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60 W12V 5V SMPS demo board with ICE5QSAG
and IPASOR600P7

DEMO_5QSAG_60W1

About this document

Scope and purpose

This document is an engineering report for a 60 W dual-output SMPS with the latest fifth-generation Infineon
QR controller ICESQSAG and CoolMOS™ IPA8BOR600PT. The power supply is designed with a universal input
compatible with most geographic regions and dual isolated outputs (+12 V/4.58 A and +5 V/1 A), as typically
employed in most home appliances.

Highlights of the demo board:

o High efficiency under light-load conditions to meet ENERGY STAR requirements

e Single-layer PCB design for compatibility with wave-soldering process and low-cost manufacturing
o Auto-restart protection scheme to minimize interruption to enhance end-user experience

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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1 Abstract

This engineering reportisa 60 W 12V and 5V demo board designed in a QR Flyback converter topology using
the fifth-generation QR controller ICESQSAG and a P7 series of HV CoolMOS™ IPA8OR600P7. The target
applications of ICESQSAG 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. 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 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 ICESQSAG to protect the system and
customize the IC for the chosen application. In case of failure modes like brown-out or line Over Voltage (OV),
Vce OV/Under Voltage (UV), open control-loop or over-load, output OV, over-temperature, Vcc short-to-GND and
CS short-to-GND, the device enters protection mode. By means of the cycle-by-cycle Peak Current Limitation,
the dimensions of the transformer and the current rating of the secondary diode can both be optimized. In this
way, a cost-effective solution can easily be achieved.
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2 Demonstrator board

This document provides complete design details including specifications, schematics, Bill of Materials (BOM),
and PCB layout and transformer design and construction information. This information includes performance
results pertaining to line/load regulation, efficiency, transient load, thermal conditions, conducted EMI scans,

etc.
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Power supply specifications

3 Power supply specifications

The table below represents the minimum acceptance performance of the design. Actual performance is listed

in the measurements section.

Table1l Specifications of DEMO_5QSAG_60W1
Description Symbol | Min. Typ. Max. Units | Comments
Input
Voltage Vin 85 - 300 VAC Two wires (no P.E.)
Frequency fune 47 50/60 64 Hz
No-load input power Pstoy_nL - - 0.09 W 230 VAC
40 mW load input power Pstby_mt - - 0.20 W 230 VAC
Output
Output voltage 1 Vour - 12 - v 5%
Output current 1 lout: 0.001 2.29 4.58 A
Output voltage ripple 1 VrippLer - - 100 mV 20 MHz BW
Output voltage 2 Vour2 - 5 - v 15 percent
Output current 2 lout2 0.006 |0.5 1 A
Output voltage ripple 2 VrippLE2 - - 100 mV 20 MHz BW
Max. power output Pout max | - - 60 W
Efficiency
Max. load n - 83 - % 115V AC/230VAC
Average efficiency at 25 percent, | Naw 84 - - % 115V AC/230V AC
50 percent, 75 percent and 100
percent of Pout max
Environmental
Conducted EMI 6 - - dB Margin, CISPR 22 class B
ESD 10 - - kV EN 61000-4-2
Surge immunity EN 61000-4-5
Differential Mode (DM) 2 - - kV
Common Mode (CM) 4 - - kV
Ambient temperature Tamb 0 - 50 °C Free conviction, sea level
Form factor 160 x 83 x 43 mm?3 LxWxH

Note:

“The demo board is designed for dual-output with cross-regulated 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) conditions, the following changes are necessary on the board.

1. Remove D22, 22, C28, C210, R25A (to disable 5 V output).

2. Change R26 to 10 kQ and R25 to 38 kQ (to disable 5 V FB and enable 100 percent wejghted
factoron 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 conditions.”
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5 Circuit description

In this section, the design circuit for the SMPS unit will be briefly described by the different functional blocks.
For details of the design procedure and component selection for the Flyback circuitry please refer to the IC
design guide [3] and calculation tool [4].

5.1 EMI filtering and line rectification

The input of the PSU is taken from the AC power grid, which is in the range of 85V AC~300 V AC. The fuse F1 is
right at the entrance to protect the system in case of excess current entering the system circuit due to any fault.
Following is the varistor VAR, which is connected across L and N to absorb the line surge transient. Inductors
L11 and C11 form a filter to attenuate the DM and CM conducted EMI noise. C11 must be X-capacitor grade.
There are optional spark-gap devices SA1 and SA2 to absorb further higher surge level transient if required by
the system. Resistors R110 and R110A are used to discharge the X-capacitor when the AC is off in order to fulfill
the IEC61010-1 and UL1950 safety requirements. The bridge rectifier BR1 rectifies the AC input into DC voltage,
filtered by the bulk capacitor, C13.

5.2 Flyback converter power stage

The Flyback converter power stage consists of C13, transformer TR1, a primary HV MOSFET (CoolMOS™
IPA8OR600PT), secondary rectification diodes D21 and D22, secondary output capacitors and filtering (C22,
€23, L21 and C24 for Voyr: and €28, L22 and C210 for Vour,).

When the primary HV MOSFET turns on, some energy is stored in the transformer. When it turns off, the stored
energy is released to the output capacitors and the output loading through the output diode D21 and D22.

A sandwich winding structure for the transformer TR1 is used to reduce the leakage inductance, reducing the
loss in the clamper circuit. TR1 has two output windings: one for the Vour: (12 V) and the other for the Vour, (5 V).
The output rectification of Vour, is provided by the diode D21 through the filtering of C22, C23, L21 and C24. The
output rectification of Vour is provided by diode D22 through the filtering of C28, L22 and C210. All the
secondary capacitors must be the low-ESR type, which can effectively reduce the switching ripple. Together
with the Y-capacitor C12, C12A and C12B across the primary and secondary side, the EMI noise can be further
reduced to comply with CISPR 22 specifications.

5.3 Control of Flyback converter through fifth-generation QR controller
ICE5QSAG
5.3.1 PWM control and switching MOSFET

The PWM pulse is generated by the fifth-generation QR PWM current-mode controller ICE5QSAG, and this PWM
pulse drives the HV power MOSFET IPABOR600P7. The CoolMOS™ provides all the benefits of a fast-switching
superjunction (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 FB signal Vs and the Current Sensing (CS) signal Vcs. ICESQSAG also
performs all necessary protection functions in Flyback converters. More details are provided in the product
datasheet.

5.3.2 Current sensing

The ICESQSAG is a current mode controller. The peak current is controlled cycle-by-cycle through the CS
resistors R14 and R14A in the CS pin (pin 3), so transformer saturation can be avoided and the system is more
robust and reliable.
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5.3.3 FB and compensation network

Resistors R25 and R25A are used to sense the Vour: and Vour, through the shared current regulation method and
FB to the demo pin (pin 1) of error amplifier IC21 with demo to the voltage at resistor R26 and R26A. A type 2
compensation network C25, C26 and R24 is connected between the output pin (pin 3) and the demo pin (pin 2)
of the IC21 to stabilize the system. The IC21 further connects to pin 2 of the optocoupler, and IC12 with a series
resistor R22 to convert the control signal to the primary side through the connection of pin 4 of the IC12 to
ICE5QSAG FB pin (pin 1) and complete the control loop. Both the optocoupler IC12 and the error amplifier IC21
are biased by Vouri; IC12 is a direct connection while IC21 is through an R23 resistor.

