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22 W auxiliary power supply for indoor air-
conditioner using ICE5SAR2280CZ

REF_5AR2280CZ_22W1

About this document

Scope and purpose

This document is a reference design for a 22 W auxiliary power supply for a residential air-conditioner unit with
the latest fifth-generation Infineon fixed-frequency (FF) CoolSET™ ICE5AR2280CZ. The power supply is
designed with a universal input compatible with most geographic regions and three outputs (+12 V/1.4 A
isolated, +5 V/0.3 Aisolated, +15 V/150 mA non-isolated).

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

o Tightly regulated output voltages, high efficiency under light load and low standby power
e Comprehensive protection for a robust system
o 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
residential air-conditioner units that are efficient, reliable and easy to design.

Table of contents

About this dOCUMENT......ciuiiiuiiriiiriiiiiiiiiiitiiitiiitiiiaiinsitteisraisrsestssissssssesssssssssssssssssssssssssssssssssssssses 1
Table Of CONtENES..c.ciiiiiiiriiiriiiiiiitiiireiitiiiteiirtisnseitseisrssnsestsssrssrsssssssssssssssssssssssssssssssssssssssssssssssss 1
1 SYsStem INtrodUCEiON....ccciiiiiiiiiiiiiiiiiiiiiiietaiieiitietaeiaiierietsecaesestessecssssssessessesasssssessessssssssssssssass 3
2 Reference board deSigN ......ccceiruiiiiieiiniiniiiniiniiiniaiinnreiineisesiacisesrostsecsestscsessasssessessasssessassasess 5
3 Power supply SPecifiCations ....cccciuiieiiiiciiiiniiiieinciaiiiieiieiaiieiisiecsecsssessessecscssssessessesssssssessesssses 6
4 CIrcUit diagram c.ceieiiiiiiiniiniiieiinireniaiisesresisecsestacsessestsessessascsessessssssessassssssssssssssssasssssssssassses 7
5 CIrCUIt deSCriPtioN.....cuieeiiiieiiuiiieiieiiniinteeceiiestateecessasssssscsscassssssssscsssassssssssscassssssssscassasssssssassass 8
5.1 EMIfiltering and [ine rectification........coeveiecieirirceeseee ettt sae s 8
5.2 Flyback CONVEItEr POWET SEAZE.....cc.erueeuirieieieieieeieetestestestete sttt et estesbeste st et et et ssessessessensensenteneenesaens 8
5.3 Control of flyback converter through fifth-generation FF CoolSET™ ICE5AR2280CZ.........ccccccevuruenene 8
5.3.1 CUTENT SENSINEG .ttt ettt s e st s bt s bt et e et e et e st e e et e st e st e smeesaeesasesasesabeeneenneenaee 8
5.3.2 Feedback and cOmMpensation NEEWOTK........coceiieiiirniinieinienese st seesresressressre e sraessessessseeseeensnes 8
5.4 Unique features of the fifth-generation FF COOISET™ ICE5AR2280CZ .......ccevueirereererreneenieneeeeeenenaens 9
5.4.1 Fast self-start-up and SUSTAINING Of Ve vuvevervirieniiieieietreeeneseeeet ettt 9
5.4.2 CCM, DCM operation with frequency redUCtiON........cccoirirrerieriereeeeee et 9
543 Frequency jittering with modulated gate drive ..........ccceeeererinirineeeeeee e 9
5.4.4 System robustness and reliability through protection features........ccccevevveeenenenenenenieincenenn 10
5.5 ClamMIPEE CITCUIT cutiteeteteeieetcee ettt te st et et e st e b e st e b e saessaesbesaeessasasssassesssessessesnsensesssensensesssenns 10
5.6 PCB AESIZN TIPS -.euteteeueeienieetesteetet et et et et et e st e ste bt et e s bt et et e sae et e s bt st e b e e st et e sbteat e besutensenseeatenseensenses 10
5.7 EMI r@AUCEION TIPS avvieieeieeieeieecie ettt ettt te e te e rte e be e sre e saeste e be e beesssesnsesnsesnsaensaessaesseesssensenns 11
6 PCB layOUL. . ucuiiiieieieiieieteiiererecrecetacsecetassecsssssessssssecsssssessssssesssassessssssessssssssssassessssssssssassesssasnes 12
Application Note Please read the Important Notice and Warnings at the end of this document V1.0

www.infineon.com/ref-5ar2280cz-22w1 page 1 of 43 2022-06-15


https://www.infineon.com/dgdl/Infineon-ICE5xRxxxxxZ-DataSheet-v01_00-EN.pdf?fileId=8ac78c8c7f2a768a017f8bce00aa6605

o _.
22 W auxiliary power supply for indoor air-conditioner using ‘ |n f| neon
ICES5AR2280CZ

Table of contents

6.1 TOP SIAE ittt et et e et e et e e s b e e s e e et e s te e b e e b e e bt e et e e te e be e b e e beeer e e e te e teenbaeeraeereeenes 12
6.2 BOTEOM SIAE .ttt ettt st b et ettt et e bt b e s b et et et et e e ene et renaees 12
7 Bill Of MaterialS...ccceeuiieuireniiiniirniiinienniiraiirninenistaisnaessseissassrsesssesssssssssssssssssssssssssssssssssssssssssse 13
8 Transformer specCifiCation c...ccciiiiiiiiiuiiiiiiiiiciiiniiiiieciiteiiticeicesiesscecassessessecsssasssssscssssssasssssssans 15
9 Measurement data and graphs......ccccciiiciuiiniieiniiniiniieiieiieiniiesiiieisciesressessecsssessessecasssssessesaecasse 16
9.1 B i CIENCY CUIVE. ettt ettt e et e s a e et e s b e et e s e e se e e e sseeseessesseassansesssensesseenses 18
9.2 STANADY POWET ..ttt erte st s e sreste s ste s te s be e s et e sste e be e be e beesseesanesatesstasssassseeaseesssessseenseesnessees 19
9.3 Line and load regulation (12 V OULPUL) ....ccveceeeecieeeeeereeteeseetesee et ee e e et e e esaesre s s esaesseeneas 19
9.4 MaXiMUM INPUT POWET ....eerueeiieirieentenieriiereieeeteestestesssessseesseesseessessesssesssessssesssesssesssesssasssaesssesssesssasss 20
9.5 ESD immunity (EN BL000-4-2) ..ccueeirieeeeiieereeieeieeeestesseeeessesseessessaessessesseessessssssessesssensessesssessesssessesssenses 20
9.6 Lightining surge immunity (EN 61000-4-5) .....c.ccceeeieerrtereeerrreseeseesesseesseseessessesssessesssessessesssessesssesses 20
9.7 Conducted emissions (EN 55022 ClASS B) c..ccoveevuieeriieiieiiciieteenteesieecteecreereenteenseesseeesseesveenseeseesseesses 21
9.8 THErmMal MEASUIEMENT .....ecieiieeieieeeetee e ete et et e eete e s e e s esse s e e sesseessesseessessasseessessesssessesssensesseensens 22
9.9 +18 Vrail line and load regulation (15 V LDO iNPUL).c.cecvrirererererierierieieeeeeeseeeresieseeeesee e eneenene 23
10 Waveforms and 0SCilloSCOPE PLOtS...cciuieeceieiiuiiececaitaniereecetestossececassssssssscssasssssscsscsssasssssscssces 24
10.1 STArt-UP @t FUILLOAM ...ttt ettt e e bt e e e b e e se et e s beensebessaensesseeneanes 24
10.2 SOFt-STArt @t FULLLOAM ...ttt sttt ettt saeenes 24
10.3 Drain and CSvOltage at fUllload .......coeeeeeriiriieeeee ettt 25
10.4 FreqQUENCY JITEEINE ..coeeeeeeeee ettt ettt et et st st s bt et e st e st e e e e e st e smeesaeesabesasenas 25
10.5 (oY= Yo B a1 E 1= o Ty o oY o 1Y TSP 26
10.6 Output ripple voltage at full load ........ccueieieirininiee et 26
10.7 OULPUL FPPLE VOLLAZE @t ABM......iiiieieiieiieieeieriestesteste ettt ettt ettt sb s bbb e s e s e e et enesaeenes 27
10.8 ENTEINGZ ABM L.ttt ettt ettt et s bt et b e st e e e e bt et e s bt et et e sae et e be et e seentenres 27
10.9 DUFINE ABM L.ttt ettt ettt ettt e b e e at e sat e st e st e st e e bt e st esatesabeenseeaseesstesatesabenasenas 28
10.10 LEAVING ABM .ttt ettt ettt ettt et et e s bt et e b st e bt e bt et e s bt et et e sae et e bt et e nae et enres 28
10.11 {0 LY 7L AV 0T o] (=Tt 4 Lo o TS 29
10.12 (017774 Vo= Yo [ 0T o] (=Tl £ o] o WS TSRS 29
10.13 Line OVErvOltage ProteCHION....couiciiieieieeeeet ettt ettt ettt s bbbt sae b e e e e esesaeas 30
11  Appendix A: Transformer design and spreadsheet [3].....cccceeiruinnirniineinesiniaeciesiacaesrascaessessaccaens 31
12  Appendix B: WE transformer specification ......cccciceceeiiniiniienininecieniaiiesiesiasiesisccsestescsecsessescanss 40
8 e TN 11 -1 -1 1 o -1 41
REVISION NISTOrY..iuiiiiiiiiiiiiiiiiiiaiiniiiiiiiaiieiitaecaeiasiesietsetasssssessecassssssssessessssssssssessssssssssssssssssssssssssssses 42
Application Note 2 of 43 V1.0

