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The charge pump: a ubiquitous block in modern 
applications
The specific case of CP for single PV-cell: conventional 
schemes and the proposed one 
The specific case of CP for TEGs: drawbacks and a 
solution to alleviate them
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OVERVIEW
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Charge pump: an ubiquitous block in modern applications 
Applications such as self-powered ICs and energy-autonomous nodes work in duty-cycled mode and

require high efficient Power Management Unit to gather the highest possible energy.

In these, a reduction of the minimum input voltage for the wakeup and the operations of the converter

allow to work also with stringent conditions, improving the whole chip performances.
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Conventional output voltage regulation schemes

𝑉ை் = 𝑉ூே + 𝑁𝑉 − 𝑅ை் 𝐼ை்
𝑅ை் = ൞ 𝑁 𝑓𝐶ൗ               𝑓𝑜𝑟 𝑆𝑆𝐿𝑁 + 1 𝑅் 𝛿ൗ  𝑓𝑜𝑟 𝐹𝑆𝐿
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Conventional output voltage regulation schemes
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Conventional output voltage regulation scheme vs. proposed one

• We introduce a novel current-based regulation (parallel regulator) that exploits the bulk terminal of PMOS 
devices of the CP without entailing the clock/phase generator (conventional scheme). 
• This strategy allows the reduction of the circuit complexity and of the minimum supply voltage while 
maintaining high power conversion efficiency. 
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The proposed scheme
PROS:
• Allows the reduction of the circuit complexity 

and of the minimum supply voltage while 
maintaining high power conversion efficiency

• Low area overhead

CONS (POSSIBLE):
• Triple-well technology is suggested
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Remarks on transistor level implementation
The triad PMOS-source/nwell/ substrate shapes parasitic
junctions that, inevitably, are turned on. 
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This aspect, which is detrimental for many applications, is 
instead a strong advantage for the proposed solution. 

If the parasitic transistor is turned on, the actual current sunk 
from the capacitor is amplified by a factor (β + 1), where β is 
the common-emitter current gain of the transistor. From the 
point of view of the regulation loop, such amplifying factor 
contributes to increase the loop gain and, therefore, the 
accuracy of the regulated output voltage. 



ALL INFORMATION SHALL BE CONSIDERED SPEAKER PROPERTY UNLESS OTHERWISE SUPERSEDED BY ANOTHER DOCUMENT.

[YOUR
LOGO]

Simulation and measurement results

Measurement setup and layout of the charge pump 
superimposed to the chip micro-photograph

Simulated transient behaviour 
with only capacitive load

Line Regulation = ±107 µV/mV
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Simulation and measurement results
Output voltage: measured steady-state behaviour

Voltage ripple factor = 0,62 mV/V
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Simulation and measurement results

Measured power conversion efficiency as function of 
the current load for different values of the input voltage

Simulated transient behaviour with current load

Load Regulation = 3,97 mV/µA
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Comparison with the State-of-the-Art
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Drawbacks in typically used topology

Current driving capability is strongly reduced for very low 
voltage and this observable in the minimum input voltage
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The proposed solution
We introduce a fully-integrated 
switched-capacitor DC-DC converter 
based on a Dickson charge pump
• able to work with input voltage 
levels that force the transistors 
working in subthreshold region
• exploiting resistors in the charge 
transfer switch in order to overcome 
the limits of conventional solutions 
when working in the subthreshold 
regime.

The minimum input voltage is lower than 
conventional cross-coupled CP
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Simulation results

Layout of the charge pump

Simulated transient
behaviours with 
only capacitive load
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Simulation results
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Simulation results
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Voltage Conversion Efficiency vs. input voltage Settling time vs. input voltage

THE PROPOSED SOLUTION IS MORE VOLTAGE EFFICIENT AND 
FASTER THAN THE CONVENTIONAL SOLUTIONS FOR LOWER 

INPUT VOLTAGES
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Comparison with the State-of-the-Art
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THE PROPOSED SOLUTION IS COMPACT AND FASTER AS 
COMPARED WITH PRIOR ART.
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Thanks very much for your time and 
attention!

Questions/comments???

Q & A
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