
深
圳
市
光
华
创
新
科
技

ww
w.
kw
an
gh
ua
.c
n

iW3658
AC/DC Power Controller for Dimmable LED  
Drivers with Internal High-Voltage MOSFET

Rev. 0.2 PreliminaryDatasheet

© 2017 Dialog Semiconductorwww.dialog-semiconductor.com 1 of 16

Company Confidential

07-March-2017

1 Description
The iW3658 is a highly integrated, high-performance off-line power supply controller for phase-cut dimmable LED 
luminaires. It uses patented PrimAccurate™ primary-side sensing technology to regulate output current accurately 
without the need for a feedback circuit. The iW3658 operates at boundary conduction mode to achieve high efficiency 
and low EMI. 

With advanced dimming control technology, the iW3658 can operate with most wall dimmers including leading-edge 
dimmers (R-type or R-L type) and trailing-edge dimmers (R-C type). The iW3658 operates in buck-boost mode to 
regulate current to the output LEDs.

Dialog’s innovative technology maximizes the iW3658 performance with an integrated high-voltage MOSFET in an SO-7 
package, which provides an extra pin spacing between the high voltage MOSFET’s drain and low voltage pins. With 
Dialog’s proprietary VCC regulation circuit, the iW3658’s VCC level is well maintained regardless of the LED voltage and 
dimmer phase angle, which eliminates the possibility of low end flickering.

2 Features
●● Isolated/non-isolated off-line 120VAC/230VAC LED 

driver up to 15W (Note 1)

●● Wide line frequency range (45Hz – 66Hz)

●● Excellent dimmer compatibility

xx Leading-edge dimmer

xx Trailing-edge dimmer

●● Low BOM cost

●● Integrated high-voltage MOSFET

●● Single-winding inductor

●● Internal start-up without the need for high voltage 
circuit

3 Applications
●● Dimmable LED retrofit lamps up to 15W (Note 1)

●● Closed-loop constant current regulation

●● Built-in LED current derating at high temperature

●● Built-in over-temperature shut-down

●● LED open and short protection

●● Fast start-up (< 0.5s without dimmer)

●● Resonant control to achieve high efficiency 
(typical > 85%)

●● Supports Buck-Boost topology
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Figure 3.1 : iW3658 Typical Application Circuit 

Note 1 : For output power above 12W designs, care should be taken to verify the thermal and reliability constraints 
              on the IC. An IC temperature below 120°C is recommended for proper IC operation.
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4 Pinout Description

Pin Number Pin Name Type Pin Description

1 ISENSE Analog Current sense

2 GND Ground Ground reference

4 HV Analog Internal high voltage MOSFET drain

5 VG Analog Internal high voltage MOSFET gate 

6 VCC Power Input Power supply to control logic and MOSFET drive

7 COMP Analog Constant current regulation loop compensation

8 CFG Analog OVP level configuration

iW3658

1 

2 7

8 

6

4 5 VG

VCC

COMP

CFGISENSE

GND

HV

Figure 4.1 :  7-Lead SO Package
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Absolute maximum ratings are the parameter values or ranges which can cause permanent damage if exceeded. 
5 Absolute Maximum Ratings

Parameter Symbol Value Units

DC supply voltage range (pin 6) VCC -0.3 to 6.0 V

VG (pin 5) -0.3 to 18.0 V

COMP (pin 7) -0.3 to 6.0 V

HV (pin 4) 500 or 650 V

ISENSE (pin 1) -0.3 to 6.0 V

CFG (pin 8) -0.3 to 6.0 V

Maximum junction temperature TJMAX 150 °C

Operating junction temperature TJOPT -40 to 150 °C

Storage temperature TSTG -65 to 150 °C

Thermal resistance junction-to-ambient θJA 170 °C/W

ESD rating per JEDEC JESD22-A114 TBD V

Latch-up test per JESD78D TBD mA
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6 Electrical Characteristics
VIN = 15V. All values are at TA = +25°C, unless otherwise specified.

