 100
Output Power [%)]
+12V @ 85V +12V @ 264V =4=—+5V @ 85V
—8—+5V @ 264V =¥=+12V @ 300V —o—+5V @ 300V
Figure 9 Load regulation Vo,: vs. output power
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10.5 Maximum input power
Peak input power(OLP) versus AC line input voltage

_ P.,=27.7729.31% W

= 35

— 2025

S 29.57 U

S 59 27.97 28.68 . *

2 2518 _—

T —_

5 23

[

~ 20

S 85 115 230 264 300

o

AC Line Input Voltage [ V AC ]
—+—Peak Input Power

Figure 10 Maximum input power (before overload protection) vs. AC line input voltage
10.6 ESD immunity (EN61000-4-2)

Pass EN 61000-4-2 special level (+14 kV for contact discharge and (16 kV air discharge).

10.7 Surge immunity (EN61000-4-5)

Pass EN 61000-4-5 installation Class 4 (+2 kV for line to line and +4 kV for line to earth).

1 PCB spark gap distance needs to reduce to 0.5 mm and C13 change to 120 puF.
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10.8 Conducted emissions (EN55022 Class B)

The conducted EMI was measured by Schaffner (SMR4503) and followed the test standard of EN 55022 (CISPR
22) Class B. The reference board was set up at maximum load (15 W) with the input voltage of 115V AC and
230 VAC.

40

-20

T T R P T e o e T T T T T T T T T
02 0s 1 2 5 10 20

Figure 11 Conducted emissions (line) at 115 V AC and maximum load
80
60—
40—
. f
‘ ,
&l
-20 T T - — T T T T T - — T T
02 05 1 2 5 10 20
0.15 MHz 30 MHz
Figure 12 Conducted emissions (neutral) at 115 V AC and maximum load
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Pass conducted emissions EN 55022 (CISPR 22) Class B with 10 dB margin for quasi-peak measurement at low-
line (115 VAC).

-20 T T T T T T T
02 05 1 2 5 10 20
0.15 MHz 30 MHz

Figure 13 Conducted emissions (line) at 230 V AC and maximum load

60— = e s o ——

Mg f | N

8 |

/i

by

20 T —TrTTT T —TTTTTT

o
]
. mca

02 05 1 2 5 10 20

0.15 MHz 30 MHz
Figure 14 Conducted emissions (neutral) at 230 V AC and maximum load
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Pass conducted emissions EN 55022 (CISPR 22) Class B with 6 dB margin for quasi-peak measurement at high-
line (230 VAC).

10.9 Thermal measurement

The thermal test of the open-frame reference board was done using an infrared thermography camera (FLIR-
T62101) at an ambient temperature of 25°C. The measurements were taken after one hour running at full load
condition.

Table 5 Hottest temperature of reference board

No. Major component 85VAC (°C) 300 VsAC (°C)
1 IC11 (ICE5QR4780BG-1) 75.9 54.9

2 R14A (current sense resistor) 49.6 435

3 TR1 (transformer) 51.7 61.3

4 BR1 (bridge diode) 46.8 30.5

5 R11(clamper resistor) 49.1 51.3

6 L11 (choke) 43.8 28.7

7 D21 (Secondary diode) 439 50.8

8 D22 (Secondary diode) 37.4 40.3

9 Ambient 25.0 25.0
Application note 22 Revision 'V 1.0
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85 V AC full load and 25°C ambient 300 V AC full load and 25°C ambient

Bottom side

Figure 15 Infrared thermal image of REF_5QR4780BG-1_15W1
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11

Waveforms and scope plots

All waveforms and scope plots were recorded with a TELEDYNELECROY 606Zi oscilloscope.

