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15 W non-isolated auxiliary power supply for
outdoor air-conditioner using ICE5BR4780BZ

REF_5BR4780BZ_15W1

About this document

Scope and purpose

This document is a reference design for a 15 W non-isolated auxiliary power supply for an outdoor air-
conditioner unit with the latest Infineon fifth-generation fixed-frequency (FF) CoolSET™ ICE5SBR4780BZ. The
power supply is designed with a universal input compatible with most geographic regions and three non-
isolated outputs (12 V/800 m A, 15 V/150 mA and 5 v/300 mA), where 15V output and 5 V output are supported
by a linear regulator from an 18 V source and an 8 V source respectively.

Highlights of the auxiliary power supply for the invertized air-conditioner unit are:

o Tightly regulated output voltages, high efficiency under light load and low standby power
e Comprehensive CoolSET™ protection feature for a robust system
e Auto-restart protection scheme to minimize interruption and enhance end-user experience

Intended audience

This document is intended for power supply design engineers who are designing auxiliary power supplies for
invertized air-conditioner units that are efficient, reliable and easy to design.
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System introduction

1 System introduction

With the growing household trend for internet-connected devices, the new generation of home appliances
including air-conditioners are equipped with advanced features such as wireless control and monitoring
capability, smart sensors and touch screen display. These can transform a static product into an interactive and
intelligent home appliance, capable of adapting to the smart-home theme. Infineon has introduced the latest
fifth-generation CoolSET™ to address this need in an efficient and cost-effective manner.

An auxiliary SMPS is needed to power the various modules and sensors, which typically operate from a stable
DC voltage source. The Infineon CoolSET™ (as shown in Figure 1) forms the heart of the system, providing the
necessary protection and AC-DC conversion from the mains to multiple regulated DC voltages to power the
various blocks.

Outdoor air-conditioner system diagram
optional
Compressor, Communication,
condenserand e.g., Bluetooth®,
drive — Wi-Fi, Zigbee etc.
PFC 1 [ -
AC * circuit T ensors,
. e.g., temperature,
f Fan and drive fan speed etc.
o Timers, buzzers,
L MCU relays and switches
Auxiliary power supply
Infineon fifth-generation FF LDO
CoolSET™ |CE5BR4780BZ —]
Figure 1 Simplified outdoor air-conditioner unit system block diagram

Table 1 lists the system requirements for an auxiliary power supply for an outdoor air-conditioner unit, and the
corresponding Infineon solution is shown in the right-hand column.

Table 1 System requirements and Infineon solutions

System requirement for invertized air-conditioner

X Infineon solution - ICE5BR4780BZ
unit power supply

High efficiency under light load and low standby Digital frequency reduction and active burst
power mode (ABM)

Comprehensive CoolSET™ protection feature

2 Robust system and protection features .
ustsy P ! ! in DIP-7 package

Auto-restart protection scheme to minimize

) ) . All protections are in auto-restart
interruption and enhance end-user experience

1.1 High efficiency under light load and low standby power

During typical air-conditioner operation, the power requirement fluctuates according to various use cases.
However, in most cases where room temperature is already stabilized, both indoor and outdoor air-conditioner
units will reside in an idle state, in which the loading toward the auxiliary power supply is low. It is crucial that

Application Note 30f39 V1.0
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the auxiliary power supply operates as efficiently as possible, because it will be in this particular state for most
of the period. Under light-load conditions, losses incurred with the power switch are usually dominated by the
switching operation. The choice of switching scheme and frequency play a crucial role in ensuring high
conversion efficiency.

In this reference design, ICE5BR4780BZ was primarily chosen due to its frequency reduction switching scheme.
Compared with a traditional FF flyback, the CoolSET™ reduces its switching frequency from medium to light
load, thereby minimizing switching losses. Therefore, an efficiency of more than 80 percent is achievable under
25 percent loading conditions and nominal input voltages.

1.2 Simplified circuitry with good integration of power and protection
features
To relieve the designer of the complexity of PCB layout and circuit design, the CoolSET™ is a highly integrated

device with both a controller and a HV MOSFET integrated into a single, space-saving DIP-7 package. This
certainly helps the designer to reduce component count.

1.3 Auto-restart protection scheme to minimize interruption and enhance
end-user experience
For an invertized air-conditioner unit, it would be annoying to both the end user and the manufacturer if the

system were to halt and latch after protection. Accessibility of the input AC plug may also be difficult; therefore,
to minimize interruption, the CoolSET™ implements auto-restart mode for all protections.
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2 Reference board design

This document provides complete design details including specifications, schematics, bill of materials (BOM),
PCB layout and transformer design. Performance results pertaining to line/load regulation, efficiency, transient
load, thermal conditions, conducted EMI scans and so on are also included.
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Figure 2 REF_5BR4780BZ_15W1
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3 Power supply specifications

The table below shows the minimum acceptance performance of the design at 25°C ambient temperature.
Actual performance is listed in the measurements section.

Table 2 Specifications of REF_5BR4780BZ_15W1

Description Symbol Min. Typ. Max. Units | Comments

Input

Voltage Vin 85 - 264 VAC | 2wires(noP.E.)

Frequency fune 47 50/60 64 Hz

Output

Output voltage 1 Vos - 12 - \ +1 percent

Output current 1 lox - - 0.8 A

Output voltage ripple 1 Vepp1 - - 60 mV

Output voltage 2 Vo, - 15 - % +1 percent

Output current 2 loz - - 0.15 A

Output voltage ripple 2 Veep2 - - 50 mvV

Output voltage 3 Vo3 - 5 - \ +1 percent

Output current 3 los - - 0.3 A

Output voltage ripple 3 Vepps - - 50 mvV

Output power Pour - 13.35 - w

Output overcurrent protection loce - - 1.2 A 12V output

Start-up time tstart_up - - 250 ms

Environmental

Conducted EMI 8 dB Margin, CISPR 22 class B

Surge immunity EN 61000-4-5
Differential mode +1 kv

PCBA dimension 80x57x26 mm?® | LxWxH
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4 Circuit diagram
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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 [2] and calculation tool [3].

