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Multi -Interleaving-Phase DC-DC Converters
ÅReduce output voltage ripple

ÅReduce input current ripple
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x One L for each phase
VEfficiency (ideally 100%)
īLCsecond-order filter

VFully-on-chip, multi-phase
x Efficiency (like linear regulator)
VFirst-order power stage
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On-Chip IR Drops and dI/ dt Variations

ÅOn-chip power delivery suffers from IR drops and supply 
variations.

ÅSupplying the load from all directions can significantly alleviate 
such problem.
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ÅTop edge: 
ï30Phases 

ÅOther 3 edges: 
ï31Phases

Å In total: 
ï123Phases

ÅNo. of Phase 
is flexible.

Conceptual Layout of the Converter-Ring
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Conceptual Bonding Diagram
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Prior Art Achieving Fast Transient

ÅAchieved fast transient response with additional 3.3GHz Clock.
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Prior Art Achieving Fast Transient

ÅAchieved fast transient response with 4GHz Clock and 
feedforward control.
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Unity Gain Frequency (UGF) Extension 

ÅUsing the following configurations for the switched-
capacitor power converter (SCPC) for UGF extension:

ïSet the dominant pole at VOUT, 

ïEmploy a high speed error amplifier (EA),

ïTune the oscillator frequency through its supply (VDDCO).
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Proposed System Architecture
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Pseudo-Continuous-Time SCPC
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Å Increasing the phase number also enables the control-loop to 
responseat every fraction of the switching period (T), which is 
T/123 in our case. 

ÅThe discrete-time SCPC approaches a pseudo-continuous-time
power stage. Thus, UGFof the control-loop could be designed to 
be higher than the switching frequency of the SCPC.

Achieve fast response 
without using 
additional GHz clock.
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Error Amplifier and VDDControlled Oscillator
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Internal Rails for Low Voltage Devices
ÅVoltage domain [VIN : VSSH] = [VIN : VIN/3]

ÅVoltage domain [VDDL: Gnd] = [2VIN/3 : Gnd]

ÅVIN: 1.6V to 2.2V
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