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Ultra-Wideband Compact Rectifier Based

on Coupled Transmission-Line Network
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Abstract

In this study, we propose the design and fabrication of a compact ultra-wideband high-efficiency rectifier based on a coupled
transmission-line network. The proposed rectifier consists of a coupled transmission-line network and a voltage multiplier that increases
the rectified peak voltage. The coupled transmission-line network was optimized to match the input impedance of the voltage multiplier
without additional matching components, thus achieving a high power conversion efficiency of over 50 % in the ultra-wideband of
0.2-4.3 GHz. To verify its performance, the proposed rectifier was implemented and measurements were conducted. The dimensions
of the implemented rectifier were 16.1 mm X 19.4 mm. The measurement results indicated that the proposed rectifier obtained a PCE
of over 70 % in the ultra-wideband of 0.6-2.6 GHz. Furthermore, it achieved a maximum PCE of 74.9 % at 2.45 GHz
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Fig. 1. Schematic of proposed rectifier.
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Fig. 2. Simulated input impedance of the voltage doobler
and the proposed rectifier with frequency at 17.5
dBm of input power (R;=470 Q).
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Fig. 3. Simulated input impedance Zczy of the proposed
coupled transmission-line network.
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Fig. 4. Simulated input impedance of the proposed rectifier
with different input power levels at 2.45 GHz
(R=470 Q).
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Fig. 5. Simulated PCE with frequency and input power
(R=470 Q).
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Fig. 6. Layout and photograph of the implemented rectifier.

A%E AFAR UEQA 7wk 230 248 4771

920
80
ropeepard Tt T ey

sof
250
W 4o
o 3p}

20

—e— Measured
10 —e— Simulated

86 08 12 15 18 21 24 27 3.0
Frequency (GHz)

g 7. Fgol mE A PCE AlEdold 2
A3}

Fig. 7. Simulated and measured peak PCE versus frequency

(R=470 Q).
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Table 1. Comparison with the previously reported works.

Ref. [3] | Ref [4] | Ref [5] |This work
Freq. range for
PCE > 50 % |0.91~2.55| 04~2.6 | 09~1.7 | 0.6~2.6*
(GHz)
Power range
for PCE>50 % 10%* N/A 16.3 14.4
(dB)
Peak Eff.
) 65 64.2 74 74.9
B | POV 10 8 5 18.1
(dBm)
Freq.
( Gqu) 18 14 1 245
Size [mmxmm] | 24x36 37x15 16x11 | 16.1x19.4

* Freq. range for PCE > 70 % (GHz).
** Graphically estimated.

fr 8 = o Fu

o m o o N o

o e o~

L o i
A 05‘4 9‘&, 2 |‘-{]:1

N l‘ﬂ o

2 E

= X

BN ol

ol

= ;

12

oE

Ho

=2

o

=

X

o

ox

o,

References

[11 H. Zhang, Y. X. Guo, Z. Zhong, and W. Wu, "Coo-
perative integration of RF energy harvesting and dedi-
cated WPT for wireless sensor networks," IEEE Micro-
wave and Wireless Components Letters, vol. 29, no. 4,
pp. 291-293, Apr. 2019.

[2] W. Liu, K. Huang, T. Wang, Z. Zhang, and J. Hou, "A
broadband high-efficiency RF rectifier for ambient RF

282

energy harvesting," IEEE Microwave and Wireless Com-
ponents Letters, vol. 30, no. 12, pp. 1185-1188, Dec.
2020.

[3] S. D. Joseph, Y. Huang, and S. S. H. Hsu, "Transmission
lines-based impedance matching technique for broadband
rectifier," IEEE Access, vol. 9, pp. 4665-4672, Dec. 2020.

[4] B. H. Zeng, S. Y. Zheng, B. K. W. Leung, and M. H.
Xia, "An ultrawideband high-efficiency rectifier based on
harmonic feedback topology," IEEE Transactions on
Industrial Electronics, vol. 96, no. 8, pp. 7974-7983,
Aug. 2022.

