ghipsmall

Chipsmall Limited consists of a professional team with an average of over 10 year of expertise in the distribution
of electronic components. Based in Hongkong, we have already established firm and mutual-benefit business
relationships with customers from,Europe,America and south Asia,supplying obsolete and hard-to-find components
to meet their specific needs.

With the principle of “Quality Parts,Customers Priority,Honest Operation,and Considerate Service”,our business
mainly focus on the distribution of electronic components. Line cards we deal with include
Microchip,ALPS,ROHM, Xilinx,Pulse,ON,Everlight and Freescale. Main products comprise
IC,Modules,Potentiometer,IC Socket,Relay,Connector.Our parts cover such applications as commercial,industrial,
and automotives areas.

We are looking forward to setting up business relationship with you and hope to provide you with the best service
and solution. Let us make a better world for our industry!

Contact us

Tel: +86-755-8981 8866 Fax: +86-755-8427 6832
Email & Skype: info@chipsmall.com Web: www.chipsmall.com
Address: A1208, Overseas Decoration Building, #122 Zhenhua RD., Futian, Shenzhen, China

iy [0



Infineon

AN-EVAL-3AR4780VJZ

12W 5V SMPS evaluation board with
ICE3AR4780VJZ

Application Note

About this document

Scope and purpose

This document is a 12W 5.0V, universal input off-line flyback converter evaluation board using Infineon
CoolSET™ F3R80 family, ICE3AR4780VJZ.

Intended audience

This document is intended for users of the ICE3AR4780VJZ who wish to design low cost and high reliable
system of off-line SMPS for enclosed adapter or open frame auxiliary power supply of white goods, PC,
server, DVD, TV, Set-top box, etc.

Table of Contents

About this dOCUMENT ....cciuiiiiiiiiiiiiiiiiiiiiiiiieieiieiietaiiectestetsetscssssessessscsssessesssssssssssssssssssssesssssssrsssssnss 1
Table Of CONtENES...cuiiiiiiiiiniiiiiiiiiiiiiiiiiieieiietiineiectestesscsecsssessessssssssssessssssssssssssssssssssssessssssssssnsans 1
1 21 14 1 - ¥ o N 3
2 [SAVE] LTE=T o7 T = e -1« N 3
3 Evaluation board specificationsS....ccccciieieiieiiniiniiiiecieiiiiiiecieninieieccestessecsecessessesssssssessesse 4
4 List of features (ICE3ARATBOVJZ) ..ccceeerecencerecreceecececsecascassecsecsssassessosssssssassessssssssssassssns 4
5 Lo [ o VTR e [Tl g 5] 4 [ 3 TSR 5
5.1 T a] dgoTe [Tt [o] o SO 5
5.2 [T oY= o] oYU OSSR 5
53 Line input OVEr VOItage ProtCION .......ccviiivieeietceetctrieet ettt ettt et e st sse e e sa e sbans 5
5.4 ST Uttt ettt ettt e st e s b e st s b st e e e et e st e et e e b e et e e be et e et e e b e et e e b e e b e et e e be e be e baebaeraen 5
5.5 OPEIAtION MOAE ...ttt et ra e s et e st e e e e et et e s esaeba b e se st ensesestensensesessentansanaanens 5
5.6 R0} 48] = OO RRSTR 5
5.7 RCD ClamPEI CICUIT . cveieieriereeierieeeeseste et e et e e e st e st e s e eese st e s e s esesbebe s esasbessensensassssessensansesessensanaesenss 5
5.8 Peak current control Of Primary CUMENT.......cc ettt re e se et essa e ssenes 6
5.9 OULPUL STAEE ettt sttt e st s et s e st et s b s e st s e s s e sae et e b e saa et e s essesatensessesseentensessesnneneens 6

