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About this document

Scope and purpose

This document is an engineering report that describes a universal-input 15 W 12V 5V off-line Flyback converter
using the latest fifth-generation Infineon Quasi-Resonant (QR) CoolSET™ ICE5QR4780BG, which offers high-
efficiency, low-standby power with selectable entry and exit standby power option, wide Vcc operating range
with fast start-up, robust line protection with input Over-Voltage Protection (OVP) and brown-out and various
protections for a highly reliable system. This demo board is designed for users who wish to evaluate the
performance of ICE5QR4780BG and its ease-of-use.

Intended audience

This document is intended for power supply design/application engineers, students, etc., who wish to design
low-cost and highly reliable systems for off-line SMPS, either auxiliary power supplies for white goods, PCs,
servers and TVs, or enclosed adapters for Blu-ray players, set-top boxes, games consoles, etc.
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Abstract

1 Abstract

This application note is an engineering report for the 15W 12 V 5V demo board designed in a QR Flyback
converter topology using the fifth-generation QR CoolSET™, ICESQR4780BG. The target applications of
ICE5QR4780BG are either auxiliary power supplies for white goods, PCs, servers and TVs, or enclosed adapters
for Blu-ray players, set-top boxes, games consoles, etc. With the CoolMOS™ integrated in this IC, it greatly
simplifies the design and layout of the PCB. The improved new 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 enhanced 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 conventional free-running QR converters
implemented with only maximum switching frequency limitation at light load. In addition, numerous
adjustable protection functions have been implemented in ICE5QR4780BG to protect the system and customize
the IC for the chosen application. In case of failure modes, like brown-out or line over-voltage, Vcc over/under-
voltage, open control-loop or over-load, output over-voltage, over-temperature, Vcc short-to-ground, the
device enters protection mode. By means of the cycle-by-cycle Peak Current Limitation (PCL), the dimensions
of the transformer and the current rating of the secondary diode can both be optimized. Thus, a cost-effective
solution can be easily achieved.
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2 Demo board

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

NG

MPS wil
R4780BG

Figurel DEMO_5QR4780BG_15W1

V1.0
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Specifications of the demo board

3 Specifications of the demo board

Table 1 Specifications of DEMO_5QR4780BG_15W1
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

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

+5 percent of nominal output voltage

Output ripple voltage 5 Viipple_p_p l€SS than 100 mV
(full load, 85 VAC ~ 300 VAC) 12 Viipple_p_p l€ss than 100 mV
Active-mode four-point average efficiency More than 84 percent at 115V AC and 230 VAC
(25 percent, 50 percent, 75 percent, 100 percent load)
No-load power consumption Less than 100 mW at 230 VAC
. Pass with 6 dB margin for 115V AC and 6 dB
Conducted emissions (EN 55022 class B) margin for 230 V AC
. N N -
ESD immunity (EN 61000-4-2) Speual level (14 kV for contact and +16 kV air
discharge)

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) (110x66 x27) mm?

Surge immunity (EN 61000-4-5)

Note: The demonstrator board is designed for dual-output with cross-requlated loop feedback (FB). It may
not regulate properly if loading is applied only to single-output. If the user wants to evaluate for
single-output (12 V only) condition, the following changes are necessary on the board.

1. Remove D22, L 22, C28, C210, R25A (to disable 5 V output). 2. Change R26 to 10 kQ and R25 to 38 kQ
(to disable 5V FB and enable 100 percent weighted factor on 12 V output).

Since the board (especially the transformer) is designed for dual-output with optimized cross-
regulation, single-output efficiency might not be optimized. It is only for IC functional evaluation
under single-output condition.
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Circuit description

4 Circuit description

4.1 Line input

The AC-line input side comprises the input fuse F1 as over-current protection. The choke L11, X-capacitor C11
and Y-capacitor C12 act as EMI suppressors. Optional spark-gap devices SA1, SA2 and varistor VAR can absorb
HV stress during a lightning surge test. A rectified DC voltage (120 ~ 424 V DC) is obtained through the bridge
rectifier BR1 together with bulk capacitor C13.

4.2 Start-up

To achieve fast and safe start-up, ICE5QR4780BG has been implemented with start-up resistor and Vcc short-to-
GND protection. When Vicc reaches the turn-on voltage threshold 16 V, the IC begins with a soft-start. The soft-
start implemented in ICE5QR4780BG 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 Current Sense (CS) pin will increase step by
step from 0.3 Vto 1V finally. After the IC turns on, the Vcc voltage is supplied by auxiliary windings of the
transformer. Vcc short-to-GND protection is implemented during the start-up time.

4.3 Integrated MOSFET and PWM control

ICE5QR4780BG is comprised of a power MOSFET and the proprietary new QR controller, which enables higher
average efficiency and low EMI. This integrated solution greatly 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 FB signal Vs and the CS signal Vcs.
ICE5QR4780BG also performs all necessary protection functions in Flyback converters. Details about the
information mentioned above are illustrated in the product datasheet.

4.4 RCD clamper circuit

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

4.5 Output stage

There are two outputs on the secondary side, 12V and 5 V. The power is coupled out via 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 SMPS switching frequency and line frequency.
Storage capacitors C22 and C28 are designed to have an internal resistance (ESR) as small as possible to
minimize the output voltage ripple caused by the triangular current.

4.6 Feedback (FB) loop

For FB, the output is sensed by the voltage divider of R26, R25, 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 optocoupler IC12 and two resistors R22 and R23 for regulation control.

4.7 Primary-side peak-current control

The MOSFET drain-source current is sensed via external resistor R14 and R14A. Since ICE5QR4780BG is a current
mode controller, it would have a cycle-by-cycle primary current and FB voltage control, which can ensure the
maximum power of the converter is controlled in every switching cycle.
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Circuit description

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

Internal current limitation with line-dependent Vs curve and the proprietary new QR switching which reduces
switching frequency difference between minimum and maximum line are implemented in the ICESQR4780BG.
As a result, the maximum output power can be easily limited versus the input voltage.

4.8 Digital frequency reduction

During normal operation, the switching frequency for ICE5QR4780BG is digitally reduced with decreasing load.
At light load, 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 FB voltage in a time-
base. The FB 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 Veg and decreased with high Vee.
The thresholds are preset inside the IC.