5.1 EMI filtering and line rectification

The input of the power supply unit is taken from the AC power grid, which is in the range of 85V AC ~ 264 V AC.
The fuse F1 is directly connected to the input line to protect the system in case of excess current entering the
system circuit due to any fault. Following is the varistor VAR1, which is connected across the input to absorb
excessive energy during line-surge transient. The X-capacitor C1 and common-mode choke (CMC) L2 reduce the
EMI noise. R2 and R3 serve as the X-capacitor discharge resistor. Thermistor R1 is in series with line to limit
inrush current. The bridge rectifier BR1 rectifies the AC input into DC voltage, filtered by the bulk capacitor C4
and C7.

5.2 Flyback converter power stage

The flyback converter power stage consists of transformer TR1, CoolSET™, secondary rectification diodes D5
and D6, secondary output capacitors C18 and C19 and output filter inductor L4.

When the primary HV MOSFET turns on, energy is stored in the transformer. When it turns off, the stored energy
is discharged to the output capacitors and into the output load.

Secondary winding is sandwiched between two layers of primary winding to reduce leakage inductance. This
improves efficiency and reduces voltage spikes.

For the output rectification, lower forward voltage and ultra-fast recovery diodes can improve efficiency.
Capacitor C19 stores the energy needed during output load jumps. LC filter L4/C21 reduces the high-frequency
ripple voltage.

The 15V output is from the 15V low dropout (LDO) regulator (U3) with an input of 18 V. The 5V output is from
the 5V LDO regulator (U2) with an input of 8 V. As such, these outputs would not be affected by cross-
regulation. However, its input should be maintained within the operating range of the LDO.

5.3 Control of flyback converter through fifth-generation FF CoolSET™
ICESBR4780BZ
5.3.1 Current sensing

The ICE5BR4780BZ is a current mode controller. The primary peak current is controlled cycle-by-cycle through
the current sense (CS) resistors R11 and R13 in the CS pin (pin 3). Transformer saturation can be avoided
through peak current limitation (PCL); therefore, the system is more protected and reliable.

5.3.2 Feedback and compensation network

Resistor R17 and R18 comprises a voltage divider, which is used to sense the Vour and directly feed back output
signal to the error amplifier pin (pin 1) of U1, as it is a non-isolated design. A Type Il compensation network C8,
C9 and R4 is connected between the FB pin (pin 2) and GND pin (pin 8) of the U1 to stabilize the system.

The FB pin of ICESBR4780BZ is a multifunction pin, which is used to select the entry burst power level (there are
three levels available) through the resistor at the FB pin (R5) and also the burst-on/burst-off sense input during
ABM.
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5.4 Unique features of the fifth-generation FF CoolSET™ ICE5BR4780BZ

5.4.1 Fast self-start-up and sustaining of Vcc

The IC uses a cascode structure to fast-charge the Vcc capacitor. Pull-up resistors R7 connected to the GATE pin
(pin 4) are used to initiate the start-up phase. At first, licc_charger is used to charge the Vcc capacitor from 0V to
Vee_sce. This is a protection which reduces the power dissipation of the power MOSFET during Vcc short-to-GND
condition. Thereafter, a much higher charging current of lycc_charge2 Will charge the Vcc capacitor until the Ve on is
reached.

After start-up, the IC Vcc supply is usually sustained by the auxiliary winding of the transformer, which needs to
support the Vcc to be above undervoltage lockout (UVLO) voltage (10 V typ.). In this reference board, the Vcc
supply is tapped from the 18 V winding.

5.4.2 CCM, DCM operation with frequency reduction

ICE5BR4780BZ can be operated in either discontinuous conduction mode (DCM) or continuous conduction
mode (CCM) with frequency-reduction features. This reference board is designed to operate in DCM at
operating input voltage and load conditions. When the system is operating at high output load, the controller
will switch at 65 kHz FF. In order to achieve a better efficiency between light load and medium load, frequency
reduction is implemented as a function of Ves, as shown in Figure 4. Switching frequency will not reduce further
once the minimum switching frequency of 28 kHz is reached.

fsw(Ves) Ves (Ves)
A A
Ve
 Ves n
0.80 V
fosca/ fosca

65 kHz / 100 kHz

fosca am / fosca_aem
54 kHz / 83 kHz

fosca min / fosca min

28 kHz / 43 kHz

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, VCS_BHP / VCS_BLP

027 V/0.22 V

» Ves
VFB_OLP
05V 093/1.03V 135V 17V 273V
Figure 4 Frequency-reduction curve

5.4.3 Frequency jittering with modulated gate drive

The ICE5BR4780BZ has a frequency jittering feature with modulated gate drive to reduce the EMI noise. The
jitter frequency is internally set at 65 kHz (+4 kHz), and the jitter period is 4 ms.
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5.4.4 System robustness and reliability through protection features

Protection is one of the major factors in determining whether the system is safe and robust - therefore
sufficient protection is necessary. ICE5BR4780BZ provides comprehensive protection to ensure the system is
operating safely. This includes V.. overvoltage (OV) and undervoltage (UV), overload, overtemperature and V.
short-to-GND. When those faults are found, the system will enter into protection mode. Once the fault is
removed, the system resumes normal operation. Protections and failure conditions are shown in the table
below.

Table 3 Protection functions of ICE5BR4780BZ

Protection function Failure condition Protection mode

V. OV Vvee greater than Voce_ove 0dd-skip auto-restart

Ve UV Vuee less than Wecort Auto-restart

Overload Ve greater than Ves_owr and lasts for 0dd-skip auto-restart
tFB?OLP?B

Overtemperature T, greater than 140°C (40°C hysteresis) Non-switch auto-restart

Vcc short-to-GND Vvee less than Ve scp, Ivee_charger = -0.2 MA Cannotstart up

(Vvce =0V, Rytartup = 50 MQ, Vpran =90 V)

5.5 Clamper circuit

A clamper network consisting of D2, C10 and R8, R9, R12 is used to reduce the switching voltage spikes across
the drain of the integrated HV MOSFET of the CoolSET™, which are generated by the leakage inductance of the
transformer TR1. This is a dissipative circuit; therefore, R8, R9 and C10 need to be fine-tuned depending on the
voltage derating factor and efficiency requirement.

