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High- PF Linear Dimmable LED driver
--- iW3989-20

General Design Specification:

1. AC Input Range: 90-135Vac
2. DC Output: 115V/100mA

3. PF>0.9 @120Vac

4. Linear Dimming

...personal
...portable
...connected




Warning

Warning

This evaluation board is powered either by the AC mains voltage or a low AC or DC voltage. When powered by the AC mains voltage,
the evaluation board generates non-insulated high voltages on exposed pins and pads on both the top and bottom of the PC board.
Contact with these may produce electrical shock, burn, and/or fire hazards, resulting in risk of property damage, personal injury,
and/or death. When the design indicates isolation, the output(s) is electrically isolated from the AC mains input voltage.

When the evaluation board is powered, never touch the board or its electrical circuits since they may be operating at high
voltages that can cause an electrical shock hazard.

WORK AREA AND PERSONAL SAFETY

This board should be used in a test area/laboratory specifically designed and designated for working with, and evaluating high-voltage electrical devices. Only
trained and qualified professional personnel with experience, knowledge and training in the use of high-voltage electrical circuits should use this evaluation
board. Trained personnel must use required personal protective equipment and required laboratory equipment when working with the evaluation board.

The professional personnel operating this evaluation board and the test area/laboratory in which it is operated must be qualified according to the local
regulations, guidelines and labor laws applicable to working with non-isolated mains voltages and high voltage circuits.

An isolated housing is highly recommended when using this evaluation board.

Use this evaluation board at your own risk.

TO BE USED FOR EVALUATION PURPOSES ONLY

This board is intended for evaluation purposes only and not intended for commercial use in an end product. Any other use is strictly prohibited by Dialog
Semiconductor.

NOT AGENCY APPROVED

This evaluation board has not been agency tested or approved for safety, technical performance, and/or regulatory requirements, such as electromagnetic
interference or other technical regulatory or safety requirements.
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1. Specification

Description Symbol Min Typ Max Units Comment
Input
Voltage Vin 90 120 135 Vac 2 Wire
Frequency fune 60 Hz
Open-load Input Power (135Vac) w
Output
Output Voltage Vour_cv 115 \Y

Const Current
Output Current lout_cv 100 mA

Total Output Power

Continuous Output Power Pour 11.5 W

Over Current Protection lout_max A

Efficiency n >70 % Measured at end of PCB@120V/ac
Power Fact PF 0.9 Measured @ 120V/ac

Turn on Delay Time 0.5 Sec

Conducted EMI Meet EN55015B Output (-) is floating

Surge test 2.5 KV 0.5uS/100KHz Ring wave
Operation temperature Topr 40 °C
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2. Schematic
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. Circuit Board Photograph
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4. Bill of Materials

1 1 Ul iW3989-20, QFN4*4

2 1 CE1l 100uF, 160V, E-CAP, ®12.5mm X 20mm
3 1 C1 100nF, 50V, X7R, SMD-0805

4 1 C2 470PF, 50V, X7R, SMD-0805

5 1 C3 1uF, 16V, X7R, SMD-0805

6 1 ca 2.2nF, 50V, X7R, SMD-0805

7 1 C5 10uF, 16V, X7S, SMD-0805

8 1 C6 47nF, 50V, X7R, SMD-0805

9 1 BR1 ABS8, 1A800V, Rectifier Bridge TSC
10 1 D1 M7(1N4007),1A1000V,SOD-123

11 1 Q1 UTC1N60G, 600V/1A, TO-252

12 1 FR1 10R/1W, Fuse resistor, SMD

13 2 R1, R3 2MQ £1%, SMD-1206

14 1 R2 18KQ +1%, SMD-0805

15 1 R4 2.7KQ +1%, SMD-0805

16 1 R5 5.1KQ +1%, SMD-0805

17 1 R6 560KQ +1%, SMD-1206

18 1 R7 200KQ +5%, SMD-1206

19 1 MOV1 SFI0806SV241, 240V, SMD-0806

20 1 Al Al board, 1.2mm, A=2
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5. Regulation and Efficiency Measurement

Test condition: 90~135Vac with LED load

Input Input Input ..
Vout lout |Efficiency
Voltage | Power | Current PF (Vo) (MA) (%)

(Vac) (W) (mA)
90 9.80 155.3 0.701 111.5 77.3 87.95
95 12.74 177.8 0.755 113.6 97.0 86.49
100 13.60 167.4 0.813 113.9 99.9 83.67
105 13.92 155.5 0.852 113.7 98.9 80.78
110 14.32 148.1 0.878 113.7 98.4 78.13
115 14.71 142.4 0.897 113.7 98.1 75.83
120 15.11 138.0 0.912 113.7 97.8 73.59
125 15.55 134.7 0.923 113.8 97.7 71.50
135 15.94 126.3 0.935 113.6 95.0 67.70
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6. Turn-on Delay Time

Test condition: 120Vac with LED load

Tek Prevu _ M 200ms
égp_;_;;:.— ----- FEARTRIANTTRAANY] L ml‘im
4 ; i
foom Factor: 2X E‘?Or.” Position: —84.0ms — — — — — CH]' AC InPUt VOItage
I : : : ef 5 : @|E : : .
: : : : : + : e -212.0ms 100.0mA ||
O® 113.0ms 0.000A |7
azzsoms _ atco.oms 1 CH4 : Output Current

