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Design of a 5.8 GHz GaN HEMT Class-F Rectifier Using Voltage Doubler
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Abstract

In this study, the design and measurement results of a 5.8 GHz GaN HEMT Class-F rectifier using a voltage doubler were proposed.
The proposed rectifier employed a voltage doubler for high-output dc voltage characteristics and applied the technique of opening the
third-harmonic impedance to an input-matching network to obtain high-efficiency characteristics. A GaN HEMT bare chip with a high
breakdown voltage and wide bandgap was used as a diode, which enabled stable operation at a high input power. Four methods of
electrically connecting a bare chip to a PCB were proposed, and fabrication and measurements were conducted to verify the optimal
electrical connection method. At 5.8 GHz, with an input RF power of 32 dBm and load resistance of 1,000 &, the fabricated rectifier
exhibited RF-dc conversion efficiency of over 55 % in all methods. Maximum efficiency of 69 % was obtained in a circuit in which
the cathodes of series and parallel diodes were connected to the PCB with bond-wires, and the anode of the parallel diode was connected
to the PCB with through-wafer via.
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Fig. 1. Diode voltage and current waveforms of the ideal
Class-F rectifier.
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Fig. 2. Diagram of the proposed rectifier.
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H 1. W™ bare-chips} PCB A718 A4 w2
Table 1. The method of electrical connection between bare-
chip and PCB for each version.

Version O @ ®
1 TWV Wire bonding | Wire bonding
2 Wire bonding TWV Wire bonding
3 Wire bonding | Wire bonding | Wire bonding
4 Wire bonding | Wire bonding TWV

*TWV: through-wafer via.
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Table 2. Performance comparison with the previously reported rectifiers.

. o . Freq. Eff. Input RF power
Ref. Device Circuit topology Technique (GHz) ) (dBm)
Harmonic control
4 MAA4E131 h i . . 17.
[4] A4E1317 Shunt diode (Class-F) 58 79.8 7.65
[5] MAA4E2054 Shunt diode 2™ Harmonic control 5.8 65.8 19
Miniaturized branch-line hybrid .
[6] HSMS286F coupler(MBLEC) Harmonic control 5.8 81 15
7] HSMS286B Shunt diode Optimizing output ripple, | 5o | ¢ ¢ 9
harmonic control
4-stack Harmonic control (Class-F),
[8] MAJELIT-1 voltage doubler RF isolation network >8 3 27
9] HSMS2860 Series diode . Dual band . 58 51.5 10
impedance matching
[10] HSMS286 Shunt diode . Dual band 58 | 62 1
impedance matching
[11] HSMS2850 Series diode . Dual band - 58 | 336 0
impedance matching
[12] SMS-7630 Voltage doubler . Dual band 58 | 392 |
impedance matching
[13] GaN HEMT Shunt diode Optimizing bond-wire 0.915 61.2 39
[14] GaN HEMT Shunt diode Optimizng diode 0.928 85.1 30.5
[15] GaN HEMT Shunt diode 5.78 448 41.1
This 0.25 um Harmonic control
work GaN HEMT Voltage doubler (Class-F) 5.8 69 32
WA B FE FagoA LS| RF-de S &5 O AZskE WS 7] AXNREH, ofw o]
DAL, FAEH [15]9 v M FL3 Fo B 0 285 AeA 234 0R ASUTh S8 T2 bypass
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& =rollAE 5.8 GHz oA F2ske Ak 7] 8 A9
o) Fi GaN HEMT 45712 A3t Fi 528 918
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