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Abstract

This paper presents a design of CMOS RF energy
harvesting rectifier specialized at the low input power
region using a body bias feedback circuit for a high
conversion efficiency. The proposed rectifier employs
diode-connected MOSFETs with body bias feedback
circuit to overcome a threshold voltage drop. The low-pass
filter at output stage provides an efficiency enhancement as
well as flatting effect of DC by suppressing the harmonic
components generated by the MOSFETs. The load
resistance was optimized for maximum efficiency at the
-10~10 dBm of input power. The circuit is designed on 0.11
pm CMOS technology at center frequency of 2.44 GHz.
The simulation and measurement results show that output
voltage and power conversion efficiency at low input
power level are improved as compared to the conventional
recfitier using diode-connected transistors.

Keywords — Body bias, CMOS, conversion efficiency, rectifier,
RF energy harvesting.

I. Introduction

As mobile devices are widely used, the development of the
battery which occupy the largest volume of the mobile device
has been developing rapidly. Regarding these social and
commercial development trends, RF energy harvesting
technology can help to improve the battery efficiency when it is
applied to the battery management system of the mobile device
with a CMOS technology [1].

A rectifier is a key circuit of RF energy harvesting system. In
general, the threshold voltage of diodes constituting the
rectifier is one of major factors in the degradation of conversion
efficiency. Therefore, Schottky diode with low threshold
voltage is widely used for the RF energy harvesting system.
However, the implementation of RF energy harvesting rectifier
using the Schottky diode with CMOS process is difficult due to
the manufacturing cost and process technology. In other to
substitute the Schottky diode, threshold voltage compensating
technique by using feedback voltage of the output stage was
presented in [2] and [3]. In addition, many research and
development about CMOS RF energy harvesting system were
performed for the improvement of conversion efficiency using
different techniques, such as transformer matching network for
amplify the input voltage level [4] and the body biasing
technique for reduce the threshold voltage [5].

Fig. 1. Schematic of proposed RF energy harvesting rectifier with
oft-chip mathcing network and load resistor.

RF signal radiated in the air is mainly distributed in the
power level of -15 dBm or less. In such a low power level, it is
limited to get a high conversion efficiency. For these reasons,
the new structure of RF energy harvesting rectifier is presented
in this work to achieve high conversion efficiency at the low
power region without any external bias.

II. Circuit Design

Typically in the CMOS process, Schottky diode is used
restrictively due to the manufacturing cost and circuit
complexity. So, a circuit topology that can be minimize the
impact of threshold voltage by using diode connection
MOSFET is required for RF energy harvesting rectifier. In
previous, the body of diode connection MOSFET was
connected to the ground or drain. However, a floating body
structure is one of methods to increase the conversion
efficiency by reduction of the body effect which occurs in the
operation of the MOSFET.

The threshold voltage (V) with the body effect of transistor
can be given as (1).

Ve :VTH0+7(\/‘2(DF+VS‘B‘_\/‘2(DF‘) (D

where Vi, 9, @, and Vg are iniatial threshold voltage without
body effect, body effect coefficient, surface potential, and
potential difference between source and body of transistor,
respectively. As seen from (1), V7 can be controlled by Vg
and has the minimum value in case of Vg = -2®f, where 2@ of
PMOS transistor is in the rang of 0.5 ~0.8 V.

Fig. 1 shows the over all schematic of the proposed RF
energy harvesting rectifier. It consists of input matching
network, rectifier, output low-pass filter, and load resistor. The
proposed rectifier is a standard Villard voltage doubler using a
diode connection MOSFET. In order to optimize the influence
of body effect for low input power region, the body of PMOS
and NMOS was connected to source and drain of the diode
connection MOSFET (M3), respectively. Similalry, the series
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Fig. 2. Photograph of the fabricated RF energy harvesting rectifier.
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Fig. 3. Measurement return loss characteristic (Sy;).

diode connection MOSFETSs (M, and Ms) with high resistance
are used to get the appropriate division of output voltage. It is
possible to lower Vry of the NMOS transistor using the body
bias from the output voltage. The PMOS transistor (M) body
was connected to the source of Mj transistor since PMOS
transistor requires smaller Vg than NMOS transistor.
Furthermore, it can reduce the sensitivity of PMOS voltage
swing from variation of output voltage because the body of
diode connection MOSFET (M3) was connected with it’s drain.
Finally, to increase the conversion efficiency by suppressing
the harmonic components generated by the MOSFET and
flattering DC, the low-pass filter was used. Morevoer, the load
resistor was optimized for the optimum conversion efficiency
at the low power region.

III. Simulation and Measurement

The proposed RF energy harvesting rectifier was designed in
Dongbu 0.11 pm RF CMOS technology using thick oxide
devices for WiFi application around 2.44 GHz. Fig. 2 shows
the photograph of the fabricated RF energy harvesting recifier.
The overall chip area is 820x540 um?, including bonding pads.

The measured return loss is higher than 10 dB at the
operating frequency band as shown in Fig. 3. Since the quality
factor of the capacitor and inductor in CMOS process is very
low, an on-chip input matching network can cause a fatal
influence to decrease in the conversion efficiency of the
rectifier circuit at low power region. So, an off-chip input
matching network consisting of transmission line and L/C
passive element with high quality factor is used.

Fig. 4 shows the simulated and measured conversion
efficiencies and output voltages of the proposed and
conventional rectifiers. As can be seen from the results,
conversion efficiency of 20% or more can be obtained for the
input power of -5 ~ 4 dBm. Also, the proposed circuit have
higher conversion efficiency at the low power region than the
conventional circuit without body bias feedback network.
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Fig. 4 Simulation and measurement results : (a) output voltage and
(b) conversion efficiency.

IV. Conclusion

This paper presents the design of CMOS RF energy
harvesting rectifier using body bias feedback network to
improve the conversion efficiency at the low power region. The
proposed body bias network can lower a threshold voltage of
each diode connection MOSFET and can decrease the voltage
drop at the sub-threshold operation. The low-pass filter was
used not only to increase the conversion efficiency by
suppressing the harmonic components but also flattening DC.
The proposed RF energy harvesting can be applied to battery
management system of mobile devices. Moreover, the
proposed circuit has possibility to use in development of the
eco-friendly energy reusing technologies.
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