Turn on delay time: 325.0mS

(@ 100V ~& @D 500V o ' 50.0mA Bwj[zmhms ][s.ooms.fs' ] @ 7 o.oov]

10M points

d Dialog Semiconductor © 2018 8



/. Output ripple current

Test condition: 120Vac with LED load
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8. Output short test

Test condition: 120Vac with LED load
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/—ﬂ CH4 : Output Current

Pin/max=3.2W

When output short occur, it
will trigger IC’s protection, IC
will work re-start. After remove
this condition, power board
will recovery output.
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9. Output open test

Test condition: 120Vac with LED load

Tek Prevu M 400ms

: /-

oom Factor: 2 X Zoom Position: 470ms

-530.0ms € 169.0V

1.470s

b

0.000V

A2.000s

Al169.0V

I|
0 . . .
(@ 250V & ' ' ' 50.0mA &) [Z 200ms T (2.50M5/5 & 7 15V
10M points

CH1 : Output Voltage
CH4 : Output Current

Vout/max= 169V
| Pin/max=0.32W
Output capacitor:100uF/160V
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10. Vds of Linear Mosfet
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VHv_wmax= 194V

Vac with LED load

Voltage of Mosfet UTCING6O is 600V.

PARAMETER SYMBOL RATINGS UNIT
Drain-Source Voltage Vpss 500 S/
Gate-Source Voltage Vess +30 W
Avalanche Current (Note 2) lar 1.0 A
Drain Current Continuous o 1.0 A
Pulsed (Note 2) lom 4.0 A
Single Pulsed (Note 3) Eas 50 mJ
Avalanche Energy Repetitive (Note 2) Ear 45 mJ
Peak Diode Recovery dv/dt (Note 4) dwv/dt 4.0 Vins
SOT-223 10 VW
TO-251/TO-251S 30 W
Power Dissipation TO-251352/TO-252 Pb
TO-92 3 VW
DFN5060-8 14 VW
Junction Temperature T, +150 “C
Operating Temperature Torr -55 ~ +150 G
Storage Temperature Tst1c -55 ~ +150 “C

¢
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11. Vds of Bleeder Mosfet

—— N e
Test Conditi Vac with LED load
B | s
VHv_max= 193V
o w2 Voltage of Mosfet Vds is 500V.

Parameter Symbol Value Units
D 500 AV
Ve -0.3 to 30 N
Vi -0.3t07 A
Vo -03to7 AV
Voo -0.3tc 7 AV
lseT -0.3ta7 ¥
Vs -0.3to 12 A4
Vee -0.3to 12 AV
ESD Rating (HBM) +2000 V4
Storage temperature range -85 to +150 g
Maximum junction temperature 150 °c
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12. Output Rectifier Waveform

Tek Prevu M 400ms e
[ 1 g T . ]
Test Condi 135Vac with LED load
Zoom Factor: 10X Zoom Position: 183ms
D | I | l :
1 v v Result:
H ‘ [ Y i
| VR (pk—pk)=136V
@ 25.0 V By ] Z40.0ms 2.50MS(S o r 115 v L ol . .
o v, wEn W W gape | J oot | I'| Voltage of output rectifier diode M7 is 1000V.
Characteristic Symibnid M M2 M3 M3 M5 MG M Uik
Peak Repetitive Rewverse Woltage WREM
Working Peak Rewverse Voltage WRWTA 50 100 200 400 600 800 1000 W
DC Blocking Voltage VR
RMS Rewverse Voltage WVR{AMS) 35 Fo 140 280 420 560 FOO W
Average Rectified Output Current @T (= 100°C [ 1.0 A
Mon-Repetitive Peak Fornward Surge Current
8.3ms Single half sine-wave superimposed on IFsm 30 Y
rated load (JEDEC Method)
Forward Woltage @l e=1.0~ WEM 1.10 W
FPeak Reverse Current @T a=28°C - 5.0
At Rated DC Blocking Voltage @T . =125°C 200 HA
Typical Junction Capacitance (Mote 1) Zi 15 pF
Typical Thermal Resistance (Note 2) R&aL 30 K
Operating and Storage Temperature Range Ti. TSTG -65 to +150 =
14

¢
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13. Thermal Test

Test condition: 120Vac with LED load.