5.6 PCB design tips

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

e The switching power loop needs to be as small as possible (see Figure 5). There are four power loops in the
reference design; one on the HV side and three on the output side. The HV loop starts from the bulk
capacitor C7 positive terminal, primary transformer winding, CoolSET™, CS resistors and back to the C7
negative terminal. The first output side loop (12 V output) starts at the transformer winding pin 8, output
diode D5, output capacitor C19 and back to pin 10 of TR1. The second output loop (8 V output) starts at the
transformer winding (pin 12 of TR1), output diode D6, output capacitor C18 and back to pin 14 of T1. The
third output loop (18 V output) starts at the transformer winding (pin 2 of TR1), output diode D4, output
capacitor C14 and back to pin 1 of T1.
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Neutral

Infineon

GATE DRAIN
TRfe

REF_B5BR4780BZ_15W1
Nonh-isolated V1.0

12Ux0. 8A+ BUXDEBAIRNRD- 38 (D)

Figure 5 PCB layout tips

e Star-ground connection should be used to reduce high-frequency (HF) noise coupling that can affect the
functional operation. The ground of the small-signal components should connect directly to the IC ground.

e Separating the HV components and LV components, e.g., by using a clamper circuit, can reduce the spark-
over chance of the high energy surge during a lightning surge test.

e Make the PCB copper pour on the DRAIN pin of the MOSFET act as a heatsink.

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 a satisfactory EMI performance.

e Aproper transformer design can significantly reduce EMI. Low leakage inductance can incur a low switching
spike and HF noise. Interlaced winding technique is the most common practice to reduce leakage
inductance. Winding shield, core shield and whole transformer shield are also some of the techniques used
to reduce EMI.

e Input CMC and X-capacitor greatly reduce EMI, but this is costly and impractical especially for low-power
applications.

e Short-switching power-loop design in the PCB (as described in section 5.6) can reduce radiated EMI due to
the antenna effect.

e Anoutput diode snubber circuit can reduce HF noise.

e Ferrite beads can reduce HF noise, especially on critical nodes such as the DRAIN pin, clamper diode and
output diode terminals. There is no ferrite bead used in this design, as this can reduce the efficiency due to
additional losses, especially on high-current terminals.
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6 PCB layout
6.1 Top side
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Figure 6 Top-S|de component legend
6.2 Bottom side

o] NetBR1_1

o
o
o
o
o
o
o

o000

NetBR1_t

Figure 7 Bottom-side copper and component legend
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7 Bill of materials
Table 4 BOM

No. | Designator Description Part number Manufacturer | Quantity
1 BR1 Bridge rectifiers 2 A 800V UD2KB80-7000 Shindengen 1
2 C1 Film capacitors 150 nF 310 V AC 890324023025 Wiirth Elektronik 1
3 C2,C5,C22,C23 MLCC - SMD/SMT 50V 0.1 puF X7R 0603 10% 4
4 C4,C7 Aluminum capacitor 22 uF 20% 400 V radial EKXG401ELL220MK20S United Chemi-Con 2
5 C6,C24 Aluminum capacitor 100 uF 20% 25 V radial 25PX100MEFC5X11 Rubycon 2
6 c8 MLCC - SMD/SMT 0603 50 V 2200 pF 10% 1
7 10 ;/IOLOZC—SMD/SMT 500V 1000 pF X7R 1206 1
8 c9 MLCC - SMD/SMT 0603 50 VV 68 nF 10% 1
9 C3,C13 MLCC - SMD/SMT 0603 50 V 680 pF 10% 2
10 C11,C20 MLCC - SMD/SMT 1206 50 V 330 nF 10% 2
11 C12 Aluminum capacitor 22 uF 20% 35 V radial UVR1V220MDD Nichicon 1
12 C14,C21 Aluminum capacitor 220 uF 20% 35 V radial 35ZLH220MEFCT78X11.5 Rubycon 2
13 C18 Aluminum capacitor 470 uF 20% 16 V radial UHE1C471MPD Nichicon 1
14 C19 Aluminum capacitor 560 UF 20% 25 V radial 25ZLJ560M8X20 Rubycon 1
15 D2 General-purpose diode 1 kV 1 A SMA S1IM 1
16 D3 ;‘:ze;eral—purpose diode 100 V 150 mA SOD- BAVIGW-7-F Diodes Inc 1
17 D4, D6 General-purpose diode 200 V2 A SMB MURS220T3G ON Semiconductor 2
18 D5 General-purpose diode 200 V3 A SMC MURS320T3G ON Semiconductor 1
19 F1 Time-lag fuse, 300V, 1.6 A 36911600000 Littelfuse 1
20 L2 CMC 27 mH 900 mA 2LN TH B82732R2901B030 TDK 1
21 L4 Inductor WE-TI, size 5075, 4.7 uH, 4.2 A 7447462047 Wiirth Elektronik 1
22 R1 ICL5020%4.2A9.5mm B57235S0509M000 TDK Corporation 1
23 R2,R3 SMD resistor 4.7 mQ 1% 1/4 W 1206 2
24 R4 SMD resistor 12 kQ 1% 1/10 W 0603 1
25 R7 SMD resistor 50 mQ 1% 300 mW 1206 CRHA1206AF50MOFKEF Vishay 1
26 R8, R9 SMD resistor 120 kQ 1% 1/4 W 1206 2
27 R10, R12 SMD resistor 10 Q 1% 1/10 W 0603 2
28 R11 SMD resistor 2.0 Q 1% 1/4 W 1206 1
29 R13 SMD resistor 2.2 0 1% 1/4 W 1206 1
30 R17 Resistor 39 kQ 1% 1/10 W 0603 1
31 R18 Resistor 220 kQ 1% 1/10 W 0603 1
32 TR1 EE25/13/7 750344843 Wiirth Elektronik 1
33 Ul FF 800V CoolSET™ ICE5BR4780BZ Infineon 1
34 U2 IC linear regulator 5V 1.5 ATO220AB L7805ABV STMicroelectronics 1
35 u3 IC linear regulator 15V 1.5 ATO220AB L7815ABV STMicroelectronics 1
36 VAR1 S07K320E2/320VAC/10% B72207S2321K101 Epcos 1
37 E)st’l I:,lr21evl;t+rj v, Test point THT, red 5010 Keystone 5
38 gmgtll: ﬁ:‘eDz’ GND3, Test point THT, black 5011 Keystone 5
39 \C/CSC’ FB, GATE, VERR, Test point THT, white 5002 Keystone 5
Application Note 13 0f 39 V1.0