The FB pin of ICE5QSAG is a multi-function pin, which is used to select the entry burst power level (there are
two levels available) through R17 and also the burst-on/burst-off sense input during ABM.

5.4 Unique features of the fifth-generation QR controller

5.4.1 Fast self-start-up and sustaining of Vcc

The IC start-up uses the cascode structure integrated into the package to charge up the Vcc capacitor during the
start-up stage [3]. The Zero Crossing Detection (ZCD) pin (pin 4) is a multi-function pin and it serves as the start-
up pin with the connection of pull-up resistors R16, R16A and R16B, which has the other end connecting to the
bus voltage during the start-up phase. The device is implemented with two steps of charging current: the
smaller current 0.2 mA (Vycc_yp = 0 V~1.1V) and the larger current 3.2 mA (Vycc_typ = 1.1 V~16 V). The start-up time
consists of the addition of those two charging times. With Vcc capacitor C16 at 47 pF, the start-up time is
shortened to around 0.35s.

After start-up, the IC Vcc supply is sustained by the auxiliary winding of transformer TR1, which needs to
support the Vcc to be above Under Voltage Lockout (UVLO) voltage (10 V typ.) through the rectifier circuit D12,
R12,R12A and C17.

5.4.2 QR switching with valley sensing

ICE5QSAG is a QR Flyback controller, which always turns on at the lowest valley point of the drain voltage. The
IC senses the valley point through the ZCD pin (pin 4), which monitors the auxiliary winding voltage by R15, D13
and C19 to the ZCD pin (pin 4) together with the internal resistor Rzcp. The IC detects the valley crossing signal.
When the ZCD voltage drops below 100 mV (typ.), the CoolMOS™ is allowed to switch on. With QR switching,
the lowest switching losses can be achieved for good efficiency.

5.4.3 System robustness and reliability through protection features

5.4.3.1 Input voltage monitoring and protection

To avoid system damage due to the high AC input transient, the SMPS unit requires the input line Over Voltage
Protection (OVP) to stop the Flyback converter switching whenever the Vg, voltage exceeds the operating
range. The IC has a Vi pin (pin 2), which can sense Vs voltage through voltage dividers R18, R18A, R18B and
R19. When the Viy pin exceeds the protection threshold 2.9 V (typ.), the IC stops switching. With the same Vy
sensing, ICE5QSAG also implements input Under Voltage Protection (UVP) (brown-in/brown-out) to prevent the
Over Current (OC) stress of the power-stage components when the input voltage is too low.

5.4.3.2 Other protections with auto restart

Besides input OVP and UVP, ICE5QSAG has more comprehensive system protection features, such as Vcc OV, Vec
UV, over-load, output short-circuit, open-loop protection, output OV, over-temperature, CS short-to-GND, Vcc
short-to-GND, etc.
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5.5 Clamper circuit

A clamper network D11, C15, R11 and R11A is used to reduce the switching spikes for the drain pin, which are
generated from the leakage inductance of the transformer TR1. This is a dissipative circuit, and the selection of
the R11 and R11A needs to be fine-tuned.

5.6 PCB design tips

For a good PCB design layout, there are several points to note.

e The power loop needs to be as small as possible (see Figure 3). There are three power loops in the demo
design; one from the primary side and two from the secondary side. For the primary side, it starts from the
bulk capacitor (C13) positive to the bulk capacitor negative. The power loop components include C13, the
main primary transformer winding (pin 6 and pin 4 of TR1), the power MOSFET (Q11) and the CS pin of the
controller IC11 and CS resistors R14 and R14A. For the secondary side, the 12 V output starts from the
secondary transformer windings (pin 8 of TR1), output diode D21 and output capacitors C22 and C23, while
the 5V output starts from the secondary transformer windings (pins 11 of TR1), output diode D22 and
output capacitor C28.

e Astar-ground concept should be used to avoid unexpected HF noise coupling, which can affect control. The
ground of the small-signal components, e.g. C111, C17, C18, C19 and R19, and the emitter of optocoupler
(pin 3 of IC12) etc. should connect directly to the IC ground (pin 8 of IC11). Then it connects to the negative
terminal of the C13 capacitor directly.

/

Lil

ci%

Figure 3 PCB layout tips

e Adding the spark-gap (PCB saw-tooth, 0.5 mm separation) pattern under the input CM choke L11 can
increase the system input-line surge capability.

e Separating the HV and LV components e.g. clamper circuit D11, R11, R11A and C15 at the lower part of the
PCB (see Figure 3) and the other LV components at the top part of the PCB can reduce the spark-over
chance of the high energy surge during ESD or a lightning surge test.

5.7 EMI reduction tips

EMI compliance is always a challenge for the power supply designer. There are several critical points to
consider in order to achieve satisfactory EMI performance.
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e Good transformer winding coupling is very important. Without this there would be high leakage inductance
and a lot of switching spike and HF noise. The most effective method is to adopt sandwich winding (see
Figure 8), where the secondary winding is in the middle of the winding and covered by the primary winding
on the bottom and top layer. Shielding the transformer can reduce the HF noise. The outermost shield
wrapped around the transformer cores with copper foil can help to reduce leakage flux and reduce the noise
coupling to nearby components. The inner shield (copper foil or copper wire winding) between the
transformer windings can help to reduce the parasitic capacitance and reduce the HF noise coupling. Both
shields need to tie to the negative of C13 to achieve the best performance, but note that the inner shield
approach would result in more energy loss.

e Use short power-loop design in the PCB (as described in section 5.6) and terminate to the low-ESR capacitor
such as C13 for the primary-side loop and C22, C23 and C28 for the secondary-side loops. This can help to
reduce the switching ripple, which comes out to the input terminals V. In addition, adding a low-ESR
ceramic capacitor in parallel to C13/C22/C23/C28 can help to reduce the switching ripple further.

o Sufficientinput LC (L11 and C11) filter design is important to pass the EMI requirement. Note that the most
effective capacitoris C11, which has the best filtering capability for the switching ripple.

e TheY-capacitor C12 has a function to return the HF noise to the source (negative of C13) and reduce the
overall HF noise going out to the input terminals. The larger capacitance is more effective. However, a larger
value could introduce a larger leakage current and may fail the safety requirements.