1 Revision 1.2,2015-05-12



-
12W 5V SMPS evaluation board with ICE3AR4780VJZ @| neon

/
Abstract
6 Lo T TTL Qs TT= 7= 4 - T N 7
7 PCB layOUL cucuieiiiiiieiiiinieiiieierietecesseeecessesecessesesessssesessssesessssssessssssessssssessssssssassesesassesess 8
7.1 Lo o 35T 1O OO 8
7.2 BOTEOM SIAE. ..ttt ettt ettt ettt sttt be s e e e 8
8 COMPONENt LISt ceuuiiiuiieniirniirnninnniiraiirnirseisreisrssrseisssssscsrssssssssssssssssrssssssssssssssssssssssnssns 9
9 Transformer CONSErUCHION ...cuuieuiiiiiiiiiiiniirniitiiiieiirniiniinteiernicrsesssesssessrssrsesssnssssessanss 10
10 TSt rESULES ceuuruuiinirniiiiiiiiiiiiiiitiitiiitiiteitiiiteitnitteitetsettestessestessectestasesessassssssessasssessane 11
10.1 8 T ol 1T oy RO STRSTRTR 11
10.2 SEANADY POWE ...ttt ettt e e e s e e e s e e e e s ese s e s et esessesaneesasesanarsesesesasasaneasans 12
10.3 LiNE FEEULATION ...ttt ettt bbb ettt s b be e et ssesenenesnnees 13
10.4 LOAA FEEULATION ..ttt ettt ettt ettt ettt sttt b et bt e et e st e be st st ene b eneaten 13
10.5 MAXIMIUM POWET c.cvevirutirenrenreetesteseseessesesesssessessessasssessessasssessessassesssessessasseessessessesssessessessssssessessassassses 14
10.6 ESD immuNity (ENBLOO0D-4-2)....ccorueurrereeririereueieeninieseseesestesesesesesessssesesesessssesesesenesssssesesesssssssesesessssses 14
10.7 Surge immunity (ENB1000-4-5)....ccceueuererereririrreuererenisieteresenestssesesesesestssesesesessssssesesesessssssesesenessssssesenenenes 14
10.8 Conducted emissions (EN55022 CLASS B) ....oouvivieuieeieiieieieeeetesteee ettt s et estesseessesaessssssensessesrsensenns 15
10.9 Thermal MEASUIEMENT ...ttt ettt ettt et be et et be st s b et st et e b et be e aene 17
11 Waveforms and SCOPE PlOtS...cccuieiiiieieiiiiereciiietecticetesncetesscesecsscesesscssessssesessssssassssasess 18
11.1 Start up at low/high AC line input voltage with maximum l0ad .........ccceevenirevnenneininierneceeee 18
11.2 SOFE STAM ettt sttt sttt ekttt b e nes 18
11.3 FreqUENCY JITEITNE ..c ettt ettt ettt et et s b e ne 19
114 Drain voltage and current at maximum [0ad .........coeiieeiinirienneeeee ettt 19
11.5 Load transient response (Dynamic load from 10% t0 10090) ......cceceeerrevereerereereresrensseeseseessesssesennns 20
11.6 Output ripple voltage at Maximum LOAd .......cceuevieiiinirerireteeeeeee ettt 20
11.7 Output ripple voltage during burst mode at 1 W 10ad ........ccocveirininenineninieineceeeneeseeeeee e 21
11.8 Active BUrst MOdE OPEIatioN .....ccuiciiieeeecctresesesc ettt se e s e s b e st e e e e s besbe e e e esneban 21
11.9 Vcc over voltage protection (Odd skip auto restart Mode) .......oeeeeeerenirieieenennineeeenereeeereneees 22
11.10 Over load protection (AULO restart MOAE)......cccceeveeerieerieeiercee ettt ns 22
11.11 Vcc under voltage/Short optocoupler protection (Normal auto restart mode).......cccceeeeveveeecrennnnne 23
11.12 ACLINE INPUL OVP MOAE.....ciiieieeieieeeeetestecteeeesteste e e e e te st e sse e srestesse e s e s e st e s esassesbestesaasessessensassesessen 23
12 REFEIENCES «ouuieuiieiruiinireitaiiiiteiiaiisententacrestacsestatsesressessssssessssssessassssssessssssessasssssseses 24
REVISION HiStONY .. iuuiiiuiiruiiinnnirniirainrsectsncereisrsecsssssssssrsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnse 24

Application Note 2 Revision 1.2,2015-05-12



-
12W 5V SMPS evaluation board with ICE3AR4780VJZ @| neon
/

Abstract

1 Abstract

This document is an engineering report of a universal input 12W 5V off-line flyback converter power supply
utilizing F3R80 CoolSET™ICE3AR4780VJZ. The application evaluation board is operated in Discontinuous
Conduction Mode (DCM) and is running at 100 kHz switching frequency. It has a single output voltage with
secondary side control regulation. It is especially suitable for small power supply such as DVD player, set-top
box, game console, charger and auxiliary power of white goods, server, PC and high power system, etc. The
ICE3AR4780VJZ is the latest version of the CoolSET™. Besides having the basic features of the F3R CoolSET™
such as Active Burst Mode, propagation delay compensation, soft gate drive, auto restart protection for
major fault (Vcc over voltage, Vcc under voltage, adjustable input OVP, over temperature, over-load, open
loop and short opto-coupler), it also has the BICMOS technology design, selectable entry and exit burst
mode level, adjustable AC line input over voltage protection feature, built-in soft start time, built-in and
extendable blanking time and frequency jitter feature, etc. The particular features are the best-in-class low
standby power and the good EMI performance.

2 Evaluation board

This document contains the list of features, the power supply specification, schematic, bill of material and
the transformer construction documentation. Typical operating characteristics such as performance curve
and scope waveforms are showed at the rear of the report.

L -
124 BU SMPS with «_ *
ICE3AR4780VJ2 (U 0. 25T5Jun2014

Figurel EVAL-3AR4780VJZ [Dimensions L x W x H: 95mm x 41mm x 24mm (3.74" x 1.61" x 0.94")]
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3 Evaluation board specifications
Input voltage 85VAC~265VAC
Input frequency 50~60Hz
Output voltage 5V
Output current 2.4A
Output power 12W

Steady state output ripple voltage
(+1% of norminal output voltage)

Vripple_P_P< 50 mV

Dynamic load response undershoot & overshoot
(3% of norminal output voltage)

Vripple_P_P< 250mv

Active mode four point average efficiency
(25%,50%,75% & 100%load) (EU CoC Version 5, Tier 1)

Active mode at 10% load efficiency (EU CoC Version 5,
Tier 1)