11.1 Start up at low/high AC line input voltage with maximum load
. i
AR RRARARRAR AR
‘—?"?t;;\)xam%s.:\mla‘m -
LR ECER AR AR RIVRR! |

5.00 Vidiv|
-15.000 V|
56 mV|
4856V
4.800 V)

10.0 Vidiv|
-10.90 V ofst]
700mV|
2196 V|
2125 V]

(Tiebase 07 (Tigger GOEM)

100 Vidiv| 50.0 ms/div] Stop 5.0V
251.0 Vofst 500MS 10MSis|Edge  Positive)
-10 X1= -1287445ms AX= 167.5ms

X2= 387941ms 1/AX= 59688 Hz

-125v):
115v]ay

10.0 Vidiy
-20.00 V ofst
BELL N
1202V|t
1215 Vjay

5.00 Vidiv|
-15.000 V|
-21mV|
4.920V|
4.942 V|

Tigger GaEm)
50.0 ms/div| Stop 50V
500MS 10MS/s|jEdge  Positive)

X1= -84.1140ms  AX= 11191ms
X2= 277982ms 1/AX= 8.93558Hz

200 Vidiv
406.0 V ofsf
I} 25V Il
1 2538V 1
Ay 2513 V] Ay

C1 (Yellow): AC line voltage (VAC)
C2 (Purple): Supply voltage (Vvcc)

C3 (Blue): 12 V output voltage (Vou)
C4 (Green): 5V output voltage (Vouts)

C1 (Yellow): AC line voltage (V AC)
C2 (Purple): Supply voltage (Vvcc)

C3 (Blue): 12 V output voltage (Vou)
C4 (Green): 5V output voltage (Vouts)

Startup time at 85V AC and maximum load = 168 ms

Startup time at 300 V AC and maximum load = 112 ms

Figure 16 Startup

11.2 Soft start

3398V X2= 1175716ms 1/AX= 84310Hz
102mV]Ay

5.00 Vidiy 500 mVidiy 5.00msidiv|Stop  910my,
-5.050 V ofst} -1.5000 V| 500MS 100 MS/s|Edge Negative
3296 V|1 64my X1=  -10380us OX= 11.861ms

1 -1.9my

-83my,

200 Vidiv|
398.0V ofst

1 1268V
L, 163.0V]
362V

20V o] 540V ol 0V ofs

1380Vars|  2040vors| -850V ots 500MS 100 MSis|Edge Negative]

! 424, 16.08V) 3217 V| X1=  -10380ps AX= 11.835ms

? ‘552‘/ 15.12V] 3163V X2= 1173134ms 1IAX= 84494 Hz
411vjay  -9s0mv)ay 54 mV|

C1 (Yellow) Drain voltage (Vo)

C2 (Purple): Supply voltage (Vucc)

C3 (Blue): Feedback voltage (Vrs)

C4 (Green): Current sense voltage (Vcs)

C1 (Yellow): Drain voltage (Vo)

C2 (Purple): Supply voltage (Vvcc)

C3 (Blue): Feedback voltage (Vs)

C4 (Green): Current sense voltage (Vcs)

Soft-start time at 85V AC and maximum load = 12 ms

Soft-start time at 300 V AC and maximum load = 12 ms

Figure 17 Soft start
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11.3 Drain and current sense voltage at maximum load

| ! LeCroy ) LeCroy

! : = ¥ # \ \

} : *,f \‘;’\ \ '\f ‘,;"\',h h /\ \
j— e \..—.J‘T\mi\r { ‘ y"...._. 2 L] | Ld

— 7.5 JL
e - ] i, i fly b "
= i & 98 @
oAy 1] ’
g ‘ 5iee P6:--- Measure ‘ P1 maxicﬁ P2 frelq(cl) P4--- P5i--- P6---

status v

X1= 241266 ps AX= -17.3346 s
X2= 67920 ps 1AX= -57.688 kHz

20.0 V/div| 2.00 Vidiv| 1.00 Vidiv
-2040V -3.260 V ofs}| -3.0000 V|

1 2113V 7832mV|
1 2168Vt 2145Vt 734.8mV|
Ay -180 mV] Ay 31 mVjAy 16 mv]

status

20.0 Vidiv|

2.00 Vidiv|

1.00 Vidiv|

100 psidiviStop ~ 910mV|
500kS 5.0 GS/sJEdge Negative]