4.9 Active Burst Mode (ABM)

ABM entry and exit power (two levels) can be selected in ICE5QR4780BG. Details areillustrated in the product
datasheet. ABM power level 1 is used in this demo board (R17 = open). At light-load condition, the SMPS enters
into ABM with QR switching. At this stage, the controller is always active but the Vicc must be kept above the
switch-off threshold. During ABM, the efficiency increases significantly and at the same time it supports low
ripple on Vou and fast response on load jump.

For determination of entering ABM operation, three conditions apply:

1. The FBvoltage is lower than the threshold of Ves_gsix
2. Theup/down counter is 8 for low-line and 10 for high-line, and
3. 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 ABM, so that the
controller enters ABM only when the output power is really low during the preset blanking time.

During ABM, the maximum CS voltage is reduced from Vcs x to Vcs_six S0 as to reduce the conduction loss and
the audible noise. In ABM, the FB voltage is changing like a sawtooth between Veg gorr and Ves_gon.

The FB voltage immediately increases if there is a high load jump. This is observed by one comparator. As the
current limit is 31/35 percent during ABM a certain load is needed so that FB voltage can exceed Vs 5. After
leaving ABM, maximum current can now be provided to stabilize Vo In addition, the up/down counter will be
setto 1 (low-line) or 3 (high-line) immediately after leaving ABM. This is helpful to decrease the output voltage
undershoot.
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Protection features

5 Protection features

Protection is one of the major factors to determine whether the system is safe and robust. Therefore, sufficient
protection is necessary. ICE5QR4780BG provides a comprehensive protection to ensure the system is operating
safely. The protections include line over-voltage, brown-out, Vcc over-voltage and under-voltage, over-load,
output over-voltage, over-temperature (controller junction) and Vcc short-to-GND. When those faults are found,
the system will enter protection mode. Once the fault is removed, the system resumes normal operation. A list
of protections and failure conditions are shown in the table below.

Table 2

Protection functions of ICE5QR4780BG

Protection function

Failure condition

Protection mode

Line over-voltage

Vyiw more than 2.9V

Non-switch auto-restart

Brown-out

Vyi less than 0.4V

Non-switch auto-restart

Vcc over-voltage

Vvcc more than 25.5V

0Odd-skip auto-restart

Vcc under-voltage

Vyee less than 10V

Auto-restart

Over-load

Vs more than 2.75 V and lasts for
30ms

Odd-skip auto-restart

Output over-voltage

Vzcp more than 2V and lasts for 10
consecutive pulses

Odd-skip auto-restart

Over-temperature (junction
temperature of controller chip only)

T, more than 140°C with 40°C
hysteresis to reset

Non-switch auto-restart

Vcc short-to-GND

(V\/cc =0V, RStartUp =50 MQ and Vpran =90
V)

Vvce less than 1.1 V, IVCC?Chargel = 0.2
mA

Cannot startup
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Circuit diagram

Note: General guideline for layout design of printed circuit board (PCB):

1. Star ground at bulk capacitor C13: all primary grounds should be connected to the ground of bulk capacitor
C13 separately in one point. It can reduce 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:

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

ii.  Vec ground includes the Vec capacitor ground C16 and the auxiliary winding ground, pin 2 of the
power transformer

iii. ~ EMI return ground includes Y capacitor C12
iv. ~ DC ground from bridge rectifier, BR1

2. Filter capacitor close to the controller ground: filter capacitors, C17, C18, C19 and C111 should be placed as
close to the controller ground and the controller pin as possible so as to reduce the switching noise coupled
into the controller.

3. High-voltage traces clearance: high-voltage traces should be spaced far enough apart from nearby traces.
Otherwise, arcing could occur.

i. 400 Vtraces (positive rail of bulk capacitor C13) to nearby trace: more than 2.0 mm
ii. 600 Vtraces (drain voltage of CoolSET™IC11) to nearby trace: more than 2.5 mm
4. Recommended minimum 232 mm?copper area at drain pin to add on PCB for better thermal performance.

5. Power loop area (bulk capacitor C13, primary winding of the transformer TR1 (pins 4 and 6), IC11 drain pin,
IC11 CS pin and CS resistor R14/R14A) should be as small as possible to minimize the switching emissions.

Engineering Report 10 V1.0
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PCB layout
7 PCB layout
7.1 Top side

Figure3 Top-side component legend

7.2 Bottom side
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Figure4 Bottom-side component legend
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8 Bill of Materials (BOM)
Table 3 BOM
No. | Designator Description Part number Manufacturer | Quantity
1 BR1 600 V/1A S1VBA60 Shindengen 1
2 Cl1 0.22 uF/305V B32922C3224 Epcos 1
3 C12 1nF/500V DE1E3RA102MA4BQ Murata 1
4 C13 47 uF/500V 500BXC47MEFC18X31.5 Rubycon 1
5 C15 1nF/1000V GRM31BR73A102KWO01# Murata 1
6 Cl6 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/50 V GRM1885C1H121GA01D Murata 1
10 Cl11 22 nF/50V GCM188R71H223KA37D Murata 1
11 C21,C27 1nF/100V GRM2162C2A102JA01# Murata 2
12 C22 1000 pF/16V 16ZLH1000MEFC10X16 Rubycon 1
13 C24 470 uF/16V 16ZLH470MEFC8X11.5 Rubycon 1
14 C25 220 nF/50V GRM188R71H224KAC4D Murata 1
15 C28 330 pF/10V 10ZLH330MEFC6.3X11 Rubycon 1
16 c210 330 uF/10V 10ZLH330MEFC6.3X11 Rubycon 1
17 D11 1A/800V UF4006 1
18 D12 0.2A/200V 1N485B 1
19 D13 0.2 A/150 V/50 ns FDH400 1
20 D21 20 A/100V STPS20M100SFP 1
21 D22 10A/45V VFT1045BP 1
22 F1 1.6 A/300V 36911600000 1
23 HS21 Heatsink 577202B00000G 1
24 IC11 ICE5QR4780BG ICE5SQR4780BG Infineon 1
25 IC12 Optocoupler SFH617A-3 1
26 IC21 Shunt regulator TL431BVLPG 1
27 jg;,; P3, JP4, JP5, JP6, JP22, Jumper 7
28 L11 39 mH/0.7A B82732R2701B030 Epcos 1
29 L21 22pH/4.3A 7447462022 Wurth Electronics