60W(12V x 4.58A + 5V x 1A) SMPS demoboard with ICESQSAG & IPABORE00P7 ; D21 L21
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Figure 4  EMIlreduction tips

e Addingdrain to the CS capacitor C110 for the MOSFET can reduce the high switching noise. However, it also
reduces efficiency.

o Adding a ferrite bead to the critical nodes of the circuit can help to reduce the HF noise, such as the
connecting path between the transformer and the drain pin, HY MOSFET source pin (Q11), clamper diode
D11, output diodes (D21 and D22), Y-capacitor C12, etc.

e Adding an output CM choke can also help to reduce the HF noise.
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6 PCB layout
6.1 Top side
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Figure5 Top-side component legend

6.2 Bottom side
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Figure 6 Bottom-side copper and component legend
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BOM

7 BOM

Table 2 BOM (V 0.2)

No. | Designator Description Part number Manufacturer Quantity
1 BR1 600V/4 A D4SB60L Shindengen 1
2 C11 0.33 pF/305V B32922C3334M000 Epcos 1
3 C12 1nF/500V DE1E3RA102MA4BQ Murata 1
4 C13 120 pF/500 V LGN2H121MELB30 1
5 C15 1.5nF/1000V RDE7U3A152J3K1H03 Murata 1
6 Cl16 47 puF/50V 35PX47MEFC5X11 Rubycon 1
7 C17 100 nF/50 V GRM188R71H104KA93D Murata 1
8 C18,C26 1nF/50V GRM1885C1H102GA01D Murata 2
9 C19 33 pF/50V GRM1885C1H330GA01D Murata 1
10 C110 47 pF/1000 V RDE7U3A470J2K1HO03 Murata 1
11 Cl11 22 nF/50V GCM188R71H223KA37D Murata 1
12 Cl12 33nF/50V GRM188R71H333KA61D Murata 1
13 C22,C23 1500 uF/16 V 16ZLH1500MEFC10X20 Rubycon 2
14 C24 470 uF/16V 16ZLH470MEFC8X11.5 Rubycon 1
15 C25 220 nF/50V GRM188R71H224KAC4D Murata 1
16 Cc27 1nF/100V GRM2162C2A102JA01# Murata 1
17 Cc28 1500 uF/10V 10ZLH1500MEFC10X16 Rubycon 1
18 C210 330 uF/10V 10ZLH330MEFC6.3X11 Rubycon 1
19 D11 1A/800V UF4006 1
20 D12 1A/200V 1N4003-E3/54 1
21 D13,D14 0.2 A/150V/50 ns FDH400 1
22 D21 30 A/200V VF30200C-E3/4W 1
23 D22 10A/45V VFT1045BP 1
24 F1 3.15A/300V 36913150000 1
25 HS11, HS21 Heatsink 513102B02500G 2
26 HS22 Heatsink 577202B00000G 1
27 IC11 ICESQSAG ICESQSAG Infineon 1
28 IC12 Optocoupler SFH617A-3 1
29 IC21 Shunt regulator TL431BVLPG 1
30 JP3, JP4, JP5, JP6, JP23 Jumper 5
31 L11 39 mH/1.4A B82734R2142B030 Epcos 1
32 L21 2.2uH/6A 744772022 Waurth Electronics 1
33 L22 4.7uH/4.2A T447462047 Waurth Electronics 1
34 Q11 800 V/600 mQ IPABOR600P7 Infineon 1
35 R11, R11A 24 kR/2 W/500 V PR02000202402JR500 2
36 R12,R13 27Q 0603 resistor 2
37 R12A,R111A 00 0603 resistor 2
38 R14 0.47 R/0.75 W/+1 percent ERJ-B2BFR47V 1
39 R14A 0.56 R/0.75 W/+1 percent ERJ-B2BFR56V 1
40 R15 27 kQ/+1 percent 0603 resistor 1
41 R16 20 MR 1206 resistor 1
42 R16A, R16B 15 MR 1206 resistor 2
43 R18, R18A, R18B 3 MR 1206 resistor 3
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44 R19 58.3 kR/0.1 W/0.5 percent RT0603DREQ758K3L 1
45 R110,R110A 1.5 MQ/500V 1206 resistor 2
46 R111 150 0603 resistor 1
47 R22 8200 0603 resistor 1
48 R23 1.2kQ 0603 resistor 1
49 R24 12 kQ 0603 resistor 1
50 R25 16 kQ 0603 resistor 1
51 R25A 6.2kQ 0603 resistor 1
52 R26 2.5kQ 0603 resistor 1
53 R27 13R 1206 resistor 1
54 TR1 266 pH 750343773 (Rev. 02) Waurth Electronics 1
55 FB, Vin, CS, ZCD, GATE, SOURCE, Vcc, GND Test point 5010 8
56 VAR 0.25W/385V B72207S0381K101 Epcos 1
57 ZD1 22V Dz2J220MOL 1
58 Con (LN) Connector 691102710002 Wourth Electronics 1
59 Con (+12V com), Con (+5V com) Connector 691412120 002B Wurth Electronics 2
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8

Transformer specification

(Refer to Appendix A for transformer design and Appendix B for WE transformer specification.)

e Core and materials: ER28/17, TP4A (TDG)
e Bobbin: 070-5652 (12-pin, THT, horizontal version)