X1= -254204ps AX= 13.4542ps
X2= -11.9662 ys 1AX= 74.326 kHz

-2040Vofst] 3260V ofs}
1843V]y
1829 V)
-14 mv]ay

-3.0000 V|
721.0mV|
685.8mV|
-35.1mV|

{
Ay

22001
410 mVj Ay

C1 (Yellow): Drain voltage (Vo)

C2 (Purple): Supply voltage (Vicc)

C3 (Blue): Feedback voltage (Ves)

C4 (Green): Current sense voltage (Vcs)

C1 (Yellow): Drain voltage (Vo)

C2 (Purple): Supply voltage (Vice)

C3 (Blue): Feedback voltage (Vs)

C4 (Green): Current sense voltage (Vcs)

VDrainipeak at 85 VAC = 282 V With J.St ZC and fSz 58 kHZ

VDrainipeak at 300 VAC = 597 V With 3rd ZC and fsz 74 kHZ

Figure 18 Drain and current sense voltage at maximum load
11.4 Zero crossing point during normal operation
LeCroy Drain t LeCroy|
|
R A A i |
A L\@M’W«v\q .U.'\) M r.? ﬁ\' s J‘ vy
‘j |
| |
i ‘ [® ‘ e l b \ e gyl = e = o = i
) 1 L ! [ 1 i
= PRI cs ,
g ir il s F P r r ‘

i
20.0 Vidiv| 2.00 Vidiv| 1.00 V/div| 10.0 psidiv] Stop 570mV|
-20.40 V ofst] -4.060 V of stj -3.0000 V| 500kS  50GS/s|Edge Negative)

(Tiebas 0073 (Tigger G|
20.0 V/div| 2.00 Vidiv| 1.00 Vidiv| 10.0 ps/div] Stop 570 mV]|
-20.40 V ofst] -4.060 V ofst] -3.0000 V| 500 kS 50GSis|Edge Negative]

C1 (Yellow): Drain voltage (Vo)

C2 (Purple): Supply voltage (Vvcc)

C3 (Blue): Feedback voltage (Vs)

C4 (Green): Current sense voltage (Vcs)

C1 (Yellow): Drain voltage (Vo)

C2 (Purple): Supply voltage (Vvcc)

C3 (Blue): Feedback voltage (Ves)

C4 (Green): Current sense voltage (Vcs)

8™ zero crossing at 85V AC and 25% load (5V x 0.05 A
+12Vx0.29A)

(zero crossing varies from 1~8 for low line)

10™ zero crossing at 300 V AC and 25% load (5 V x 0.05
A+12Vx0.29 A)

(zero crossing varies from 3~10 for high line)

Figure 19 Zero crossing
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11.5

Load transient response (dynamic load from 10% to 100%)

AR AL

S

P4:pkpk(C3 P5min(C3)

123mV

value v 269mv

mean 163 8! mv 284.00mV -127.78mV

min 131 mv 250mv 149 mV v
max 208mv 84mv 358mv -114mV 210mv
sdev 1245mv 76m 2230mv 10.01mV 1346 mv
num 3 53 53 53
status v v v v v

imebase 0.0 m (Trigger
100mVidy 100msiv|Stop 36 mv|
1020mv} 500MS 50 MSi|Edge  Positve

LeCroy

i
P3:max(C2)

Measure P1:pkpk(C2] P2:min(C2) P4.pkpk(C3) P5:min(C3) P6:max(C3)
alue 160 m! -86m 74mv 275mvV 123m 152m
mean 165.62 m' 88.52m! 77.10mv 28363mV 127.07 m! 156.56 m'
min 154m 124mV 71mv 259mV/ 149mv 146 m
ma; 208m! -83m 84mv 358 mV/ 114mv 210m!
sde 984 mv 7.42mV 3.00mv 2043mv 9.64mV 1187 m
num 33 33 33 33 33 33
status v v v v v v

imebase 0.0 mg (Trigger GEIGM)
100 mV/div| 10.0 ms/div] Stop 36 mv|
102.0mV| 500MS 50 MS/sjEdge  Positive)