(or3.3uH/4.0A) (or 7447462033) 1
30 L22 47 H/4.2A Ta47462047 Wurth Electronics

(or 6.8 uH/3.3A) (or 7447462068) 1
31 R11 68 kR/2W/350V ERG-2SJ683A Panasonic 1
32 JP1/R12 27Q 1
33 R12A 0Q (0603) 1
34 R14 2.2 R/0.33 W/+1 percent ERJ8BQF2R2V Panasonic 1
35 R14A 2 R/0.33 W/+1 percent ERJ8BQF2ROV Panasonic 1
36 R15 27 k Q 1 percent (0603) 1
37 R16, R16A, R16B 15 MR/0.25 W/5 percent RC1206JR-0715ML 3
38 R18, R18A, R18B 3 MR/0.25 W/1 percent RC1206FR-073ML 3
39 R19 58.3 kR/0.1 W/0.5 percent RTO0603DREO758K3L 1
40 R110,R110A 2 MQ/5 percent/200V RC1206JR-072ML 2
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Bill of Materials (BOM)

infineon

41 R21 51 R/0.25 W/+1 percent ERJBENF51R0OV Panasonic 1
42 R22 820 Q (0603) 1
43 R23 1.2 kQ (0603) 1
44 R24 12 kQ (0603) 1
45 R25 16 kQ (0603) 1
46 R25A 6.2 kQ (0603) 1
47 R26 2.5 kQ (0603) 1
48 R27 13 R/0.25 W/+1 percent ERJBENF13R0OV Panasonic 1
49 TR1 998 uH 750343074(Rev 0.2) Wurth Electronics 1
50 :::Tnp(\)/lc:t ELT)B’ e €5 2D Test point 5010 7
51 VAR 0.3W/320V ERZEO7A511 Panasonic 1
52 ZD1 22V Zener 1
53 Con (LN) Connector 691102710002 Wurth Electronics 1
54 Eg:q)(ﬂz veom), Con(SV ¢ nector 691412 120 002B Wurth Electronics | 2
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Transformer construction

9

Transformer construction

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

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

Primary inductance: Lp =998 puH (£10 percent), measured between pin 4 and pin 6

Manufacturer and part number: Wurth Electronics Midcom (750343074)

infineon

OPERATING TEMPERATURE RANGE: -40°C 10 +125°C Inciuding temy risa.

Designed to comply with the following requiremeants 3 defined by IECS00S0-1,
EMNG0250-1, ULBBS0-1CSARD3S0-1 and ASMNESE0850.1:
- Reainforced Insulaton for a pmary dcwt at a working voltage of 320vims, Overvoliage Categorny I

Wire insulation & RoHS status not affected by wire color. Wire insulation color may vary depending on availability.

Fin L 1 |
Fin1 I 14 Tums (1% AWGSID  Auwx) |J
Fin& i 26 Tums [1X AWE #30  1/3Prim.} ::|
Bink [ N = PR - -
in 1 30 Tums (1X AWE 30 1/3Prim.) Start Stop |Mo. of turns Wire size Layer
Finfi 4 5 30 IXAWGHI0 '/3 Primary
T Tums (1% Liz [IWT /0.7 8s0) —‘—g;:; 12 9 5 1x Litz [TIW 7/ 0.17] Secondary 2
5 Turns (1x Litz [TIW T /0.17] S=c.2) Hp—— Fini2 T 11 T 1x Litz [TIW 7/ 0.17] Secondary 1
S | i eiaiainiatututate q 5 6 58 IXAWGHI0 2/3 Primary
i T Tums (1K AWGET_ 03pam) | — 1 2 14 IXAWGH30 Auxiliary
insulation sley —
5l primary =i
termination
1@
CUSTOMER TERMINAL|RoHS [LEAD(Fb}-—+FREE] |
Sn 06%, Ag 4% | Yes | Yes |
—o-
= <
ey * DMMENSION WAY BE ENCEEDED wirH SOLDER QLY ° m&'
[3.00/2.00] DOT LOGATES TERM. #1 ELECTRICAL SPECIFICATIONS @ 25” C unless otherwise noted:
TERM. NO.'s FOR REF. OMLY ’&3::]’-
[ PARAMETER TEST CONDITIONS VALUE
=AM D.C. RESISTANCE 12 @20°C 0.250 chms_max
Iz | o | D.C. RESISTANCE 46 @20°C 1.320 chms max
C%&E wE D.C. RESISTANCE -1 @2A0°C 0.040 chms max
Iz readasnd D.C. RESISTANCE 120 @ITT 0.025 ohms_max
= 5 e INDUCTANCE 45 50kHz. 100mV. Ls 0 tuH +10%
I St I LEAKAGE INDUCTANCE 4 |Be 1+2+7+8+ 11+12), 100Kz, 100MW, Lg] BuH typ.. 15uH max
= [ Tl DHELECTRIC 6-7|tef2+4, 11+12), 3TEAVAC, 1 second
Jf DHELECTRIC T-core| tie{11212), 3750VAC, 1 second
600 $0.444) TURNS RATIO [4-6K{1-2) 8201, £2%
ALTERNATE WARKING DETAIL - = -
L-:‘_a WUST MSERT FULLY TO TURNS RATIO 12571, £2%
SURFACE & |W RECOMWENDED CRID TURNS RATIO 17601, £2%
(20,04
=2
i
FECONMENDED
P.C. PATTERH, COMPORERT SIDE
GENERAL SPECIFICATIONS:

DFM FPackaging Specifications /_1__\ _ |Tolerances unless otherwise specified: DRAWING TITLE PART NQ.

DATE Method: Tray LI.L-E% Angles: £1° Decimals: + 005 [.13]

ENG NWA |PHG-0738 \-l-—" ~—l |Fractions: £1/684 Foofprint £ 001 [03] TRANSFORMER 7 50343074

REV. [uled CONVENTION FLACEMENT]  Thils drawing is dual dimensioned. Dimensions in

DATE | 2015-03-15 R brackets are in millimstears. SPECIFICATION GHEET 1 OF 1
Figure5 Transformer structure
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Test results

