Summary and Features :

1.

LED driver, 40V, 450mA ; Wide AC input range: 90Vac-264Vac
For Isolated Applications

High Efficiency, High Power Factor and Least Parts Solution
Meet EMI Requirement (EN55015BQP&AV scan)

Fully Protection Against AC input UV/OV,0O/P Short &Open,
Component single fault



1. Specification

iWatt

Description Symbol Min Typ Max | Units Comment

Input

Voltage Vv 90 100-230 264 Vac 2 Wire

Frequency fLINE 47 50 63 Hz

Open-load Input Power (264Vac)| wW

Output

Const Output Voltage Vout_cv 40 \ Measured at the PCB connector
Voltage | oytput Current louT cv A

Const Output Voltage Vout_cv \Y Min Vout is depend on Vcc
Current | Qutput Current lout_cv 0.45 A

Total Output Power

Continuous Output Power Pour 18 w

Over Current Protection lout_max A Auto-restart

Efficiency n 86 % Measured at end of PCB

Power Fact PF 0.9 Harmonic meet IEC61000-3-2

Turn on Delay Time Sec

Conducted EMI Meets EN55015B

Hi-pot test 3 KV

Operation temperature Topr 40 . Free convection, sea level
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2.Circuit Board Photograph o
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4. Transformer Design (32V 700mA)

SCHEMATIC

10 | A
|
|

. 20T
Primary 1 : 18T Secondary

I
|

30 |
l B

Primary 2 20T : "
ote:
| .
() » Dot (@) denote electrical

2 O : start,
|

4 0 | * Electrical start could be

o | different to
Bias at : Mechanical/Winding start.

|
I

» Ferrite core is to be

connected to Pin (5)

5 0 | :
\_2 with copper

ELECTRICAL SPECIFICATIONS:

1. Primary Inductance (Lp) = 1.1mH @10KHz

2. Primary Leakage Inductance (Lk)< = 60uH @10KHz
3. Electrical Strength = 3KV, 50/60Hz,1Min

MATERIALS:

Core : EDR26 (Ferrite Material TDK PC40 or equivalent)
Bobbin :EDR26Horizontal. Primary=5, Secondary=5
Magnet Wires (Pri) : Type 2-UEW

Magnet Wire (Sec) : Triple Insulated Wires

Layer Insulation Tape :3M1298 or equivalent.

agrONE

FINISHED :

1. Cut remained of Pin after wires termination
2. Core is connected to PRI-GND pin5

3. Varnish the complete assembly
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1(F) <
3(S)

2UEW 0.2mm X 1 20T — Primary?2 (Clockwise) J

Triple Insulated Wire

0.28mmX1 9T —secondary (Anti-Clockwise)

Triple Insulated Wire

0.28mmX1 9 T —secondary (Anti-Clockwise)

5(F) <
4(S)

Vv

5(S)

3(F) <«

- - -2UEW 0:15mmx3- 41— Primaryl-(elockwise}
"~ T2UEW0.I5mmx3 4T — shield (Clockwise) ~~~ X

2(S)

A 4

2UEW 0.2mm 20T — Primary2 (Clockwise) _J




5. Bill of Material

iWatt

Item Qty. Ref. Description Type specification suppliers

1 2 CX1,C1 0.1uF,275V PX104K3IC39H200D9H CARLT  #lJ#h

2 1 c2 0.047uF,400V,CBB PF104J2G109L270D9R CARLT  #LJih

3 2 C3,c4 10uF,450V,E-CAP,105°C & 10%20 Rubycon A XA

4 1 C5 2.2nF,1kV,NPO SMD 1206 TDK

5 1 C6 220pF,50V,X7R, SMD 0805 TDK

6 1 c7 27pF,50V,NPO, SMD 0603 TDK

7 1 c8 470pF,50V, SMD 1206 TDK

8 1 C9 4.7uF,25V, SMD 1206 TDK

9 1 C10 220uF,50V,E-CAP,105°C & 10%15 Rubycon AEA

10 1 CY1l Y-CAP1nF 250V Vishay

11 4 D1,D2,D3,D4 M7/IN4007 SMD TATWAN SEMICONDUCTOR &3
12 3 D5,D6,D7 ESIJ/UF4007 SMD TAIWAN SEMICONDUCTOR &3
13 1 D8 RS1M/FR107 SMD TAIWAN SEMICONDUCTOR &3
14 1 D9 FR102 SMD TAIWAN SEMICONDUCTOR &3
15 1 D10 HER605 SMD TATWAN SEMICONDUCTOR &3
16 1 D12 IN4148 SMD TATWAN SEMICONDUCTOR &
17 1 z1 15V SMD  ZMM15 ST

