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• Solid state lighting: efficient, environmental friendly, 
and affordable 
 

• LED drivers: Current regulation, power factor 
correction, galvanic isolation, dimming 
 

• Goals: 

Building Better LED Drivers 
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1. Architecture with lower V-A product 
• Fundamental elements: Switches & Passives 

• Switches: 

 
 

• Passives:  to pass larger I or Charge with lower lost  

                   to stand larger V 
 

2. Better passive components  
• Higher energy density, lower cost, longer life, 

        integration,  high frequency performance… 
 

3. L- C resonance 
• Parasitic cancellation 

• Lossless power regulation 

• Isolation 
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Solutions 

larger I    RON 

larger V     Vmax 

Larger device 
More parasitics 

Larger device 
Higher cost 

Magnetics 
Dominates 



Take Advantage of Capacitors 
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Self-assembling  
Nanoparticle dielectrics 

Scalable capacitor  
printing technologies 

Analog power circuits  
And IC design 

Novel device 
Integration 

• Switched-capacitor (SC) topology:  
– Lower V-A rating for both individual and over all components.  

[Seeman, M.D., COMPEL 2010] 

– Multilevel architecture: modular design & reconfiguration. 

• High energy density capacitors:  
– high frequency, low loss, pintable thin-film Metacapacitors. 

• Multilevel output L-C resonant network 
– Zero Voltage Switching (ZVS). 
– Lossless current regulation. 
– Energy merging and magnetic reuse. 
– Capacitive galvanic isolation. 
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Hybrid-switched-capacitor-
resonant LED driver 

[M. Kline, APEC 2012] 
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• 𝑽𝑳 =
𝑳𝒅𝒊

𝒅𝒕
 

• Split-wound coupled 
inductors using one core 



Hybrid-switched-capacitor-
resonant LED driver 
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Hybrid-switched-capacitor-
resonant LED driver 
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Two Phases of Operation and 
Output Current Regulation 

Phase 1 Phase2 

• Galvanic isolation 

• Lossless regulation 

• Zero voltage switching 
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Efficiency Analysis 

SSL and FSL charge multiplier 
vectors: 



Architecture of the DC-DC 
Converter IC 

11 [C. Le, CICC 2013] 



Gate-driving Circuits 
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Level-shifting Circuit 

Ch_VDD  to Ch_VSS 

VDD  to VSS 
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Delay Cancellation Strategy  

• The 5V clock signal is 

level-shifted to the top chip 

 

• To compensate, the clock 

signal for the bottom chip 

must be delayed 
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Test Board for a 170V Input 17W 
LED Driver 

Clock 

input 

DC output to 

the LEDs 

DC input up to 200V 

Second chip 

sits at 85V DC 

Capacitive 

power 

transfer & 

galvanic 

isolation, 

3kV rated 
First chip sits 

at GND 
1cm diameter, 6.2uH 

Split winding inductors 
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Possible Compact Layout of PCBs 

3.5 cm 

1.5 cm 

0.5 cm high 

137.5 W/inch3 



Current Regulation versus Vin 
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Current Regulation and Efficiency 
versus Duty Cycle  

PMW clock 

dimming control 
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First Integration with Metacapacitors 
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• ESR of the connector and the printed thin 
film could be a problem 

• The capacitance of the printed Metacap is 
slightly smaller 



Summary 
• Presents a chip-stackable Switched-Capacitor (SC) DC-DC 

converter IC for a hybrid-SC-resonant (HSCR) LED driver. 

• Combines the advantages of high energy density capacitors, 
the SC converter and the series-resonant converter, 
achieving an optimized use of reactive elements. 

• Developed a Chip-stackable integrated SC module. The 
converter can be reconfigured and extended to handle 
different input voltage levels with relatively constant 
efficiency. 

• The HSCR converter offers near lossless regulation, galvanic 
isolation and dimming function with small size reactive 
components. 

• One of the highest power SC converters compared to the 
current state of the art . 
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Thank you! 
 

Questions? 
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