10 Test results
10.1 Efficiency, regulation and output ripple
Table 4 Efficiency, regulation and output ripple
OLP lout12v
Input Pin Vouts lout1 Vorepr  [Vout2 lout2 Vorer2z  |Pout Efficiency n |Averagen |OLP Pi, (Fixed 5V
(VAC/Hz) |(W) (vDC) (A) (mv) (vDC) (A) (mv) (W) ( percent) ( percent) [(W) at0.2A)
(A)
0.043 492 | 0.000 10.9 12.16 | 0.000 | 44.8
0.083 479 | 0.006 | 384 1250 | 0.000 | 28.2 0.03
9.172 496 | 0.060 9.0 12.05 | 0600 | 26.9 7.53 82.07
Zg \I_’é\c/ 4.562 493 | 0.050 9.1 1214 | 0200 | 211 3.77 82.54 25.18 1.52
9.030 493 | 0.100 9.6 12.14 | 0580 | 42.2 7.53 83.40
13.667 492 | 0.150 10.2 1215 | 0.880 | 384 11.43 83.60 8276
18.620 493 | 0.200 115 1213 | 1170 | 416 15.18 81.51
0.046 492 | 0.000 10.9 12.16 | 0.000 | 46.7
0.092 479 | 0.006 | 384 1250 | 0.000 | 26.9 0.03
8.973 496 | 0.060 8.3 12.06 | 0.600 | 31.4 7.53 83.96
ééSH\i Ac/ 4.563 493 | 0.050 8.3 1213 | 0.290 18.6 3.76 82.49 27.97 179
9.018 494 | 0.100 8.3 1210 | 0580 | 22.4 7.51 83.30 6316
13.692 494 | 0.150 9.0 1211 | 0880 | 213 11.40 83.24
18.142 493 | 0.200 8.3 1212 | 1170 | 243 15.17 83.60
0.071 492 | 0.000 115 1217 | 0.000 | 499
0.118 479 | 0.006 | 301 1251 | 0000 | 21.1 0.03
9.020 496 | 0.060 10.2 12.05 | 0.600 27.5 7.53 83.45
230V AC/
50 Hz 4,612 494 | 0.050 10.2 1212 | 0290 | 44.8 3.76 81.57 28.68 1.87
9.050 493 | 0.100 9.6 1213 | 0580 | 32.6 7.53 83.19
13.580 493 | 0.150 10.2 1215 | 0.880 | 384 11.43 84.18 8335
17.970 494 | 0.200 9.6 1213 | 1170 | 30.1 15.18 84.47
0.083 492 | 0.000 12.8 12.17 | 0000 | 49.3
0.131 478 | 0.006 | 41.0 1252 | 0000 | 30.7 0.03
9.161 496 | 0.060 10.2 12.05 | 0600 | 27.0 7.53 82.17
ggSH\i AC/ 4672 494 | 0050 | 10.2 1211 | 0290 | 435 3.76 80.46 29.57 1.95
9.151 493 | 0.100 9.6 1213 | 0580 | 32.6 7.53 82.27
13.670 493 | 0.150 10.2 1213 | 0880 | 36.5 11.41 83.50 82.52
18.087 493 | 0.200 9.6 1212 | 1170 | 30.7 15.17 83.85
0.098 492 | 0.000 12.8 1217 | 0.000 | 506
0.139 479 | 0.006 | 39.0 1250 | 0.000 | 30.1 0.03
9.215 496 | 0.060 9.6 12.06 | 0.600 28.8 7.53 81.75
300V AC/
50 Hz 4.868 493 | 0.050 10.2 12.16 | 0290 | 23.7 3.77 77.50 30.35 1.99
9.267 494 | 0.100 9.6 1212 | 0580 | 32.0 7.52 81.19 4190
13.806 493 | 0.150 10.2 1214 | 0880 | 358 11.42 82.74
18.192 494 | 0.200 10.2 1212 | 1170 | 301 15.17 83.38
Minimum load condition :5Vate mA
Typical load condition :5Vat60mAand 12V at0.6 A
Maximum load condition :5Vat200mAand 12Vat1.17A
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Test results
Active-Mode efficiency versus AC line input voltage
88,00
86,00
84,47

2 84,00 8275 B —— e 83,38
9 \
& 82,00 — 83,60 83,35
S ~ 82,52 —
= 81,51 81,20

80,00

78,00

85VAC/60Hz 115VAC/60Hz 230VAC/50Hz 264VAC/50Hz 300VAC/50Hz
AC line input voltage [V, ]
—&— Full load Efficiency —— Average Efficiency(25%,50%,75%,100%)

Figure6  Efficiency vs. AC-line input voltage

10.2 Standby power

Standby power versus AC line input voltage

150
——m 139
125 5K}
100
€
oy [ o ‘_.92/ //;8
¢ 75 83 _ 83
(o) 71
2 50 e —
3 .
o
£ 25 43 46
0

85VAC/60Hz 115VAC/60Hz 230VAC/50Hz 264VAC/50Hz 300VAC/50Hz
AC line input voltage [ VAC]

=—¢—Pout=0mW == Pout=30mW

Figure7  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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Test results

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 B i i i i
o
1))
S 80
4 4,93 4,93 4,94 4,93 4,94
5 4 4 4 4
2 40
=)
-
o
0,0
85VAC/60Hz 115VAC/60Hz 230VAC/50Hz 264VAC/50Hz 300VAC/50Hz
AC line input voltage [V, ]
= +5V @ max. load  ==fll=+12V @ max. load
Line Regulation: Output voltage @ typ. load versus AC line input voltage
12,05 12,06 12,05 12,05 12,06
S 120 O i _ i i
o
1]
£ 80
S 4,96 4,96 4,96 4,96 4,96
E] . ¢ * * *
L 470
=
o
0,0
85VAC/60Hz 115VAC/60Hz 230VAC/50Hz 264VAC/50Hz 300VAC/50Hz
AC line input voltage [V, ]
——+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
S 12,0 L . s —
o
1]
s
S 80
2 4,79 4,79 4,79 4,78 4,79
2 = u u 0 a
« 40
=
o
0,0
85VAC/60Hz 115VAC/60Hz 230VAC/50Hz 264VAC/50Hz 300VAC/50Hz
AC line input voltage [V, ]
=g=—+5\V @ min.load =M=+12V @ min. load
Figure8 Lineregulation V.. at full load vs AC-line input voltage
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Test results

10.4 Load regulation
Load regulation: Output voltage versus output power
14,00
< 2,51 ,05 ,13 %2,15 ,13
— 2,50 ,10 12,11 2,12
@ 1000 12,06 )
8
g
S 600 479 4,96 4,93 4,93 4,94
o & -
5 4,79 4,96 4,94 4,94 4,93
O 200
0,2 25 50 75 100
Output power [%]
+12V @ 115V ==+12V @ 230V
=4=—+5V @ 115V —@=+5V @ 230V
Load regulation: Output voltage versus output power
14,00
<< 295 12,05 12,13 12,13 12,12
> 1250 3'12.06———1 12,12 S l———i1'12,12
% 1000 12,50 12,05 12,14 12,15 12,13
> 10,
8
©°
Z 600 4,78 4,96 4,93 4,93 4,93
a F=A79 =496 . #4793 K 4,94
= 4,79 4,96 4,93 4,92 4,93
O 200
0,2 25 50 75 100
Output power [%]
== +12V @ 85V == +12V @ 264V —4—+5V @ 85V
=8=+5V @ 264V ==+12V @ 300V —=0—+5V @ 300V
Figure9 Load regulation V,, vs. output power
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Test results