>80% at 115Vac and >79% at 230Vac

>73%

No-load power consumption
(EU CoC Version 5, Tier 2)

<75mW

Maximum input power(Peak Power) for universal input
range (<+5% of average maximum input power)

<+3% of average maximum input power

Form factor case size (Lx W x H)

95mm x 41mmx 24mm (3.74" x 1.61" x 0.94")

4 List of features (ICE3AR4780VJZ)

800V avalanche rugged CoolSET™with Startup Cell

Active Burst Mode for lowest Standby Power

Selectable entry and exit burst mode level

100kHz internally fixed switching frequency with jittering feature

Auto Restart Protection for Over load, Open Loop, VCC Under voltage & Over voltage and Over

temperature

Over temperature protection with 50°C hysteresis

Built-in 10ms Soft Start

Built-in 20ms and extendable blanking time for short duration peak power

Propagation delay compensation for both maximum load and burst mode

Adjustable input OVP

Overall tolerance of Current Limiting < 5%

BiCMOS technology for low power consumption and wide VCC voltage range

Soft gate drive with 50Q turn on resistor
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Circuit description
5 Circuit description
5.1 Introduction

The EVAL-3AR4780VJZ evaluation board is a low cost off-line flyback switch mode power supply (SMPS)
using the ICE3AR4780VJZ integrated power IC from the CoolSET™-F3R80 family. The circuit shown in Figure
3, details a 5V, 12W power supply that operates from an AC line input voltage range of 85Vac to 265Vac and
line input OVP detect/reset voltage is 300/282Vac, suitable for applications in enclosed adapter or open
frame auxiliary power supply for different system such as white goods, PC, server, DVD, LED TV, Set-top box,
etc.

5.2 Line input

The AC line input side comprises the input fuse F1 as over-current protection. The choke L11, X-capacitors
C11,C14 and Y-capacitor C12 act as EMI suppressors. Optional spark gap device SG1, SG2 and varistor VAR
can absorb high voltage stress during lightning surge test. After the bridge rectifier BR1 and the input bulk
capacitor C13, a voltage of 90 to 424 V¢ is present which depends on input line voltage.

5.3 Line input over voltage protection

The AC line input OVP mode is detected by sensing the voltage level at BV pin through the resistors divider
from the bulk capacitor. Once the voltage level at BV pin hits above 1.98V, the controller stops switching and
enters into input OVP mode. When the BV voltage drops to 1.91V and the Vcc hits 17V, the input OVP mode is
released.

5.4 Start up

Since there is a built-in startup cell in the ICE3AR4780VJZ, no external start up resistor is required. The
startup cell is connecting the drain pin of the IC. Once the voltage is built up at the Drain pin of the
ICE3AR4780VJZ, the startup cell will charge up the Vcc capacitor C16 and C17. When the Vcc voltage exceeds
the UVLO at 17V, the IC starts up. Then the Vcc voltage is bootstrapped by the auxiliary winding to sustain
the operation.

5.5 Operation mode

During operation, the Vcc pin is supplied via a separate transformer winding with associated rectification
D12 and buffering C16, C17. In order not to exceed the maximum voltage at Vcc pin due to poor coupling of
transformer winding, an external zener diode ZD11 and resistor R13 can be added.

5.6 Soft start
The Soft-Start is a built-in function and is set at 10ms.

5.7 RCD clamper circuit

While turns off the CoolMOS™, the clamper circuit R11, C15 and D11 absorbs the current caused by
transformer leakage inductance once the voltage exceeds clamp capacitor voltage. Finally drain to source
voltage of CoolMOS™ is lower than maximum break down voltage (V(erpss = 800V) of CoolMOS™.

Application Note 5 Revision 1.2, 2015-05-12
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Circuit description

5.8 Peak current control of primary current

The CoolMOS™ drain source current is sensed via external shunt resistors R14 and R14A which determine the
tolerance of the current limit control. Since ICE3AR4780VJZ is a current mode controller, it would have a
cycle-by-cycle primary current and feedback voltage control which can make sure the maximum power of
the converter is controlled in every switching cycle. Besides, the patented propagation delay compensation
isimplemented to ensure the maximum input power can be controlled in an even tighter manner. The
evaluation board shows approximately +2.2% of average maximum input power (refer to Figure 11).

5.9 Output stage

On the secondary side the power is coupled out by a schottky diode D21. The capacitor C22 & C23 provides
energy buffering following with the LC filter L21 and C24 to reduce the output voltage ripple considerably.
Storage capacitors C22 & C23 are selected to have a very small internal resistance (ESR) to minimize the
output voltage ripple.

Application Note 6 Revision 1.2, 2015-05-12
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Figure 2
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PCB layout

N.B.:Inorder to get the optimized performance of the CoolSET™, the grounding of the PCB layout must be
connected very carefully. From the circuit diagram above, it indicates that the grounding for the CoolSET™
can be split into several groups; signal ground, Vcc ground, Current sense resistor ground and EMI return
ground. All the split grounds should be connected to the bulk capacitor ground separately.

Signal ground includes all small signal grounds connecting to the CoolSET™ GND pin such as filter capacitor
ground, C17, C18, C19 and opto-coupler ground.

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

Current Sense resistor ground includes current sense resistor R14 and R14A.
EMI return ground includes Y capacitor, C12.