2022-06-15



o _.
22 W auxiliary power supply for indoor air-conditioner using |n f| neon
ICE5AR2280CZ ’

System introduction

1 System introduction

With the growing household trend for internet-connected devices, the new generation of home appliances such
as 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 FF 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.

Indoor air-conditioner unit system diagram

Fl[ Exhaust fan
Motor drive
Actuator
Auxiliary power supply
AC ry Infineon fifth- DC-DC
. —x MCU
generation FF CoolSET™ converter
ICE5AR2280CZ
’7 Connectivity: Wi-Fi/BLE
MCU
LDO User interface: Display,
button matrix

. Fan 40’ Sensor, authentication
Fan drive A motor

Figure 1 Simplified indoor air-conditioner system diagram

Table 1 lists the system requirements for auxiliary power supply for an indoor 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 indoor air-conditioner
unit power supply

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

Infineon solution - ICESAR2280CZ

Comprehensive CoolSET™ protection feature

2 |R ion f i
obust system and protection features in DIP-7 package

Auto-restart protection scheme to minimize

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

1.1 High efficiency under light load and low standby power

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

Application Note 30f43 V1.0
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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 in 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, ICE5AR2280CZ 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 at 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. These

certainly help the designer to reduce component count as well as simplifying the layout into a simple PCB
design for ease of manufacturing, using the traditional cost-effective wave-soldering process.

1.3 Auto-restart protection scheme to minimize interruption to enhance
end-user experience
For a residential 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 abnormal protections.

Application Note 4 0f 43 V1.0
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Reference board design

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.

REF _5AR2280C2_22u1
11,2021 vi.1

12U, 4Aseg i s (U
|
g |

REF _5AR2280CZ_22M1 V1.1
12Ux1. 4A+15Ux0. 15A+B8Ux0, 3A

Primary Side
O
By y_ S
e
N

7

A

Figure 2 REF_5AR2280CZ_22W1
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3 Power supply specifications

(infineon

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

Table 2 Specifications of REF_5AR2280CZ_22W1
Description Symbol | Min. Typ. Max. Units Comments
Input
Voltage Vin 85 - 264 VAC 2 wires (no P.E.)
Frequency fLine 47 50/60 64 Hz
No-load input power Pitoy_nt - - 75 mw LDOs not
mounted
Output
Output voltage 1 Vo - 12 - v + 1 percent
Output current 1 los 5 - 1400 mA
Output voltage ripple 1 VRippLer - - 150 mV
Output voltage 2 Vo, - 5 - % + 1 percent
Output current 2 loz 5 - 300 mA
Output voltage ripple 2 ViippLe2 - - 75 mvV LDO output
Output voltage 3 Vos - 15 Vv + 1 percent
Output current 3 los 5 - 150 mA
Output voltage ripple 3 ViippLes - - 100 mvV LDO output
Output power Pout_Nom - 20.55 - W
Overcurrent protection (+12V) | loce 1.7 - A Full load on
Start-up time ttart_up - 250 ms other outputs
Efficiency
Maximum load 75 - - %
Average efficiency Zavg 75 - - % 115V AC/230V
Maximum load (single output) 0. 83 - - % AC
Average efficiency (single 83 - - %
output) Mave.s
Environmental
Conducted EMI 6 dB Margin, CISPR 22
ESD class B
Contact discharge +6 kV EN 61000-4-2
Air discharge +8 kv
Surge immunity
Differential mode +2 kv EN 61000-4-5
Common mode 14 kV
PCBA dimension 110x57x30 mm? LxWxH
Application Note 6 0of 43 V1.0
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Circuit diagram

4 Circuit diagram
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Circuit description

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 F1is 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 VAR, which is connected across the input to absorb
excess energy during line-surge transient. The X-capacitor C16 and common-mode choke (CMC) L2 reduce the
EMI noise. R17 and R18 serve as the X-capacitor discharge resistor. The bridge rectifier BR1 rectifies the AC input
into DC voltage, filtered by the bulk capacitor C5.

5.2 Flyback converter power stage

The flyback converter power stage consists of transformer TR1, CoolSET™, secondary rectification diodes D1,
D3 and D4, secondary output capacitors C2, C12 and C22 and output filter inductor L1.

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 C2, C12 stores the energy needed during output load jumps. LC filter L1/C3 reduces the high-
frequency ripple voltage.

The +15V output is from the 15V low dropout (LDO) regulator (U5) with an input of +18 V, which also supplies
Vce. The +5 V output is from the 5V LDO regulator (U1) with an input of +8 V. As such, these two outputs would
not be affected by cross-regulation. However, their inputs should be maintained within the operating range of
the LDO.

5.3 Control of flyback converter through fifth-generation FF CoolSET™
ICE5AR2280CZ
5.3.1 Current sensing

The ICE5AR2280CZ is a current mode controller. The primary peak current is controlled cycle-by-cycle through
the current sense (CS) resistors R14 and R16 in the CS pin (pin 4). 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 dividers R6 and R10 are used to sense the Vour and send the reference voltage to the feedback (FB) pin
(pin 2) via error amplifier TL431 (U4) and optocoupler (U3). A Type Il compensation network C13, C17 and R22 is
implemented to stabilize the system.