2022-06-15



o~ _.
15 W non-isolated auxiliary power supply for outdoor air-conditioner |n f| neon
using ICE5BR4780BZ

Transformer specification

8 Transformer specification

Refer to Appendix A for transformer design and Appendix B for WE transformer specification.
Core name and material: EE25/13/7, TP4A (TDG)

Wiirth Elektronik bobbin: 070-6725 (14-pin, THT, horizontal version)

Primary inductance: L, =926 1 H (+10 percent), measured between pin 5 and pin 7

Manufacturer and part number: Wiirth Elektronik Midcom (750344843) Rev.01

— AUX ( IxAWGH28, 12 turns)
— [ PinG ] 1/2 Primary | 1xAWG#28, 29 turns)
========-----oo--o-o----------oooo .
8V Output 2 ( 1xAWG#24, 5 turns) -—
12V Output 1 { IxAWG#22, 8 turns) [ pPing |«
50Turns ( AWG #30 shield)

— 1/2 Primary [ 1xAWG#28, 29 turns)
Notes:
(1) ===2layers of tape
(2) core s shielded with a copper foil wrap around it and connected to pin 2 (core and foil shorted)
(3) remove unnecessary pin

Wire size requirement :
Start Stop |Mo.ofturns Wire size Layer
5 6 29 1x AWGH28 1/2 Primary
2 50 1x AWGH30 SHIELD
8 10 8 1x AWGH22 0/P_1Secondary
12 14 5 1x AWGH24 0/P_2 Secondary
6 7 29 1x AWGH28 1/2 Primary
1 2 12 1x AWGH28 AUX
Horizontal and vertical external shields are added and tied topin 2
Figure 8 Transformer structure
Application Note 14 0f 39 V1.0
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9 Measurement data and graphs
Table 5 Electrical measurements
Input P Vou lox Voa loa Vos los Pour | Efficiency e’:;ii':f:y OLPPn| OLPlo:
(VAC/Hz) (w) (v) (A) (v) (A) (v) (A) (w) (%) (%) (w) (A)
0.817 | 11.968 | 0.035 | 15.127 | 0.004 | 5.069 | 0.007 | 0.515
4366 | 11.984 | 0.194 | 15117 | 0.038 | 5.067 | 0.075 | 3.279 75.11
85vAC/ 8728 | 11.984 | 0395 | 15105 | 0.079 | 5.066 | 0.150 | 6.687 76.61 22.69 112
60 Hz 75.58
13.060 | 11.984 | 0596 | 15.100 | 0.108 | 5.065 | 0.223 | 9.903 75.83
17.743 | 11.984 | 0.794 | 15.087 | 0.149 | 5.064 | 0.298 | 13.269 74.79
0.810 | 11.968 | 0.035 | 15.135 | 0.004 | 5.069 | 0.007 | 0.515
4345 | 11.984 | 0.194 | 15117 | 0.038 | 5.067 | 0.075 | 3.279 75.47
115V AC/
8.665 | 11.984 | 0395 | 15105 | 0.079 | 5.066 | 0.150 | 6.687 77.17 22.22 111
60 Hz 76.84
12.770 | 11.984 | 0596 | 15.100 | 0.108 | 5.065 | 0.223 | 9.903 77.55
17.193 | 11.984 | 0.794 | 15.087 | 0.149 | 5.064 | 0.298 | 13.269 77.18
0.851 | 11.968 | 0.035 | 15.140 | 0.004 | 5.069 | 0.007 | 0.515
4417 | 11.984 | 0.194 | 15132 | 0.038 | 5068 | 0.075 | 3.280 74.26
230VAC/ | 8703 | 11984 | 0305 | 15127 | 0079 | 5067 | 0150 | 6689 | 76.86 2171 111
50 Hz 76.64
12.749 | 11.984 | 0596 | 15.097 | 0.108 | 5.065 | 0.223 | 9.902 77.67
17.060 | 11.984 | 0.794 | 15.090 | 0.149 | 5.064 | 0.298 | 13.270 77.78
0.871 | 11.968 | 0.035 | 15.135 | 0.004 | 5.069 | 0.007 | 0.515
4496 | 11.984 | 0.194 | 15130 | 0.038 | 5.068 | 0.075 | 3.280 72.95
264V AC/
8763 | 11.984 | 0395 | 15130 | 0.079 | 5.067 | 0.150 | 6.689 76.33 21.76 1.12
50 Hz 75.91
12.880 | 11.984 | 0.596 | 15.095 | 0.108 | 5.065 | 0.223 | 9.902 76.88
17.130 | 11.984 | 0.794 | 15.090 | 0.149 | 5.064 | 0.298 | 13.270 77.47
Minimum load condition: 12 V/40 mA, 5V/5 mA, 15V/5 mA
25 percent load condition: 12 V/0.2 A, 5V/75 mA, 15V/38 mA
50 percent load condition: 12 V/0.4 A, 5V/150 mA, 15 V/75 mA
75 percent load condition: 12 V/0.6 A, 5V/225 mA, 15V/113 mA
100 percent load condition: 12 V/0.8 A, 5V/300 mA, 15V/150 mA
Application Note 150f 39 V1.0

2022-06-15



o _.
15 W non-isolated auxiliary power supply for outdoor air-conditioner |n f| neon
using ICE5BR4780BZ