7 PCB layout
7.1 Top side
s 95 (mmd el
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Figure3 Top side component legend

7.2 Bottom side

AUl Idd
A4PANDI3S

Figure4 Bottom side copper and component legend
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8 Component list
No. Designator Component Description Footprint Part Number Manufacturer Quantity

1]+5V Com, L N 12V Test Point Connector 691102710002 Wourth Electronics 2
2|BR1 600V/1A 1V S1VBA6GO SHINDENGEN 1
3[C11 100nF/305V MKT5/18/15 B329221C3104K EPCOS 1
4[C12 2.2nF/250V MKT2/13/10 DE1E3KX222MA4BNO1F [MURATA 1
5[C13 33uF/450V RB16X25 450BXC33MEFC16X25 RUBYCON 1
6[C15 1nF/630V 1206 GRM31A7U2J102JW31D |MURATA 1
7(C16 22uF/50V RB5.5 50PX22MEFC5X11 RUBYCON 1
8[C17,C19 100nF/50V 0603 GRM188R71H104KA93D |MURATA 2
9(C18 330pF/50V 0603 GRM1885C1H331GA01D |MURATA 1
10(C22 1000uF/10V RB10 10ZLH1000MEFC10X12.5 [RUBYCON 1
11|C24 680uF/10V RB8 10ZLH680MEFC8X11.5 RUBYCON 1
12|C25 220nF/50V 0603 GRM188R71H224KAC4D |MURATA 1
13|/C26 2.7nF/50V 0603 GRM188R71H272KA01D |MURATA 1
14|D11 600V/0.8A DIODEO.4 D1NK60 SHINDENGEN 1
15|D12 200V/0.5A 1206D GL34D 1
16{D21 45V/30A TO-220FPAB STPS30L45CFP 1
17|F1 300V/1.6A MKT4.3/8.4/5 36911600000 1
18|HS1 TO220 heat sink HS TO220 577202B00000G 1
19]IC11 ICE3AR4780VJZ DIP7 ICE3AR4780VJZ INFINEON 1
20{I1C12 SFH617 A3 DIP4 1
21]1C21 TL431 TO92-TL431- 1
22(J1,J2,J3,J4,R15C [Jumper Axial 0.4 5
23|L11 39mH/0.6A EMI_C_U21 B82731M2601A030 EPCOS 1
24|L21 2.2uH/4.3A CHe6 2.5 7447462022 Wourth Electronics 1
25|R11 150k/2W AXIALO.4 V 4mm 1
26|R12 18R 0603 1
27|R14,R14A 2R7/0.33W/1% 1206 ERJ8BQF2R7V 2
28|R15 3M/1% AXIALO.4 15 1
29|R15A,R15B 3M/1% 1206 2
30|R16 43.2k/'1% 0603 1
31|R22 130R 0603 1
32|R23 1.2k 0603 1
33|R24 150k 0603 1
34|R25 20k AXIALO.3 1
35|R26 20k 0603 1
36|TR1 571uH(54:4:13) TR _EF20_H 750342411 Wourth Electronics Midcom 1
37|VAR 275V/0.25W MKT3.5/7.5/5 B72207S52271K101 EPCOS 1
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Transformer construction

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

Bobbin: 070-4989(10-Pins, TH-H, Horizontal version)
Primary Inductance, Lp=571pH (£10%), measured between pin 4 and pin 5
Manufacturer and part number: Wurth Electronics Midcom (750342411)

65—300VAC 15008) ] -
P =

100KHz — .81 7

= sec 2

@_’/ 5V,2.44
€
Oo— RECOMMENDED
P.C. PATTERN, COMPONENT SIDE

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

GENERAL _SPECIFICATIONS:
OPERATING TEMPERATURE RANGE: -40°C to +125°C including termp rise.

Designed to comply with the following requirements as defined by [EC60950-1,
— Reinforced insulation for a primary circuit at a working voltage of 420VDC.

Fin1
Fin2
Find
Fin3
ZZZZzzZzzzzzzzDzDzzzDotto Start Stop | Mo. of turns|  Wire size Layer
Pins 5 3 27 1XAWG#31 |"/2 Primary
Fin7&Fng 7.8 [ 4 4XAWGH26 | Secondary
= 3 4 27 1IXAWGH1 |2 Primary
N
Min. 2.5mm il
: el S 2 1 13 1XAWGHEI Auxiliary
Fin& 27 tums (1 X AWGH#I  1/2Pnim ) all wire termination
Min. 2 5mm -
insulation sleeve for Core centre limb
all wire termination
Margin Tape 2 5mm Margin Tape 25mm
CUSTOVER TERMINAL| RoHS | LEAD(P)-FREE | |
Sn96X, AgaX | ves | Yos |
PART WUST INSERT FULLY TO = —
SURFACE A IN RECOMMENDED GRID - o
iAm)1 s0.(10) MIdCOm  ~ woam aixmonix
.50 700 MAX, DOT LOCATES TERW. #1 _
1187187 [n.;‘:)x 900 WAX. LCTRI SPECIFICATIONS @ 25°C unless otherwise noted:
[:.no/n.oo]“ [~ [22.86)
PARAVETER TEST CONDMIONS VALUE
I = '[_ D.C. RESISTANCE 1-2 e20'C 0271 ohms max
o D.C. RESISTANCE 4=5 @20°C 0911 chmns max
5 880 MAX.. lreosizan 7
[22.35] Bosas D.C. RESISTANCE & 20°C Aie(7+8) 0010 ohms max
S IRDUCIANCE 5—4 50KkHz, 100mVAC, Ls S7IE £10%
I I te(1+2+6+7+8)
{ LRAKAGE INDUCTANCE 5—4 10082, 100mVAC, 80 uH max.
\ LOT CODE & DATE CODE - -
-~ TERM, NO.'s FOR REF. ONLY
DIELECTRIC 5-6 | tie(2+3.7+8).3750VAC, | second =
DIELECTRIC S—core | 11e(748),3750VAC, 1 second =
DIELECTRIC S—core | 1e(2+3).1875VAC, | second -
9.043(10)
. [1.09) ‘l I- TURNS BATIO (5=4)(2-1) 4151, £2%
4= TURKS RATIO (5-4):(7-6) tie(7+8) 1351, 2%

