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Overview
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One-step resonant DC-DC 

325V to 3.3-10V, <500mW

Options: SJ-FET / SJ-LIGBT  

[ISSCC 2020, JSSC Nov. 2021]

HV AC-Interface

One-step DC-DC 15-325V 

to 3.3-10V, <300mW 

[ISSCC 2022]

Active-Clamp Flyback

DC-DC 20-300V to 5V, 

500mW

[CICC 2022]

HV AC-Interface

(optional)
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The Need for High-Voltage Low-Power Converters
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Closing the Power-Supply Gap for IoT, …
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Closing the Power-Supply Gap for IoT, …
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Towards Chip-Scale Offline Power Supplies
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HV Challenges
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t

T = 1/fsw

Vin

Vsw

Vout = (ton / T) Vin

ton = 10ns at fsw = 1MHz
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3) Coupling, 

noise, EMC

1) Losses: C + I-V 

4) Sensing and biasing

~100mW @ R = 1MW

2) Speed
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HV Challenges
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1) Losses

2) Speed

3) Substrate coupling, noise, EMC

4) Low-power biasing and sensing

…to be addressed by

Topology 

and 

Design

Technology 

and 

Layout
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Why SOI?
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• Oxide isolation instead of junction isolation

• No parasitic bipolar effects

• Negligible leakage currents

• Smaller die size (narrow HV isolation)

• Small, low-resistive HV devices

• Super-junction MOSFET and IGBT

• But: Capacitive-loss-reduction

techniques required
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Capacitive-Loss-Reduction Techniques in SOI
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Self-Timed Resonant Operation (1)
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Self-Timed Resonant Operation (2)
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Self-Timed Resonant Operation (3)
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Self-Timed Resonant Operation: Output Power
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The Dual-Mode Buck Converter
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Suitable for DC-DC and AC-DC conversion

Mode 1: Self-timed resonant operation

Mode 2: Constant on-time control
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Mode 2: Interval-Based Constant-On Time Control
Conventional buck converter with HV2 permanently turned on (reuse from Mode 1)

HV2

Interval-based control:

• Trade-off between control complexity 

and efficiency

• Lower losses than continuous control

• Look-up table, RC-delays in HS domain

• Sufficient Pout down to Vb ~ 0
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Interval-Based Control: High-Voltage Threshold Detection
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Interval-Based Control: High-Voltage Threshold Detection
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The Zero-Crossing Buffer Capacitor
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An Active Zero-Crossing Buffer
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Block Diagram of the AD-DC Converter IC 
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Die Photo
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Measured Transients – AC-DC Converter
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PCB Implementation
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Comparison to State-of-the-Art
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Active-Clamp Flyback

Chip-Scale High-Voltage Power Supplies   ▪ PwrSoC 2023   ▪ Bernhard Wicht   ▪ Leibniz University Hannover, Germany

• Same block-level circuits as for 

AC-DC

• Interval-based constant on-time 

control

• High-speed, low-loss threshold 

detection
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Measured Efficiency
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Measured Efficiency
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PCB Implementation
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Conclusion
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▪ Chip-scale DC-DC and AC-DC 

converter designs

▪ High conversion ratios (400V → 3.3V)

▪ Topology and Design: 

– Intervall-based control COT control

– Low-power threshold detection

– Buffer size reduction

▪ Technology and Layout:

– SOI

– Capacitive-loss reduction
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