C2 (Purple): 5V Output ripple voltage (Vouts)
C3 (Blue): 12 V Output ripple voltage (Vout12)

C2 (Purple): 5V Output ripple voltage (Vouts)
C3 (Blue): 12 V Output ripple voltage (Vout12)

5 Vripple_pk_pk at 85 VAC = 147 mV

12 Viippte_pk_pk at 85 VAC = 269 mV

(85VAC, 12V Load change from 10% to 100% and 5V
at 200 mA load, 100 Hz, 0.4 A/us slew rate)

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

5 Vripple_pk_pk @t 300 VAC = 160 mV

12 Viippte_pk_pk at 85 VAC = 275 mV

(300 VAC, 12V Load change from 10% to 100% and 5V
at 200 mA load, 100 Hz, 0.4 A/us slew rate)

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

Figure 20 Load transient response

11.6

Output ripple voltage at maximum load

LeCroy'

12V -
i

Measure P1:pkpk(C2) P2:min(C2) P3:max(C2) P4:pkpk(C3) P5:min(C3) P6:max(C3)
value 134mV -6.6 mv 69mv 54mv -33mv 22mv
mean 12544 mV 6177 mv 6.367mV 54.40mv -3247mv 21.92mv
min 122mv -6.6mv 62mv 53mv -33mv 22mv
max 134mv -5.9mv 69mv 56 mv -31mv 23mv
sdev 512 v 314V 256 vV 1.01mv 640 pv 640 pv
num 5 5 5 5 5 5
status v v v v v v

20.0mVidiv 10.0ms/diviStop 355 mV|
20.00mV] 500MS 50 MSis|Edge  Positivel

LeCroy

5V

412V

i

Measure P1:pkpk(C2) P2:min(C2) P3:max(C2) P4:pkpk(C3) P5:min(C3) P6:max(C3)
value 147 mv -78mv 69mv 30mv -18mv 12mv
mean 14559 mv -7.680mv 6.879mv 3160mv -18.40mv 1320 mv
min 14.1mv -78mv 69mv 30mv -18mv 12mv
max 147 mv 72mV 69mv 2 mv -18 mv 14 mv
sdev 277wV 277wV opv 693 pv 0.00 mv 693 v
num 4 B 4

status v

- - 4

v v v

figger _GHEB|

20.0mVidiy 100msidiviStop 355 mv|
20.00mV} 500MS 50 MSis|Edge  Positive)

C2 (Purple): 5V Output ripple voltage (Vouts)
C3 (Blue): 12 V Output ripple voltage (Vout12)

C2 (Purple): 5V Output ripple voltage (Vous)
C3 (Blue): 12 V Output ripple voltage (Vout12)

5 Vripple_pk_pk at85VAC=13.4mV
12 Vripple_pk_pk at 85 V AC = 54 mV

Probe terminal end with decoupling capacitor of
0.1 YF (ceramic) and 1 yF (Electrolytic), 20 MHz filter

5 Viipple_pk_pk at 300 VAC = 14.7 mV
12 Vripple_pk_pk at 300 V AC = 30 mV

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

Figure 21
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11.7 Output ripple voltage at ABM 1 W load

LeCroy: LeCroy'

+12¢

- -
C2 (Purple): 5V Output ripple voltage (Vouts) C2 (Purple): 5V Output ripple voltage (Vouts)
C3 (Blue): 12 V Output ripple voltage (Vout12) C3 (Blue): 12 V Output ripple voltage (Vout12)
5 Vripp[eipkipk at85VAC=10.9mV 5 Vrippleipkipk at300VAC=14.4mV
12 Viippe pk_pk at 85 VAC = 53 mV 12 Viipple pk_pk @t 300 V AC = 54 mV
Load: 5Vat6 mAand 12V at 80 mA Load: 5Vat6 mAand 12V at 80 mA
Probe terminal end with decoupling capacitor of 0.1 uF |Probe terminal end with decoupling capacitor of 0.1 pf
(ceramic) and 1 uF (Electrolytic), 20 MHz filter (ceramic) and 1 uF (Electrolytic), 20 MHz filter
Figure 22 Output ripple voltage at ABM 1 W load
11.8 Entering active burst mode
| ! LeCroy | T LeCroy