REV. DATE ﬂncﬁuglnq Specifications Tolerances unless otherwise specified: DRAWING TITLE PART NO.
Method: Tray : YA ol Angles: &1° Decimals: £.005 [.13] =) > [ R
wret i O @yr | womd D el 4k g | TRANSFORMER 750342411
i £om/mideom] conmem auven | This drawing 1 dual dimensioned.  Dimensions -
00 | 5714 | SEE REVISION SHEET FOR REVISION LEVEL in_brackets are In_millimeters eiSos p/r: 750342411 Miroris | SPearcanoN sneEr 1 oF 1
.
Figure5 Transformer structure
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10 Test results

. , Vout_ripple_pk_pk n Averagen | OLPP;, | OLP I,
Vin(Vac) | Pin(W) | Vo(Vdc) lo(A) (mV) Po(W) (%) (%) W) (A)
0.0288| 5.23 0.00 14.10
1.6200| 5.21 0.24 25.70 1.25 77.19
3.8500{ 5.19 0.600 10.70 3.11 80.88
8 7.6200f 5.15 1.200 13.80 6.18 81.10 79 82 17.85 2.72
11.5600 5.11 1.800 15.50 9.20 79.57
15.6200] 5.06 2.400 18.40 1214 | 77.75
0.0306f 5.23 0.00 14.40
1.6300] 5.21 0.24 26.50 1.25 76.71
3.8300{ 5.19 0.600 10.70 3.1 81.31
15 7.5700f 5.15 1.200 13.40 6.18 81.64 80.87 17.54 275
11.3700f 5.11 1.800 15.60 9.20 80.90 '
15.2500( 5.06 2.400 17.10 12.14 | 79.63
0.0425( 5.23 0.00 15.40
1.6800| 5.21 0.24 24.40 1.25 74.43
230 4.0000{ 5.19 0.600 10.60 3.11 77.85 17.92 285
7.6800[ 5.15 1.200 13.70 6.18 80.47 79.95
11.3700f 5.11 1.800 16.10 9.20 80.90
15.0700] 5.06 2.400 17.20 12.14 | 80.58
0.0494| 5.23 0.00 15.10
1.7100] 5.21 0.24 24.90 1.25 73.12
4.1000f 5.19 0.600 10.00 3.1 75.95
265 7.7500] 5.15 1.200 13.20 6.18 79.74 2915 18.33 2.89
11.4300f 5.11 1.800 16.00 9.20 80.47
15.1000] 5.06 2.400 17.30 12.14 | 80.42

10.1 Efficiency

Active-Mode Efficiency versus AC Line Input Voltage

85.00
83.00
— 80.87 80.58 80 42
=
S* 81.00 79:82 el
g /
79.95 I—— |
@ 79.00
G ~ 7963
£
W 2700 77.75 79.15
75.00
85 115 230 265

AC Line Input Voltage [ Vac ]

—4¢— Full load Efficiency =lll= Average Efficiency(25%,50%,75% & 100%)

Figure6 Efficiency vs AC line input voltage
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Efficiency versus Output Power

86.00
—, 8400
= 8131 81.64
— : 80.90 P
% 82.00 8058
g e =g
_g 80.00 / P 80.90 —3$
= / 80.47
w 7800 79.63

?6.?1/

76.00 ./‘ 77.85
74.00
74.43
72.00
10 25 50 75 100

Output Power [%]

——115Vac e 30vac

Figure 7  Efficiency vs output power @ 115Vac and 230V line

10.2 Standby power

Standby Power @ no-load versus AC Line Input Voltage

%0 /
/ 49.41
= 40
g 30 r~
o 28 77 30.58
= 20
o
£
10
0
85 115 230 265

AC Line Input Voltage [ Vac ]

—+—Po =0W

Figure8 Standby power @ no load vs AC line input voltage (measured by Yokogawa WT210 power
meter - integration mode)
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5.00