The FB pin of ICE5AR2280CZ 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 (R7) and also the burst-on/burst-off sense input during
ABM.

Application Note 8 0of43 V1.0
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5.4 Unique features of the fifth-generation FF CoolSET™ ICE5AR2280CZ

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 resistor R3 connected to the GATE pin
(pin 4) is used to initiate the start-up phase. At first, licc_charge1 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

ICE5AR2280CZ 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 100 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 43 kHz is reached.

fsw(VFB) Ves (VFB)
A A
Ves
| VCS_N
0.80 V
fosca/ fosca

65 kHz / 100 kHz

1:OSCZ_ABM / 1:OSC4_ABM

54 kHz / 83 kHz

fosca_min/ fosca_min
28 kHz / 43 kHz

Vcs BHp/ Ves BLp

0.27 V/0.22 VvV
P Vg
VFB_OLP
05V 093/1.03V 135V 1.7V 273V
Figure 4 Frequency-reduction curve
5.4.3 Frequency jittering with modulated gate drive

The ICE5AR2280CZ has a frequency jittering feature with modulated gate drive to reduce the EMI noise. The
jitter frequency is internally set at 100 kHz (+4 percent), and the jitter period is 4 ms.

Application Note 90f43 V1.0
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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. ICE5AR2280CZ provides comprehensive protection to ensure the system is
operating safely. This includes input line overvoltage (OV), V.. OV and undervoltage (UV), overload,
overtemperature and V.. 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 the failure conditions
is shown in the table below.

Table 3 Protection functions of ICE5AR2280CZ
Protection function Failure condition Protection mode
Line OV Vv greater than Wn_cove Non-switch auto-restart
V. OV Ve greater than Vicc_ ove 0dd-skip auto-restart
Ve UV Vyee less than Viccorr Auto-restart
Overload Ves greater than Vs o1 and lasts for tre or s 0dd-skip auto-restart
Overtemperature T, greater than 140°C (40°C hysteresis) Non-switch auto-restart
V¢ short-to-GND Ve less than Vee_sce, lvee_charger = -0.2 mA
(Vuee =0V, start-up = 50 MQ and Cannot start up
Voran =90 V)

5.5 Clamper circuit

A clamper network (D2, C6, R2, R5, R9) is used to reduce the switching voltage spikes across the DRAIN pin 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, R2 and R5 and C6 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 side loop starts from the bulk
capacitor (C5) positive terminal, primary transformer winding (pin 7 and pin 5 of TR1), CoolSET™, CS
resistors and back to the C5 negative terminal. The first output side loop (12 V output) starts at the
transformer winding (pin 8 of TR1), output diode D1, output capacitor C2 and back to pin 10 of TR1. The
second output side loop (8 V output) starts at the transformer winding (pin 12 of TR1), output diode D3,
output capacitor C12 and back to pin 14 of TR1. The third output side loop (18 V output) starts at the
transformer winding (pin 1 of TR1), output diode D4, output capacitor C18 and back to pin 2 of TR1.
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REF _5AR2280CZ. 2241
|nﬁneon 11,2021 vi.1
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©
Volo

GNDL  +12V

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
(pin 8 of U2).

e Separating the HV components and LV components, e.g. clamper circuit, main switching circuit; this can
help to reduce 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.

Application Note 110f43 V1.0
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PCB layout

6 PCB layout

6.1 Top side

——  REF_5AR2280CZ_22W1 .
mfmeon 11,2021 vi.1
e 12Ux1. 4A+15Ux0. 1 5A+5Ux0. 34

(_)n

Nl
O°
© +BU GND2

‘GND1 ~ +12V

Top-side copper and component legend

Bottom side

0000000

Figure 7 Bottom-side copper and component legend
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22 W auxiliary power supply for indoor air-conditioner using

infineon

Bill of materials
7 Bill of materials
Table 4 BOM
No. Designator Description Manufacturer Part number Quantity
1 BR1 Bridge diode 800V 2 A Shindengen UD2KB80-7000 1
A i i F20% 25V
2 | luminum capacitor 560 uF 20%25 Rubycon 257L J560M8X20 1
radial
- B )
3 C3,c22 Alumlnum capacitor 220 uF 20% 35 V 5
radial
4 Ca,C8, C9, C20 Ceramic capacitor 0.1 pF 50 V X7R 4
0603
- B 0
5 |cs f;‘;g;num capacitor 68 uF20% 450V | o b con 450BXW6SMEFR18X25 1
6 6 Ceramic capacitor 1206 1NF 500 V X7R AVX 12067C102KAT2A 1
10% FL
A i itor 1 F20% 25V
7 | cl0,c21 r;‘;?;;"“m capacitor 100 uF20%25 Rubycon 25PX100MEFC5X11 2
3 C11,¢23 Ceramic capacitor 0.33 uF 50 V X7R 5
1206
A i itor 470 uF 20% 16 V
9 | cu2 T:_L"m'”“m capacitor 470 uF20% 16 Rubycon 16ZLJ4TOMSX1L.5 1
Ceramic capacitor 0603 680 pF 50 V
10 C13,C14,C24 X7R 10% 3
Ceramic capacitor 0603 3.3 nF 50V
1 15 X7R 10% 1
- - .
12 | cie :;l;?aclapac'tor 0.15 uF 10% 310VAC Wiirth Elektronik 890334023025 1
Ceramic capacitor 0.22 uF 50 V X7R
13 C17 0603 1
- - 0
14 | cs Aluminum capacitor 22 uF 20% 35V Nichicon UVR1V220MDD 1
radial
15 C19 Ceramic capacitor 1500 pF 250 V radial Murata DE1E3KX152MA4BNO1F 1
16 D1 General-purpose diode 150 V3 A SMC ES3C 1
17 D2 General-purpose diode 1 kV 1 A SMA S1M 1
General-purpose diode 150 V2 A
18 D3, D4 DO214AA ES2C 2
General-purpose diode 100 V 150 mA .
19 D5 SOD-123 Diodes Inc. BAV16W-7-F 1
20 F1 Time-lag fuse 300V 1.6 A Littelfuse 36911600000 1
21 L1 Inductor WE-TI size 5075 4.7 uH 4.2 A Wiirth Elektronik 7447462047 1
22 L2 CMC 39 mH 600 mA2LN TH TDK B82731M2601A030 1
23 R2, R5 SMD resistor 120 kQ 1% 1/4 W 1206 2
24 R3 SMD resistor 50 mQ 1% 1206 Vishay CRHA1206AF50MOFKEF 1
25 R4 SMD resistor 10 mQ 1% 1206 Vishay RCV120610MOFKEA 1
26 R6 Resistor 38 kQ 1% 1/10 W 0603 1
27 R9, R20 SMD resistor 27 Q 1% 1/10 W 0603 2
28 R10 Resistor 10 kQ 1% 1/10 W 0603 1
29 R14,R16 SMD resistor 1.5Q 1% 1/4 W 1206 2
30 R15 SMD resistor 68.1 kQ 1% 1/10 W 0603 1
31 R17,R18 SMD resistor 4.7 mQ 1% 1/4 W 1206 2
32 R13,R19 SMD resistor 1 kQ 1% 1/8 W 0603 2
33 R22 Resistor 22 kQ 1% 1/10 W 0603 1
34 R23 ICL5Q20%4.2A9.5mm TDK B57235S0509M000 1
35 TR1 Transformer EE25/13/7 Wiirth Elektronik 750344864 (REV.04) 1
Application Note 13 0f 43 V1.0
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22 W auxiliary power supply for indoor air-conditioner using