10.5 Maximum input power

Peak input power(OLP) versus AC line input voltage
P,,=27.77%9.31 percent W

= 35

—~ 2025
o, 32 29,57 9SS
O 27,97 28,68 o *
%’ 29 . =

S o 2518 _—

3 —

3 23

£

< 20

9 85 115 230 264 300

AC line input voltage [ VAC ]

—o—Peak Input Power

Figure 10 Maximum input power (before over-load protection) vs. AC-line input voltage

10.6 ESD immunity (EN 61000-4-2)

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

10.7 Surge immunity (EN 61000-4-5)

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

10.8 Conducted emissions (EN 55022 class B)

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

1 PCB spark gap distance needs to reduce to 0.5 mm and C13 change to 120 uF.
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Transducer NNB41.trd
Limit Line EN 55022 class B CE
PK AV QP
dBpv 80
60—
40
20—
oo
20 T —— 7 T —— 7 .
0.2 05 1 2 5 10 20
0.15 MHz 30 MHz
Figure1l Conducted emissions (line) at 115V AC and maximum load
Transducer NNB41.trd
Limit Line EN 55022 class B CE
PK AV QP
dBuv 80
60—
40 h
20— M
.
o
-20 . . ——7 : . ————— T .
0.2 0.5 1 2 5 10 20
0.15 MHz 30 MHz

Figure12 Conducted emissions (neutral) at 115 V AC and maximum load

Pass conducted emissions EN 55022 (CISPR 22) class B with 6 dB margin for quasi-peak measurement at low-

line (115 VAC).
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Transducer NNB41.trd

Limit Line EN 55022 class B CE
PK AV QP
dBpv 80
- "'\-\-__\_
~—

60 ~—_ |

_ A

40

: M"‘ .|l'

20—

| T

=20 T T — T T T — T T

02 0.5 1 2 5 10
0.15 MHz

20
30 MHz

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

Transducer NNB41.trd
Limit Line EN 55022 class B CE
PK AV QP
dBpv 80

60—

40
20

| TIHe

-20

T T L e T T L e e L
0.2 05 1 2 5 10

0.15 MHz

20

30 MHz

Figure 14 Conducted emissions (neutral) at 230 V AC and maximum load

Pass conducted emissions EN 55022 (CISPR 22) class B with 6 dB margin for quasi-peak measurement at high-

line (230 VAC).
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10.9 Thermal measurement

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

Table 5 Hottest temperature of demo board

No. |Major component 85V AC (°C) 300 VAC (°C)
1 IC11 (ICE5QR4780BG) 75.9 54.9
2 R14A (CS resistor) 49.6 43.5
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) 43.9 50.8
8 D22 (secondary diode) 37.4 40.3
9 Ambient 25.0 25.0

85 VAC full load and 25°C ambient 300 VAC full load and 25°C ambient

Top side Top side
Figure 15 Infrared thermalimage of DEMO_5QR4780BG_15W1
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Waveforms and scope plots

11 Waveforms and scope plots

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

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

? |

3{\(uw;”.' ARAAAAS

AG v | VT T | [ ! V1l | " L

~ﬂ ! it “ 1 | ! i \ | .

IS AR :

5" ¥y Vv LAk Vv

el A

R § G

? 2V |

A | -

4 5y T

i . i | ‘

f | ﬁ '5

| 1 1 i

100 Vidiv| 1oovmw 5.00 Vidiv| zoowm - —— | g.- 10C)

C1 (yellow) : AC-line voltage (V AC) C1 (yellow) : AC-line voltage (VAC)
C2 (purple) : Supply voltage (Vvcc) C2 (purple) : Supply voltage (Vucc)
C3 (blue) : 12V output voltage (Voutr2) C3 (blue) : 12V output voltage (Vouu)
C4 (green) : 5V output voltage (Vouts) C4 (green) : 5V output voltage (Vouts)
Start-up time at 85V AC and maximum load = 168 ms  Start-up time at 300 V AC and maximum load = 112 ms

Figure 16 Start-up

11.2 Soft-start

I LeCroy

<
s

I

I

. Y
200 Vidiv| 5.00 Vidiv| 500 mVidiy 5.00ms/divlStop 910 mV| 200 Vidv| 20,0 Vidi| 5,00 Vidiy 5.00ms/diviStop  910mV|
3980V ofst -5.050 V ofsf ~15000 V) 500 MS 100 MS/s]Edge  Negative 1380vorst] -2040vorst] 8150 Vorst 5.00MS 100 MSis]Edge  Negative)
1 1268V 3296 V|1 6.4mv| X1=  -10380ps AX= 11.861ms 1 4241V]4 16.08V]1 3217V X1=  -10380ps AX= 11835ms
1 163.0V| 3398Vt -19myi X2= 1175716ms 1/AX= 84310 Hz t 4652V 15.12V| 1 3163V X2= 1173134ms 1AX= 84.494 Hz

102mv]Ay 83 mv] Ay 41.1v]ay  -s60mv)ay 54 mV)

C1 ( yellow : Drain voltage (Vo) C1 (yellow) : Drain voltage (Vo)
C2 (purple) : Supply voltage (Vucec) C2 (purple) : Supply voltage (Vucc)
C3 (blue) : FB voltage (Vrs) C3 (blue) : FB voltage (Vrs)

C4 (green) : CSvoltage (Vcs) C4 (green) : CSvoltage (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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Waveforms and scope plots