Parameter Symbol Test Conditions Min Typ Max Unit
Current regulation (COMP Pin)

Reference output current VIREF

(-30, -31) 0.25
V

(-00C, -20, -21) 0.35

High clamp voltage

Rcfg < 58kΩ
120VAC (-00C, -20, -30) 0.96

V

230VAC (-21, -31) 0.85

60kΩ < R cfg < 84kΩ
(Note 1)

120VAC (-00C, -20, -30) 0.8

230VAC (-21, -31) 0.74

Rcfg > 86kΩ 
(Note 1)

120VAC (-00C, -20, -30) 0.66

230VAC (-21, -31) 0.63

Low clamp voltage 0.34 V

ON/OFF Timing

Max ON time TON_MAX 9.7 μs   

Min ON time TON_MIN 0.490 μs   

Maximum OFF time TOFF_MAX 250 μs   

Minimum OFF time TOFF_MIN At Vin zero-crossing TBD μs   

Current sensing (Isense Pin)

High clamped current sense 
voltage

 
VISNS(CLAMP)

Rcfg < 58kΩ 1.15

V60kΩ < R cfg < 84kΩ (Note 1) 0.92

Rcfg > 86kΩ (Note 1) 0.74

Over current protection 1.1 V

Supply (Vcc Pin)

Operating voltage VCC 5 5.5 V

Start-up threshold VCC(ST) VCC rising 5.2 V
Under voltage lockout 
threshold VCC(UVLO) VCC falling 3.45 V

Operating current ICCQ 500 µA

Charging current Before POR 0.95 mA

Discharging current 9 mA

Power FET (HV Pin)

On-state Resistance RON 3 Ω

Leakage Current (Note 2) IDSS
(-00C, -20, -30) (Note 3) 1 µA

(-21, -31) (Note 4) 1 µA
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Parameter Symbol Test Conditions Min Typ Max Unit

Gate Bias (Vg Pin)

Zener At biasing current 0.1mA 17.3 V

Configuration (CFG Pin)

Configuration current ICFG(CFG) 14 μA

Thermal Shutdown

Shutdown threshold TOTP(START) 150 °C

Notes:

Note 1.	 These parameters are not tested. Parameters are guaranteed by design.

Note 2.	 Tested at VG = 0V.

Note 3.	 Tested at VHV = 500VDC.

Note 4.	 Tested at VHV = 650VDC.

6. Electrical Characteristics (Cont’d)
VIN = 15V. All values are at TA = +25°C, unless otherwise specified.
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7 Typical Performance Characteristics
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Figure 7.1 : VCC vs. VCC Supply Start-up Current Figure 7.2 : Start-Up Threshold vs. Temperature
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Figure 7.3 : Maximum On Time vs Temperature Figure 7.4 : Internal Reference V. vs. Temperature
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Figure 8.1 : Functional Block Diagram
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9 Theory of Operation
9.1 System Startup
When AC voltage is applied, the VG pin of the iW3658, which is connected to the gate of the internal high voltage 
MOSFET (HVFET), is charged up through an external pull up resistor. When VGS > VGS(TH), the HVFET is turned on 
and charges the VCC capacitor. When the VCC voltage reaches the VCC startup threshold, VCC(ST), the iW3658 control 
circuit is activated and the IC powers up.

After the iW3658 is powered up, it measures the external resistance at the CFG pin in order to configure the control 
parameters. The CFG pin outputs ICFG current and measures the voltage developed at the pin. The RCFG resistance 
is used to determine the appropriate maximum COMP pin voltage, VCOMP (MAX), and the minimum COMP pin voltage, 
VCOMP(MIN). See section 9.7 for details. 

Once the configuration cycle finishes, the COMP pin voltage charges to VCOMP(MIN), the IC begins to switch the internal 
low voltage MOSFET(LVFET) and delivers energy to the output.

9.2 Constant Current Regulation
When there is no dimmer, the iW3658 maintains the output current constant. For the buck-boost topology, the output 
current can be derived by the following equation:

OUT  =I  ×  
SR

1
2

IPKV    
× RT

PT
 		

(9.1)

In which VIPK is the peak voltage of ISENSE pin and RS is the current sense resistor value. TR is the de-magnetizing time 
of the main power inductor and TP is the switching period. 

The output current feedback, IOUT_FB, is estimated by sampling the peak current sense voltage VIPK and calculated by 
equation 9.2.   