infineon

Bill of materials
36 U1 L7805 STMicroelectronics L7805ABV 1
37 U2 FF 800V CoolSET™ Infineon ICE5AR2280CZ 1
38 u3 Optocoupler 5300 Vrus Vishay SFH617A-3 1
39 U4 IC Vrer shunt 36 V 0.4% T092-3 TL431BVLPG 1
40 us L7815 STMicroelectronics L7815ABV 1
41 VAR1 SO07K320E2 320V AC 10% Epcos B72207S2321K101 1
+15V,+5V, +12V, DRAIN .
42 >V, 5V, ’ ’ Test point THT, red Keystone 5010 5
neutral
GND, GND1, GND2, GND3 .
43 line ’ ’ ’ ’ Test point THT, black Keystone 5011 5
44 CS, FB, GATE, Vcc, Vin Test point THT, white Keystone 5002 5

Application Note
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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)

Primary inductance: L, =420 uH (+10 percent), measured between pin 5 and pin 7

Manufacturer and part number: Wiirth Elektronik Midcom (750344868) Rev. 04

—— [ Pi AUX { 1xAWG#26, 8 turns) IJ
[ PinG | 1/2 Primary { 1xAWGH#26, 22 turns)
======= .
8V Output 2 [ 1IxAWG#24, 4 turns) -
_______ pp— —— o
12V Output 1 ( 2xAWG#23, 6 turns) -—
— 1/2 Primary ( 1xAWG#26, 22 turns)

Notes:

(1) ===2layers of tape

(2) core is 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 |No.ofturns Wire size Layer
5 6 22 1x AWGH26 1/2 Primary
8 10 6 2 x AWG#23 0/P_1 Secondary
12 14 4 1x AWGH24 0/P_2 Secondary
6 7 22 1x AWGH26 1/2 Primary
1 2 8 1x AWG#26 AUX

Horizontal and vertical external shields are added and tied topin 2
Figure 8 Transformer structure
Application Note 150f43 V1.0
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Measurement data and graphs

9 Measurement data and graphs
Table5 Electrical measurements
Input P Vou lox Voa o Vos los Pour | Efficiency e’:}’ii;:f:y OLPPn| OLPlo:
(VAC/Hz) (W) (V) (A) (v) (A) (v) (A) (W) (%) (%) (W) (R)
0.303 | 12.020 | 0.000 | 15.147 | 0.004 | 5.085 | 0.006 | 0.091
6.564 | 12.010 | 0.343 | 15.110 | 0.038 | 5.083 | 0.073 | 5.065 77.16
85VAC/ | 13700 | 11.990 | 0.694 | 15100 | 0.078 | 5.080 | 0.146 | 10.241 77.58 31.65 1.69
60 Hz 76.88
19.080 | 11.990 | 0.995 | 15.100 | 0.107 | 5.078 | 0219 | 14.658 76.82
26.880 | 11.980 | 1395 | 15.120 | 0.147 | 5078 | 0.291 | 20.412 75.94
0315 | 12.020 | 0.000 | 15.120 | 0.004 | 5.083 | 0.006 | 0.091
6.484 | 12.010 | 0.343 | 15110 | 0.038 | 5.080 | 0.073 | 5.064 78.11
USVAC/ | 15960 | 11.990 | 0.694 | 15100 | 0.078 | 5.080 | 0.146 | 10.241 79.02 33.75 171
60 Hz 78.53
18.616 | 11.980 | 0.995 | 15.090 | 0.107 | 5.078 | 0219 | 14.647 78.68
26.040 | 11.970 | 1395 | 15.090 | 0.147 | 5078 | 0.291 | 20394 | 7832
0330 | 12.020 | 0.000 | 15.130 | 0.004 | 5.083 | 0.006 | 0.091
6.500 | 12.010 | 0.343 | 15.110 | 0.038 | 5.080 | 0.073 | 5.064 77.91
20VAC/ | 19890 | 11.990 | 0.694 | 15100 | 0.078 | 5080 | 0.146 | 10.241 79.45 30.79 177
50 Hz 79.24
18.400 | 11.990 | 0.995 | 15.100 | 0.107 | 5.078 | 0219 | 14.658 79.66
25,530 | 11.980 | 1.395 | 15.110 | 0.147 | 5.078 | 0.291 | 20.411 79.95
0.340 | 12.020 | 0.000 | 15.120 | 0.004 | 5.083 | 0.006 | 0.091
6.560 | 12.010 | 0.343 | 15.110 | 0.038 | 5.080 | 0.073 | 5.064 77.20
264VAC/ | 19960 | 11990 | 0.694 | 15100 | 0.078 | 5078 | 0.146 | 10.240 79.01 3131 1.79
50 Hz 78.85
18.440 | 11.990 | 0.995 | 15.100 | 0.107 | 5.078 | 0219 | 14.658 79.49
25,590 | 11.970 | 1.395 | 15.100 | 0.147 | 5.078 | 0.291 | 20.396 79.70
Minimum load condition: 12 V/0 A, 5V/5 mA, 15V/5 mA
25 percent load condition: 12V/0.35 A, 5V/0.08 A, 15V/0.04 A
50 percent load condition: 12 V/0.7 A,5V/0.15 A, 15V/0.08 A
75 percent load condition: 12 V/1.05 A, 5V/0.23 A, 15V/0.11 A
100 percent load condition: 12V/1.4 A,5V/0.3 A, 15V/0.15 A
Application Note 16 of 43 V1.0
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Measurement data and graphs

Table6 Single-output efficiency data

Input P Vo1 lo; Pour Efficiency Average efficiency
(VAC/Hz) w) v) () w) (%) (%)
0.041 12.000 0.000 0.000
1.995 11.984 0.135 1618 81.09
85V AC/ 5.010 11.984 0.343 4111 82.05
60 Hz 10.142 11.968 0.694 8.306 81.90
14.657 11.968 0.995 11.908 81.25 8134
20.783 11.953 1.394 16.662 80.17
0.045 12.000 0.000 0.000
1.990 11.984 0.135 1618 81.30
115V AC/ 4.980 11.984 0.343 4111 82.54
60 Hz 10.030 11.968 0.694 8.306 82.81
14.410 11.968 0.995 11.908 82.64 82.56
20.260 11.953 1.394 16.662 82.24
0.055 12.000 0.000 0.000
2.020 11.984 0.135 1.618 80.09
230VAC/ 5.025 11.984 0.343 4.111 81.80
50 Hz 10.060 11.968 0.694 8.306 82.56
14.330 11.968 0.995 11.908 83.10 82.65
20.040 11.953 1.394 16.662 83.15
0.058 12.000 0.000 0.000
2.030 11.984 0.135 1618 79.70
264V AC/ 5.092 11.984 0.343 4.111 80.72
50 Hz 10.040 11.968 0.694 8.306 82.73
14.360 11.968 0.995 11.908 82.93 8235
20.070 11.953 1.394 16.662 83.02
Note: The single-output (+12 V) configuration efficiency measurement was done by removing two LDO

outputs and adding Zener clamp circuit (R26 = 10 Q, D6 = 22 V Zener); 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.
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Measurement data and graphs