e Primaryinductance: L, =266 uH (+10 percent), measured between pin 4 and pin 6

e Manufacturer and part number: Wurth Electronics Midcom (750343773) Rev 0.2

Pin s T lumexancmsvepim 1|
Pin5 11 Turns (4 X AWG #29) 1/4Prim.
P T
G S ) E— 9Tums BXAWGznAwd ___H| ___
_________________________ 5} » pint0
——<— Pin11
—»——FPin 11
[—+—Pins
Pin2
Pin 1
2 ) J|insulation sleeves forall
— P!"S ] =l 11 Turns {4 X AWG #29) 1/4Prim. p_rimar}zfand secondary
& Pin4 —— —[ 11 Turns (4 X AWG #29) 1/4Prim. sides wire terminations
ore centre D
1]®
3mm 16 mm 3mm
SL% IC_E
H e o [
-
1 =10 o O
J+ -y Start Stop Turns Wire size Layer
I =1 4 5 2 4 x AWG#29 v Primary
]—i' 0 1 2 9 3 x AWG#27 Auxiliary
L ) Bottom view 8 11 4 120 x AWG#38 Secondary 1
11 10 3 120 x AWG#38 Secondary 2
v:‘—(o e @ 1 9 3 x AWG#27 Auxiliary
:E % 5 22 4 x AWG#29 ¥, Primary
) <l lo
I
w
—\J
l:g ~l
w
O \
Side view
Figure 7 Transformer structure
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9 Measurement data and graphs
Table 3 Measurement data
lout1_oLp
Input Description Pin Vour2 lout2 Voun1 lout1 Pour n TNavg Pin_otp ) (A)
(VAC/Hz) (w) (vDC) (A) (vDC) (A) (W) (percent) | (percent) (w) (Fixed5Vat 1
A)
No load 0.05 4.96 0.000 12.04 0.000
Min. load 0.10 4.79 0.006 | 1250 | 0.001 | 0.04 44.42
1/20 load 3.60 4.97 0.050 12.04 0.228 2.99 83.16
1/10 load 7.16 4.97 0.100 12.03 0.458 6.00 83.86
85/60 85.00 5.30
1/4 load 17.90 4.97 0.250 12.03 1.148 15.05 84.06
Typ. load 36.23 4.96 0.500 12.04 2.297 30.13 83.17 82,45
3/4load 54.69 4.96 0.750 | 12.03 | 3.435 | 45.04 8236
Max. load 75.00 4.96 1.000 | 12.05 | 4.580 | 60.15 80.20
No load 0.06 4.97 0.000 | 12.03 | 0.000
Min. load 0.11 4.79 0.006 | 12.49 | 0.001 0.04 38.82
1/20 load 3.59 4.97 0.050 12.03 0.228 2.99 83.32
115/60 1/10 load 7.15 4.97 0.100 | 12.03 | 0.458 | 6.00 83.98 o5 60 63
1/4 load 17.74 4.97 0.250 12.02 1.148 15.04 84.75
Typ. load 35.61 4.96 0.500 12.03 2.297 30.11 84.56 847
3/4 load 53.29 4.96 0.750 12.02 3.435 45.01 84.46
Max. load 72.16 4.96 1.000 12.04 4.580 60.10 83.29
No load 0.08 4.97 0.000 | 12.02 | 0.000
Min. load 0.14 4.79 0.006 12.49 0.001 0.04 30.10
1/20 load 3.71 4.97 0.050 12.02 0.228 2.99 80.57
230/50 1/10 load 7.33 4.97 0.100 12.02 0.458 6.00 81.85 100.20 6.60
1/4 load 17.97 4.97 0.250 12.01 1.148 15.02 83.61
Typ. load 35.37 4.97 0.500 12.01 2.297 30.07 85.01 8481
3/4 load 52.65 4.97 0.750 12.01 3.435 44,98 85.44
Max. load 70.44 4.96 1.000 12.02 4.580 60.01 85.20
No load 0.10 4.97 0.000 | 12.02 | 0.000
Min. load 0.15 4,79 0.006 12.49 0.001 0.04 27.42
1/20 load 3.75 4.97 0.050 12.02 0.228 2.99 79.71
265/50 1/10 load 7.41 4.97 0.100 12.02 0.458 6.00 80.97 103.00 £.90
1/4 load 18.15 4.97 0.250 | 12.01 | 1.148 15.02 82.78
Typ. load 35.52 4.97 0.500 12.01 2.297 30.07 84.66 8446
3/4 load 52.81 4.97 0.750 | 12.01 | 3.435 | 44.98 85.18
Max. load 70.42 4.96 1.000 | 12.02 | 4580 | 60.01 85.22
No load 0.11 497 0.000 | 12.02 | 0.000
Min. load 0.17 4.79 0.006 | 12.49 | 0.001 0.04 24.22
1/20 load 3.82 4.97 0.050 12.02 0.228 2.99 78.25
300/50 1/10 load 7.50 4.97 0.100 12.01 0.458 6.00 79.94 105.00 710
1/4 load 18.35 497 0.250 12.01 1.148 15.02 81.87
Typ. load 35.71 4.97 0.500 12.01 2.297 30.07 84.20 83,98
3/4 load 53.03 4.97 0.750 12.01 3.435 44,98 84.82
Max. load 70.54 4.97 1.000 12.01 4.580 59.98 85.02
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e No-load condition (no load) :5Vat0Aand12Vat0OA
e Minimum load condition (min. load) :5VatemAand12VatlmA
e 1/20 load condition (1/20 load) :5Vat50 mAand 12Vat229 mA
e 1/10 load condition (1/10 load) :5Vat100 mA and 12V at 458 mA
e 1/4load condition (1/4 load) :5Vat250mAand 12Vat1.145A
e Typical load condition (typ. load) :5Vat500 mAand 12V at2.290 A
e 3/4load condition (3/4 load) :5Vat750 mAand 12V at3.435A
e Maximum load condition (max. load) :5Vat1000 mAand 12V at4.58 A
9.1 Load regulation
Load Regulation: Qutput voltage vs output power @ 115V, and 230 V.
14.00 | ‘ |
—_ 12.49 12.01 12.01 12.01 12.02
> ! !
— 12.49 12.02 12.04
s 1000 12.03 12.02 .
S
: | |
=
‘g_ 6.00 -4.79 4.97 4.?6 4.96 4.96
3 479 497 4.97 4.97 4.96
2.00 | |
0 10 20 30 40 50 60 70 80 20 100
Output Power [%)]
—VOoUT2 @ 115V - = -VOUT2 @ 230V VOUT1 @ 115V ——VOUT1 @ 230V
Load Regulation: Output voltage vs output power @ 85 V,; 265V, and 300V,
T
14.00 11249 12.01 12.01 12.01 12.01
o 12.49 1203 12.01 12.01 12.02
> = a o o 2
— 12.50 12.01 12.03 12.05
& 10.00 12.04
£
>° 4.79 4.97 4 96 4.97 4.96
‘g_ 6.00 1 4.79 497 4.97 4.96 4.96-
g 4.79 4.97 497 4.97 4.97
2.00 | |
0 10 20 30 40 50 60 70 80 90 100
Output Power [%]
—\OUT2 @ 85V ——VOUT1 @ 85V —=—VOUT1 @ 265V
——VOUT2 @ 265V ——\VOUT1 @ 300V ——VOUT2 @ 300V
Figure 8 Load regulation Vour vs output power
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9.2 Line regulation
Line Regulation: Output voltage vs AC line input voltage @ max. load
12.05 12.04 12.02 1202 1201
— 12.0
Z
&
s 80
§ 4.96 4.96 496 4,96 4.97
5 40
o
L
-
© o0
50 100 150 200 250 300
AC LinelnputVoltage [V, ]
=——\/0UT2 @ max. load ==\ QUT1 @ max. load
Line Regulation: Output voltage vs AC line input voltage @ typ. load
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> 12.0 o - . -
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1))
£ 8.0
S 4.96 4,96 4.97 4,97 4.97
z . . A .
5 40
=
o
0.0
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AC Line InputVoltage [V, ]
=——\/QUT2 @ typ. load  =—=—=VOUT1 @ typ. load
Line Regulation: Output voltage vs AC line input voltage @ min. load
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o
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Figure 9 Line regulation: Vour vs AC-line input voltage
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9.3 Efficiency vs AC-line input voltage
Maximum Load and Average Load Efficiency vs AC Line Input Voltage
87 !
;.E' KV‘#M
= 82.45 / 84.81 84.46
g & /// 83.98 —
= / 83.29
E
[F1]
80.20
79 i
50 100 150 200 250 300
AC Line Input Voltage [V, ]
e Max. load Efficiency === Average Efficiency(25%,50%,75%,100%)
Medium to Maximum Load Efficiency vs AC Line Input Voltage
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_ 84.46 ’ S "
F 1 8317 | e — -
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> /// o 01—‘-\4
c 82.36 83.29 '
] / 84.66
S 80 83.61 9 78 84.20
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AC Line Input Voltage [V, ]
——\lax. Load —t—3/4 Load Typ. Load et 1/4 Load (15W)
Light Load Efficiency vs AC Line Input Voltage
90
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g6 83.98
_ 84.06 . 83.61
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> — , .97 =
& & sa10 8332 _—_"""\-o\ 79.94
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Figure 10 Efficiency vs AC-line input voltage
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9.4 Standby power

o _.
60 W 12V 5V SMPS demo board with ICE5QSAG and 1Pasors0opr7  ([nfineon

Standby Power vs AC Line Input Voltage

200 170.26 |
— 100 -
E —— 114.00
3 N 83.33 96.17
o 50 —
3 47.30 56.06
c
= 0

50 100 150 200 250 300

AC Line Input Voltage [ VAC]

e N0 load with X cap resistor 3MQ === POUT=30mW with X cap resistor 3MQ

Figure 11 Standby power at no load (Psy n) and 30 mW load (Pswy m) Vs AC-line input voltage
(measured by Yokogawa WT210 power meter - integration mode)

9.5 Maximum input power
Maximum input power (OLP) vs AC line voltage

— 1 20 Pin_OLP=95t1 0.530/0 W

=

&

o 110 —

= 105.00

5 103.00 )

a 100 95.60

5

3

€ 9078500

=

E “

s 80

= 50 100 150 200 250 300

AC Line Input Voltage [ Vac ]

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

The thermal testing of the demo board was done in the open air without forced ventilation, at an ambient
temperature of 25°C. An infrared thermography camera (FLIR-T62101) was used to capture the thermal reading
of particular components. The measurements were taken at the maximum load running for one hour. The
tested input voltage was 85V AC and 300V AC.