T ci | Z1 zoom(_| (Timebase 10.0 mg
20.0 V| 2.00V| DDmslmf *tnp 404\/ 200V 1.00V| 200 V| pAY 100n\sld|v Slop 404\/
100us 100”! sou MS 50MS/s|Edge Positive] 204 V| -3.00V| X mous 100us SDOMS 50 MSis|Edge  Positive]
1 -91312ps  AX= -2032ms | Q8 1637Vl 1;3% :mxl -91312ps  AX= -2032ms
1 1 mvit 1.2341 RV -4921Hz
=il xz 21.23480ms 1ax= 49211z | FEEEAY PPN Ay 18 mvlay Ay 2123480ms 1/AX= -492

C1 (Yellow): Drain voltage V) C1 (Yellow): Drain voltage (Vo)

C2 (Purple): Supply voltage (Vvcc) C2 (Purple): Supply voltage (Vvcc)

C3 (Blue): Feedback voltage (Ves) C3 (Blue): Feedback voltage (Vrs)

C4 (Green): Current sense voltage (Vcs) C4 (Green): Current sense voltage (Vcs)

Condition to enter burst mode level 1: Vi;< 0.9V, N;c |Condition to enter burst mode level 1: Vi< 0.9V,
= 8 and tpianking = 20 MS Nzc =10 and toianking = 20 Ms

(load change form 5 W to 0.5 W at 85 V AC) (load change form 5 W to 0.5 W at 300 V AC)

Figure 23 Entering ABM
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11.9 During active burst mode

u T il Oran | y m Mmcy<

“ ”W m m m Ve m m m
. . 0 B S P . |
Sy e =
B R =
me\MAAq_ WNW WA /vvw]_f"‘\f AMAA | | I

"_T"‘ r—' r" 1 i :
VA
soomv s‘op 514v ‘ zoov zoov Zcov
C1 (Yellow) Drain voltage (Vo) C1 (Yellow) Drain voltage VD
C2 (Purple): Supply voltage (Vucc) C2 (Purple): Supply voltage (Vvcc)
C3 (Blue): Feedback voltage (Vrs) C3 (Blue): Feedback voltage (Vs)
C4 (Green): Current sense voltage (Vcs) C4 (Green): Current sense voltage (Vcs)
During ABM level 1: Vig 5on=2.4V, During ABM level 1: Vg gon=2.4V,
VFB_Boff: 2.0 V, VCSBLP =0.31 V, Nzc: 8 VFB_Boff: 2.0 V, VCSBLP =0.31 V, Nzc: 10
(0.5W at 85VACQC) (0.5W at 300 VAC)

Figure 24 During ABM

11.10 Leaving active burst mode

,.m m m m mnun _’ -
A N NSO DO DT S Y N

a s B i —" ;ﬂ:ﬁv 2

" ool

i MAAAAAA~ “‘\,A‘AMM«»-EF.,‘ ”"_\Aj\ “"ﬁm\‘ NL""
I | i |

TAA A A A
1% v." IV V Vv VA
{ L
|
- . . e o R T g " " sy —— y
2 1 — 22 | » —
i 2| r !
2 | ,,/ 1 = | | / 4
L%} > B SR iy 1 SR R "P SEEAY 4 SAA1 # ol
| il
:

