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Ultra-Dynamic Voltage Scaling (U-DVS)

Goal:  Operate at the lowest voltage that meets 
performance requirements

Sub-threshold Operation: 
slower, minimum energy

Strong Inversion Operation:
fast, high-energy
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U-DVS DC-DC Converter Requirements

Battery Voltage: 1.2V
Output Load Voltage: 0.3 – 1.1V
Output Load Power: 1µW – 1mW
On-chip charge transfer capacitors
Multiple Voltage Domains
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Capacitive Charge Transfer
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Need for different Topologies

Linear efficiency drop necessitates topologies 
with VNL close to the load voltage desired
Practical ratios: p/q; q<5 and p<q for buck 
converters
Ratios used: 1/1, 1/2, 1/3, 2/3 and 3/4
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Scalable Voltage Generation
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Scalable Voltage Generation

Ratio: 2/3 Ratio: 3/4
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Topology Switches

Capacitor Budget = 12CB

No steady-state power
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Bottom Plate Parasitic Loss
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Switching and Control Loss
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Efficiency 
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Divide-by-3 Switching
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1.75X

Divide-by-3 Switching

Kp improvement
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Efficiency Improvement
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Architecture

ON-OFF mode control. Vref is set digitally
No static power loss
Completely on-chip except for Cload
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Automatic Frequency Scaling

Overload comparator is used to increase switching 
frequency at higher loads
At low load, switching frequency is halved using a 
counter mechanism
enW2 and enW4 determine switching frequency
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Die Photo

Die area – 1.6mm  
x 1.6mm

Circuit active 
area – 0.57 mm2

Gate-oxide 
capacitors are 
used

Total capacitance 
– 2.4nF
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Efficiency Measurements
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Efficiency Measurements
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Transient Measurements

100 µA load, 0.3V −> 1V in 6µs
Dead-beat transient response
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Conclusions

A voltage-scalable switched capacitor DC-DC 
converter with on-chip charge transfer capacitors 
has been presented
A new divide-by-3 switching scheme has been 
proposed to address bottom-plate parasitic loss 
Completely digital control with very little control 
power overhead
A very scalable system that can be changed to 
meet the load voltage and power needs
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Power Delivery
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