Measurement data and graphs

Table 6 Efficiency and standby performance with a single output config

Input P Vo: lo; Pour Efficiency Average efficiency
(VAC/Hz) (w) (v) (A) (w) (%) (%)
0.011 11.984 0.000 0.000
1.101 11.984 0.075 0.899 81.63
85V AC/ 2.813 11.984 0.194 2.325 82.65
60 Hz 5.642 11.984 0.395 4.734 83.90
83.09
8.581 11.968 0.596 7.133 83.12
11.495 11.968 0.794 9.503 82.67
0.013 11.984 0.000 0.000
1.089 11.984 0.075 0.899 82.53
115V AC/ 2.741 11.984 0.194 2.325 84.82
60 Hz 5.568 11.984 0.395 4,734 85.02
84.54
8.451 11.968 0.596 7.133 84.40
11.322 11.968 0.794 9.503 83.93
0.018 11.984 0.000 0.000
1.176 11.984 0.075 0.899 76.43
230V AC/ 2.833 11.984 0.194 2.325 82.06
50 Hz 5.711 11.984 0.395 4,734 82.89
83.08
8.567 11.968 0.596 7.133 83.26
11.300 11.968 0.794 9.503 84.09
0.025 11.984 0.000 0.000
1.218 11.984 0.075 0.899 73.79
264V AC/ 2.876 11.984 0.194 2.325 80.84
50 Hz 5.781 11.968 0.395 4727 81.77
82.04
8.640 11.968 0.596 7.133 82.56
11.448 11.968 0.794 9.503 83.01
Note: Single-output (+12 V) configuration efficiency measurement was done by removing two LDO

output circuits, and connecting +12 V output directly to the Vcc circuit; the actual board comes with
LDO circuits. The overall circuit is not optimized for single-output configuration; the above
efficiency data is for illustration only.

Application Note 16 of 39 V1.0
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9.1 Efficiency curve

Efficiency vs. AC-line input voltage

Efficiency [ %]

il

85V AC/60 Hz 115V AC/60 Hz 230V AC/50 Hz 264V AC/50 Hz

AC Line-input voltage [ VAC]

—4— Full load efficiency —— Average efficiency(25%,50%,75%,100%)
Full load efficiency at single output == Average efficiency at single output

Figure 9 Efficiency vs. output load

Efficiency vs. load

80

79

78

7

76

75

Efficiency [%]

A

4

73

72
25% 50% 75% 100%

Load percentage

@85V AC/60 Hz ==@=115VAC/60Hz ==#==230V AC/50 Hz 264V AC/50 Hz

Figure 10 Efficiency vs. AC-line input voltage
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9.2 Standby power
Standby power vs. AC-line input voltage
1000
900
e —e
E 800 &> >
£ 700
= 600
(]
2 500
& 400
5 300
Q.
£ 200
100
0 | il - |
85V AC/60 Hz 115V AC/60 Hz 230V AC/50 Hz 264V AC/50 Hz
AC-line input voltage [ VAC]
—&—Pin (mW) at min load (see page 15)
== Pin (mW) of single output config at no load (see page 16)
Figure 11 Standby power at minimum load vs. AC-line input voltage
9.3 Line and load regulation
Load regulation: Output voltage vs. load
12.00
11.99
— 1198 o o o
>
— 1197
&
3 11.96
S 1195
> 1194
=
o 1193
fud
S 1192
11.91
11.90
0 25 50 75 100
Load percentage [%]
+12Vat85VAC =#=+12Vat115VAC ==+12Vat230VAC =>=+12V at 264V AC

Figure 12 Output regulation vs. load at different AC-line input voltages
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9.4 Maximum input power

(infineon

Overload protection vs. AC-line input voltage

Py=222%221%W

—_ 24 1.20
= 1.18
r z — 1.16
(=] - ———— 1.14
1 e —— —
g — | >- — 1.12
o 2 M M 1.10
o
..5 1.08
20
5 1.06
1.04
= 19
o 1.02
o
18 1.00
85 115 230 264
AC-line input voltage [V AC]
—o—P|N_OLP == |OUT_OLP
Figure 13 Maximum input power and output current (before overload protection) vs. AC-line input

voltage

9.5 Surge immunity (EN 61000-4-5)

The reference board was subjected to surge immunity testing (+1 kV DM) according to EN 61000-4-5, at full load

(resistive load). A test failure was defined as non-recoverable.

Table7 System surge immunity test result
. Number of strikes
Description Test Level 0° | 90° | 180° | 270° Test result
115/230VAC DM +1kV 3 3 3 3 Pass
Application Note 19 0f 39 V1.0
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9.6 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 reference board was tested at full load (resistive load) at an input voltage of 115V AC
and 230 VAC.

Transducer NNB41.trd
Limit Line EN 65022 class B CE Transducer NNBA1 fid
PK AV QP - = Limit Lne EN 55022 class BCE
B pif AV op
o &
60 e
] M1
20 0|
+
f\—¥
‘ ]
20 20 1
! !
\ N g
0 a
e ; r
-20 T LR e v T T T T T T T T 02 ¢ 1 2 5 10 2
02 05 1 2 5 10 20 015 MHz 20MHz
015 MHz 30 MHz
Frequency  Level Pk Level AV Level QP Limit AV  Limit QP HNotes
Frequency Level Pk Level AV Level QP Limit AV Limit QP Motes | oo e
ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff 9.1920 L 554 L 37.5 L 51.8 53.9 63.9
@.18608 L 55.6 L 37.2 L 52.7 54.2 64.2
N .o e . .
Figure 14 Conducted emissions at 115 V AC and full load on line (left) and neutral (right)
Transducer NNB41.trd Transducer NNB41.trd
Limit Line EN 55022 class B CE Limit Line EN 55022 class B CE
PK AV P - PK AV op
By 80 BV
60 60—
i \J T
20| 40|
20 204 ¢ u
0] o
20 + S — r — T T 02 Tos 1 2 R 20
02 05 2 5 10 20
— & — 0.15 MHz 30 MHz
Frequency Level Pk Level AV Level QP  Limit AV Limit QP MNotes | /=M™ ‘tevel Pl fevel &V Level @  Limiv & Uinfe @ fotes
_________________________________________________________________________ 8.1920 L 58.3 L 41.4 L 54.4 53.9 683.9
@8.1929 L 58.2 L 43.2 L 55.5 53.9 63.9
Figure 15 Conducted emissions at 230 V AC and full load on line (left) and neutral (right)
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9.7 Thermal measurement

Thermal measurement was done using an infrared thermography camera (FLIR-T62101) at an ambient
temperature of 25°C taken after one hour running at full load. The temperature of the components was taken in
an open-frame set-up.

