
An 83mA 96.8% Peak Efficiency On-Chip 3-Level Boost Converter with 
Full-Range Auto-Capacitor-Calibrating Pulse Frequency Modulation (ACC-PFM)
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Electronic Devices

Internet of Things (IoT)

Bio Implantables

Requested 

1. Voltage step-Up
2. High integration
3. Power efficient

High voltages are demanded to
• Generate efficacious stimulations 

for bio-implantable devices
• Interface between low-voltage 

energy harvesters and batteries for 
wireless sensor network (WSN) 

• Program memories for high 
operational speeds

• Drive LED strings efficiently

• TSMC 65nm CMOS process
• 2.5V devices for 5.0V operation 
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Hybrid SC converters merge the advantages of the 
conventional switched capacitor (SC) and switched 
inductor converters (e.g. Boost converter)
• Achieve high power density 
• Mitigate charge sharing loss in SC converter
• Retain the ability to employ low voltage

• ACC-PFM is an integrated controller 
solution for both VOUT regulation and 
capacitor balancing
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Charging

VO
VCFLY Offset ΔQ

i)  TCHG ≠ TDCHG

ii)  mCHG ≠ mDCHG

iii)  IC,bottom ≠ 0
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ΔQ = QCHG ─ QDCHG > 0

ICHG
IDCHG

Discharging

Challenge: VCFLY is undefined 

ICHG = IP ─ (VCFLY ─ VIN)·TCHG / (2L)
IDCHG = IP ─ (VO ─ VIN ─ VCFLY)·TDCHG / (2L)

TCHG = TDCHG = TCONST = TOFF 
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ICHG = (VIN ─ VCFLY)·TCHG / (2L) + IV
IDCHG = (VIN + VCFLY ─ VO)·TDCHG / (2L) + IV

TCHG = TDCHG = TCONST = TON 
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D > 0.5 (Peak Current Mode with COTOFF) D < 0.5 (Valley Current Mode with COTON)

Peak Efficiency 96.8%

Input Voltage 0.3 – 3V

Output Voltage 2.4 – 5V

Peak Output Current 83 mA

Peak Switch 
Current Density

300 
mA/ mm2

Switching Freq. 0.5M – 45MHz
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Excellent performance for wide-range 
voltage and load variation required in step-

up applications, compared to prior arts.
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