(Timebase 1.00 m (Trigger _ GBEM) D (Timebase 1.00 m4 (Trigger _(E)EM)
200V 200V 200V 200 20.0V| 2.00 V] 1.00 ms/div] Stop 414V 200 V| 200V 200V 200 V] 20.0V| 2.00V| 1.00 ms/div| Stop 514 V|
198.0 V| <204V -4.06V| 10.0 us 10.0 ps| 10.0 ps 5.00MS 500 MSisjEdge  Positive) 1980 V]| 204 V| -4.06 V| 10.0ps, 100ps 10.0ps| 5.00MS 500 MS/sjEdge  Positive|

X1= 4328ps X1= 23586 s

4 2048V|4 1624v]d 2804 V[ 4 2048V]¢ 1624V]$ 2804 4 5333vljd 1535v]¢ 2795 v H 4 5333Vl 1535v]¢ 27954

C1 (Yellow): Drain voltage (Vo) C1 (Yellow): Drain voltage (Vo)

C2 (Purple): Supply voltage (Vucc) C2 (Purple): Supply voltage (Vvcc)

C3 (Blue): Feedback voltage (Vrs) C3 (Blue): Feedback voltage (Vs)

C4 (Green): Current sense voltage (Vcs) C4 (Green): Current sense voltage (Vcs)

Condition to leave burst mode level 1: Vi >2.75V Condition to leave burst mode level 1: Vs >2.75V
(load change form 0.5 W full load at 85 V AC) (load change form 0.5 W full load at 300 V AC)

Figure 25 Leaving ABM
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11.11 Line overvoltage protection (non-switch auto-restart)
m i g rssne = P ——
¥ St — —
| 3 1
\_'\f\‘\f\\i’\‘\;\\\;\\\{\'sr a NANNNRANANARN
C1 (yellow): Bus voltage (Vgus) C1 (yellow): Bus voltage (Veus)
C2 (purple): Supply voltage (Vvcc) C2 (purple): Supply voltage (Vvcc)
C3 (blue): V,, voltage (Vi) C3 (blue): V,, voltage (Vuw)
C4 (green): CS voltage (Vcs) C4 (green): CS voltage (Vcs)

Condition to detect line OVP: Vyy more than 2.9V (Veyikmore than 445V DC [x 320 V AC])

Condition to reset line OVP: Vyyless than 2.9 V (Vsuwk less than 445 V)
(Gradually increase AC-line voltage at full load until line OVP |(Gradually increase AC-line voltage at 1 W load (ABM) until

detect and decrease AC-line until line OVP reset) line OVP detect and decrease AC-line until line OVP reset)
Figure 26 Line overvoltage protection
11.12 Brownout protection (non-switch auto-restart)

AP T
L

h\f\ f\, ‘(‘\

C1 (yellow): Bus voltage (Vzus)

C2 (purple): Supply voltage (Vvcc)

C3 (blue): V,, voltage (Vuw)

C4 (green): CS voltage (Vcs)

Condition to reset brownout protection (brownin): Vy,y more than 0.66 V (Vsy.x more than 106 VDC [z
75V AC])

Condition to detect brownout protection: Vy, less than 0.4 V (Veuwk less than 63 V DC [z 43 V AC])
(Gradually increase AC-line voltage at 1 W (5V at 6 mA and 12 V at 80 mA) load until system starts and reduce the line until

brownout detect)
Figure 27 Brownout protection
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11.13 Vcc overvoltage protection (odd-skip auto-restart)

infineon

7? TELEDYNE LECROY

| —
= R R ATI
J

zzzzz

BRI GIARRRI IIIIIIIIIIIIIIIIIIIIIII#!IIIIIIIIIIIIIIIIIIIII .‘7

ﬂIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIiIIIIIIIIIIIIIIIIIIIIIIIIIIII I RIBIEER ORI O TR 11

5.00 V/div| 5.00 V/div|

X2= 23171484 s 1/AX= -3096432 Hz

C1 (yellow): Vcc voltage (Viec)

C2 (purple): ZCD voltage (Vzcp)

C3 (blue): 12 V output voltage (Vo1,)
C4 (green): VDS voltage (Vos)

Condition to enter Vycc OVP: Vycc more than 30.5V
(at 85V AC, no load. Apply externally a DC Pulse at Vcc pin > Vycee ove.