= I  ×  SR2IPKV    × RT
PT OUT ×

	
(9.2)

The result is proportional to the output current Iout and scaled by 2 x Rs. Iout_FB is then compared with internal current 
reference VIREF for a closed-loop current control.

  

An external capacitor (2.2mF typical) is connected from the COMP pin to keep the LED current stable.

TR

TP

VIPK * TR / TP

ISENSE

VIPK

IOUT 
Feedback

VIPK

Figure 9.1 : Constant Current Regulation
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9.3 Switching Control
The COMP pin voltage is used to regulate the output current by setting either the peak current of the main inductor or 
turn-on time of the LVFET, depending on different iW3658 option. 
When steady state is reached, the average of VIPK * TR / TP is regulated to the internal VIREF. The LED current is 
regulated and its value can be adjusted by using different RS values.

	

                      

Figure 9.2 : Switching Control

The iW3658 uses Dialog’s proprietary ring detection to measure the reset time, TR, as well as to achieve valley mode 
switching for best efficiency and EMI. The detection is done at the source of the HVFET, or the drain of LVFET without 
the need for an external sensing circuit or auxiliary winding.
The iW3658 always operates at CDCM and the switch is turned on at first valley. If the output voltage is too low for 
the iW3658 to detect the first valley, the iW3658 starts switching at 4kHz, enabling the next switching cycle after 
approximately 250ms.

TONCOMP

ISENSE

ISENSE

COMP

TON

9.4 AC line Current Control
The iW3658 has two optional operation modes: constant peak current or constant on-time, TON.

9.4.1 Constant Peak Current Regulation (-00C Option)

In constant current mode, the peak current control value is held constant when AC line voltage is high. Due to the 
flat distribution of the switching current, the LED current ripple is lower when compared to traditional constant TON 
control. At zero-crossing, TON is clamped to a maximum 9ms to avoid excessive AC current. This mode of operation 
can achieve power factor in the range of 0.7 to 0.9 depending on the application. The LED current is regulated by 
controlling the value of peak of ISENSE voltage.

Figure 9.4 : Constant TON Regulation
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Figure 9.3 : Constant Peak Current Regulation

9.4.2 Constant TON Regulation (-20, -21, -30 and -31 Options)

In constant TON mode the COMP pin voltage is compared with a constant slope ramp. Ton is set by the time that ramp 
voltage is lower than COMP pin voltage. In this way, constant Ton is achieved throughout the AC half cycle. The LED 
current is higher when COMP pin voltage is higher or vice versa.

Figure 9.4 : Constant TON Regulation

9.5 VCC Charging and Maintenance
The iW3658 uses Dialog’s proprietary VCC charging technology to achieve VCC maintenance regardless of LED voltage 
or dimming phase angle. Also, it eliminates the need for high voltage resistors which cause extra power loss and 
additional BOM components. 
The charge of VCC is done by utilizing a portion of the primary inductor current. An internal regulation loop 
automatically adjusts the pulse width of the VCC charging time under different dimming angles. Although the VCC 
voltage drops during the phase cut of an AC half cycle, the iW3658 guarantees VCC level is always above VCC(UVLO) 
when a proper sized VCC capacitor is used.

Control Voltage ( VIPK )
Regulation

TON = TON (MAX)

VAC

VACVAC

VISNSVISNS

TONTON

RegulationRegulation
TON RAMPTON RAMP

COMPCOMP
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9.6 Dimming Operation
If there is no dimmer connected to the driver, the iW3658 regulates a constant output current which is set by the 
current sense resistor, Rs. 
If a phase-cut dimmer is used, the iW3658 uses maximum clamp voltage Vcomp or maximum Ton-time to reduce the 
output current with phase-cut. Vcomp or maximum Ton-time are determined by CFG resistance. Refer to section 9.7 for the 
details of Vcomp.

9.7 Configuration
Rcfg is used to set the maximum COMP pin voltage and maximum Ton. Tables 9.1 shows Vcomp according to RCFG 
value. Based on the operation principle of flyback topology, the higher the output voltage, the lower the Rcfg value, 
thus the higher Vcomp needs to be. The VCOMP values listed in table 9.1 are the values recommended for designing with 
the iW3658 and correspond to the maximum level expected for VCOMP on average.  The Vcomp(min) is 0.34V.