18 1 F1 2A/250Vac Fuse 2A LITTEELFUSE

19 1 L1 Ni -Zn T8*4*3 0.3mm*10T T8%4%3 0. 3mm*10T  B29 BIFU

20 1 L6 Ni-Zn T8*4*3 0.45mm*6T T8%4%3 0. 3mm*10T  B29 BIFU
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6. Bill of Material

iWatt

Item Qty. Ref. Description Type specification suppliers
21 1 L2 EE12.4 (0.2*1 110T) Horizontal
22 2 L3,L4 6*8 (0.25*1 180T) RIK
23 1 L5 ER2010 (0.3*1 90T)
24 1 Q1 4N60C3 T0-220 infineon JEK#E
25 1 Q2 4403(PNP) MMBT4403LT1G SOT-23 ON ZFHEE
26 2 R1,R2 4.7K,+/-5%, SMD-1206 YACEO HE
27 2 R3.R4. 680K Q +/-5%, SMD-1206 YACEO EE
28 2 R5.R6. 270K Q +/-5%, SMD-1206 YACEO HE
29 1 R7 120K Q +/-5%, SMD-1206 YACEO EHE
30 1 R9 47K Q +/-5%, SMD-0805 YACEO HEBE
31 1 R10 1.8KQ +/-1%, SMD-0603 YACEO EHE
32 1 R11, 1.2R+/-1%, SMD-1206 YACEO HE
33 1 R12 4.3R+/-1%, SMD-1206 YACEO HE
34 1 R13 47K Q +/-5%, SMD-0805 YACEO HE
35 1 R14 108 +/-5%, SMD-0805 YACEO HE
36 1 R15 20K Q +/-1%, SMD-0805 YACEO EHE
37 1 R16 3.3k Q +/-1%, SMD-0805 YACEO HE
38 1 R17 47K Q +/-5%, SMD-0805 YACEO EHE
39 1 T1 ERD26 Transformer
40 1 Ul lw 3620,0ff-line digital PWM controller, SOT-8 IWATT
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7. EMI choke

1. Differential Mode Inductor L3,L4
SCHEMATIC

]
O =
APRE

Ferrite core size : AxB 8x10mm

Wire gauge: 0.23mm, 185 Turns
Inductance @10kHz, 1V: 1mH +/-10%
DCR: 1.4 OHM +/-20%

3.PFC Inductor L4 Design
SCHEMATIC

3 O

0.3*1*90Ts

=

[ |

= 16.5£0,2 —=

2.Common Choke L1 for EMI

SCHEMATIC
10 :
[ ] » 4
100T 100T
20 3
1 2
Ferrite core : EE12.4 u>=10k

Wire gauge: 0.2mm, 110Turns
Inductance @10kHz, 1V: 25mH +/-20%
DCR: 1.20HM +/-20%

ELECTRICAL SPECIFICATIONS:

1.Inductance (Lp) = 0.96mH @10KHz

2.Core : ER2010 (Ferrite Material TDK PC40 or equivalent)
3.Bobbin : ER2010 Vertical

4.Ferrite core is connected to Pin 5 after assembling

5.Cut remained of Pin2, 4,6,after wires termination
6.Varnish the complete assembly
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8. Common Mode Inductor L1

iWatt

2500 /’//l

’