Table 4 Component temperature at full load (12V at4.58 Aand 5V at 1 A) under T, = 25°C

Circuit code | Major component 85VAC (°C) 300 VAC (°C)

IC11 ICESQSAG 83.3 47.2

Q11 IPASOR600OP7 52.5 52.7

R14 CSresistor 54.3 38.2

TR1 Transformer 80.6 82.2

BR1 Bridge diode 64.2 32.2

R11 Clamper resistor 72.4 71.5

L11 Input CM choke 90.0 39.9

D21 +12 V output diode 74.9 80.3

D22 +5V output diode 51.9 53.3
Ambient 25.0 25.0

85 V AC maximum load and 25°C ambient 300 V AC maximum load and 25°C ambient

Top side Top side

Bottom side Bottom side

Figure 13 Infrared thermal image of DEMO_5QSAG_60W1
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11 Waveforms

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
! TEI.EI““ lELHUV 1l I TELEDYNE LECROY
[ H Mw M H‘I'H“\m H\Mfm‘H\MM\H"‘“\ hh' \Hf[ 1 i O
\HH fi I‘U HIH il I \\HJH‘ ‘ i
é/ Ju /u‘\h\“\“ ‘M\ HM\”””PH‘HH \\\ ‘M‘\‘\‘H‘N“f\“ ‘H‘ \“M“[“\HJ[\”“\H ; :
H‘ l | ! ‘ ‘ [ | \ : |
il m\ i ] ‘ :_—W ;1"‘4» ] i ‘M‘\‘H‘/ H}MM JV""‘J\M‘\MJ‘l”'\‘\‘”
; ¥ i L \ ‘,.‘.m” | [
‘ | ‘H““\“HH‘H “‘.‘M\ \ "Wl“u\\\“\\\ ‘H\“”“
— B :wwww . PR
i ."”,‘T L j T
,“: ! |
AJ | 3 ’1 :
4 {1

x1= -t

gz |

X 3083008 e ke 287020 e

Xi= 18964 ms AX= 2967208 ms
X2v 2946244 ms UAX= 33701724z

C1 (yellow): V AC; C2 (purple): Vvee; C3 (blue): Vouri (12 V);
C4 (green): Vour2 (5V)

C1 (yellow): V AC; C2 (purple): Vvec; C3 (blue): Vouri (12 V);
C4 (green): Vour2 (5V)

\Vin =85V AC, max. load; start-up time: 350 ms

n =300V AC, max. load; start-up time: *300 ms

Figure 14 Start-up

11.2 Soft-start

AT

= 14 080us
X2= 10540208 ms VAX= 94 74522Hz

P8 freoBIC1)

PTokokiCH

PS5 maxiCh)

PG min(C3)

P maxCl) P2 frsa@iiC:
723V
75V

x1= ™
X2= 10540208 ms VAX=  S474822Hz

C1 (yellow): Vorain; C2 (purple): Vvee; C3 (blue): Ves; C4 (green): Ves

IC1 (yellow): Vorain; C2 (purple): Vvee; C3 (blue): Ves; C4 (green): Ves

\Vin =85V AC, max. load; soft-start time: 11 ms

' =300V AC, max. load; soft-start time: 11 ms

Figure 15 Soft-start
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11.3

Switching waveform at maximum load

A TELEDYNE LECRD)
PR Eoryvmoroyouions

R TELEDYNE Loy
Erryatervyouook

| o T

C1 (yellow): Vorain; C4 (green): Ves

C1 (yellow): Vorain; C4 (green): Vcs

Vin =85V AC, max. load; Vorain_peak: 370 V DC and fs_win: 41 kHz; first ZC is
measured

=300V AC, max. load; Vorain_peak: 664 V DC and fs_win: 65 kHz; third ZC is

measured

Figure 16 Drain and CS voltage at maximum load
11.4 Switching waveform at 25 percent load
e 25percentload (5Vat0.25Aand 12V at 1.145A)
,P !EL:EII‘V’NiyAJuCRQV = ,’ YEL\WV’(E;;CRD"
;“v — ] — |} - “)‘y P A " ~ - o )“
| \ | ! -
——— = |

C1 (yellow): Vorain; C4 (green): Ves

C1 (yellow): Vorain; C4 (green): Vcs

Vin =85V AC, 25 percent load; eighth ZC is measured (highest ZC at low-
line)

in =300 V AC, 25 percent load; tenth ZC is measured (highest ZC at high-

line)

Figure 17
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11.5 Output ripple voltage at maximum load

e Probe terminal end with decoupling capacitor of 0.1 pF (ceramic) and 1 pF (electrolytic), 20 MHz BW

TELEDYNE LECROY -
oyt TELEDYNE LECROY
- o b gt

C2 (purple): Vrippie2 (5 V); C3 (blue): Vrippier (12 V) C2 (purple): Vrieriez2 (5 V); C3 (blue): Vrippeer (12 V)
Vin = 85V AC, max. load; VriepLez (5 V): 33 mV; VrippLez2 (12 V): 96 mV in =300V AC, max. load; Vripeeez2 (5 V): 22 mV; Vrippee2 (12 V): 53 mV

Figure 18 Output ripple voltage at maximum load

11.6 Output ripple voltage in ABM 1 W load

e Probe terminal end with decoupling capacitor of 0.1 pF (ceramic) and 1 pF (electrolytic), 20 MHz BW
e Load:1W (5Vat6mAand12Vat80mA)

TELEDYNE LECROY TELEDYNE LECROY
AP T ey S AR

SNANENANANANANAN

C2 (purple): VriepLe2 (5 V); C3 (blue): Vrippier (12 V) C2 (purple): Vrieriez2 (5 V); C3 (blue): Vrippeer (12 V)
Vin =85V AC, 1 W load; VripeLe2 (5 V): 27 mV; Vrippee2 (12 V): 63 mV in =300V AC, 1 W load; VrippLe2 (5 V): 28 mV; VrippLe2 (12 V): 70 mV

Figure 19 Output ripple voltage in ABM 1 W load
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11.7 Load transient response (dynamic load from 10 percent to 100 percent)

Probe terminal end with decoupling capacitor of 0.1 yF (ceramic) and 1 pF (electrolytic), 20 MHz BW
12V load change from 10 percent to 100 percent and 5V at 200 mA load, 100 Hz, 0.4 A/ps slew rate

= _Y‘ ,,_llm w ,“,. ,.lr,,. ..t, - .Wi e | o ‘ " ez
“ T ERTE TS EOT o T Y “ =
gl "‘N ‘ "V,l"w * N‘W' %J www* 'VW

===

. % Yl | i
W

i

C2 (purple): Vripeee2 (5 V); C3 (blue): VrippLer (12 V) C2 (purple): VrippLe2 (5 V); C3 (blue): VrippLer (12 V)

\Vin =85V AC, 10 percent to 100 percent load; Vrieeiez2 (5 V): 340 mV; VrippLe2 \Vin =300 V AC, 10 percent to 100 percent load; Vriepie2 (5 V); 310 mV; VrippLe2
(12 V): 550 mV (12 V): 450 mV

Figure 20 Load transient response

11.8 Entering ABM

e Loadchangefrom11.5W (5Vat60 mAand 12V at0.9375A) to 1.5W (5Vat60 mAand 12V at0.1A)

WMAWWNW

e i 2 |
I ———— . UL | i ——— o

I |
| i »1(; i v I v | V i 1 V L E :

T i

| e |

| |

T .

