iWatt

Intelligent AC-DC and LED Power™

iW1676-01 For SV700mANEOWAGOSE
Charger Design

General Design Specification:

1. AC Input Range 90-264Vac

2. DC Output 5V, 700~900mA(CC)

3. Meet “30mW?” No-Load standby Power Consumption Requirement
4. Meet “EPA_2.0” Requirement with end of USB

5. Meet “USB3.0” Dynamic Load Response Requirement

6. Meet “MoU” Requirement




1. Specification iWatt

Intelligent AC-DC and LED Power™

Description Symbol Min Typ Max Units Comment
Input
Voltage VIN 90 264 Vac 2 Wire
Frequency fLINE 47 50/60 63 Hz
No-load Input Power (230Vac) 30 mw
Output
Constant Output Voltage Vout_cv 4.75 5.00 5.25 \% Measured at end of Output DC-Cable
Voltage | oytput Current lout_cv 0 0.7 A
Depending on battery . :

Output Voltage VouTt_cc <25 \Y Min Vour is dependence of Vcc supply voltage
Constant voltage
Current

Output Current louT_cc 0.70 0.90 A

Measured at end of Output DC-Cable

Output Ripple Voltage VRIPPLE 150 mVe_p | lour=0.70A @T, =25C
20 MHz Bandwidth

Total Output Power

Continuous Output Power Pout 3.50 W

Over Current Protection louT_MAX 0.9 A Auto-restart

Active Mode Efficiency Measured at end of output DC-Cable,
n 65.49 %

(Meet EPA2.0) Vin= 115VAC and 230VAC (Tams = 25 C).

Environmental

Conducted EMI Meets CISPR22B/ EN55022B
Safety Designed to meet IEC950, UL1950 Class Il
Ambient Temperature TAmMB 0 40 °C Free convection, sea level
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2. Schematic

iWatt

Intelligent AC-DC and LED Power™
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3. Circuit Board Photograph iWatt

Intelligent AC-DC and LED Power™

3DD4613H, TO-92 Package

SECONDARY

40mm >

iW1676-01
(300mV Cable-Drop-Compensation)
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4. Bill of Material

iWatt

Intelligent AC-DC and LED Power™

Item Qty Reference Description
1 1 ul iW1676-01, Off-line Digital PSR & PWM & VMS Controller, SOT23-5
2 1 C1 4.7uF, 400V, E-Cap, P8 mmx10mm
3 1 Cc2 1nF, 50V, X7R, SMD-0805
4 1 c3 10pF, 50V, X7R, SMD-0603
5 1 ca 470pF, 50V, X7R, SMD-0603
6 1 Cé6 2.2uF, 50V, Low ESR E-Cap,®4mmX7mm
7 1 c9 100nF, 50V, X7R, SMD-0805
8 1 C10 4.7uF, 400V, E-Cap, P8 mmx12mm
10 1 C23 680uF, 10V, Low ESR E-Cap, P8mmx12mm
11 1 BR1 ABSS8, 1A1000V, BRIDGE RECTIFIER, ABS
12 1 D6 FR102,1A100V, Fast Recovery Rectifier (Trr=150nS), DO-41
13 1 D9 SCD24, 2A40V, Schottky Diode, SMD-2010
14 1 F1 10Q, Fusible Resistor, 1W
15 1 L1 470uH, Color Ring Inductor, 0410
16 1 FB1 10UH, Chip Inductor(P/N:LQM21FN100M80L), SMD-0805
17 1 Q1 3DD4613H, 1.5A800V, NPN Transistor, TO-92
18 1 R1 1KQ+5%, SMD-0603
19 2 R2,R5 5.6MQ +5%, SMD-1206
20 1 R3 3.3Q +1%, SMD-0805
21 1 R4 0Q, SMD-0805
22 1 R7 22KQ +1%, SMD-0805
23 1 R9 5.36kQ +1%, SMD-0603
24 1 R14 3.9KQ £5%, SMD-0805
25 1 T1 EE12.9, Horizontal Type
26 1 PCB Single Side Board, 94V0
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5. Transformer Design iWatt