11.3

Drain and Current Sense (CS) voltage at maximum load

| i LeCroy LeCroy/
! ! —— ‘
! '.P\: f i 194V '. l‘ v,' |
R MW .
'll \ Drain \ l |
i S i 5 | n . I
= 5/ ; )
- [ fiy, [ | o ' i
o e i3 . o
= 1 o I
| ﬁ% /L |
‘ | e 21 | = Y A
| ( ( ! r I I r r r
1 ! |
Measure P1:max(C1) P2:freq(C1) o - P4--- P5:--- P6:- Measure P1max(C1) P2freq(C1) P4~ P5--- P6---
value 282V value 597V
svat S svat S v
u (Timebase _ 0.0 us] (Trigg m (Trigger @
. vl ol uoue . w e
2186V]| 2113V 7832mV| X1= 241266 ps AX -17. 3346u 2159V 1843V 721.0mV| X1= -254204ps  AX= 134542ps
2168 V|t 2145V|¢ 784.8mV| X2= 67920 s 1AX= -57.688 kHz 2200VIt 1829V]t 6858mV| X2= -11.9662 us 1/AX= 74326 kHz
-180 mvjAy 31mvjay 1.6 mV) 410 mVvj Ay -14 mV] Ay 35.1 mV]
C1 (yellow) : Drain voltage (Vp) C1 (yellow) : Drain voltage (Vo)
C2 (purple) : Supply voltage (Vvcc) C2 (purple) : Supply voltage (Vucc)
C3 (blue) : FB voltage (Ves) C3 (blue) : FB voltage (Ves)
C4 (green) : CSvoltage (Vcs) C4 (green) : CSvoltage (Vcs)

Vbrain_peak at 85 V AC = 282 V with first zero crossing and
fs ~ 58 kHz

and fs = 74 kHz

Vbrain_peak @t 300 V AC = 597 V with third zero crossing

Figure 18 Drain and CS voltage at maximum load

11.4 Zero crossing point during normal operation
o h“ , = LAAA | Han AR _?
S TR et I
i -ﬂ‘\)‘.ﬂ-‘m}— |
\ - i s = = = )
[
T "rif F . r f

i
(Timebase 00 5] (Trigger DG

20.0 Vidiy 2,00 Vidiv 1.00 Vidiv| 10.0 psidivlStop ~ 570mV/

2040 Vofst]  -4.060 V ofst -3.0000 V} 500kS  5.0GSis|Edge Negative)

20.0 Vi/div| 2.00 V/div| 1.00 V/div|
-20.40 V ofst] ~4.060 V ofs!] -3.0000 V

il b 0.0 gger e8|
EoT

500kS  5.0GS/s]Edge Negative]

C1 (yellow) : Drain voltage (Vo) C1 (yellow) : Drain voltage (Vo)
C2 (purple) : Supply voltage (Vvcc) C2 (purple) : Supply voltage (Vucc)
C3 (blue) : FB voltage (Vrs) C3 (blue) : FB voltage (Vrs)

C4 (green) : CSvoltage (Vcs) C4 (green) : CSvoltage (Vcs)

Eighth zero crossing at 85V AC and 25 percent load (5
Vx0.05A+12Vx0.29 A)

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

Tenth zero crossing at 300 V AC and 25 percent load (5
Vx0.05A+12Vx0.29 A)

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

Figure19 Zero crossing
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11.5
percent)

Load-transient response (dynamic load from 10 percent to 100

LeCroy

A
Measure P1.pkpk(C2) P2:min(C2) P3:max(C2) P4 pkpk(C3) P5:min(C3) P6:max(C3)
value 147 mv -76 mv 71mv 269mv -123mv 146 mv
mean 163.80 mvV -87.33mv 76.47mV 284.00mV -127.78mv 156.23 mvV
min 138 mv -124mv 68 mv 250mv -149mv 136 mv
max 208mv -70mV 84mv 358mv -114mv 210mv
sdev 1245mVv 923mv 376 mv 2230mv 10.01mv 13.46 mv
num 53 53 53 53 53 53
status v v v v v v

100 mVidiv 10.0ms/div|Stop 36 mV|
102.0mV/ 500MS 50 MSis|Edge Positive)

i
Measure P1:pkpk(C2; P2min(C2 P3max(C2) P4:pkpk(C3) P5:min(C3) P6:max(C3)
value 160 mv -86 mV 74mv 275mv -123mV 152my
mean 165.62mV -8852mv 77.10mV 28363mV -127.07mV 156,56 mV
min 154 my -124mv 71my 259my -149mv 146 mv
max 208mv -83mv 84mv 358mV 114mv 210mv
sdev 984mV 742mv 300mv 2043mv 9.64 mv 1187 mv
num 33 33 33 3 3 32
status v v v v v v
e e
102.0mV/ 500MS 50 MSis|Edge  Positive)

C2 (purple) :5Voutputripple voltage (Vouts)
C3 (blue) : 12 Voutput ripple voltage (Vout12)

C2 (purple) : 5V Output ripple voltage (Vouts)
C3 (blue) 12V Output ripple voltage (Voutr2)

5 Vripple_pk_pk at 85 VAC = 147 mV

12 Viippte_pk_pk at 85 VAC = 269 mV

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

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

5 Vripple_pk_pk @t 300 VAC = 160 mV

12 Viippte_pk_pk at 85 VAC = 275 mV

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

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

Figure 20 Load-transient response

11.6

Output ripple voltage at maximum load

LeCroy

i
Measure P1:pkpk(C2) P2:min(C2) P3:max(C2) P4:pkpk(C3) P5:min(C3] P6:max(C3)
value 134 mv -6.6 mv 69mv 54 mv -33mv 2mv
mean 12544 mv 6.177mv 6.367mV 54.40mv 3247 mv 21.92mv
min 122mv -6.6mvV 62mv 53mv -33mv 22mv
max 134mv -5.9mv 69mv 56 mv -31mv 23mv
sdev 512 v 314V 256 uv 1.01mv 640 pv 640V
num 5 5 5 5 5 5
status v v v v v v

20.0mVidiv
20.00mV|

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

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 31.60mv -18.40mv 1320mv
min 141mv -78mV 69mv 30mv -18mv 12mv
max 147 mv 72mV 69mv 2mv -18 mv 14 mv
sdev 277w 277wV owv 693 pv 0.00 mv 693 pv
num 4 + 4 < 4 4
status v v v v v v

20.0 mVidiv| 100msidiv|Stop 355 mV|
20.00mV] 500MS 50 MSis|Edge  Positive]

C2 (purple) :5Voutput ripple voltage (Vouts)
C3 (blue) :12 Voutput ripple voltage (Vout12)

C2 (purple) :5Voutput ripple voltage (Vouts)
C3 (blue) 12V output ripple voltage (Vouti2)

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
MF (ceramic) and 1 uF (electrolytic), 20 MHz filter

5 Viipple_pk_pk @t 300 VAC = 14.7 mV
12 Vripple_pk_pk at 300 V AC = 30 mV
Probe terminal end with decoupling capacitor of 0.1

MF (ceramic) and 1 uF (electrolytic), 20 MHz filter

Figure 21 Outputripple voltage at maximum load
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11.7

Output ripple voltage at burst mode 1 W load

LeCroy

LeCroy!