EMI Toroidal Core (T Type) : e s g

Impedance Vs Frequency Curve (Ni-Zn)
B29 Material

Properties of B&F Ferrite - Nickel Zinc (Ni-Zn) Saturation Flux Density (Ni-Zn)
B29 Material
Material | i | Bms(Gs) | Ho(Oe) | Br(Gs) | To(C) |p(Q-co| )| cxwex 10%C -
B29 | 800 . 2900 . 0.30 1420 | 150 . 1*1[;-? IO.1~0.?I 25~45 i;

1000

. BE il Ml

|
) /
Dimensions fiF (mm )

Conf. .
— ] 4 0 c_ |Fo 1
1 10 100 1000

| T8.0x4.063.0 | 8.0:03 4.0:0.3 3.0:0.2 123

e /

v

D]

-

1zi(a)

Frequency (MHz)
Fel’l’lte core . N| 'Zn T8*4*3 Contacts Information
E—
Wire gauge: 0.3mm, 8Turns (Triple Insulated Wire) CompanyName ~ :  Bead & Ferrite Electronics (HK) Ltd.
Telephone No. . (852) 26010833
Inductance @10kHz, 1V: 25uH +/10% Fax No. . (852)2693 6202
Email Address . bf@bnf.com.hk
DCR: 0.12 OHM +/-20% Home Page © www.bnf.com.hk
Address . RM. 16-17, 15/F., Block C, Goldfield Ind. Centre,

No.1 Sui Wo Road, Fo Tan, N.T. Hong Kong
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9. Common Mode Inductor L6

Properties of B&F Ferrite - Nickel Zinc (Ni-Zn)

Material | i | Bms(Gs)| He(Oe) | Br(Gs) | Te(C) |p(Q-cn) F'f,f;,f;;”" aurx 1097
B29 800 2900 0.30 1420 150 110’ | 0.1~0.7 | 25~45
EMI Toroidal Core (T Type)
;’{";:_{J £~
i
Dimensions fiF (mm )
N A D c Fig
| T8.0x4.063.0 | 8.0:03 4.0:0.3 3.0:0.2 123

Ferrite core : Ni -Zn T8*4*3

Wire gauge: 0.45mm, 6Turns
Inductance @10kHz, 1V: 17uH +/-10%
DCR: 0.1 OHM +/-20%
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iWatt

Saturation Flux Density (Ni-Zn)

B29 Material

5000

2500 /’//l

’

Flux Density, B{Gauss)

-5 0 5 10

Magnetic Field H(Oe)

Impedance Vs Frequency Curve (Ni-Zn)

Company Name
Telephone No.
Fax No.

Email Address
Home Page
Address

1000

-

00

1zi(a)

10

B29 Material

Sl
Bail

1 10 100 1000
Frequency (MHz)

Contacts Information

Bead & Ferrite Electronics (HK) Lid.
(852 ) 2601 0833

(852 ) 2693 6202

bf@bnf.com.hk

www.bnf.com.hk
RM. 16-17, 15/F., Block C, Goldfield Ind. Centre,
No.1 Sui Wo Road, Fo Tan, N.T. Hong Kong
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10.Start up and turn on delay time

tk = . =
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90Vac, Full Load 230Vac, Full Load
Tst_pELAY= 468MS TsT pELAY= 194MS
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11.Transformer Flux Density o
. iWatt

(Np=40Ts, Lm=1mH, Ae=64mm ERD26

Tek Prevu

- 10.4us @ 920mA
“ [O Aiobus  assoma . .
The wave trough after : ; Ip is monitored at 90Vac and
rectifying voltage 450mA load
Ip=0.93A

/ Bmax =Ip*Lm/(Np*Ae)
' =(930%*1)/(40*64)
=0.399Tesla
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12. Vos Waveform MOSFET
..

iWatt

[ S
Test Condition:
e e ﬂ Vin=264Vac, lout=0.45A
‘ ‘ | Result:
o) - ‘
‘ ' Vbps max=542V
( (4 2.25Aj
4AN60C3
Parameter Value Uit
Fos @& Tjmax 620 W
HDE{{JH},I‘I“IEI 095 .
Qg_tm 13 g L
7, D pulse 122 A
Foee (@ 400N 1.3 pa-J
Body diode di/dr S00 ASus
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13. Vr waveform Output Diode .
—————————————————————————————————————————————————————— Iwatt