Component No Dimmer LE Dimmer
Room | UL bulb Room UL bulb
Part Description temp temp

(°C) (°C) (°C) (°C)

IC(QFN)| iW3989-30 81.0 99.3 80.9 102.3

MOS CS1IN60 86.7 105.7 84.3 105.8

Al Al Board 78.8 97.4 76.3 97.8

CE1 100uF/160V 75.0 91.6 72.8 92.1

Test with LED system as below:
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14. Dimming curve with leading edge dimmer

Test condition: 120Vac with LEVITRON 6681(Box 2-5)

Dimming Level(%)

100

Phase

Output

Dimmer | Vin Phase Dimming
Scale (mS) percent | Current Level(%)
(%) (mA)
80
1 1.92 23 0 0
2 2.42 29 0.26 0
60 3 2.92 35 3.73 4
4 3.42 41 18.9 20
5 3.92 47 33.2 35
40
6 4.42 53 50.2 53
7 4.92 59 66.7 70
20
8 5.42 65 83.6 88
9 5.92 71 89.5 94
0 - 10 6.40 77 90.6 95
Phase Percent(%)
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15. Dimming curve with trailing edge dimmer

Test condition: 120Vac with LEVITON 6615(Box2-4)

Dimming Level(%)

100

80

60

40

20

Dimmer | Vin Phase pPer:::\t guur:r;l:‘: Dimming
//—(‘ Scale (mS) (%) (A Level(%)
1 2.84 34 0.46 0
2 3.33 40 1.44 2
3 3.82 46 14.8 16
4 431 52 31.7 33
5 4.80 58 47.7 50
6 5.29 64 67.9 71
7 5.78 69 87.5 92
8 6.27 75 88.5 93
9 6.78 81 88.9 93
e 15 @ e 10 71.27 87 89.9 94

Phase Percent(%)

¢
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16. Dimming performance

s § g Start* [Min*  |[Max*  |[Min Max Note
lout=95.4mA
1 [LEVITRON 6602 0.22 0 90.1 0% | 94.4%
2 |LUTRON DVLL-153P 0.28 0 89.2 0% | 93.5%
3 |LEVITRON 120ve00wW | 0.20 0 89.5 0% | 93.8%
4 |COOPER 600W 2.48 0 95.4 0% | 100%
5 [LUTRON TG600P 0.31 0 89.2 0% | 93.5%
6 [LUTRON DV600P 2.80 0 90.0 0% | 94.3%
/ |LUTRON LG600P 0.86 0 89.4 0% | 93.7%
8 |DingChung  |500W 0.88 0 90.1 0% | 94.4%
9 [LUTRO.N SCL-153P 1.39 0 89.2 0% | 93.5%
10[LUTRON 0.22 0 88.8 0% | 93.1%
11JLUTRON CTCL-153P 1.29 0 88.8 0% | 93.1%
12|LEVITORN 6615 0.35 0 90.2 0% | 94.5%
13|LEVITRON 6681 0.22 0 90.7 0% | 951%
14[LUTRON LGCL-153P 0.30 0 89.5 0% 93.8%
15(LEVITRON 600 0.30 0 89.0 0% 93.3%

¢
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Disclaimer

Disclaimer

any representations or warranties,
more takes no responsibility whatsoever for the

Information in this document is believed to be accurate and reliable. However, Dialog Semiconductor does
expressed or implied, as to the accuracy or completeness of such information. Dialog Semiconductor fu
content in this document if provided by any information source outside of Dialog Semiconductor.

Dialog Semiconductor reserves the right to change without notice the information published in this document, including without limitation the specification and
the design of the related semiconductor products, software and applications.

Applications, software, and semiconductor products described in this document are for illustrative purposes only. Dialog Semiconductor makes no
representation or warranty that such applications, software and semiconductor products will be suitable for the specified use without further testing or
modification. Unless otherwise agreed in writing, such testing or modification is the sole responsibility of the customer and Dialog Semiconductor excludes all
liability in this respect.

Customer notes that nothing in this document may be construed as a license for customer to use the Dialog Semiconductor products, software and applications
referred to in this document. Such license must be separately sought by customer with Dialog Semiconductor.

All use of Dialog Semiconductor products, software and applications referred to in this document are subject to Dialog Semiconductor’s,
, unless otherwise stated.

Evaluation Boards

In addition to the above “Disclaimer,” Dialog Semiconductor provides this evaluation board under the following conditions:

This evaluation board is provided for evaluation purposes only and is not intended for commercial use in any end product. Dialog Semiconductor expressly
disclaims all warranties, express, implied or statutory, including (but not limited to) the implied warranties of non-infringement, suitability for a specific
application(s) or end product(s), product quality or reliability. All risks and liability regarding quality, use or performance of this evaluation board are those of the
customer/user and/or customer/user’s employer.

This evaluation board must be used in a test area/laboratory specifically designed and designated for working with, and evaluating high-voltage electrical
devices. Only trained and qualified professional personnel with experience, knowledge and training in the use of high-voltage electrical circuits should use this
evaluation board. Trained personnel must use required personal protective equipment and required laboratory equipment when working with the evaluation
board.

The user, and/or user’s employer, if user is using this evaluation board for employer-related purposes:

- Assumes all responsibility and liability for proper and safe handling of the evaluation boards and indemnifies Dialog Semiconductor from any and all claims
arising from use of the evaluation board.

- Assumes all responsibility for using this evaluation board in a test area or laboratory which is qualified and/or certified according to the local regulations,
guidelines and labor laws applicable to working with non-isolated mains voltages and high voltage circuits

- Understands that this evaluation board has not been agency tested or approved for safety, technical performance, and/or regulatory requirements, by any
agency. This includes electromagnetic interference or other technical regulatory or safety testing and certifications.
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The power to be...

...personal
...portable
...connected
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