10.3 Line regulation
Line Regulation: Output voltage @ max. load versus AC line input voltage
52
> 5.1 5.06 5.06 5.06 5.06
o * * * *
S
5 5.0
>
5
o
5 49
o
4.8
85 115 230 265
AC Line Input Voltage [ Vac ]
—t—\/0 @ maximum load
Figure9 Line regulation Vo @ full load vs AC line input voltage
10.4 Load regulation
Load Regulation: Vout versus output power
530
5.21
—_ 520 : _5_..19________ 515
2 ——— 5.11
S 510 >21 5.19 515 e ——— 5.08
£ ' 5.11 T
> 5.06
g
=]
o

490

480

470

10.30

25.64

50.89

Qutput Power [%]

75.74

100.00

e Output voltage @ 115Vac

- @ - Qutput voltage @ 230Vac

Figure 10 Load regulation Vo vs output power
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10.5 Maximum power
Peak input power(OLP)/Peak output current versus AC Line Input Voltage
s P,=17.9442.2% W 10=2.81%3.03% A
ey 26 4 P
g <
e 24 |5
H 2.85 2.89 &
2 2.72 275 . " 3 3
s 22 = . i — :
3 g
g 2 , S
x 18.33 %
5 i 17.85 17.54 17..3 = 3
- s
16 1
85 115 230 265

AC Line Input Voltage [ Vac ]

—@—Peak Input Power —+—Peak Output Current

Figure 11 Maximum input power (before over-load protection) vs AC line input voltage

10.6  ESD immunity (EN61000-4-2)

Pass [special level (£18kV) for contact discharge].

10.7 Surge immunity (EN61000-4-5)

Pass [Installation class 3, 2kV (line to earth) and 1kV (line to line)].
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10.8 Conducted emissions (EN55022 class B)

The conducted EMI was measured by Schaffner (SMR25503) and followed the test standard of EN55022
(CISPR 22) class B. The evaluation board was set up at maximum load (12W) with input voltage of 115Vac
and 230Vac.

80 -
— = EN_V_QP
70 -« EN_V_AV
—ar
— AV
60 -
~
=~ .
50 T~
40
AHA
> 1
Z 30 hat \\ - - '
@ - v
T LY |
\"l 1N Il L
20 V]
| NROr TR ba
Al 1] Alll
| ALY | b |
10 W | \
0
10
ol 1 100
20

f/ MHz

Figure 12 Conducted emissions(Line) at 115Vac and maximum Load
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Figure 13 Conducted emissions(Neutral) at 115Vac and maximum Load
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Figure 14 Conducted emissions(line) at 230Vac and maximum Load
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Figure 15 Conducted emissions(Neutral) at 230Vac and maximum Load

Pass conducted EMI EN55022 (CISPR 22) class B with > 7dB margin for QP.
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10.9

Thermal measurement

The thermal test of open frame evaluation board was done using an infrared thermography camera (TVS-
500EX) at ambient temperature 25°C. The measurements were taken after two hours running at full load

(12W).

No.|Major component 85Vac (°C) |115Vac (°C) [230Vac (°C) |265Vac (°C)
1 |[IC11 (ICE3AR4780VJZ) |57.5 50.7 49.9 50.7

2 |BR1 46.9 40.2 33.6 33.1

3 |L11 44.0 39.1 32.3 31.6

4 |TR1 51.5 51.4 53.3 53.9

5 (D21 54.2 54 54.5 54.9

85Vac, 12W load, 25°C ambient

115Vac, 12W load, 25°C ambient

230Vac, 12W load, 25°C ambient

265Vac, 12W load, 25°C ambient

Figure 16

Application Note

Infrared thermal image of EVAL-ICE3AR4780VJZ
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11

Waveforms and scope plots

All waveforms and scope plots were recorded with a LeCroy 6050 oscilloscope

11.1

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

A

e
7

Entry/exit -
burst
selection

Entry/exit
burst
selection

W= -GBSps  [x= 377.731ms
¥2= 376.767ms 1MM= 2647360 Hz

Hi=

HI= 375.98Bms 1= 2652851 H

Channel 1; C1: Drain voltage (Vorain)
Channel 2; C2 : Supply voltage (Vcc)
Channel 3; C3 : Feedback voltage (Vse)
Channel 4; C4 : BV voltage (Vev)

Channel 1; C1: Drain voltage (Vorain)
Channel 2; C2 : Supply voltage (Vcc)
Channel 3; C3 : Feedback voltage (Vss)
Channel 4; C4 : BV voltage (Vev)

Startup time =377ms

Startup time =377ms

Figure 17 Startup @ 85Vac & max. load

Figure 18 Startup @ 265Vac & max. load

11.2 Soft start

[T
XI= 980858ms b= 1013297 Hz

Channel 1; C1: Current sense voltage (Vcs)
Channel 2; C2: Supply voltage (Vcc)
Channel 3; C3 : Feedback voltage (Vsg)
Channel 4; C4 : BV voltage (Vsy)

Soft Star time =9.8ms

Figure 19 Soft start @ 85Vac & max. load
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Waveforms and scope plots

11.3 Frequency jittering

‘LeCray|

[
i i ,dx ’,;i‘“‘ iy ; g = ../)Al“'\ e | .';,-F\‘
\ V. \ % y /
N, ¥ ™ I / R | .
A\, A L% - o+ g J/
; i 7 i
'M”J,’ W | L‘“" L4 !
i Liremueney track i
%
Measure Pmax(F2) Pfieq(cy)  PIperiodF Pamin(F2)  P51ise2080(C1)  PEAN@MCT)
value 99,950 ki iz 38873458 ms 92302 kiz
status a R a