[5] G. Le, N. Nguyen, N. D. Au, and C. Seo, "A broadband
high-efficiency rectifier for mid-field wireless power
transfer," IEEE Microwave and Wireless Components Letters,
vol. 31, no. 7, pp. 913-916, Jul. 2021.

[6] S. Zheng, W. Liu, and Y. Pan, "Design of an ultra-
wideband high-efficiency rectifier for wireless power
transmission and harvesting applications," IEEE Transa-
ctions on Industrial Informatics, vol. 15, no. 6, pp. 3334-
3342, Jun. 2019.

[7]1 S. F. Bo, J. H. Ou, J. W. Wang, J. Tang, and X. Y.
Zhang, "Polarization-independent rectifier with wide fre-
quency and input power ranges based on novel six-port
network," [EEE Transactions on Microwave Theory and
Techniques, vol. 69, no. 11, pp. 4822-4830, Nov. 2021.

[8] P. Wu, Y. Chen, W. Zhou, Z. H. Ren, and S. Y. Huang,
"A wide dynamic range rectifier array based on auto-
matic input power distribution technique," IEEE Micro-
wave and Wireless Components Letters, vol. 30, no. 4,
pp. 437-440, Apr. 2020.

[9] Z. Du, X. Y. Zhang, "High-efficiency single- and dual-
band rectifiers using a complex impedance compression
network for wireless power transfer," [EEE Transactions
on Industrial Electronics, vol. 65, no. 6, pp. 5012-5022,
Jun. 2018.

[10] M. M. Mansour, S. Yamamoto, and H. Kanaya, "Recon-

figurable multistage RF rectifier topology for 900 MHz
ISM energy-harvesting applications," IEEE Microwave



A%E AFAR UEQA 7wk 230 248 4771

and Wireless Components Letters, vol. 30, no. 12, pp. energy harvesting," IEEE Microwave and Wireless
1181-1184, Dec. 2020. Components Letters, to be published. doi: 10.1109/
[11] Y. Y. Xiao, Z. Du, and X. Y. Zhang, "High-efficiency LMWC.2022.3145879
rectifier with wide input power range based on power [14] Y. L. Lin, X. Y. Zhang, Z. X. Du, and Q. W. Lin,
recycling," IEEE Transactions on Circuits and Systems "High-efficiency microwave rectifier with extended
1I: Express Briefs, vol. 65, no. 6, pp. 744-748, Jun. operating bandwidth," [EEE Transactions on Circuits
2018. and Systems II: Express Briefs, vol. 65, no. 7, pp.
[12] D. Lee, K. Kim, J. Park, and J. Oh, "Highly efficient 819-823, Jul. 2018.
rectifier array using a two-section branch-line coupler [151 Y. Wu, W. Sun, S. W. Leung, Y. Diao, and K. H.
for simultaneous wireless information and power trans- Chan, "A novel compact dual-frequency coupled-line
fer (SWIPT)," Journal of Korean Institute of Electro- transformer with simple analytical design equations for
magnetic Engineering and Science, vol. 32, no. 7, pp. frequency-dependent complex load impedance," Progress
670-673, Jul. 2021. In Electromagnetics Research, vol. 134, pp. 47-62, Jan.
[13] D. Lee, J. Oh, "Broad dual-band rectifier with wide 2013.

input power ranges for wireless power transfer and

oy o} [T s/ EALY L F H [AYGY/ZAT]

https://orcid.org/0000-0002-7534-0179 https://orcid.org/0000-0003-4694-8545

20109 1€Y: s=r3shr)|ed A7) 9 A}
383 (FAh

20124 1€Y: s=r3shr|ed A7) 9 AA}
3 (T4

2016 8Y: st=371&d #7] 9 AR}
35 (A

2018 8¢Y: =AY HEYR)

A8 [SAT A A

https://orcid.org/0000-0001-7127-4234

201613 3€~2022 2€: AN A
AR HF I ITEFHE (33D

2022 39 ~AA: AN AAH R
T AR T A%

283