Intelligent AC-DC and LED Power™

SCHEMATIC Instruction for start of first winding...
Core is connected to Pin-3

30 I 111 09

I ® Winding Start pin-5 & ) ) )
I End pin-3 in “Clockwise” Rotating direction
) I direction — looking from of winding machine
Primary  159Ts I 12Ts  Secondary Pin 1/5 side of the
: Bobbin. A
[ |
50 | 06
|
10 | Note:
o I : ) PRI SEC
| | + Dot (®) denote electrical
Bias 18Ts | start. <
| < 2Ts Tape
I'| + Electrical start could be
20— l different to Mechanical 9(F)
[ I Winding start. Triple Insulated Wire ( (Anticlockwise) 6 (S)
. | 0.4mmx1 12Ts —Secondal
Shield 13Ts | | + Coreis connected to Pin- i
| 3(Pri_Vcc) by wire
4 | (Pri_vee) by 71— | 2Ts Tape
4(F)
2(S) | v |
ELECTRICAL SPECIFICATIONS:
1. Primary Inductance (Lp) = 1.7mH+7%@10KHz Z(F)
2. Primary Leakage Inductance <5% * Lp, Short pinl1,2,47,8 1 S 2UEWO0.13mmx18Ts -- Bias (Clockwise)
3. Electrical Strength = 3KV, 50/60Hz,1Min ( ) Evenly covered
3(F)
MATERIALS: )
1. Core: EE12.9 (Ferrite Material TDK PC40 or equivalent) 2UEW 0.13mmx1 53Ts — Primary (Clockwise)
2. Bobbin: EE12.9 Horizontal.
3. MagnetWires (Pri) : Type 2-UEW . .
4. MagnetWire (Sec) : Triple Insulated Wires 2UEW 0.13mmx1 83Ts — Primary (Clockwise)
5. Layer Insulation Tape :3M1298 or equivalent. 5(8)
2UEW 0.13mmx53Ts— Primary (Clockwise)

FINISHED :
1. Varnish the complete assembly

EE12.9 the width of winding slot is 8mm
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* Note: Output voltage is measured at end of PCB

6. Regulation, Ripple and Efficiency Measurement

iWatt

Intelligent AC-DC and LED Power™

ViN Pin Vour lour VRrippLE Pour n OCP |Average
(Vac) (W) (V) (MA) | (MVpp) | (W) (%) (mA) n(%)
0.011 5.015 0 22
1.150 4,981 175 50 0.87 75.80
90 2.321 5.065 350 53 1.77 76.38 760 75.43
3.625 5.190 525 75 2.72 75.17
4,962 5.271 700 100 3.69 74.36
0.012 5.019 0 22
1.149 4,982 175 50 0.87 75.88
115 2.291 5.059 350 61 1.77 77.29 760 76.76
3.530 5.186 525 69 2.72 77.13
4.808 5.270 700 90 3.69 76.73
0. 025 5.005 0 20
1.210 4,997 175 62 0.87 72.27
230 2.379 5.051 350 57 1.77 74.31 750 74.91
3.580 5.192 525 71 2.73 76.14
4,794 5.267 700 92 3.69 76.91
0.035 5.024 0 22
1.237 4,978 175 60 0.87 70.42
264 2.422 5.042 350 57 1.76 72.86 745 73.49
3.642 5.186 525 75 2.72 74.76
4.854 5.264 700 95 3.68 75.91
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7. EPA_2.0 Requirement iWatt

Intelligent AC-DC and LED Power™

Table 1: Energy-Efficiency Criteria for Ac-Ac and Ac-Dc External Power Supplies in Active
Mode: Standard Models

Nameplate OQutput Power (P,,) Minimum Average Efficiency in Active
Mode (expressed as a decimal) 2
0to £ 1 watt = 0.480 " Py + 0.140
> 110 =49 watts 2 [0.0626 " Ln (Pyo)] + 0.622
> 49 watts = 0.870

Table 2: Energy-Efficiency Criteria for Ac-Ac and Ac-Dc¢ External Power Supplies
in Active Mode: Low Voltage Models
Nameplate Output Power (P,,) Minimum Average Efficiency in Active

e Mode {expressed as 8 decimal) EPA2.0 (Final) for Low Voltage Model (Pno=3.50W)
S Soviatts YT R 0.075x Ln(3.5W ) +0.561=66.0% meet EPA2.0 with
lots of Margin!
Measure at end of Cable
VN lout PN Measure at end of PCB 26AWG/LBM, Rey=0.510
WAC) | (mA) W) Vour peg | Pour ree | EFF pes | AV-EFF pes | Vour cable | Pour cable | EFF cable | AV-EFF caple
) (W) (%) (%) V) W) (%) (%)