Figure 28 Vcc overvoltage protection

11.14 Vcc undervoltage protection (auto-restart)

Positive)

C1 (Yellow): Drain voltage (Vo
C2 (Purple): Supply voltage (Vicc)
C3 (Blue): Feedback voltage (Ves)
C4 (Green): CS voltage (Vcs)

i
|
. s
100 Vidiv 10.0 Vidi| 1.00 Vidiy 100 ms/div] Stop
134.0 V ofst 610V ofs| -3.000V ofst 500 MS 5.0 MS/s|Edge
X1= 146.5496ms
+ 2175V]$ 983v] 4 4 -16 mV,

Condition to enter V.c undervoltage protection: V<10V
(Remove R12A and power on the system with full load at 85V AC)

Figure 29 Vcc under voltage protection
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11.15 Overload protection (odd-skip auto-restart)

) T o L T
z3)
= I !ﬁ

\
>
C4 | Z1 zoor
100V 200V 1.00V 10.0V| 200V Roll 500 ms/div] Stop 572V
-10.0 V| -4.00V| -3.00V| 10 ms| 10 ms| 500MS 1.0MS/sjEdge  Positive
1 2120V)L 2840V]L 46mvll 1472V], 2120V, 2840V X1= -1.727752s AX= 29.464ms
1 2026v]: 3320v]: 3mv]: 1440v]t 2026v]; 3320V Xo- 16082885 1AX= 33.940 Hz
930mV]Ay 489mV]Ay -43 mVjAy -3.2VjAy-930mV]Ay 489 mV]

C1 (Yellow): Drain voltage (Vo)

C2 (Purple): Supply voltage (Vicc)

C3 (Blue): Feedback voltage (Ves)

C4 (Green): CS voltage (Vcs)

Condition to enter overload protection: Vi:>2.75V and last for 30 ms blanking time
(12 V output load change from full load to short at 85 V AC)

Figure 30 Overload protection
11.16 Output overvoltage protection (odd-skip auto-restart)
e | e e o
(il i
e |
)
AT TR S |
v“ 1}} Y}HY\I””\“‘\IHIVT[}“ ]
i i
3 i
i i — — = —
i i
? i
i

X1
X2= -336.9365 ms VAX= 7.35 kHz

C1 (yellow): ZCD voltage (Vzcp)

C2 (purple): Supply voltage (Vvcc)

C3 (blue): 12 V output voltage (Vo1,)

C4 (green): CS voltage (Vcs)

Condition to enter output OVP: V;c; morethan 1.9V
(85V AC, short R26 during system operation at no load)

Figure 31 Output overvoltage protection
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11.17 Vcc short-to-GND protection

(infineon

I‘\‘ TELEDYNE LECROY
Everywhereyoul 00K

¢ Gam s ‘
5.00 Vidi 5.00 Vidiv 200 Vidiv 1.00 Viciv :
5,000 V ~15.250 V| 1250V -1.990 V [ :

925V
-500ms -400ms -300ms -200ms -100ms oths 100ms 200ms

C1 (Yellow): Drain voltage (Vo)
C2 (Purple): Vcc voltage (Vice)

C3 (Blue): Feedback voltage (Ves)
C4 (Green): VIN voltage (Vuin)

Condition to enter Ve short-to-GND: If Vee< VVCC_SCP lvee= IVCC_Chargel

(Short Vcc pin to GND and measure the AC input current, li,= 22.4 mA and input power is = 38.6 mW at 264 V AC)

Figure 32 Ve short-to-GND protection
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Design support

Developer community

For a wider discussion with peers from industry to trade ideas regarding Infineon products, we welcome you to
actively participate on the Infineon Developer Community.

Technical support

Have technical queries? Consult experts from Infineon to get a fast turn-around by raising a request on the
Technical Support page or a local sales representative.
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Important notice

The information contained in this application note
is given as a hint for the implementation of the
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information given in this application note.
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