Tek Prevu

[ 5 Test Condition:

Vin=264VAC, lout=450mA

Result:

o\ L | l l . VR (pk—pk)=238V

( : : T [, ) =7 T Output rectifier diode: HER605

Twvpe Number Symboll HER | HER | HER | HER | HER | HER | HER | HER Units
601G | 602G | 603G | 604G | 605G | 606G | 607G | 608G

Maximum Recurrent Peak Rewverse “Voltage W EeEnm 50 100 200 300 400 Ss00 800 |1000 AY
Maximum RMS “Voltage Vems 35 7O 140 | 210 280 420 | S60 700 A
Maximum DC Blocking Woltage VW oe S50 100 200 300 | 400 00 | 800 |1000 A
Maximum Average Forward Rectified
Current 375 (9.5mm) Lead Length ooy & .0 A
EDT. = 55°C
Peak Forward Surge Current. 8.3 ms Single
Half Sine-wawve Superimposed on Rated ==y 150 A

Load (JEDEC method )
Maximum Instantaneous Forward “VYoltage

P Vi 1.0 [ 1.3 ] 1.7 v
Maximum DC Reverse Current

@@ TA=25"C at Rated DC Blocking voltage I= 10.0 LA
@ Ta=125°C 200 LA,
Maximum Reverse Recovery Time (Mote 1) Trr 50 TS nsS
Typical Junction Capacitance (MNote 2) Cj 80 65 pF
Typical Thermal Resistance (MNote 3) R&a 37 “C/wW
Operating Temperature Range T, -65 to +150 T
Storage Temperature Range TsTte -85 to +150 T
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14. Voltage ripple and Current ripple

(]
Tek Prevu — I Tel Prevu —— — —
BN Ts0Hz @ 1.4V | : : : : O 110.3Hz @  o4omv
o g 8 e S < X1 PN Y
ﬁ Wy
(@ o0V h @ j[zoloms' | ?fv?(:angﬁﬁs g.ofv : . ToOV Ry @ S _j[zb.()m's ?f\fll](::ngisﬁ?s %.ofv
@Peak—Peak 228V J @Peak—Peak 112V ]
90Vac, Full Load 230Vac, Full Load
CHZ1:current ripple 280mA (PK-PK) CHZ1:current ripple 220mA (PK-PK)
CH2:voltage ripple 2.28V (PK-PK) CH2:voltage ripple 1.12V (PK-PK)
15




15. Efficiency Measurement .
N iWatt

100

WV | e ————————————s
80

70
60

50

40

Eff(%)

30

20
10

0

86 95 105 115 125 135 145 155 165 175 185 195 205 215 225 235 245 255 265
Vin(Vac)

110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 264
0.877 0.883 0.889 0.897 0.899 0.899 0.899 0.892 0.894 0.894 0.897 0.8941 0.893 0.889 0.89 0.883

* Note: Output voltage measured at end of PCB.
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16. Input voltage VS Power Fact curve
Wy

iWatt

PF

1

0

08

07

0.6

0.5

0.4

03

0z

0.1

a

Vin Vs PF

85

95 105 115

125 135 145 185 165 175
Vin

185 195 205 215 225 235 245 255 265

Vin
PF

9 100 110
0941 0947 0951

20 130 140 130 160 170
095509593 0964 0969 00968 09691

180 190 200 210 220 230 240 250 264
0969 0068 0965 0962 00382 0954 09494 0944 0937