175 1.149 4.982 0.87 75.88 4.89 0.86 7452 | |
115 350 2.291 5.059 1.77 77.29 76.76 4.88 1.71 7456 | 73.44 :
525 3.530 5.186 2.72 77.13 492 2.58 73.15 I
700 4.808 5.270 3.69 76.73 491 3.44 71.53 I
175 1.210 4.997 0.87 72.27 491 0.86 70.98 1| I
230 350 2.379 5.051 1.77 74.31 24.91 4.87 1.71 7168 | 71,64 :
525 3.580 5.192 2.73 76.14 4.92 2.59 72.21 I
700 4.794 5.267 3.69 76.91 491 3.44 71.69 [
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8. No-Load Standby Power Consumption iwatt

Intelligent AC-DC and LED Power™

No-Load Standby Power Consumption

40

35

No-Load standby power consumptionis <30mW at 230Vac!

25 1

Pin(mW)

15 7

90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270

Vin(Vac)
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9. Output VI Characteristics

Vin=90Vac/50Hz

Tek2.50k5f? 1125 Acqs Tek
-

iWatt

Intelligent AC-DC and LED Power™
Vin=264Vac/50Hz

2.50k5/'[s 1878 Acqs
-

A - A - 1
: : 300mV CDC
5.40Vf : '5.40V ; l
4.75\f ; 4.75 ; : : : : : ‘
250V} } 250V |
) ! ) TR (T e A AP T
Qi ' a i
S| ) S 1 4
| 3 — 1
>4 CE Vo]
of ) o !
| : S !
b ! e . ; ; .! ; R
j ” lout(100MA/Div) © 700mA ° 900mA
WU ST SUUUE SUUE SURUE SOV SOV SN S UL IUIUS DUUUE FUUUE DUDUE FOUTE NN SOUIN SUUDE DL )

* Note: Output voltage is monitored at end of PCB
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10. Turn-On Delay Time iWatt

Intelligent AC-DC and LED Power™

Tek Prevu Tek Prevu
5 . T T T - 5
X X Oe -1.39s —198 v X Oe -1.26s -198 v
O@  1.46s 802V O0®  1.56s 802V
A2.8558 A1.00kV ) A2.825 A1.00kv

=

%R’:n(;ov Wﬂz.sv = : %[1.0(;5 J “(ﬁ!ﬂul;i/lgts ][_.:.r ~14.0 VJ %R;ngov - W?oz.rv = % 1.00s ][1&"'5%3“ ][—. 7 —14.ovJ
90Vac, No Load 90Vac, Full Load =700mA

TST_DELAY:2 . 858 TST_DELAY:2 . 838
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11. Dynamic Load Response o
Frequency: 50Hz , Duty-Cycle: 50% , Slew-Rate: 0.05A/us, lout:0mA-700mA-0A |watt

Intelligent AC-DC and LED Power™

Vin=90Vac/60Hz Vin=115Vac/60Hz

.| Vour_max=5.68V P e e e | VOUT_MAX=5.68V
Vour_mn=4.40V I R R S T Voutr_min=4.40V
LU | EpipEpagaRgEpupayiy
? 500mA Qf (2 j[w.oms ][}&.%r\gisr{[ss ]F. 7 380mA ? 500mA Qf 2 j[w.oms ][:’(\)ﬂ.t:)ngisr:lss ][W
Vin=230Vac/50Hz Vin=264Vac/50Hz
..... = n VOUT_MAX:568V = = e = e s e = == VOUT—MAx:568V
” Vout_min=4.32V e Vout_min=4.32V

@ 500mA Q% @2 )] @ 500mA Q% @2 i
2 2

m: 10.0MS/s. @ / 520mA m: 10.0MS/s @ 7 520mA
2 1M points 2 1M points
Coupling Impedance Invert Bandwidth @ Lavel A Coupling Impedance Invert Bandwidth @ Label &,
AC 4 || M@ on 20MHz abe More AC || 1me on 20MH2z abe More

CH1: Output Current, 0.5A/Div ;CH2: Output Voltage, 2V/Div;

Vour is monitored at end of output DC-cable (26AWG/1.8m, Rcase=0.51Q)
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12. Load Transition (OmA — 700mA, Single Pulse ®
( : ) jWatt

Intelligent AC-DC and LED Power

Test conditions :

1.

