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Design of a 2.4-GHz High Efficiency Wireless Power Transfer-Receiver IC
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Abstract

A high-efficiency wireless power transfer-receiver IC that can operate at 2.4 GHz has been proposed. The IC consists of a matching
network, rectifier, and DC-DC converter. The rectifier based on the Dickson charge pump topology is designed to have high efficiency
by optimizing the number of stages and matching networks. In the proposed IC, a high-efficiency CMOS step-up/step-down DC-DC
converter that can operate over a wide input range is involved. The converter provides quadruple conversion ratios of 1/3, 1/2, 2/3,
and 2/1, which are determined by the mode selector by sensing the input voltage level. The IC was implemented in a standard 28-nm
CMOS process, and post-layout simulation results for the IC demonstrated that the rectifier operates at —8 dBm to 20 dBm and shows
a maximum efficiency of 66 % for an input power from —4 to 20 dBm. The DC-DC converter outputs a voltage of 1.6~2.2 V for
a wide input voltage range of 1.2~5 V and shows a power conversion efficiency of up to 80 %. For the entire IC, the maximum
efficiency is 50.8 % at an input power of 12 dBm.
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Table 1. Performance comparison of the CMOS rectifier
and DC-DC converter with previous works.

(@)
Reference 9] [10] [11] This work
Process 0.18 um 65 nm 0.13 um 28 nm
Rectifier Dickson | Dickson Cross Dickson
topology coupled
Vour V) | 02~1.7 1~15 09~15 | 09~13.7
Py, (dBm) | 6~12 —19 -20 —8~20
Frequency
(GHz) 24 24 24 24
Maximum
. 2.5 % 31 % 55 % 66 %
efficiecny
(b)
Reference [12] [13] [14] This work
Process 0.18 um | 0.18 um 28 nm 28 nm
Conversion Step Step
type up/down Step down | Step down up/down
Vouw (V) | 04~22 | 09~15 0.95 1.6~22
Vin (V) 09~15 | 34~43 32 1.2~5
Switching
0.2 0.8~1.7 N/A 5
freq (MHz)
Maximum

68 % 72 % 82 % 80 %

efficiecny
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