September 1, 2011 EBC891

17



17 . Harmonic and current waveform_No dimmer 3620 .
4y Iwatt

ANALYZER 6630 2093.689.13 15:40:%8
Current Harmonmics Mext
neasure
Setup: CLASS_C Gen setting: 1(1) U:99.78V fu: 50.801 Hz
Live finalysed periods: 4 [ : 243.7 mA P: 22.84 U
Module: M1 Limit: Class C (Standard) I1: 231.8 nA Change to
Note: table
THD=3Z2.39 » (PF=0.948) PASSED
P<25 W
»# of fundamental Absolute
* current
2s.e4)-1- - - - -
B 1 I . Harmonics current @100Vac
) scale
e - - - - - — .
it Meet IEC61000-3-2 ment
well 1| disk ee requiremen
5.a||
8 II‘I'\'\IIIIIII\IIII\ LI L DL L T
B Z 4 6 8 18 12 14 16 18 28 22 24 26 28 38 32 31 36 38 4@
Harmonic order i
Appl: DEFAULT (121Z_00)
ANALYZER 6638 2893.89.13 15:37:59
Waveform M1 Next
measure
Note:
U : 230.57 Urns (688 Up)  fu: 58.801 Hz
Zoon
Voltage
T T T T
AN e PF=0.948
- - - - - - - Zoon - .
Current
I : 9368 mArns (8.3 Ap) ~ fu: 58.801 Hz
Ips = 73z ”“E?S;“
© o Ip- = 73
(fits Class A) ————
T T 1 (Standard)
y Data
N n_/ Zn 3n (<952) cursor

fippl: DEFAULT (1611_0a)
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18 . Harmonic and current waveform_No dimmer 3620
Wy

ANALYZER 6638

iWatt

2893.89.13 15:42:53

Current Harmonics

Gen setting: 1(1) U : 229.68 V fu: 50.0801 Hz
fnalysed periods: 4 1 : 93.99 mA P: 20.52 U
Limit: Class C (Standard) I1: 91.97 mA
Note:

Setup: CLASS C
Live
Module: M1

THD=Z1.86 » (PF=8.951) PASSED
PC25 W
¥ of fundamental
»
28.8+
15.84
108.8+
5.8+
81 .l‘l".'."" PR O
B 2 4 6 8 18 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Harmonic order

Next
MEASUre

Change to
tahle

Ahsolute
current

Harmonics current @230Vac
Meet IEC61000-3-2 requirement

Log
scale

Write to
disk

Appl: DEFALLT

ANALYZER 6638

(1212_81)

2893.89.13 15:4B8:1%

Waveform M1
Note:

U : 229.88 VUrms

NN T

I : 16852 mArms (1 Ap) “fu: 58,881 Hz

(688 Up) fu: 50.001 Hz

Ip+ = ?3%
©oIp- = 3
(fits Class A)

: (Standard)
n 2}\\\\\\\“J/////§n (<952)

Next
measure

Ac current waveform @230Vac
PF=0.951

Zoom
Voltage

Zoom
Current

Write to
disk

Data
cursor

App1: DEFAULT
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19.Conducted EMI ( Input 90Vac Full Load, output floating )

iWatt

70-
EMSS0p2-0P-Clyss
0 \
wzz-w—ma s §t2::'\[
s ] Peak Scan
\ QP Limit line
. ~ Peak scan N
20
g;‘UU 1.000 10.000 100 IUUU
T0-
EM550R2-0P-Class
50 —
EN550P2-AY-Class \§§\\
= = \\[
\ Peak Scan
« QP Limit line
4 . N RSy \ / /‘\
~J A, Peak scan L
UU._IIUU 1.000 10.000 1UE|.IEIUU
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20.Conducted EMI ( Input 230Vac Full Load, output floating )

iWatt

70-

EMSS0p2-0P-Clyss
&0 —
wzz-w—ma s \\::\j
A Peak Scan
\ QP Limit line
; W]
. ad /\mw\w Peak scan N
20
g;‘UD 1.000 10.000 100 IDDD
EMS50R2-0P-Cldss
ENB50R2-AY-Class ‘\§§\
Peak Scan
@ QP Limit line
3 ™
a0 ', \.‘,f’\
i Peak scan L
10
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21. Radiated IEM (for reference) 115Vac
-4y

September 1, 2011

28MHz

200MHz

The radiated EMI margin is 8.9dBuV

Note: 1, Vin=115Vac

2, Output is floating, with LED load

iWatt
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22. Radiated IEM (for reference) 230Vac

28MHz

200MHz

The radiated EMI margin is 8.9dBuV

Note: 1, Vin=230Vac

2, Output is floating, with LED load
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