9.1 Efficiency curve
Efficiency vs. load
81%
80% - I
— T9% e p——
2 i ~q
= 8%
- \
o 1% =
= 76% —
w
75%
74%
73%
25% 50% 75% 100%
Load percentage
—0—385VAC/60 Hz =m=115VAC/60Hz =#==230V AC/50 Hz 264V AC/50 Hz
Figure 9 Efficiency vs. output load
Efficiency vs. AC-line input voltage
85%
B30 e e —— e S
/
81%
e —
i TOYo o —— ==
>
g 77%
]
S /
E 75%
L
73%
71%
85V AC/60 Hz 115V AC/60 Hz 230V AC/50 Hz 264V AC/50 Hz
AC-lineinput voltage [VAC]
—&— Full load efficiency —ll— Average efficiency(25%,50%,75%,100%)
Full load efficiency at single output == Average efficiency at single output
Figure 10 Efficiency vs. AC-line input voltage
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Measurement data and graphs

9.2 Standby power
Standby power vs. AC-line input voltage
400
350
. —e
— 300 * *
=
€ 250
=
@ 200
5
S 150
5
2 100
= 50 B 5 S .
0
85V AC/60 Hz 115V AC/60 Hz 230V AC/50 Hz 264V AC/50 Hz
AC-line input voltage [ VAC]
—4=Pi (MW ) at mini. Load == Pi (mW) at single output

Figure 11 Standby power vs. AC-line input voltage

9.3 Line and load regulation (+12 V output)

Output voltage regulation

12.03
12.02
12.01
12.00
11.99
11.98
11.97
11.96
11.95
11.94

Output Voltage [V ]

0 25 50 75 100

Load percentage [%]
+12V at 85V AC ==—+12V at 115V AC
——+12V at 230 VAC =>e=+12V at 264 V AC

Figure 12 Line and load regulation (+12 V output)

V1.0
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Measurement data and graphs

9.4 Maximum input power
Overload protection vs. AC-line input voltage
Py = 32.27 + 4.59% W
— 36 2.10
2 3
g 34 200
= 33 *é
g 190 =
2 31 — 3
5 30 — 180 ®
2 T2
- 29 ~
s 28 1.70 ©
()]
a7
26 1.60
85 115 230 264
AC-line input voltage [V AC]
~¢=PIN_OLP  ==—|QUT_OLP

Figure 13 Maximum input power and output current (before overload protection) vs. AC-line input
voltage
9.5 ESD immunity (EN 61000-4-2)

This system was subjected to ESD testing according to EN 61000-4-2 level 3 (+6 kV contact and 8 kV air
discharge). It was tested at full load (resistive load). A test failure was defined as non-recoverable.

Table 7 System ESD test result
L Number of strikes
Description ESD test Level Test result
Vou Vo2 GND
Contact +6 kV 10 10 10 Pass
115/230VAC,22 W ;

Air +8 kV 10 10 10 Pass

9.6 Lightining surge immunity (EN 61000-4-5)

The reference board was subjected to a surge immunity test (+2 kV DM and +4 kV CM) according to EN 61000-4-
5. It was tested at full load (resistive load). A test failure was defined as non-recoverable.

Table 8 System lightning surge immunity test result
i Number of strikes
D T L T
escription est evel 0° | 90° | 180° | 270° estresult
DM +2 kV L>N 3 3 3 3 Pass
115/230VAC M +4 kV L>G 3 3 3 3 Pass
+4 kV N->G 3 3 3 3 Pass
Application Note 20 of 43 V1.0
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9.7 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 input voltage of 115V AC and 230 V AC.

Transducer NNB41 ird Transducer NNB41 trd
Limit Line EN 55022 class B CE Limit Line EN 55022 class B CE
PK AV QP PRiE——" "R s— QP
dBuv dBuv
5
/'ﬁ\!‘l\" I
0+ «\J
-20 T T T
02 05 1 2 5 10 20 02 05 1 2 5 10 20
0.15 MHz 30 MHz 0,15 MHz 30 MHz
Final Measurement Results: # = Limit exceeded Final Measurement Results: * = Limit exceeded
Frequency  Level Pk Level AV  Level QP  Limit AV Limit QP Notes Frequency Level Pk Level AV  Level QP Limit AV  Limit QP HNotes
9.1982 L  58.8 42.4 L 56.5 53.7 63.7 9.1988 L 58.3 L 41.8 L  56.8 53.7 63.7
1.358¢ L 50.9 29.4 L 46.3 46.0 56.0 1.3586 L S8.4 L 29.1 L  45.9 46.8 56.0
1.6688 L 47.7 26.0 L 43.0 46.9 56.0 1.6620 L 47.1 L 26.2 L  42.8 16.8 56.0
Figure 14 Conducted emissions at 115 V AC and full load on line (left) and neutral (right)
Transducer NNB41.rd Transducer NNB41.trd
Limit Line EN 55022 class B CE Limit Line EN 55022 class B CE
PK ——— AV  — QP P — AN, — QP
dBuV 80 dBuV 80
60~ 60
\u
" ﬂ"\ni i
V yr
40 40
Ny qw% B /\ A
0 o
20 T T T T L o o T T T . remm imm L L g T -20 - - — T T T - Tt T
02 05 1 2 5 10 20 02 05 1 2 5 10 20
0.15 MHz 30 MHz 0.15 MHz 30MHz
Final Measurement Results: # = Limit exceeded Final Measurement Results: = = Limit exceeded
Frequency Level Pk  Level AV  Level QP Limit AV  Limit QP MNotes Frequency Level Pk Level AV  Level QP Limit AV  Limit QP Notes
@.21ee L 5.3 L 3l.e L  4s.6 53.2 63.2 ©.1989 L 56.5 L  38.5 L  51.9 53.7 63.7
g.48e¢ L  48.5 L 29.9 L 44.4 46.2 56.2 ©.4920 L 47.2 L 29.0 L  42.8 26.1 56.1
6.5ed6 L  48.8 L 31.2 L  44.8 46.8 56.8 @.5840 L 47.3 L  29.3 L  42.9 16.9 56.8
1.32¢6 L  52.2 L 3.9 L 49.1 46.0 36.9 1.3588 L 51.3 L 31.5 L 47.9 16.9 56.8
ggiég t ig-; t gf-g t ii-‘il jg g gg-g 1.8720 L 48.9 L  27.2 L 45.2 16.8 56.9
: - - : - 21.8000 L 50.8 L 36.7 L 46.2 50.0 60.0
Figure 15 Conducted emissions at 230 V AC and full load on line (left) and neutral (right)
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Measurement data and graphs

9.8 Thermal measurement

Thermal measurement was done by 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 setup.