+12v

Measure P1:pkpk(C2) P2min(C2) PJ‘mzx[CZ, P4:pkpk(C3) P5:min(C3) P6:max(C3) Measure P1:pkpk(C2) P2:min(C2) F;max[CZ, P4:pkpk(C3) P5rm|n[C3) P6:max(C3)
value 109 mv 53mv value 144mv 54 mv
status v v status v v

z (Timebase_000 ) (Tiger @A) z (Timebase_000 ) (Trigger @AEM)
e |
C2 (purple) :5Voutputripple voltage (Vouts) C2 (purple) :5Voutput ripple voltage (Vouts)
C3 (blue) : 12 Voutput ripple voltage (Vout12) C3 (blue) :12 Voutput ripple voltage (Vouti2)

5 Vripp[eipkipk at85VAC=10.9mV

12 Vripp[eipkipk at85VAC=53mV

Load:5Vat6 mAand 12V at 80 mA

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

5 Vrippleipkipk at 300 V AC = 14.4 mV
12 Vrippleipkipk at 300 V AC = 54 mV

Load: 5V at6 mAand 12V at 80 mA
Probe terminal end with decoupling capacitor of 0.1 yF

(ceramic) and 1 JF (electrolytic), 20 MHZz filter

Figure 22 Outputripple voltage at burst mode 1 W load

11.8 Entering ABM
{ ! LeCroy/ | ! LeCroy
oan | | Dran !
i I = L e ~ | = L)

s ol S

10 Oms/uv <wp 4. 04 V
500 MS 50 MSisjEdge Positive]

-913.12ps  AX= -20.32ms
XZ -21.23480ms 1/AX= -49.21Hz

0 200v] 200V
1oous 100us
Ay —4 Ay

200 V|
198.0 V|

200V| 100V

-204V 300V

1 1722V gmv]s

r 1637V|1 1847V| smv|s
376Vjay 125V] Ay 16 mv)ay

1 1261V

lmebase 10.0 g9
0 ms/div|

500 MS 50 MSisjEdge  Positive)
-91312ps  OX= -2032ms
XZ -2123480ms 1/AX= -4921Hz

200v] 200V 10| 200v 200v] 200V
1980V| 204V 20ov] - 100ps| - 100ps] 1008
1261V)) 1722V amv|y -
1637V]1 1847V smv|t

Ay 376vjay 125V Ay -16 mv|ay |y = Ay

C1 (yellow) : Drain voltage (Vo) C1 (yellow) : Drain voltage (Vo)

C2 (purple) : Supply voltage (Vvcc) C2 (purple) : Supply voltage (Vvcc)
C3 (blue) : FB voltage (Ves) C3 (blue) : FB voltage (Vrs)

C4 (green) : CSvoltage (Vcs) C4 (green) : CSvoltage (Vcs)

Condition to enter ABM level 1: Vs less than 0.9V, Nxc =
8 and tblanking =20 ms
(load change from 5 W to 0.5 W at 85 V AC)

Condition to enter ABM level 1: Vs less than 0.9V, Nzc =
10 and thianking = 20 ms
(load change from 5 W to 0.5 W at 300 V AC)

Figure 23 Entering ABM
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11.9 During ABM
NEEEREEE
. ; . i ‘ ‘
g )
- ‘?“”""r’ \lumuu TR \
M MW \rwvv]__ j\/\/\/\Mq_["\N wvvvlj"\fv /\/vv\q_{"‘\f AAAA
‘QT'“ T_' T_‘ F r‘
souquwp V“ | zoov 200\/
C1( yellow : Drain voltage (Vp) C1( yellow : Drain voltage (Vo)
C2 (purple) : Supply voltage (Vvcc) C2 (purple) : Supply voltage (Vucc)
C3 (blue) : FB voltage (Ves) C3 (blue) : FB voltage (Ves)
C4 (green) : CSvoltage (Vcs) C4 (green) : CSvoltage (Vcs)
During ABM level 1: Vg gon = 2.4V, During ABM level 1: Veg 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)

Figure24 During ABM

11.10 Leaving ABM
" LeCroy

j s A o ‘ .

o e R i Tt B 1

R A &= AV %i}’_‘ s ety o

. 1 Al N U l

e jﬁc_ i g

t* ISR GRUSTSL 3 1 R L%}, ot S e s /L,‘ o FM, N { F_Avm‘m fiis

4 2048V]4 1624V]$ 2804 V[ $ 2048V]¢ 1624V]$ 2804 X1 Bz 5333Vvj4 1535Vv]¢ 27954 4 5333Vl 1535v]¢ 2795V s
C1 (yellow) : Drain voltage ( VD C1 (yellow) : Drain voltage (Vo)
C2 (purple) : Supply voltage (Vvcc) C2 (purple) : Supply voltage (Vucc)
C3 (blue) : FB voltage (Vrs) C3 (blue) : FB voltage (Vrs)
C4 (green) : CS voltage (Vcs) C4 (green) : CSvoltage (Vcs)
Condition to leave ABM level 1: Vg more than 2.75V Condition to leave ABM level 1: Vg more than 2.75V
(load change from 0.5 W full load at 85 V AC) (load change from 0.5 W full load at 300 V AC)
Figure 25 Leaving ABM
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Ve
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M

11.11 Line Over-Voltage Protection (OVP) (non-switch auto-restart)
| Y LeCroy ! LeCroy
: 1 . E
it | ~—

x
|
e I
|
|
|

\ {
. @ \ {
e : i 7 z i

1 ‘ i

| 1

[
| " ! i
(Timebase 116 (Trigger @M (Timebase 116 5] (Trigger _ (M)
200 Vidiy 10.0 Vidi| 2.00 Vidi| Roll  200sidv|Stop 572V 200 Vidiy 10.0 Vidiv 2,00 Vidiv| Roll  200sdiv|Stop 572V
66.0Voffset] -1000vofs] 4000V ofst 500Ms 250 kSis|Edge  Positive 66.0Voffset]  -10.00Vorst| 4000V ofsi 500MS 250 kSis|Edge _Positive
: 4508V 1344 V| 1 4492V|, 1523v|y 2860 V|
1 1 1 1579V|1
Ay Ay 560 mv] Ay

2877V| X1= 3518204s AX= -6.584836s X1= 2819648s AX= -6248488s
4572V 2921V|

C1 (yellow) : Bulk voltage (Veuw) C1 (yellow) : Bulk voltage (Veui)
C2 (purple) : Supply voltage (Vvcc) C2 (purple) : Supply voltage (Vvcc)
C3 (blue) : V,y voltage (V) C3 (blue) : V), voltage (V)

C4 (green) : CSvoltage (Vcs) C4 (green) : CSvoltage (Vcs)

Condition to detect line OVP: Vywmore than 2.9V

Condition to reset line OVP: Vyless than 2.9V

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.

