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Literature Review : |: o

oy |

« [Guo JSSC’09] and [Cha TCAS-II'12]
» fixed offset voltage, delay compensation is open-loop
* Not accurate under different process/volt./temp. (PVT) corners
* Only considering NMOS turn-off side

VSS

 [Lu VLSI'1l] and [Lu TBioCAS’'14]
« prediction offsets on supply voltage, delay compensation is open-loop
* Not accurate any more under process and temp. corners
* Only considering NMOS turn-off side

 [Lee TCAS-I'11]
« off-chip trimming (human in the delay compensation feedback loop)
* Only considering NMOS turn-off side

« Still no universal solution with close-loop delay compensation considering
PVT variations for both NMOS on and off time.
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Proposed Active Rectifier
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Proposed Real-Time Calibrations
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Proposed Real-Time Calibrations
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Proposed Real-Time Calibrations
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Proposed Real-Time Calibrations
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Simulation Results
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Simulation Results
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Chip Photo
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e The chip is fabricated in TSMC 65nm process, using |I/O devices
e 1.44 mm? chip-area, dominated by the integrated output capacitors
e PMOS much larger than NMOS for better efficiency

(PMOS gate-capacitances do not contribute to switching loss, BUT

NMOS gate-capacitances DO [Lu TBioCAS’14]) 18



Measured Waveforms
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Measured Waveforms
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Measured Waveforms
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Measured Waveforms
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Measured Waveforms
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Measured Power Conversion Efficiency
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PCE >90% for a wide range, Peak approaching ~95%. 25



Measured Voltage Conversion
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I\/Ieasured PCE and VCR
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Tech. 0.35um 0.35um

0.107mm?2  1.03mm?
13.56MHz 1.5MHz

I t
Amp.
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(R,=100Q)
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13.56MHz
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1.27-3.6V
(R,=500Q)

32mwW
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0.186mm?2
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1.5-4V

1.28V-3.56V
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94%-95%

78%-92%  (R_=2kQ)
(R,=1.8kQ) 82%-84%
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65%-89%" 82%-87%"
(R,=1.8kQ) (R,=100Q)

PCE

76%-81%
(R,=500Q)

68%-80.2%
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91.3%-94.6%
(R,=100Q)

* Simulation results.

" Compared with 1X structure.
# Integrated output capacitor C, included.
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Conclusions

The proposed real-time calibration techniques guaranteed
that:

- The active rectifier works at near-optimum operations under PVT variations
that:

- The NMOS on-delays are calibrated, conduction time is maximized,
- The NMOS off-delays are calibrated, reverse current is minimized,
- The VCR and PCE are always well optimized

- Significant improvements are achieved

- The adaptive sizing further improves the VCR and PCE
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