2.
3.
4

Load Mode: CR Mode

Output Filtering Capacitor (C23): 680uF

Vourt is monitored at end of cable (AWG26/1.8M, Rcaple=0.510Q)

Equipment: E-Load-“Kikusui PLZ 72W”, AC Source-“Kikusui PCR500L", Digital Oscilloscope-“Tek
DPO4034”

Vin=90Vac Vin=264Vac

Trig? Tek Run . Trig

: / Vouf_M|-N:4.18V - / Vout miN=4.22V
{ ,' F\\ ' R _ S v S {:\\’ l\' A S S " s
N/ : : -

lout=700mA . lout=700mA

(@ 200ma o8 @2 ][zn.oms MS-““’V‘?’S ][ 2 4.4sv]

@ 1M points

(@

(@ z200mA o @2 ][20.0ms Ms.ooMS/s ][ 2 4.56\/}

1M points

CH1: Output Current, 0.2A/Div; CH2: Output Voltage, 1V/Div

iW1676-01 For 5V700mA Low-Cost Charger Design (30mW) iWatt Confidential May 18, 2011
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13. Output Rise Time iWatt

Intelligent AC-DC and LED Power™

Tek Prevu

Tek Prevu
90Vac,No Load 90Vac,Full Load
Trise=3.749mMS Trise=7.939MS
%R:S.eoToi;e wgﬂgm; %[10.0ms ][:g‘opnglsr{tss ]F. 7 3.36 v] %Rils-eo;’i;e W[%gms %[10.0ms ][mopr\glsr{[ss ]F. 7 3.36 v]
Tek Prevu - Tek Prevu
264Vac,No Load 264Vac,No Load
Trise=3.644MS Trise=7.019MS
: (@ 1.00v & J(10.0ms 10.0rv|_5/lsS @ ; 336V
e T o) e ) = 7 ) s )l Jge JL = 7
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14. AC Startup Voltage Characteristic iwatt

Intelligent AC-DC and LED Power™

Tek Prev Tek Prev
r— G AV AR AR A AR A A
(53 [z
[ [ L]
(@ 1oov ~n @ ) [100ms 1.00M5/5 .:.r -14.0V @ 100V E @2 ]{100ms ]{I.OOM_SIS ] @ 5 -14.0 v]
(@B RMS 47.2V )] 1M points (@B RMS 62.9V ) 1M points

No Load Full Load

VIN_sTarTUP =47.2VacC VIN_sTarRTUP=62.9Vac
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15. AC Brownout Voltage Characteristic

Tek PreVu M 1.00s
o ———— —
T TR B
Zoom Factor: 5 X
===
[z
[ q
@ 100y vu 2 ][z 200ms Mmoksgs } @ - 000
Value Mean Min Max Std Dev 1M points
@ RrMS 30.2V_ 30.2 30.2 30.2 0.00
P

No Load

ViN_BrowNouT =30.2Vac

Tek PreVu

iWatt

Intelligent AC-DC and LED Power™

M 1.00s

) | |

mmmmm

Z00m Factor: 10 X

nnnnnnnnnnnnnnnnnnnnnnnnn AR A AR A RAR AR AL

A i
vvvvvvvvvvvv Y R O VY YV AYY

L]

@ {100V Ah 2

) [z 100ms J [moksgs ] & 5 000 v]
Mean Min Max std Dev 1M points

63.4V

value
@ rvs

63.4 63.4 63.4 0.00 J

Full Load

VIN_BrowNouT=61.4Vac

iW1676-

01 For 5V700mA Low-Cost Charger Design (30mW)
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16. Vce Waveform iWatt

Intelligent AC-DC and LED Power™

Tek Prevu
Test Condition:
ViN=264Vac, lout=0.75A
Result:
Df Vce mMax=670V
&20\/ Bws?ov ] %[10.0;15 ][fﬁopcosiasts ]F. g sszv]