C1 (yellow): Vorain; C2 (purple): Vvee; C3 (blue): Ves; C4 (green): Ves IC1 (yellow): Vorain; C2 (purple): Vuce; C3 (blue): Ves; C4 (green): Ves
Vin =85 V AC; system enters burst mode level 1: Vs < 0.9V, Nzc= 8 and tblanking [Vin =85 V AC; system enters burst mode level 1: Ves < 0.9V, Nzc= 10 and
=20 ms tblanking =20ms

Figure 21 Entering ABM
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11.9 During ABM
e Load:1.5W(5Vat60mAand 12V at0.1A)

ﬁ TELEDYNE LECROY
|

C1 (yellow): Vorain; C2 (purple): Vvee; C3 (blue): Ves; C4 (green): Ves

IC1 (yellow): Vorain; C2 (purple): Vvee; C3 (blue): Ves; C4 (green): Ves

Vin = 85V AC; burst mode level 1: Veg_son = 2.4 V, Vee_poff = 2.0 V, Vesap = 0.31V,

in =300 V AC; burst mode level 1: Ves_son =2.4 V, Ves_soff = 2.0 V, Vcserr = 0.31 V,

Nzc =8 Nzc =10
Figure 22 During ABM
11.10 Leaving ABM

e Load changefrom 1.5W (5Vat60 mAand 12V at 0.1 A) at 85V AC to full load

e oo

il

i

C1 (yellow): Vorain; C2 (purple): Vvee; C3 (blue): Ves; C4 (green): Ves

C1 (yellow): Vorain; C2 (purple): Vuce; C3 (blue): Ves; C4 (green): Ves

\Vin =85V AC; system leaves burst mode: Ves>2.75V

\Vin =300 V AC; system leaves burst mode: Vrs>2.75V

Figure 23 Leaving ABM
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11.11 Line OVP (non-switch auto restart)

e Increase AC-line voltage gradually at maximum load until line OVP is detected and then decrease the AC-line
until line OVP reset detected

| N e rvws. mgy| | | g T scn0n e — 1 ol iinas
-y \f\w\‘\'\“\‘\‘\\‘\\‘\’\k—_ M ~~~%\N\N\J\J\‘\}\J\f‘;:*? |

al &

N

C1 (yellow): Veus; C2 (purple): Vvee; C3 (blue): Vuin; C4 (green): Ves C1 (yellow): Vaus; C2 (purple): Vvee; C3 (blue): Vuin; C4 (green): Vs
Max. load; line OVP triggered: 320 V AC (Veus > 451V DCor Vyin > 2.9 V); line OVP[1 W load; line OVP triggered: 320 V AC (Vsus > 451 V DC or Vuin > 2.9 V); line OVP
reset: 320 V AC (Veus <451V DCorVyin<2.9V) reset: 320 V AC (Veus <451V DCorVyn<2.9V)

Figure 24 Line OVP

11.12 Brown-in/brown-out protection (non-switch auto restart)

e Increase AC-line voltage gradually at 1 W load (5 V at 6 mA) until the system starts up (brown-in) and then
reduce the AC-line until the system shut-down (brown-out)

N i e o s
A e T
i | . .

X
i

Xi= 14103785 AX= 6 s
X2= 2104864 5 VAX= 143 9914 mz

C1 (yellow): Veus; C2 (purple): Vvee; C3 (blue): Vuin; C4 (green): Ves
30 mW load; brown-in: 73 V AC (Vaus > 103 V DC or Vuin > 0.66 V); brown-out: 44 V AC (Veus <62V DC or Vun < 0.4 V)

Figure 25 Brown-in/brown-out protection
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11.13 Vcc OVP (odd-skip auto restart)

e Change D13 to 1N485B and short R26 resistor during system operation at no load

- tiri

! \
!
: I " / “ )
LJ b L Lu L‘ L
&) A7 zr [Mimebase 109 4 [Trigcer G
d 10.0Vidiv] 500 mviain| 5,00 V/di| Roll 640 ms/div} Sto v
/0| 100 psfdy 100 ps/div 100 psfd 16 MS 25 MS/s|Edge _Positi
X1= 27133784
1819 Vi+ 25518 Vi¢ REE kd 11921 V]

C1 (yellow): Vzcp; C2 (purple): Vvee; C3 (blue): Vouri (12 V); C4 (green): Ves
\Vin =85V AC; system enters Vcc OVP: Vec > 25.5V
Figure 26 Vcc OVP

100vidv|  so0mvidn]
0mV offse] 1690 V|

gsviy  25518Vvi¢ 13mvid 11921 vit

11.14 Vcc UVP (auto restart)

e Remove R12A and power on the system with full load

cA
0.0 V/di 1.00 Vid}
0 mV offse 29600 V/

C1 (yellow): Vorain; C2 (purple): Vvee; C3 (blue): Ves; C4 (green): Ves
in =85V AC; system enters Vcc UV protection: Vec <10V
Figure 27 Vec UVP

[Timebase 10 md [Tngger §
Roll 5I)Dm (dv S!oo J«s\,
10MS _ 2MS/
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11.15 Over-load protection (odd-skip auto restart)
e Voun (12 V) short-to-GND at 85V AC

w TELEDYNE LECROY
EVoryahoroyoulook”

L3

AX= 26,59 ms
X2= 193730 UAX= 37.602Hz

C1 (yellow): Vorain; C2 (purple): Vvee; C3 (blue): Ves; C4 (green): Ves
Vin =85V AC; system enters OLP: Ves>2.75V and last for 27 ms blanking time

Figure 28 Over-load protection (OLP)

11.16 Output OVP (odd-skip auto restart)
e Short resistor R26 during system operation at 30 mW load
‘ ‘ ' l ’ e e iy
L R S
i W g ]
O AL A _— | |

(===

I — e

25N tive
X1= 12040135 OX= 212us
X2= 12942255 UAX= 4.72kHz

C1 (yellow): Vzcp; C2 (purple): Vwee; C3 (blue): Vouri (12 V); C4 (green): Ves
Vin =85 V AC; system enters output OV: Vzeco > 2V and lasts for 10 consecutive pulses

Figure 29 Output OVP
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11.17 Vcc short-to-GND protection
e Short Vcc pin-to-GND before system start-up

(infineon

q“ TELEDYNE LECROY
Evorywhorayoulook

0.0Vrd 200Vid0| 200 Vi
19.950 V} 80000 V

C1 (yellow): Vorain; C2 (purple): Vvcee; C3 (blue): Vre; C4 (green): Vuin

Vin = 300 V AC; system enters Vcc short-to-GND: Vee < Vvee_sce——>  lvec = 513 pA (input power is = 350 mW)

Figure 30 Vcc short-to-GND protection

11.18 Conducted emissions (EN 55022 class B)

Equipment: Schaffner SMR4503 (receiver); standard: EN 55022 (CISPR 22) class B; test conditions: Viy =115V AC

and 230 VAC, load: 60 W (12Vat2.61Qand5Vat5Q).