Table 9 Thermal measurement of components (open-frame)
No. Components Temperature at 85 VAC (°C) Temperature at 264 V AC (°C)
1 U2 (ICE5AR2280CZ) 74.6 58.7
2 BR1 (bridge diode) 62.5 37.9
3 TR1 (transformer) 58.5 61.8
4 D1 (output 1 diode) 91.4 92.1
5 D3 (output 2 diode) 66.7 66.5
6 D4 (output 3 diode) 62.7 62.8

Figure 17 Top-side (left) and bottom-side (right) thermal image at 264 V AC input voltage

Application Note 22 of 43 V1.0
2022-06-15



o~ _.
22 W auxiliary power supply for indoor air-conditioner using ‘ |n f| neon
ICES5AR2280CZ

Measurement data and graphs

9.9 +18 Vrail line and load regulation (15 V LDO input)

As the +15 V output via a 15V 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.)
e Meet the specification of the LDO: (Vour +2 V) <Vin<30V

From the chart and table below, the +18 V rail is operating between 17.54 V and 25.38 V under different load
combination and line conditions, which is well within the design objectives outlined above.

Table 10 +18 V rail line and load regulation
12V/0A 12V/0 mA 12V/1.4A 12V/1.4A
.. 5V/0A 5V/5mA 5V/5mA 5V/0.3A
Conditions
15V/0A 15V/5mA 15V/5mA 15V/0.15A
(V) (V) (V) (V)
85V AC/60 Hz 17.98 17.58 24.43 19.14
115V AC/60 Hz 17.96 17.56 24.58 19.15
230V AC/50 Hz 17.94 17.54 25.28 19.23
264V AC/50 Hz 17.89 17.46 25.38 19.24
+18 V rail regulation
30
28
26
24
2 »
5
s 20
x
S 1 ®
>
© 16
L |
+
14
12 =@=85V AC/60 Hz ==@==115V AC/60 Hz 230 VAC/50 Hz ~ ==@==264 V AC/50 Hz
10
12V/0 A 12 V/0 mA 12V/1.4A 12V/1.4A
5V/0A 5V/5mA 5V/5 mA 5V/0.3 A
15V/0 A 15V/5 mA 15V/5 mA 15V/0.15 A
(V) v) ) V)
Load conditions
Figure 18 +18 V rail line and load regulation
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10 Waveforms and oscilloscope plots

All waveforms and scope plots were recorded with a Teledyne LeCroy Waverunner 8054 oscilloscope.

. ST

[— ] |

10.1 Start-up at full load
E [ LeCroy| \‘ Cioy
a Sy
: |
& |
A \
i b \f }
/. < / ‘
7’

Y
e

- .

T (Tigger A

12%% \ggl\\; 5 E’:DE Pﬂ‘:lzv‘g 10.0 Vidi 5.00 Vidiv| 10.0 Vidiv 50.0 ms/div| Stop 87V

: 730mV| T S g 990Vorst]  -9950Vofst]  29.90V ofsf 500MS 10 MS/s|Edge  Positive

! 30m : 7 4 X1= -207.1104ms  AX= 2555ms 1 -350mv| | -13mv]y 110mV| X1= -1003832ms AX= 1455ms

A H?ggx g t X2=  48.3860ms 1/AX= 3.9139Hz 1 11.89 V|t 4884 V|1 REXERY X2= 45.1520ms 1/AX= 6.8712Hz
Y - Ay 1225v]ay  4servlay 1450V

C1 (yellow) : AC-line voltage C1 (yellow) : AC-line voltage

C2 (purple) :+12 Voutput voltage C2 (purple) : +12 V output voltage
C3 (blue) : +5V output voltage C3 (blue) : +5V output voltage
C4 (green) :+15V output voltage C4 (green) : +15V output voltage

85 V AC start-up time at full load is around 255 ms 264V AC start-up time at full load is around 145 ms
Figure 19 Start-up at full load

10.2 Soft-start at full load

TELEDYNE LECROY TELEDYNE LECROY
P e PR [ELEDE LAY

1. Pe-.

H—. .m-m
X1 -101920u AX= 11877000 ms
X2v 11875098 ms 849329 He

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

C4 (green) : CSvoltage C4 (green) : CSvoltage
85 V AC soft-start at full load within ~12 ms 264V AC soft-start time at full load within ~12 ms

Figure 20 Soft-start at full load
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10.3

Drain and CS voltage at full load

infineon

1 | LeCroy| B LeCroy|
! | 1 P
1 - i ;
H i l H r ‘ ] l
d i Tt ‘_u’% y = i Yot =) = = i ¥ = =
] - f (‘ |
i | ‘ Il |
i | i | ! i I | ] [ ] 1 I
Measure P1:max(C1) P2:max(C4) PS‘:max(C1) P4:max(C2) P5:min(C1) P6:--- Measure P1:max(C1) P2:max(C4) P;max(m) P4:max(C2) P5:min(C1) P6---
value 2341V 1497V value 525V 1546V
status v v status v v
100 V/div| 10.0 ps/div] Stop 87V| 200 Vidiv| 10.0 ps/div] Stop 87V
0.00 Voffset 500 kS 5.0 GS/s]Edge  Positive] 0.0 Voffset| 500 kS 5.0 GS/sjEdge  Positive)
1 -4.46 V| X1= -636ns AX= 9.9616 ps 4 -16.0V| X1= 23950ps AX= 10.3498 us
TAy jﬁx X2= 9.8980 ps 1/AX= 100.385 kHz - X2= 12.7448 s 1/AX= 96.620 kHz
C1 (yellow) : Drain voltage C1 (yellow) : Drain voltage
C4 (green) : CSvoltage C4 (green) : CSvoltage
85V AC maximum drain voltage at full load is ~234V 264 V AC maximum drain voltage at full load is ~525V

Figure 21 Drain and CS voltage at full load

10.4 Frequency jittering

P1:freq(C4)

Measure P2:freq(C4)
value 98.7157 kHz
mean 101.032585 kHz
min 96.8288 kHz
max 105.0411 kHz
sdev. 2.292833kHz
num 15.144e+3

status

&
P3:max(C1) P4:max(C2) P5:min(C1) P6---

rigger _ GAGH
5.00 ms/div] Stop 87V|
5.00MS 100 MS/sjEdge  Positive]

F
Uil 5.00 kHz/di
J 5.00 ms/div
: Gate

: Frequency track of gate voltage

C4 (green)
F1 (yellow)

85V AC frequency jittering at full load is ~96.8 kHz to

~105 kHz with a period of 4 ms

Figure 22 Frequency jittering at full load
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10.5 Load-transient response

LeCroy LeCroy

AL

3 0
Measure P1:max(C2) P2:pkpk(C2) P3:min(C2) P4:pkpk(C4) P5:min(C1) P6:-- - Measure P1:max(C2) P2:pkpk(C2) P3:min(C2) P4:pkpk(C4) P5:min(C1) P6
value 180 mV 371myv -191mv value 199 mv 422mv -223mV
status v v v status v v v

Timebase 0.0 mg
20.0 ms/div] Stop 280
500MS 25MS/s]Edge  Positive|

Timebase 0.0 m9 (Trigger
20.0ms/diviStop 280 mA
500MS 25MS/s|Edge  Positive

200 mV/di
204.0mv]

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

C4 (green) : Current C4 (green) : Current

Input 85V AC Input 264 V AC

Viiopte_pk pk fOr +12 V output voltage: 371 mV Viiopte_pk pk fOr +12 V output voltage: 422 mV