Table 8 Thermal measurement of components (open-frame)
No. Component Temperature at 85V AC (°C) Temperature at 264 V AC (°C)
1 U1 (ICE5BR4780BZ) 75.8 72.3
2 TR1 (transformer) 52 56.5
3 BR1 (bridge diode) 51.5 39.1
4 D4 (15 V output diode) 62.3 62.1
5 D5 (12 V output diode) 79.1 81.6
6 D6 (5 V output diode) 67.6 69.8

_,__ = ' 1 Ol-'l.lR B b el e Bl (8 s :

Figure 16 Top-layer (left) and bottom-layer (right) thermal image at 85 V AC input voltage

L CIlER > 6.1 OFLIR 3 I
Figure 17 Top-layer (left) and bottom-layer (right) thermal image at 264 V AC input voltage
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9.8 18 Vrail regulation (LDO input)

As the 15V output via a LDO is derived from the 18 V rail from the transformer which is also shared by the
CoolSET™ V¢, there are several design goals to achieve during normal operating conditions:

e Avoid Vcc UVLO (10 V typ.)
e Avoid Vcc OVP (25.5V typ.)
o Meet the specification of the LDO: (Vour + 1~2 V) = Viy = 30 V; load dependent

From the chart and table below, the 18 V rail is operating between 18.52 V and 21.77 V under different load
combinations and line conditions, which is well within the design objectives outlined above.

Table 9 +18 Vrail line and load regulation
12 V/40 mA 12V/40 mA 12V/0.8A 12V/0.8A
. 5V/0A 5V/5 mA 5V/5 mA 5V/0.3A
Conditions
15V/0A 15V/5 mA 15V/5 mA 15V/0.15A
(V) (V) (V) (V)
85V AC/60 Hz 18.74 18.57 21.77 18.67
115V AC/60 Hz 18.73 18.53 21.76 18.67
230V AC/50 Hz 18.74 18.53 21.39 18.65
264V AC/50 Hz 18.74 18.52 21.46 18.66
+18 V rail regulation
24
23
22
2 2
o
] 20
x
)
> 19
> o=
@ 18
+
17
16
15 —®—385V AC/60 Hz ==@==115V AC/60 Hz 230 VAC/50 Hz ~==@=264V AC/50 Hz
12 V/40 mA 12 V/40 mA 12V/0.8A 12V/0.8 A
5V/0A 5V/5mA 5V/5mA 5V/0.3A
15V/0A 15V/5 mA 15V/5 mA 15V/0.15A
(V) (V) (V) (V)
Load conditions

Figure 18 +18 V rail regulation
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10 Waveforms and oscilloscope plots

All waveforms and scope plots were recorded with a Teledyne LeCroy HDO4034 oscilloscope.

10.1 Start-up at full load

[ | N N I BN Hl o ,'\ A lmﬁ
| i i ,'“”“n ARRARRERRAEAAN | -t \”'l\ m/ H\ i M,””"
SR R o (S0 0 f LI LY oL
B REkEbI :W,kt sunsn NN 15 & s AR AN

Measure P1:maxiC1) P2max(C2) =’3 max(C3) PamagCea) P5.--- Pg---
23V 187V 155\ 127V

= 11643ms
962?941 1.’.\)( 9.59000

A=

X2 11|HOZGMS1AK 4588-1

C1 (yellow) :AC-line voltage

1 (yellow) : AC-line voltage (
C2 (purple) :Vcc voltage C2 (purple) :Vce voltage

3 (blue) :+15V output voltage 3 (blue) :+15V output voltage
C4 (green) :+12 V output voltage C4 (green) :+12 Voutput voltage

85 V AC start-up time at full load isis around 213 ms 264 V AC start-up time at full load is is around 116 ms

Figure 19 Start-up

10.2 Soft-start at full load

t !
Mzasure Famax(C1) F2:max(Cz) FImax(C3 FamaxCa) FS--- P6i--
value 82V esmy
v v

)(: |ﬂ55| ems 1 nX— 94 340 H2

&G 073
x2= Nu Sms AX= §31335H2

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

C4 (green) : CSvoltage C4 (green) : CSvoltage
85 V AC soft-start at full load within ~11 ms 264V AC soft-start time at full load within ~11 ms

Figure 20 Soft-start
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10.3 Drain and CS voltage at full load

LeCroy|

Thann

dapbsalv et

Measurs PimaxiC1) FZmaxl3) F3phpaac4) PAmanC2Z) F5:min(C1) P
238V

™
T

C1 (yellow) : Drain voltage C1 (yellow) : Drain voltage
C4 (green) : CSvoltage C4 (green) : CSvoltage

85V AC maximum drain voltage at full load is ~238V {264 V AC maximum drain voltage at full load is ~522V

Figure 21 Drain and CS voltage

10.4 Frequency jittering and modulated gate drive

— e |

GATE |

e

T
N e X N A b \ I P e e
i u
Maasure F11r8qiC1) Pz penodiF1) P3m ax(Cd) PAMINCA) [ F--- !
value 527506KH  370756531ms -
mean B200102KHz 37012078888 me
min 607579KHz 364534663 ms !
max 859316k 375520365ms L :
sdev 1452917 kH: 14 8962208 ps Megsure PlmaxiC1) P2maxiC2) Pimax(C3) P4 maxiC4) PE PE
num 13 929¢+3 46 valus 300V
status & k.S v
2,00 Wrizigh
2.00
556859 kM2 X1+ -103764us OX- 1356ns
: -Be5a X2= -1074D pz UAX= TAMMZ X2= 107406 us 1AX= 737 MHZ
lay 0.00 13 ]
C1 (yellow) : Drain voltage C4 (green) : Gate voltage

F1 (yellow) : Frequency track of drain voltage

Frequency jittering at full load is ~61 kHz to ~66 kHz ~ [Modulated gate drive at ~135 ns rise time
with jitter period of 4 ms

Figure 22 Frequency jittering and modulated gate drive
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10.5 Load-transient response

= Jf\s"‘fﬁ /Hﬁla{:% ,'\A;e-;;/u\,é /\qu Hﬁ /g-hr WJUV 4 /\.l\mﬂ f‘\aﬂl-vl\:ﬁl‘:; /ﬂxﬁ%{!‘\iwﬁ;ﬂ\nl’ !f'k\ﬁ- /U\F-l /’\J\hvfu&h