Figure26 Line OVP

11.12 Brown-out protection (non-switch auto-restart)

| T LeCroy.
| 1
| 1
I i
-—W—‘
|1 ! 1

! A
(Timebase 580 md (Trigger _GREM)
100 Vidiy 20,0 Vidiy 2,00 VI Roll  100s/div[Stop 514V
99.0Voftsel|l  -2000Vofst] 4000 Vost 500MS 500 kSis|Edge  Positive
| 634V|, 1595V} 391my| Xi= 030.924ms AX= -190182s
1 109.0 Vit 16.64 Vi1 676my X2= -970.896ms 1/AX= -525.8mHz
Ay 4s6v)jay  esomvlay  285my)

C1(yellow)  :Bulkvoltage (Vsux)

C2 (purple)  :Supply voltage (Vvcc)

C3 (blue) : Viy voltage (Vu)

C4 (green) : CSvoltage (Vcs)

Condition to reset brown-out protection (brown-in): Vyw more than 0.66 V (Vsuik more than 100 V DC [~ 77 V AC])
Condition to detect brown-out protection: Vyless than 0.4 V (Vsuik less than 61V DC [~ 45 V AC])

(Gradually increase AC-line voltage at 1 W load until system start and reduce the line until brown-out detect)
Figure 27 Brown-out protection
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11.13 Vcc OVP (odd-skip auto-restart)

(infineon

| I

YA S + +
z >
(Timebase 0.00 s
100V 500V 10.0V| 100 200V 500V Roll 1.00 s/div] Stop 98V
161.0V| -18.1V]| 241V 100 ps 100 ps 100 ps| 5.00MS 500 kS/sjEdge  Positive)
X1= -129.706 ms
4 1302V]4 $ 3206Vv|$ 130mv]$ 1302v]$¢ 2524v]4 3296 V|

1 (yellow) : Zero Crossing Detection (ZCD) voltage (Vzcp)

C2 (purple) : Supply voltage (Vvcc)
3 (blue) : FB voltage (Ves)

C4 (green) : ZCD voltage (Vzco)

Condition to enter Vycc OVP: Vycc more than 25.5V
(85 VAC and disable output OVP detection at ZCD pin, short R26, open ZD1)

Figure 28 V.cOVP

11.14 Vcc Under-Voltage Protection (UVP) (auto-restart)

i o

i

; I
; t i
imebase -208 mg (Trigger (E3ED)
100 V/div| 10.0 Vidiv 1.00 Vidiv| 100 ms/div} Stop 10.0V|
134.0 V ofst] -6.10 V of st] -3.000 V ofst 500MS 5.0MS/sjEdge Positive]

X1= 146.5496 ms
2175 V)% 9.83V] ¢ -16 mV|

C1 (yellow) : Drain voltage Vo)

C2 (purple)  :Supply voltage (Vvcc)
C3 (blue) : FB voltage (Vrs)

C4 (green) : CSvoltage (Vcs)

Condition to enter Vcc UVP: Vccless than 10V
(Remove R12A and power on the system with full load at 85V AC)

Figure29 V. UVP
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11.15 Over-load protection (odd-skip auto-restart)
\ I LeCroy[*
Drain |
d Vee ' ' l l
W e S S S T
Cc2| r » * * »
c3l I| |
ca , " ,
M | { l i
| | 4 =
\ ’ [ '
| i ¥
| I
z b2 ¥
2| L . ... .
_;n“ : momsmpni W
100V 200V 1.00 V| 200V 100V 2.00V| Roll 500 ms/div] Stop 572V
-10.0V -4.00V| -3.00V| 10 ms 10 ms 10 ms| 5.00MS 1.0MS/sjEdge Positive]
1 2120V]L 2840V]L 46mvll 1472V)1 2120V]. 2840V X1= -1.727752s AX= 29.464ms
t 2026Vt 3329v|t  3mv|t 1440v|: 2026v|t 3329V X2= -1.6982885 1/AX= 33.940 Hz
Ay -930 mVjAy 489mV]Ay -43 mV]jAy -32V]Ay-930mV]Ay 489 mVj
C1 (yellow) : Drain voltage (Vp)
C2 (purple) : Supply voltage (Vvcc)
C3 (blue) : FB voltage (Ves)
C4 (green) : CSvoltage (Vcs)

Condition to enter over-load protection: Vesmore than 2.75 V and lasts for 30 ms blanking time
(12 V output load change from full load to short at 85 V AC)

Figure 30 Over-load protection

11.16 Output OVP (odd-skip auto-restart)
MTasure P1:mg;{§€) P2:mgxg((u::\i/) PB:M:E(S':«I) P4:--- P5:--- P6---
TR
C1 (yellow) : Drain voltage (Vo)
C2 (purple)  :Supply voltage (Vvcc)
C3 (blue) : 5V output voltage (Vouts)
C4 (green) : 12 V output voltage (Vout2)

Condition to enter output OVP: Voui12o more than 16.8 V; Vous more than 7V
(85V AC, short R26 during system operation at no load)

Figure31 Output OVP
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11.17 Vcc short-to-GND protection

675V

475V

"\‘ ELEDYNE LECROY
vorywhereyoulook

275V

125V

-525 71 =—

925V

-500ms -400ms -300ms -200ms -100ms 0ths

100ms 200ms 300ms 400ms 500ms

C1 (yellow) : FB voltage (Ves)
C2 (purple) : Ve voltage (Viec)
C3 (blue) : Drain voltage (Vp)
C4 (green) : CSvoltage (Vcs)

Condition to enter Vcc short-to-GND: if Vcc is less than Vyec sez
(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)

lvec= IVCC?Chargel

Figure 32 V. short-to-GND protection
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