In typical applications, 59kΩ maps to 65V output voltage and 85kΩ maps to 45V output voltage.

9.8 Protections
9.8.1 Output Over-Voltage Protection (OVP)

The iW3658 detects the output over-voltage condition indirectly by measuring the reset time of the main inductor using 
the following equation:

OUTV 
RT

IPKV    
×= ML

SR
	 (9.3)

For a certain Vipk, which is known to the iW3658, the inductor reset time Tr is inversely proportional to the output 
voltage. Therefore, for given Lm/Rs and Vipk values, the output voltage can be detected by the reset time Tr. By setting 
a time value Tr_ovp, as the target over voltage threshold, if the measured Tr is shorter than Tr_ovp, then the output 
voltage is considered to be too high and will trigger the OVP protection.

The iW3658 sets the OVP level via the RCFG resistor by the following equation:

OVPV ×=

ML
SR

CFGR
5 x 109

	 (9.4)

9.8.2 Inductor Peak Current Limit

The maximum ISENSE voltage VISNS(CLAMP) is set by RCFG. Once the ISENSE voltage reaches VISNS(CLAMP), the power 
switch will be turned off immediately, then start again in the next switching cycle. This avoids the main inductor from 
saturating.

Rcfg Range
Vcomp Ton High Limit

120VAC (-00C,-20, -30) 230VAC (-21, -31) 120VAC (-20, -30) 230VAC (-21, -31)

Rcfg < 58kΩ 0.96V 0.85V 7.68μs 3.40μs
60kΩ < Rcfg < 84kΩ 0.80V 0.74V 6.40μs 2.96μs

Rcfg > 86kΩ 0.66V 0.63V 5.28μs 2.52μs

Table 9.1: RCFG Values
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9.8.3 Output Over-Current Protection

If the output is short circuited, the iW3658 will operate at approximately 4kHz to reduce the power.

9.8.4 Thermal Derating and Over-Temperature Protection (OTP)

The iW3658 has an internal OTP shutdown at 150°C junction temperature. The iW3658 also has built-in LED current 
derating. The derating start point is at 140°C junction temperature. If the junction temperature reaches 140°C, the 
iW3658 reduces current to the LEDs at a rate of 6% per 6°C. The picture below shows the OTP de-rating curve. The 
maximum derating range is down to 88% of full output current.

100%

94%

88%

140°C 146°C 150°C134°C

LED CURRENT

Tj

 
Figure 9.5 : Over-Temperature Derating Protection Characteristic

9.9 Application Guide
9.9.1 Current Sense Resistor (Rs)

LED current is set by current sense resistor. Rs value can be determined by the following equation. It does not depend 
on AC or LED voltage. 

IREFV 
×=

LEDI ηSNSR 2 × 	 (9.5)

In which, Viref is an internal output current reference; h is power stage efficiency, 92% is a good estimate to start with; 
Iled is the full power output current.

9.9.2 Configuration Resistor (Rcfg)

Rcfg sets the over voltage protection threshold. It can be determined by the following equation:

OVPV 
×=

ML
SR

CFGR 5 x 10 Ω9 	 (9.6) 
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9.9.3 Main inductor (Lm)

Lm determines the switching frequency. The following equation is recommended:
For typical application:

=ML
SR 800μH/Ω to 1200μH/Ω  	 (9.7)

 
9.9.4 Vcc Capacitor, COMP Capacitor and Vg Pull-Up Resistor and Capacitor

Table 9.3 shows recommended values and voltage ratings for different key components.