-

C2 (purple) :+15V output voltage C2 (purple) :+15V output voltage

C3 (blue) :+5 V output voltage C3 (blue) :+5V output voltage

C4 (blue) :+12 V output voltage C4 (blue) :+12 V output voltage

Input 85V AC Input 264V AC

Viipple ok pk fOr +12 V output voltage: 288 mV Viipple ok pk fOr +12 V output voltage: 275 mV
Viiople ok _pk fOr +5 V output voltage: 54 mV Viipple ok pk fOr +5 V output voltage: 32 mV

Viiopte_pk pk fOr +15 V output voltage: 30 mV Viiople_pk pk fOr +15 V output voltage: 29 mV

Figure 23 Load-transient response (+12 V output load change from 25 percent to 100 percent at

0.4 A/ps slew rate, 100 Hz, +15 V output and +5 V output load are fixed at full load; 20 MHz
bandwidth and 10 pF electrolytic capacitor in parallel with 0.1 uF ceramic capacitor)

10.6 Output ripple voltage at full load

LeCroy

i
Maasure 21 PIEKIC?; F2:pkakn3) F3marad) SAmax|C7) ESmINGY) G-~ Maasure B PIpKIC?)
lue U 0Tmy 1emy e
stahis v v v status

C2 (purple) :+12 V output voltage C2 (purple) :+12 V output voltage

C3 (blue) :+15V output voltage C3 (blue) :+15V output voltage

C4 (green) :+5 V output voltage C4 (green) :+5Voutput voltage
Input 85V AC Input 264V AC

Viiopte_pk pk fOr +12 V output voltage: 93 mV Viiople_pk pk fOr +12 V output voltage: 83 mV
Viiopte_pk_pk fOr +15 V output voltage: 30.7 mV Viiople_pk ok fOr +15 V output voltage: 28.2 mV
Viiople ok pk fOr +5 V output voltage: 11.8 mV Viipple ok pk fOr +5 V output voltage: 9.3 mV

Figure 24 Output ripple voltage at full load. Probe terminals are decoupled with 10 pF electrolytic
and 0.1 pF ceramic capacitors. Oscilloscope is bandwidth filter limited to 20 MHz
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10.7

Output ripple voltage at ABM (minimum load)

C2 (purple)

Viiopte_pk pk fOr +12 V output voltage: 66 mV
Viiopte_pk pk fOr +15 V output voltage: 23 mV

Viiopte_pk pk fOr +5 V output voltage: 6.7 mV

C2 (purple)
C3 (blue) :+15V output voltage C3 (blue) :+15V output voltage
C4 (green) : +5 V output voltage C4 (green) :+5V output voltage
Input 85V AC Input 264 VAC

Viiople_pk pk fOr +12 V output voltage: 74 mV
Viiople ok pk fOr +15 V output voltage: 28.2 mV

Viiople_pk ok fOr +5 V output voltage: 8.0 mV

Figure 25

Output ripple voltage at minimum load. Probe terminals are decoupled with 10 pF

electrolytic and 0.1 pF ceramic capacitors. Oscilloscope is bandwidth filter limited to

20 MHz

10.8 Entering ABM

s lr i H | [ leCro

X1= 3411690 AX= 34 7dms
X2= B0 74 ps HiAX= 08 769 Kz

Ay

yellow) : Drain voltage

C1( C1 ( : Drain voltage
C2 (purple) :Vcc voltage C2 (purple) :Vcc voltage

C3 (blue) : FB pin voltage C3 (blue) : FB pin voltage
C4 (green) : CSvoltage C4 (green) : CSvoltage

yellow)

85V AC enters ABM at FB pin voltage less than 1.03V
(Veg_eeip) for around 35 ms (teg ges)

264V AC enters ABM at FB pin voltage less than 1.03 V
(Veg_esip) for around 32 ms (teg ges)

Figure 26 Entering ABM
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10.9 During ABM

=T

AIIII.EFIIIJIT

SIS VT G < T | S U .. TS
Z4 o0 Timebasa 000 md (Taoger  (RIEM|
2.00V] ) 2.00:msid D 4
ol O 5.00 MS 250 MS:
y I X1= 171892u8 AX= -372.548 e

M x0=  16s6us LAN= 2E7T0KH:

yellow : Drain voltage

C1 (yellow) : Drain voltage

( )

C2 (purple) :Vcc voltage C2 (purple) :Vcc voltage

C3 (blue) : FB pin voltage C3 (blue) : FB pin voltage
C4 (green) : CSvoltage C4 (green) : CSvoltage

85V AC ABM. Burst-on at FB voltage 1.95V (Veg gon niso)
and burst-off at 1.55 V (Vg gorf niso)- CS voltage at 0.27V
(Ves_grp)- Switching frequency at ~54 kHz (fosc, agm)-

264 V AC ABM. Burst-on at FB voltage 1.95V (Ve gon_ niso)
and burst-off at 1.55 V (Vg goir niso)- CS voltage at 0.27V

(Vs grp)- Switching frequency at ~54 kHz (fosc, agu)-

Figure 27 During ABM

10.10 Leaving ABM
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1 (yellow) : Drain voltage

: Drain voltage

( 1 (yellow)
C2 (purple) : Ve voltage C2 (purple) : Ve voltage
3 (blue) : FB pin voltage 3 (blue) : FB pin voltage
C4 (green) : CSvoltage C4 (green) : CSvoltage

85V AC leaves ABM at FB voltage higher than 2.73V
(VFB_LB)

264V AC leaves ABM at FB voltage higher than 2.73V

(VFB_LB)

Figure 28 Leaving ABM
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Waveforms and oscilloscope plots

10.11 Vcc OV/UV protection
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C1 (yellow) : Drain voltage C1 (yellow) : Drain voltage

C2 (purple) : Ve voltage C2 (purple) : Ve voltage

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

85V AC at minimum load. Trigger Vcc OVP at Vcc 85V AC at minimum load. Trigger Vcc UVP at Vcc voltage

voltage greater than 25.5V (Vycc ovp). Odd-skip auto-  [less than 10 V (Vycc off). Auto-restart mode. Open D4.
restart mode. Short R17.