Figure 23 Load-transient response (+12 V output load change from 10 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 : LeCroy
[ [
I I
t {
‘ I
[ I
: : i
Measure P1freq(C4) P2:pkpk(C2) P3:pkpk(C3) P4:pkpk(C4) P5:min(C1) P6--- | Measure P1:freq(C4) P2:pkpk(C2) P3:pkpk(C3) Pa4:pkpk(C4) PS:min(C1) PB---
value 85mv value 122 mv
status v status v
gt R e o
C2 (purple) :+12 V output voltage C2 (purple) : +12 V output voltage
Input 85V AC Input 264V AC
Viiopte_pk pk fOr +12 V output voltage: 85 mV Viiople_pk pk fOr +12 V output voltage: 122 mV

Figure 24 Output ripple voltage at full load (20 MHz bandwidth and 10 pF electrolytic capacitor in
parallel with 0.1 uF ceramic capacitor)
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10.7 Output ripple voltage at ABM

LeCroy| T " LeCroy|

3
)
Melasure P1:freq(C4) P2 pkg;(cz\/) P3:pkpk(C3) P4:pkpk(C4) P5:min(C1) P6:--- ionsure, P1req(C) P2 pkok(C2) P pkok(C3) Pa:pkok(C4) P5mIn(C1) P6---
v|z :JE m,, value 139 mV
glatus status v

00MS 25 MS/s Edge  Positive]

T (g
20.0msidivfAuto  34.0 mV]| e b e
500MS 25MS/sjEdge  Positive] . ms/div) Auto .0 m!

C2 (purple) :+12 V output voltage C2 (purple) :+12 V output voltage
Input 85V AC Input 264 VAC
Viiopte_pk pk fOr +12 V output voltage: 88 mV Viiople ok pk fOr +12 V output voltage: 139 mV

Figure 25 Output ripple voltage at ABM (20 MHz bandwidth and 10 pF electrolytic capacitorin
parallel with 0.1 pF ceramic capacitor, minimum load)

10.8 Entering ABM
1 i T 1 ' “LeCroy| LeCroy
! B
! ! ‘
! |1
| | i |
: ,
-i ‘|II|||III||I|IIIIIIIIIIIIIIIIIIIIIIII UL L]
! : i i |

Measure P1:max(C3) P2:pkpk(C2) pg‘mzxm, Pa:pkpk(C4) PS:mIn(C1) P~ Measure P1:max(C3) P2:pkpk(C2) P3:max(C1) P4:pkpk(C4) P5:min(C1) PB---

:taa\:fs 2 47‘\’/ 221)/ :taa\:‘es 2,51;1 4643’

C1__ Gem S ) e 30 \;/ iv] 0.0 V/div] & m\;l iy
==l i
xo issoaome 1w 390 | [ O o Xox -194466ms 1A= 33993 Hz

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

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

C3 (blue) : FB pin voltage C3 (blue) : FB pin voltage

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

85V AC enters ABM at FB pin voltage less than 1.03V 264 V AC enters ABM at FB pin voltage less than 1.03V

(Veg_esnp) for approximately 30 ms (teg gee) (Veg_esip) for approximately 30 ms (teg ges)

Figure 26 Entering ABM
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10.9 During ABM

LeCroy|

(Timebase 0.00 mg
2.00 ms/div] Stop 280 mV

5.00 MS 250 MSisJEdge  Positive]

X1= 25672ps  AX= 12172ps

X2= 37.844 ps 1/AX= 82.16 kHz

status
100V 10.0V| 2.00V|
104.0 V| -990V
696V]L 1820V

100v]  100v] 200V

3.94V| 100ps|  100ps|  10.0ps

2258 V| 696V|, 1820v]; 2258

5428Vt 1813V1 2301V| 1 s428Vft 18.13V]7 2301
Ay 4732v]ay s0mvjay 42my) Ay 4732v]ay s0mvjay 42m

»— » s {

s, P A
i [ o, i MP i HJ (TR T T e 1l
il L,| ‘ | Uy L[l !
Jl, 24y N ! l
2—3 —t +r T 2 + i e 2 ™ e z T % iad
2 ] 2 : ‘
I AERERE F7 R EEVR J% 4 ) PEENA KX EER EXrE) EX | = TERE EERRR X1 J’\.NAVA,“ R T ‘%JF“\”” A,,,A,\,-vh
[ ]

Measure P1:max(C2) P2 pkpk(cz) P3min(C2) Pa:pkpk(C4) P5:min(C1) Pg--- | Measure P1:max(C2) P2: nknk(CZ) P3:min(C2) P4:pkpk(C4) P5:min(C1) PG

value 1E§V W75V value 193 158V

statt

us
100V 200v|  500my| 200v] 100V 2.00V]
990v| -394v| -1s6v| s00ps| s00ps|  5.00ps
1 o181v|y 2474vfy  samv|y 2370V 18a1v) 2474
; 18o7v|r 2040v|t s2mv|t 1504v|: 1s07v|t 2040
Ay -40 mVjay 134mv)ay 24mv]ay 865V ay 40mvjay -134m

(Timebase 0.00 mg
2.00 ms/div] Stop luﬂ mV
5 00 MS 250 MS/s|Edge Positive

576ns AX= 12.116ps
xz 12.692 s 1AX= 8254 kHz

C1 (yellow) : Drain voltage
C2 (purple) : Ve voltage

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

C1 (yellow)
C2 (purple)

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

85V AC ABM. Burst-on at FB voltage 2.35 V (Vg gon_iso)
and burst-off at 2 V (Veg_gor 1s0). CS voltage at 0.27V
(Ves_gnp)- Switching frequency at 83 kHz (foscs agu)-

264V AC ABM. Burst-on at FB voltage 2.35 V (Vig gon_1s0)
and burst-off at 2 V (Veg gosr 1s0). CS voltage at 0.27 V
(Ves_enp)- Switching frequency at 83 kHz (foscs agm)-

Figure 27 During ABM

10.10 Leaving ABM

J | eCro
1110 11K
il I8 M
:

EEREEE] U RENNNAREREES

o o
]

j = R N R Lok un IR %4 /l 1 /LA L 1 /1,"”4'"/1

P4:pkpk(C4) P5:min(C1)

(Timebase 0.00 m (Trigger  GEIEI)
200 msid| Stop 334V
5.00MS 250 MS/s|Edge  Positive)

X1 -4.118548ms  AX= 4.114ms
-4.264 ys 1/AX= 243.06 Hz

Measure
Va\ue

P1 max(CS) P2:pkpk(C2) P3 max(C1)
ov
200 V| 100V| soomv| 200V} 100V, 200V}
2080v| 990V, asevl - 200ps| - 200us) - 200u
1173v]1  17.95V| s59mv]s
825v|t 17.98V| 121m\/1 825V] 1 T b l 2763V
Ay 347 V)Ay 30myj Ay 115mv] Ay

g NAELENLNEERERE

r

5 I

= ¥

8 N 0 Lﬂ VL VLA,
W,VM *HW [ |

o — P1:max(C3) P2:pkpk(C2) P3:max(C1) Pa:pkpk(C4) PS:mIn(C1)

value EOSV 501V

(Timebase 0.00 m9 (Trigger  GAEM)
2.00 ms/div| Stop 3 62V
5.00 MS 250 MSisjEdge  Positive]

X1= -4.118548ms AX= 4.226ms
X2= 107264 ps 1/AX= 236.64 Hz

200v|  100V| 500mV| 200v] 100V 2.00V]
2080V 990V S| o) S |
388.0V|1 18.48V|
3463V|1 1852V 15m\/1 3463\/7 1352v1 2764V
Ay 417v]ay 50 my] Ay 16 mv]ay

C1 (yellow)
C2 (purple)

: Drain voltage
:Vce voltage

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

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

C3 (blue) : FB pin voltage
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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10.11 Vcc OV/UV protection

i
P1:max(C3) P2:pkpk(C2) P3:max(C1) P4:pkpk(C4) P5:min(C1) PE=-~
194 mv 1651V

C1 (yellow) : Drain voltage C1 (yellow) : Drain voltage
C2 (purple) : Ve voltage C2 (purple) :Vce voltage
C4 (green) : CSvoltage C4 (green) : CSvoltage

85V AC start-up at full load. Trigger Vcc OVP at Vec 85V AC at full load. Trigger Vcc UVP at Ve voltage less
voltage greater than 25.5V (Vycc_ovp). Odd-skip auto-  than 10V (Vi¢c o). Auto-restart mode. Open D5.
restart mode (set full load at +12 V only).