e Pass conducted emissions EN 55022 (CISPR 22) class B with greater than 7 dB margin for quasi-peak
measurement at low-line (115 V AC) and approximately 6 dB margin for average measurement at high-line

(230 VAC).
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Transducer MMNBAT rd
Limnit Line EM 55022 class B CE
PE AV QP
dByv 80
o]
N 2
0—
=20 T T T T TT T T T T T T LI | T
02 05 1 2 & 10 20
015 MHz 30 MHz
Freguency Level Pk Level av  Level QP Limit Av  Limit QP
0.1500 L 60.5 L 39.3 L 58.1 56.0 66.0
2.7900 L 49.4 L 31.5 L 45.2 46.0 56.0
3.0000 L 49.4 L 32.8 L 45.5 46.0 56.0
3.0720 L 48.3 L 32.5 L 45.0 46.0 56.0
13.8080 L 53.0 L 7.2 L 45. 8 50.0 60.0
Figure 31 Conducted emissions at 115 V AC-line and 60 W load - > 7 dB margin
Transducer NNB41.trd
Limit Line EN 55022 class B CE
PK AV QP
dBlV 80
o
il
i
o
-20 T T T T T LI B | T T T T T L SE5L I, O | T
02 05 1 2 5 10 20
0.15MHz 30 MHz
Frequency Level Pk Level Av Level QP Limit Av Limit QP
0.1500 N 60.7 N 33.5 N 58.1 56.0 66.0
2.7900 N 48.0 N 20.8 N 43.7 46.0 56.0
3.0000 N 7.2 N 30.4 N 43.3 46.0 56.0
31.6640 N 7.4 N 30.4 N 42.8 46.0 56.0
11.6880 N 51.5 N 38.0 N 46.2 50.0 60.0
14.0240 N 50.1 N 36.5 N 44,7 50.0 60.0

Figure 32 Conducted emissions at 115 V AC neutral and 60 W load - > 7 dB margin
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Transducer NNB41.trd
Limit Line EN 55022 class B CE
PK AV QP
dBuvV 80

T T T T T T —T—T T TT T
02 05 1 2 5 10 20

Fregquency Level Pk Level av  Level gf Limit AV Limit QP

0.7020 L 45.1 L 40.0 L 43.2 46.0 56.0
1.6260 L 46.8 L 31.7 L 44.0 46.0 56.0
2.8980 L 51.2 L 33.6 L 47.9 46.0 56.0
3.0000 L 48.1 L 29.2 L 45.8 46.0 56.0
3.6560 L 50.3 L 32.3 L 47.0 46.0 56.0
11.6640 L 56.3 L 38.9 L 52.0 50.0 60.0
12,0720 L 4.8 L 36.7 L 50.4 50.0 60.0
22.8160 L 52.1 L 35.3 L 46. 8 50.0 60.0

Figure 33 Conducted emissions at 230 V AC-line and 60 W load - = 6 dB margin

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

20
2! T T T T T T T T —TTTT

0.
0.15MHz 30 MHz
Frequency Level Pk Level Av  Level QP Limit av  Limit QP

0.7020 N 45.2 N 40.0 N 43.1 46.0 56.0
2.8980 N 50.2 N 29.4 N 46. 8 46.0 56.0
3.0000 N 47.9 N 30.2 N 44,3 46.0 56.0
3.3120 N 50.0 N 32.6 N 46.4 46.0 56.0
11.7360 N 55.9 N 37.7 N 51.3 50.0 60.0
13.0480 N 53.2 N 36.1 N 48.7 50.0 60.0
22.8080 N 53.4 N 34.8 N 47.4 50.0 60.0

Figure 34 Conducted emissions at 230 V AC neutral and 60 W load - = 6 dB margin
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11.19 ESD immunity (EN 61000-4-2)

This system was subjected to a +10 kV ESD test according to EN 61000-4-2 for both contact and air discharge. A
test failure was defined as non-recoverable.

e Airdischarge: pass +10 kV; contact discharge: pass + 10 kV

Table 5 System ESD test result
Lo ESD Number of strikes
Description Level Test result
test +Vour -Voun: +Vour2 -Vour2
VAC W Contact +10 kV 10 10 10 10 PASS
LISVAC at 60 10 kv 10 10 10 10 PASS
(12Vat2.61Qand5V
. +10 kV 10 10 10 10 PASS
at50) Air
-10 kV 10 10 10 10 PASS
VAC W Contact +10 kV 10 10 10 10 PASS
230 VAC at 60 10 kv 10 10 10 10 PASS
(12Vat2.61Qand5V
. +10 kV 10 10 10 10 PASS
at50) Air
-10 kV 10 10 10 10 PASS
11.20 Surge immunity (EN 61000-4-5)

This system was subjected to a surge immunity test (+2 kV DM and +4 kV CM) according to EN 61000-4-5. A test
failure was defined as a non-recoverable.

e DM: pass £2 kV; CM: pass +4 kV

Table 6 System surge immunity test result
.. Surge Number of strikes
Description Level Test result
P test 0° 90° 180° | 270°
DM +2kV | L>N 3 3 3 3 PASS!
115V AC at 60 W -2kVv | L>N 3 3 3 3 PASS!
a +4kV | L>G 3 3 3 3 PASS!
(12vVat2.61Qand5V
+4kV | N>G 3 3 3 3 PASS!
at50) CM
-4kV | L>G 3 3 3 3 PASS!
-4kV | N>G 3 3 3 3 PASS!
DM +2kV | L>N 3 3 3 3 PASS!
c 2kV | L>N 3 3 3 3 PASS!
230 VAC at60 W 4KV | LG 3 3 3 3 PASS!
(12vat2.61Qand5V
+4kV | N>G 3 3 3 3 PASS!
at50) CM
-4kV | L>G 3 3 3 3 PASS!
-4kV | N>G 3 3 3 3 PASS!
1 PCB spark-gap distance needs to reduce to 0.5 mm.
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Appendix: WE transformer specification