Appendix — Simple Specification for used transistor (3DD4613H)

m H s | K HE | B O
Parameter Symbol Value Unit
’ L —L W i Collector- Emitter Voltage (Vge=0) | Vees 900 v
L =0 B P Collector- Emitter Voltage (1g=0) | Vero 500 vV
I Ble—BE R T i s Emitter-Base Voltage Veso 9 v
o A A LR R Collector Current (DC) le 15 A
e KA R i Collector Current (pulse) lcp 3.0 A
" 2 ® fo R L BFE I 3 Total Dissipation (TO-92) Pc 1 W
15 e 44 Junction Temperature T 150 T
I A Storage Temperature Tsig -55~+150 T
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17. Transformer Flux Density iWatt

Intelligent AC-DC and LED Power™

(Np=159Ts, Lm_max=1.82mH, Ae=12.4mm?2-EE12.9)

Tekstop . . . . . S : TekStop

CH1: Ipri ,200mA/div CH1: Ipri ,200mA/div

T [ i S = [ | I
IrrI 1S Monitored at 90Vac and 0.7A load IrrI 1S Monitored at 90Vac and 0.78A load
Pri=346MA (Max Output Power).

IPrI=350mMA
Bmax =(Ipri* Lprri) / (NP*Ae) Bumax =(Ipri* Leri) (NP * Ae)
=(346*1.82)/(159*12.4) =(350%1.82)/(159*12.4)
=0.319Tesla =0.323Tesla
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18. Thermal Test for Critical Component iwatt

Intelligent AC-DC and LED Power™

Note: The UUT is assembled with case and placed in a temperature chamber

_ VIN=90Vac, lout=700mA VIN=264Vac, lout=700mA
Temp.(C) Rising Temp. (C) Temp.(C) Rising Temp. (C)
Transistor (Q1,D4613) 88 48 99 59
Transformer(T1, EE12.9) 87 47 85 45
Output SK-Diode(D9, SCD34) 85 45 85 45
Ambient Temperature 40 40
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19. Conducted EMI iWatt

Intelligent AC-DC and LED Power™

Vin=230Vac/50Hz, Live Vin=230Vac/50Hz, Neutral

ENESIRZ-QP-Clgss B ENSS0RZ-OP-Clyss B

ENGSORZ-AV-Clafss B ENSS0RZ-AV-Clatss B

AL L ] "“'J"W“ \ QP ]
5 1 I M\ SERYIAS W RN L N V4
TP G
A
AV

Note: Resistive & Full load; output (-) is floating.
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20. Radiated EMI

Vin=230Vac/50Hz, HORIZONTAL

iWatt

Intelligent AC-DC and LED Power™

Vin=230Vac/50Hz, VERTICAL

Level [dBuV/m]
80

70
60
50

40
30
20F
10

Frequency [Hz]

X x ¥MES IWATT0517413 red
——MES IWATT0517413 pre
LIM EN 55022B F QP

Field Strength QP Limit

MEASUREMENT RESULT: "IWATT0517413 red"

3/17/2011 10:29PM

Frequency Level Transd Limit Margin Det. Height Azimuth Polarization
MHz  dBpV/m dB  dBuV/m dB cm deg
31.943888 2170 =11:2 10.0 18:3 === 300.0 100.00 HORIZONTAL
57.214429 2210 =24.1 40.0 1§80 === 300.0 294.00 HORIZONTAL
138.857715 24.40 AP §) 40.0 15.6 - 300.0 1.00 HORIZONTAL
216.613226 20.60 -20.9 40.0 1954 === 100.0 0.00 HORIZONTAL
294.368737 23.60 -18.6 47.0 23 === 100.0 55.00 HORIZONTAL
968.897796 29.60 -5.4 47.0 1768 === 100.0 224.00 HORIZONTAL

Level [dBuVim]
80

70
60
50

40

30
20
10

it
| | I
| | \ :
50M 60M 70M 100M 200M 300M
Frequency [Hz]

x ¥ ¥*MES IWATT0517412
——MES IWATTO05174
LIM EN 55022B F QP

Field Strength QP Limit

MEASUREMENT RESULT: "IWATT0517412 red"