Figure 29 Vcc OV/UV protection

10.12 Overload protection

Xi= cC0264Ms DX -46 596 ms
¥2= 4304 s 1= -205TT0H:

yellow) : Drain voltage

C1 (yellow) : Drain voltage C1 (

C2 (purple) : Ve voltage C2 (purple) : Ve voltage

C3 (blue) : FB pin voltage C3 (blue) : FB pin voltage
C4 (green) : CSvoltage C4 (green) : CSvoltage

85V AC at full load to overload. Trigger protection at 264 V AC at full load to overload. Trigger protection at
FB pin voltage greater than 2.73V (Vi op) for around  |FB pin voltage greater than 2.73V (Vig o) for around

48 ms (teg o1p g). Odd-skip auto-restart mode. 48 ms (teg o1p g). Odd-skip auto-restart mode.
Figure 30 Overload protection
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11 Appendix A: Transformer design and spreadsheet [3]

Project: REF_5BR4780BZ_15W1

Application: Aux for outdoor air-conditioner unit
Date: 7 December 2021

Revision: V1.1

Notes:

Equation numbers are according to the design guide
Component designators refer to the calculation tool
Select component values based on standard values available
Voltage/current rating does not include design margin, voltage spikes and transient currents
In “Output regulation”, only fill in either isolated or non-isolated, whichever is applicable
Description Eq. # Parameter  Unit Value

Input, output, CoolSET™ specs

Line input

Output 1 specs

Output 2 specs

Auxiliary

Power

Application Note 29 of 39 V1.0
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Controller/CoolSET™

Diode bridge and input capacitor
Diode bridge

Input capacitor

Transformer design

B“ LT ST T TR b Ke=1 Kar<1
= y 2 Yk E lp Kar=01/2ay Kee=01/213y
=z 4dv-1l 1 = 1V 1 Vg -
£ I —RL - 'E. o |pu[ :/] 3
2 gl | | HARt 4 el
N > AN el
SN A _ w | R ! .
. N = 0 1 I t I t
0 le—t,—»e—=t, —>» t
Figure 31 Drain voltage and current waveform

Primary inductance and winding currents

Select core type
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Winding calculation

Post calculation

Transformer winding design

Primary winding

Secondary 1 winding
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Secondary 2 winding

RCD clamper and CS resistor
RCD clamper circuit

CS resistor

Output rectifier
Secondary 1 output rectifier

Application Note 320f39 V1.0
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Secondary 2 output rectifier

Vcc diode and capacitor
Vcc diode and capacitor

Calculation of losses
Input diode bridge

Transformer copper

Output rectifier diode

RCD clamper circuit

CS resistor

MOSFET
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Controller

Efficiency after losses

CoolSET™/MOSFET temperature
CoolSET™/MOSFET temperature

Note: Tjmax was calculated by using maximum Ros(on) at 125°C with footprint copper area as heatsink, only for reference.
Output regulation (non-isolated)

Final design
Electrical

Transformer

Application Note 34 0f 39 V1.0
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Components

Regulation components (non-isolated)
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Appendix B: WE transformer specification

CUSTOMER TERMINAL]RoHS [LEAD(Pb)-FREE] Ll
Sn 96%, Ag4% | Yes | Yes |
—_——
= il
= —
a WORTH ELEKTRONIK
* DIMENSION MAY 3E EXCEEDED WTH SOLDER CALY ELECTRICAL SPECIFICATIONS @ 25" C unless otherwise noted:
PART MUST INSERT FULLY 7O
E A IN RECOMMENDED GRID T_—x_
124 50.(4) P — PARAMETER TEST CONDITIONS VALUE
- - . I'__ ‘S D.C. RESISTANCE 5.7 @20°C 0.65 ohms max
e e I 23.20] o D.C. RESISTANCE 8-10 @20°C 0.04 chms max
D.C. RESISTANCE 1214 @20°C 0.05 ohms max.
% L = \ f D.C_RESISTANCE 1-2] @20°C 0.18 ohms_max
— LT | I INDUCTANCE 57 50kHz, 100mV, Ls 926.00uH £10%
i id = | » V= SATURATION CURRENT 57 20% rolloff from initial 0.8A
i @ o | & 29.21] 50344843 LEAKAGE INDUCTANCE 5.7 |tie{8 +10+12+14),100kHz, 100mY, Ls| BuH typ., 15uH max
a E> 5 s E 7 DIELECTRIC 5-8| te(2+5+come, 8+12), 3TH5VAC, 1 sacond 3000VAC, 1 minute
| a = vall He DIELECTRIC 17 625VAC, 1 second
% (e ] ur =3 el | TURNS RATIO (5-7):(8-10) 7.25:1
e e Rk e s S TURNS RATIO (5-7):(12-14) 11.6:1
— TERW., MO.'s FOR REF. ONLY — LOT CODE & DATE
R iR G B TURNS RATIO (5-71i1-2) 4.83:1
--------- ©.05 te o
. K
< _. =
=R| : - -
e O s P
=3 150 ™
o [3.87]
z - | - -
AUX > 1 A .
e e - E) L GENERAL SPECIFICATIONS:
" OPERATING TEMPERATURE RANGE: -40"C to +125°C including temp rise.
i _F-E“:{-hr’m‘:: JL‘E § Sk Designed to camply with tha following raquirements as defined by IECE2368-1,
- : R : ENG2368-1, ULG2368-1/CSAGZ368-1 and AS/NZS62368 1
- Reinfarced insulation for a primary creuital a warking vallage of 265Vrms, 400Vpsak, OVG ||, Pallution Dagres 2.
Wire insulation & RoHS status not affected by wire color. Wire insulation celor may vary depending on availability. Marking detail font and color may vary on preproduction samples.
DFM Packaging Specifications __ [Tolerances unless otherwise specified: DRAWING TITLE PART NO.
DATE Method: Tray L.’JR‘ IL% Angles: +1° Decimals: +.005 [ 13]
ENG Yy |PKG-0959 o Fractions: +1/64  Footprint: + 001 [.03] TRANSFORMER 750344843
REV. 01 comvENTION PLACEMENT|  This drawing is dual dimensioned. Dimensions in
DATE |2020/10/29) W, e-onlne.com/midcam brackets are in milimeters. S ECFCATIONSHEET 107 1
. oge .
Figure 32 WE transformer specification
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