50.0vidiv] )
-170.00 VIS

Channel 2; C2 : Drain voltage (Vorain)
Channel F2: Frequency track of C2

Frequency jittering from 92 kHz ~ 100 kHz, Jitter
period is set at 4ms internally

Figure 20 Frequency jittering@ 85Vac and
max. load

114

Drain voltage and current at maximum load

status v v

e 1 4
100 Vidiv| 500 mvidiv|
0.00 Y affset -1.4600Y]

T LeCroy| LeCroy|
| i 1 | vd | 1 i | Wik
b ) i | | | PR A | | TR
Dy } Tl e = i | it ; 4 = 1
A I | " {
I | I
g 1 I
i i
| | i | | | | i |
| ! i } } 1 } !
5 | | pe ! | | I
L™ | 1 | | | oy ! | I | I
B P i I | / | ] I |
i | i | - ‘ V | ; !
Measure P1imax(C1) P2:phkpk(C1) P3period(F2) Pamin(F2) PSirise2080(C1) PERI@MCT) Measure P1.max(C1) P2:pkpk(C1) P3period(F2) P4.min(F2) PSinise2080(C1) PERI@VCT)
value 198 v 8By walug 444 v 60V
mean 202325V 268.652V mean 44035V 55440V
min 188 v 2508V min 396V s00v
max 250y 2844V max 454y 573
sday 1582y BB825V sday 1748y 2168V
num i) 79 num 315 a7s
status 4 4

© Zonvidw 500 mvidh
0.0V afsel 14800 V)

Channel 1; C1: Drain voltage (Vorain)
Channel 2; C2 : Current sense voltage (Vcs)

Channel 1; C1: Drain voltage (Vorain)
Channel 2; C2 : Current sense voltage (Vcs)

VDrainfpeak = 284V

VDrainfpeak = 573V

Figure 21 Operation @ 85Vac and max. load

Figure 22 Operation @ 265Vac and max. load
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Waveforms and scope plots

. .
11.5 Load transient response (Dynamic load from 10% to 100%)
LeCrov| [ LeCroy
‘4&\ i MR s |
S — S R < I . S S
i
_\ —Jﬁ}\
Measure F:'w.ma;(cn P2:pkpk(C1) P3petiod(F2) PaminF2)  PSirise2080(C1) PETAING@MCT) Measure -“’AI ma(C1) F2pkpkiC1) P3:pernodiF2) PaminiF2)  P5rise2080(CY) Foifal@h(C1)
valug 218.4 my value A74mv
mean 7483 mY mean 27747 mv
in 2156 my min 2158 my
2201 my max 2201 mv
1010 mv 953 WV
£l 36
Ed v

jav
AU
status
C1 @t
160 midiv| 1 00 Addiv]
200,00 my| -2.9600 4)

ur
a

1 gEm (T35 50079 Trgger @)

200.00 mv] -2 8600 A) 400 M8 200 M3is |Edge  Negabve)

Channel 1; C1: Output ripple voltage (Vo)
Channel 2; C2 : Qutput current (lo)

Channel 1; C1: Output ripple voltage (Vo)
Channel 2; C2 : Qutput current (lo)

Viipple_pk_pk=220mV (Load change from10% to
100%,100Hz,0.4A/S slew rate)

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

Vripple_pk_pk=220mV (Load change from10% to
100%,100Hz,0.4A/uS slew rate)

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

Figure 23 - Load transient response @ 85Vac | Figure 24 Load transient response @ 265Vac
11.6 Output ripple voltage at maximum load
LeCroy LeCroy
o e, IR e M e N o v L SN e S5 I U P o i
Fi'w.ma;(cn P2 ukpkcc:w P3period(F2) de-n(F‘!) P5|I5E;USNCI) -PEJa\I@MC‘\) Mea:m! o1 maxC1) P?nkpr;w!\; P3periodF 2y PaminF2)  P5rise2080(CT) PETI@CT)
g e

jov
i
o
cla
200 mvidi| 1.0 Addi|
40.00 | -2 8600 4

CECT— )
1.00 Ariv| 10.0 psfdiv] auto 36 mv
-2 8600 A S00KS 6.0 58is|Edge  Negabve)

Channel 1; C1: Output ripple voltage (Vo)
Channel 2; C2 : Qutput current (lo)

Channel 1; C1: Output ripple voltage (Vo)
Channel 2; C2 : Qutput current (lo)

Vripplefpkfpk:lG mV

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

Vripplefpkfpk =16mV

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

Figure 25 AC output ripple @ 85Vac and max.
load

Figure 26 AC output ripple @ 265Vac and
max. load
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11.7

Output ripple voltage during burst mode at 1 W load

LeCroy|

o "

NN N AN N NN A A :
N \\; r i e /ﬂ’ g _J>\\ G B i i \\,f‘f \\/yf"

T LeCroy|

o B e
NNV IOV

PELAIG@C1)

Meastre PlLmax(C1) PZpkpk(C1) P3period(F2) P&min(F2)  PSiise2080(C1)