Item Value Rating
Vcc cap 6.8μF to 22μF 10V

COMP cap 2.2μF 10V
Vg cap 0.1μF to 0.22μF 50V

Vg resistor 1MW for 120V/2MW for 230V 250V/400V
 

Table 9.3: Recommended capacitor and resistor values for VCC, COMP and VG
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10 Physical Dimensions

11 Ordering Information

Part no. Options Package Description

iW3658-00C 120VAC Input, 500V/3A MOSFET SO-7 Tape & Reel1

iW3658-20 120VAC Input, 500V/3A MOSFET, optimized for high power factor SO-7 Tape & Reel1

iW3658-21 230VAC Input, 650V/2A MOSFET, optimized for high power factor SO-7 Tape & Reel1

iW3658-30 120VAC Input, 500V/3A MOSFET, optimized for filament load SO-7 Tape & Reel1

iW3658-31 230VAC Input, 650V/2A MOSFET, optimized for filament load SO-7 Tape & Reel1

Compliant to JEDEC Standard MS12F

Controlling dimensions are in inches; millimeter dimensions are for reference only

This product is RoHS compliant and Halide free.

Soldering Temperature Resistance:
 [a] Package is IPC/JEDEC Std 020D Moisture Sensitivity Level 1
 [b] Package exceeds JEDEC Std No. 22-A111 for Solder Immersion Resistance; package can withstand
      10 s immersion < 260˚C

Dimension D does not include mold flash, protrusions or gate burrs.  Mold flash, protrusions or gate burrs shall
not exceed 0.15 mm per end.  Dimension E1 does not include interlead flash or protrusion.  Interlead flash or 
protrusion shall not exceed 0.25 mm per side.  

The package top may be smaller than the package bottom.  Dimensions D and E1 are determined at the
outermost extremes of the plastic bocy exclusive of mold flash, tie bar burrs, gate burrs and interlead flash, but 
including any mismatch between the top and bottom of the plastic body.

7-Lead Small Outline (SOIC) Package

COPLANARITY
0.10 (0.004)

8 5

41

SEATING
PLANE

A1

E H

B

D

e

A

C

Lα

h x 45°

Inches

S
ym

bo
l

Millimeters
MIN

0.004A1

MAX MIN MAX

0.0098 0.1 0.25
A 0.069 1.75

0.013B 0.02 0.33 0.51
0.0075C 0.0098 0.19 0.25
0.189D 0.197 4.8 5
0.151E 0.157 3.84 3.99

0.05 BSCe 1.27 BSC
0.2284H 0.244 5.8 6.2

h
0.02L 0.03 0.51 0.76

0°α 8°

Note 1: Tape and reel packing quantity is 2,500/reel. Minimum ordering quantity is 2,500.
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Disclaimer

Information in this document is believed to be accurate and reliable. However, Dialog Semiconductor does not give any representations or 
warranties, expressed or implied, as to the accuracy or completeness of such information. Dialog Semiconductor furthermore takes no responsibility 
whatsoever for the 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 Standard 
Terms and Conditions of Sale, available on the company website (www.dialog-semiconductor.com) unless otherwise stated.

Dialog and the Dialog logo are trademarks of Dialog Semiconductor plc or its subsidiaries. All other product or service names are the property of 
their respective owners. 

© 2017 Dialog Semiconductor. All rights reserved.

RoHS Compliance

Dialog Semiconductor’s suppliers certify that its products are in compliance with the requirements of Directive 2011/65/EU of the European 
Parliament on the restriction of the use of certain hazardous substances in electrical and electronic equipment. RoHS certificates from our suppliers 
are available on request.

Contacting Dialog Semiconductor
United Kingdom (Headquarters)
Dialog Semiconductor (UK) LTD
Phone: +44 1793 757700

Germany
Dialog Semiconductor GmbH
Phone: +49 7021 805-0

The Netherlands
Dialog Semiconductor B.V.
Phone: +31 73 640 8822

Email
info_pcbg@diasemi.com

North America
Dialog Semiconductor Inc.
Phone: +1 408 845 8500

Japan
Dialog Semiconductor K. K.
Phone: +81 3 5425 4567

Taiwan
Dialog Semiconductor Taiwan
Phone: +886 281 786 222

Web site: 
www.dialog-semiconductor.com

Singapore
Dialog Semiconductor Singapore
Phone: +65 64 8499 29

Hong Kong
Dialog Semiconductor Hong Kong
Phone: +852 3769 5200

Korea
Dialog Semiconductor Korea
Phone: +82 2 3469 8200

China (Shenzhen)
Dialog Semiconductor China
Phone: +86 755 2981 3669

China (Shanghai)
Dialog Semiconductor China
Phone: +86 21 5424 9058
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