Figure 29 Vcc OV/UV protection

10.12 Overload protection

LeCroy | LeCroy|

f —-F’ a

Meas re F‘1 max(C3) P2:pkpk(C2) P3:max(C1) P4:pkpk(C4) P5:min(C1) P8~ P1 max( (03) P2:pkpk(C2) P3:max(C1) P4:pkpk(C4) P5:min(C1) P6---

EEEE ““EEEE ==
C1 (yellow) : Drain voltage C1 (yellow) :Drain voltage

C2 (purple) :Vce voltage C2 (purple) :Vce voltage

C3 (blue) : FB pin voltage C3 (blue) : FB pin voltage

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

85V AC 264V AC

Trigger protection at FB pin voltage greater than Trigger protection at FB pin voltage greater than 2.73V
2.73V (Veg_o.p) for approximately 50 ms (teg o1p 5). Odd- (Ve o1p) fOr approximately 50 ms (teg o5 ). Odd-skip
skip auto-restart mode. auto-restart mode.

Figure 30 Overload protection
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10.13 Line overvoltage protection
I ; ! LeCroy
| ;, !
| pm—
T } ——
| 1 !
i \W
T
c3 I
|
;“ 1
| | ‘
Measure P1:max(C3) P2:max(C3) P3:max(C1) P4:pkpk(C4) P5:min(C1) P6:---
value 299V 299V 435V

status

v v v

£

200 Vidiv 10.0 Vidiv 2.00 Vidiv| Roll  500msidiv|Stop 246V

0.0 V offse| -9.90 V ofst| -3.940 V ofst 500MS 1.0MS/s]Edge Negative]

! 4112V 1385 V|1 2854V X1= 1.055258s AX= -2.616060s

1 4112Vt 17.98 V)t 2891V X2= -1560802s 1/AX= -382.3mHz
Ay 0.0v]ay 4.13v]ay 36 mV]

C1 (yellow) : Bus voltage

C2 (purple) :Vce voltage

C3 (blue) :Vin pin voltage

C4 (green) : CSvoltage

Trigger protection at Viy pin voltage greater than 2.85V (Vi ove) for approximately 250 s (ty Love 5)- Non-
switch auto-restart mode. Trigger at 295V AC.

Figure 31 Line overvoltage protection
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11 Appendix A: Transformer design and spreadsheet [3]

Project: REF_5AR2280CZ_22W1

Application: Aux for residential air-conditioner unit
Date: 22 February 2022

Revision: V11

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
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Controller/CoolSET™

Diode bridge and input capacitor
Diode bridge

Input capacitor

Transformer design
Drain voltage and current waveform

m S I WS C I ' - P - e b —
(=]
> £
3
— £
£ '§
= =
o |
2 &
a >
> \4
_
0 le—t, t
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(€0} Kge<1

KgFAl/ 2 lAV

Primary inductance and winding currents

Select core type

Winding calculation

Post calculation
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Transformer winding design

Primary winding

Secondary 1 winding

Secondary 2 winding
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RCD clamper and CS resistor
RCD clamper circuit

Current sense resistor

Output rectifier
Secondary 1 output rectifier

Secondary 2 output rectifier

Vcc diode and capacitor
Vcc diode and capacitor
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Calculation of losses
Input diode bridge

Transformer copper

Output rectifier diode

RCD clamper circuit

Current sense resistor

MOSFET

Controller

Efficiency after losses

CoolSET™/MOSFET temperature
CoolSET™/MOSFET temperature

Line OVP
Line OVP
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Output regulation (isolated using TL431 and optocoupler)

Isolated feedback circuit

Vout1
_______ Voutz
Vrer R25A
Rrs
26
Ves 5 i
-------- : TL431 R26

Output regulation

Optocoupler and TL431 bias

Regulation loop
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Final design
Electrical

Transformer

Components
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Regulation components (isolated using TL431 and optocoupler)
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12 Appendix B: WE transformer specification

CUSTOMER TERMINALIROHS | LEAD(PD)—FREE' [ )
Sn 96%, Ag4% | Yes | Yes |
-
= et
ST INEERT FLLLT T wRTH ELLKTRORIK

I SECCMMENSED GRID —a= o -
. OF Lotarts T 4 ELECTRICAL SPECIFICATIONS @ 25 C unless otherwise noted:
PARAMETER TEST CONDITIONS VALUE
b al D.C. RESISTANCE 1-2] @20°C ohms_max.

i 3 D.C. RESISTANCE 57, @20°C ohms_max.
= : D.C. RESISTANCE 810 @20°C ohms_max
i T D.C. RESISTANCE 1214 @20°C ohms_max.

INDUCTANCE 57| 10kHz, 100mV, Ls 420.00uH £10%

! SATURATION CURRENT 57| 20% rolioff from initial 1A
Eh. ME.z FUS REF, ORLT LEAKAGE INDUCTANGE 5-7|tie(8+10+12+14),100kHz, 100mV, LS ___uHtyp
ALTERNATE MASKIN DIELECTRIC 7-8|tie{2+5,10+12), 3750VAC, 1 second 3000VAC, 1 minute

DIELECTRIC 1-7] 625VAC, 1 second

TURNS RATIO (5-7)1-2) 551
TURNS RATIO (5-7):(8-10] 7331
TURNS RATIO (8-10):(12-14) 151

SEC
12V-14A
PRI GEMERAL SPECIFICATIONS:
85-264Vac OPERATING TEMPERATURE RANGE: -40°C 10+125°C including temp risa
100Kkhz
Designad o camply with tha follawing requirements as defined by [ECE2368-1,
ENG2368-1, ULG2368-1/C5AG2368-1 and AS/NZS62368.1:
SEC - Rainforced insulation for a primary circuit a1 a working voliaga of 265Virms, 400Vpaak, OVC Il, Pallution Degrea 2.
EV-D3A
.
AUX | |
18V -0.15A | |

]

Wire insulation & RoHS status not affected by wire color. Wire insulation color 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.
/ N o .

DATE Method: Tray q—!—%% Angles: +1 Decimals: +005 [13]

ENG NWU  |PKG-O737 \‘-\T-”J " |Fractions: +1/64 Fooltprint: + .001 [.03] TRANSFORMER 750344868

REW. 04 convennon pLacewenT| - This drawing is dual dimensioned. Dimensions in

DATE |2022/2110 www_we-cnkne.comimidcom brackets are in milimeters. SPECIFICATION SHEET 1 0F 1
Figure 32 WE transformer specification
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