P1max{C1) P2:pkpk(C1) P3:periodiF2) Pamin(F2) P5rise2080(C1) PaTali@iv(C1)
eeeee 14.6my
mean 15,313 my
min 143my
max 17.8mV
sdev LENY
num 1o

AT )
200 pstafasto 36 mY
1.00 M3 500 Wsis|Edge  Megabel

Channel 1; C1: Output ripple voltage (Vo)
Channel 2; C2 : Qutput current (lo)

Channel 1; C1: Output ripple voltage (Vo)
Channel 2; C2 : Qutput current (lo)

Vripple_pk_pk=25 mV

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

Vripple_pk_pk =18mV

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

Figure 27 AC output ripple @ 85Vac and 1W
load

Figure 28 AC output ripple @ 265Vac and 1W
load

11.8 Active Burst mode operation

LeCroy|

e L

12

Channel 1; C1: Current sense voltage (Vcs)
Channel 2; C2: Supply voltage (Vcc)
Channel 3; C3 : Feedback voltage (Vess)
Channel 4; C4 : BV voltage (Vsy)

Channel 1; C1: Current sense voltage (Vcs)
Channel 2; C2 : Supply voltage (Vcc)
Channel 3; C3 : Feedback voltage (Vess)
Channel 4; C4 : BV voltage (Vev)

Condition: Vg<1.27V & last for 20ms

(load change form full load to 0.5W load)

Condition: Vee>4.5V

(load change form 0.5W load to full load)

Figure 29 Entering active burst mode @
85Vac

Figure 30 Leaving active burst mode @ 85Vac
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11.9 Vcc over voltage protection (Odd skip auto restart mode)

“LeCroy]|

x
P1max(e2) PZpkpkiC1) P3:period(F2) PAMINF2)  P5rise2080(C1) PEFI@V(CT)
283V
P

i 10.0 i s oo vigi|
ot -20,100Y, 15,000V,

Channel 1; C1: Current sense voltage (Vcs)

Channel 2; C2 : Supply voltage (Vcc)
Channel 3; C3 : Feedback voltage (Vss)

Channel 4; C4 : BV voltage (Vsy)
Condition: V¢c>20.5 & last for 150us
Vec>20.5 & Veg>4.5V & during soft start
& last for 30ps
(J4 disconnected during system operating at no load)

Figure 31 Vcc overvoltage protection @ 85Vac

11.10 Over load protection (Auto restart mode)

Channel 1; C1: Current sense voltage (Vcs)
Channel 2; C2: Supply voltage (Vcc)
Channel 3; C3 : Feedback voltage (Vess)
Channel 4; C4 : BV voltage (Vsy)

Condition: Ves>4.5V & last for 20ms & Vey>4.5V &

last for 30us
(output load change from 2.4 to 3A)

Figure 32 Over load protection with built-
intextended blanking time
@85Vac
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11.11  Vccunder voltage/Short optocoupler protection (Normal auto restart
mode)

Lecvoy{

| | Exitautorestart
| O WAAANET
=

Enter autorestart

&
Measure Plimaxe2) PZpkpk(C1) P3:period(F2) PamInF2)  PSrise2080(C1) PEfall@(C1)
181V

status ”
C©1 G C4 G

200 Vidv| 10,0 iy 200 vig| 1,00 vidv|

4700V ofst omvorset]  -goonvorst]  -3a90vomsy

Channel 1; C1: Current sense voltage (Vcs)

Channel 2; C2 : Supply voltage (Vcc)
Channel 3; C3 : Feedback voltage (Vese)
Channel 4; C4 : BV voltage (Vav)
Condition: V¢c<10.5V

(short the transistor of optocoupler during system
operating @ full load and release)

Figure 33 V.under voltage/short
optocoupler protection @ 85Vac

11.12 AC Line input OVP mode

v | roy|* 3 e | LeCroy|"
! I e : lJ?
421vVdc(298Vac) T | } I ! 1
. i 1 403Vdc(285Vac) | H
Enter INput OV} n = T 421Vdc(298Vac) A A vt | ! golltvl:;ftsgy/:c)
i N T A = TAVAVAN ININ N N
AVAY \J\f\\f\\_‘\l\ [ Eermpurove AN \\,\,\,{‘
! { | .
il | | i

= 543628 §
& &= 1553893 mHz

Channel 1; C1 : Bulk voltage(Voui) Channel 1; C1: Bulk voltage(Voui)

Channel 2; C2: Supply voltage (Vcc) Channel 2; C2 : Supply voltage (Vcc)

Channel 3; C3: Current sense voltage (Vcs) Channel 3; C3: Current sense voltage (Vcs)

Channel 4; C4 : BV voltage (Vev) Channel 4; C4 : BV voltage (Vey)

Condition: Vgy>1.98V & last for 400us (OVP detect) Condition: Vgy>1.98V & last for 400us (OVP detect)
Vey<1.91V & last for 5us (OVP reset) Vpy<1.91V & last for 5us (OVP reset)

(gradually increase AC line voltage until OVP detect (gradually increase AC line voltage until OVP detect

and decrease AC line until OVP reset) and decrease AC line until OVP reset)

Figure 34 Input OVP mode at max. load Figure 35 Input OVP mode at no load

condition condition
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