infineon

CUSTOMER 1ERMINAL]JROHS JLEAD(PD)-FREE] L |
Sn 96%, Ag4% | Yes | Yes |
—— o
PART MUST INSERT FULLY TO w£+
SURFACE A IN RECOMMENDED GRID - ——
2.031(8) . WURTH ELEKTRONIK
b [80] 110 N A= « DOT LOCATES TERM. #1 ELECTRICAL SPECIFICATIONS @ 25° C unless otherwise noted:
4 [2.80] 1.024 MAX _ MAX. N
[26.00] PARAMETER TEST CONDITIONS VALUE
) D.C. RESISTANCE 46 @20°C 170mohms max.
i s f | D.C. RESISTANCE 12 @20°C 20mohms_max.
= i D.C. RESISTANCE 811 @20°C Bmohms max.
/ ol ~ M D.C. RESISTANCE 11-10 @20°C B8mohms max.
: o[ 280 mMax. INDUCTANCE 46 10kHz, 100mV, Ls 266.00pH £10%
tHo B [s2.00] [EAKAGE INDUCTANCE 46| tie(1+2+B+10+11), 100kHz, 100mY, Ls, ApH max.
o) ! j | 7 ] DIELECTRIC 68 tie(2+4), 5000VDC, 1 second 5000VDC, 1 minute
=Rk | TURNS RATIO (4-6)(12) 4891, 2%
I ! TURNS RATIO (46):(8-11) 111, £2%
TR s
TERM. NO.'s FOR REF. ONLY LOT CODE & BATE CODE TURNS RATIO (@-6)(11-10) 14671, £2%
ALTERNATE MARKING DETAIL
9.052(8) 181
[1.32) [ [30.00] W
t - i
i v ]
)
. |
O :) (e + T
5 ?_ + GENERAL SPECIFICATIONS:
— — | RECOMMENDED OPERATING TEMPERATURE RANGE: 40°C to +125°C including temp rise.
PRI ~< % P.C. PATTERN, COMPONENT SIDE Designed to comply with the following requirements as defined by IECE0950-1,
85-300vac (53— < ‘P—@) SEC ENBO9S0-1, ULB0YS0-1/CSABDES0-1 and ASNZS60950.1:
A0kHz - ) e - 12v-4.58A - Reinforced insulaticn for a primary circuit at a working voltage of 265Vrms, 400Vpeak, Overvoltage Category Il
j ' SEC
\% 5v-1A |
ailla )
o—— || —o—
o~
a .)
AUX j
14V - 0.1A %
@ d
Wire insulation & RoHS status not affected by wire color. Wire insulation color may vary depending on availability.
DFM Packaging Specifications AN — Tolerances unless otherwise specified: DRAWING TITLE PART NO
DATE Method: Tray —-—\-—-,L<|> Angles: +1° Decimals: £.005 [.13]
ENG | IYU_|PKG-0867 N1 = |Fractions: +1/64  Footprint: +.001 03] TRANSFORMER 750343773
REV. 02 CONVENTION FLACEMENT}  This drawing is dual dimensioned. Dimensions in
DATE [11/2212017] wwwe.wa-anine,camimissam brackets are in millimeters. SPECIFICATION SHEET 1 OF 1
Figure 35 WE transformer specification
330f36 V1.0
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OCEAN CHIPS

OxreaH INeKTPOHMUKM
MocTaBKa 3ﬂeKTp0HHbIX KOMMOHEHTOB

Komnanusa «OkeaH DNEKTPOHMKM> MpEeAaraeT 3aK/Il04EHUE JONTOCPOYHbIX OTHOLLIEHMM NpU
MOCTaBKaX MMMOPTHbIX 3/1EKTPOHHbIX KOMMOHEHTOB HA B3aMMOBbIrOZHbIX YC10BMAX!

Hawwu npeumyliectsa:

- NlocTaBKa OpMrMHaIbHbIX UMMNOPTHbBIX 3/IEKTPOHHbIX KOMMOHEHTOB HanNpAMYy C NPOM3BOACTB AMEPUKM,
EBponbl M A3uK, a TaK e C KpYNHEMLIMX CKIaJ0B MMPa;

- LUnMpoKas sMHeMKa NOCTaBOK aKTUBHBIX M MACCMBHBIX MMMOPTHbBIX 3/1EKTPOHHbIX KOMMOHEHTOB (6onee
30 MJIH. HAMMEHOBAHUMN);

- MocTaBKa C/IOXKHbIX, AeDUUMUTHBIX, IM60 CHATLIX C NPOM3BOACTBA NO3ULMIA;

- OnepaTMBHbIE CPOKM NOCTABKM NOA 3aKa3 (0T 5 paboumx AHEN);

- JKCnpecc JoCTaBKa B 06YH0 TOYKY Poccuu;

- Momouwb KoHcTpyKTOpCKOro OTAena 1 KOHCynbTauumu KBaMPULUUPOBAHHBIX MHXEHEPOB;

- TexHM4ecKaa nogaepkka NpoeKTa, NomMollb B NoA6ope aHanoros, NocTaBka NPOTOTUNOB;

- [locTaBKa 3/1EKTPOHHbIX KOMMOHEHTOB NoJ, KOHTposiem BIT;

- CUcTeMa MeHeaXXMeHTa KayecTBa cepTudmumpoBaHa no MexayHapogHomy ctaHgapTy 1SO 9001;

- Mp1 HEO06XOAMMOCTH BCA NPOAYKLUMA BOEHHOIO M adPOKOCMMYECKOrO Ha3HaYeHMA NPOXoAUT

MCMbITaHMA M CEPTUMhMKALMIO B TaGOPATOPMM (MO COrIACOBAHMIO C 3aKa34YMKOM);
- MocTaBKa cneumanusmMpoBaHHbIX KOMMOHEHTOB BOEHHOMO M a3POKOCMMYECKOr0 YPOBHSA KayecTBa

(Xilinx, Altera, Analog Devices, Intersil, Interpoint, Microsemi, Actel, Aeroflex, Peregrine, VPT, Syfer,
Eurofarad, Texas Instruments, MS Kennedy, Miteq, Cobham, E2V, MA-COM, Hittite, Mini-Circuits,
General Dynamics u gp.);

KomnaHua «OkeaH JNEeKTPOHMKKU» ABNAETCA oduuMabHbIM AUCTPUOLIOTOPOM M SKCKJIHO3MBHbBIM
npesctasuteneM B Poccum ofHOrO M3  KpPYMHEMWMX MPOM3BOAMUTENIEM Pa3beEMOB BOEHHOMO W
A3pPOKOCMMYECKOro Ha3sHavyeHuMs <«JONHON», a Tak Xe oduuMaibHbiIM AUCTPUOBIOTOPOM MU
JKCK/II03MBHbIM nNpeacTaBuTenieM B Poccvn npousBoauTENA BbICOKOTEXHOIOMMYHBIX M HaAEXHbIX
peweHun ans nepeaaym CBY curHano «FORSTAR>.

«JONHON> (ocHoBsaH B 1970 T.)

PasbeMbl crneumanbHOro, BOEHHOMo M A3POKOCMHNYECKOIo
Ha3Ha4YeHHA:

JONHON (MpuMeHsOTCA B BOEHHOM, aBMALMOHHOM, a3POKOCMMYECKOM,

MOPCKOM, KeNe3HOAOPOXKHOM, TOpHO- M HedTeao6biBatoLLeN
0Tpac/AX NPOMbILLIEHHOCTH)

«FORSTAR> (ocHoBaH B 1998 r.)

BY coegmHmnTENN, KOAKCHaNbHbIE Kabenn

’ ) ®
KabenbHble COOPKM M MMKPOBONIHOBbIE KOMMOHEHTbI: FORS 'AR
L

(MpuMeHsaTCA B TEJIEKOMMYHMKAUMAX  FPaXXAaHCKOro M
cneuManbHOrO HasHayeHus, B cpeacTBax cBA3sM, PJIC, a TaK xe
BOEHHOM,  aBMALUMOHHOM M AdPOKOCMMYECKOM  OTpacisx
NPOMBILLNIEHHOCTH).

TenedoH: 8 (812) 309-75-97 (MHOroKaHasbHbIN)

dakc: 8 (812) 320-03-32

DNIeKTpPOHHas noyTa: ocean@oceanchips.ru

Web: http://oceanchips.ru/

Appec: 198099, r. CaHkT-leTepbypr, yn. KananHuHa, 4. 2, Kopn. 4, amT. A




