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An 884MHz RF-DC Rectifier With -41.8dBm Input Power Sensitivity

Yoomi Park and Sangjin Byun

Department of Electronics and Electrical Engineering, Dongguk University
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Ambient RF Energy Harvester

GSM, LTE, 5G, W
WiFi, Bluetooth ...
RF energy
harvester
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sensor

base station, AP wireless sensor nodes
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ambient LTE spectrum

i

Center 884 MHz
Res BH 1 MHz "

Channel Power

-39.95 dBm /40.0000

VEH 3 MHz

Power Spectral Density

-115.97 dBm/Hz

MHz

Span 200 MHz
Sweep 405 ms (401 pes)

Challenge: Harvesting energy from extremely low ambient RF power

=» Enhancing input power sensitivity of RF energy harvester

Prototype RF-DC Rectifier
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Input Impedance Model
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MOM capacitor MOS transistors

Reerr = Ryos||Rsys(1 + Q%)
where Q = -

w(Ctop+CBoT)RSUB

Ground Shielded Capacitor

MOM capacitor
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ground shield plane

P-substrate

Rsyp can be decreased 84%
by using ground shield plane

Die Photo

Test Board

Samsung 28nm 1P11M CMQOS
Active area: 217um x 379um

Impedance Matching Network
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R g increases as Rgyg decreases

input impedance
before matching
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Passive amplification gain = 5.6V/V @ -40dBm

Input Power Sensitivity
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Input power sensitivity = -41.8dBm @ 1V

28 pin QFN 5mm x 5mm
4 layer FR4 PCB

Scattering Parameter

i -18.7dB|
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Performance Summary

JSSC 18 RFIC 12 TMTT 24 this work
CMOS technology 65nm 130nm 28nm 28nm
RF frequency 2.4GHz 0.915GHz | 0.970GHz | 0.884GHz
N 6 50 108 570
WI/L — - 1/0.09 1/0.09
active die area 0.65mm? | 0.085mm® | 0.025mm?* | 0.09mm?
input sensitivity -33dBm -32.1dBm | -36.5dBm | -41.8dBm
output DC voltage 1V 1V 1V 1V
load resistance o0 o0 o0 o0
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Selected parameter: W/L=11, N=570
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Integration of 570 rectifier cells by using ground shielded coupling capacitors

=» Highest input power sensitivity of -41.8dBm at 884MHz
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