3/17/2011 10:27PM
Frequency Level Transd Limit Margin Det. Height Azimuth Polarization
MHz  dBpV/m dB dBuV/m dB cm deg
32: -10.2 40.0 7.4 --—- 100.0 335.00 VERTICAL
21, -24.1 40.0 18.F === 100.0 14.00 VERTICAL
22.5( -20.0 40.0 115 === 100.0 197.00 VERTICAL
30.4 -10.5 47.0 16.6 --- 100.0 3.00 VERTICAL
29.5( -10.6 47.0 i TR 100.0 3.00 VERTICAL
28.2¢ =5l 47.0 1 e 100.0 294.00 VERTICAL

iW1676-01 For 5V700

er Design (30mW)
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21. MoU iWatt

Intelligent AC-DC and LED Power™

Test condition:
1) Vin=264Vac/50Hz
2) Load: 10Q resistive Load
3) The length of output DC cable: 1 Meter
3) Connect 170pF cap from load to line under EPS switching frequency component

Tek stop Tek Prevu

[m) 943kHz €  12.8V
O 60.6kHz 124V
A64.8kHZ A320mv.

AN
Ve ‘

(@ 100V =& ) [10.0ms 100KS/S @ 7 128V D. 500mvV_ & ) [2.00us 2.50G5/5 @ 7 125V
val Mean Min Max std Dev, J 10k points 10M points
7.31

El

@ Peak—Peak 5:.%% 51.: 36.4 58.8 e Apr 2011 e Apr 2011
AC frequency component EPS switching frequency component
V_pp=58.0V V_pp=320mV
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22. ESD (IEC 61000-4-2) iWatt

Intelligent AC-DC and LED Power™

Test condition:
ViNn=230VAC/50Hz, No_Load and Full_Load (Resistive Load)

Air-Discharge Result (no-load) | Result (full-load)
+ PASS PASS
12KV
- PASS PASS EUL.T.
+ PASS PASS E'E'E:' generator Insulating support
14KV \
- PASS PASS # Earth reference plane
~ .~ Clamping
+ PASS PASS [ deviee
15KV
- PASS PASS Mains outlet with
garth terminal
+ PASS PASS ®©
16KV
- PASS PASS
+ PASS PASS
18KV
- PASS PASS |
Power suppl'gr
+ PASS PASS unit of E5.0. generator
19KV
- PASS PASS
+ PASS PASS
20KV
- PASS PASS

iW1676-01 For 5V700mA Low-Cost Charger Design (30mW) iWatt Confidential May 18, 2011 23



Appendix-1. Vcc Supply Voltage iWatt

Intelligent AC-DC and LED Power™

The purpose of this test is to verify operating range of Vcc voltage under various loading

conditions.
ltem Vcc range [ Max: 16V, Min: 4.2V]
Input Vac Vin=90Vac Vin=115Vac Vin=230Vac Vin=264Vac
Output No-load 7.32V 7.32V 7.48V 7.48V
Output Full-load (700mA) 11.4V 12V 13.90V 14.4Vv
Max load (CC/CV corner) 11.5V 12.2V 14.2V 14.6V

Above test result show all voltage measuring points is within normal operating range.

1 V__SECTION (Pin 1
IW1676 cc (Pin 1) -
Maximum operating voltage (Note 1) Vccmax) 16 |
E Vee OUTPUT E Start-up threshold Vecsn V. rising 10.0 1.0 12.0 :
E Undervoltage lockout threshold VCC(U\;-L] VCC falling 3.8 4.0 42 1
2] GND
Start-up Current hNEST, VCC =10V 1.0 1.7 3.0 HA
i I
E VSENSE ISENSE B Quiescent current cca No | current 27 4.0 mA
Zener current = 5 mA
Zener breakdown voltage v - 18.5 19.5 20.5 \Y
SOT23 Package ¢ ® | T=2sc
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Appendix-2. Chip Inductor (FB1) iwatt

Intelligent AC-DC and LED Power™

B Rated Value (LI: packaging code)

Self Resonance

Part Number Inductance | Test Frequency Rated Current DC Resistance .
Frequency (min.)
LOM21FN4RTMB0] 4 TuHx20% 1MHz 120mA 0.18chm+30% 25MHz m
| LQM21FN100M800] 10pH+20% 1MHz 100mA 0.30chm+30% 15MHz m

Class of Magnetic Shield: Magnetic shield of ferrite  Operating Temperature Range: -55°C w0 +125°C
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