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Abstract

In this study, a high-efficiency, high-power synchronous rectifier based on transistors was designed. The widely used diode-based
rectifiers have a relatively simple structure but are unsuitable for high-power applications, such as unmanned aerial vehicle and electric
vehicle charging. In contrast, transistor-based rectifiers operate by reversing the power flow of a switch-mode power amplifier from
the load to the DC supply based on time-reversal duality and can rectify efficiently, even at a high power of 30 dBm or more. The
proposed transistor-based synchronous rectifier was designed to have a high rectification efficiency by controlling the harmonics to
operate in the inverse Class-F mode and achieved a peak efficiency of 73.2% at an input power of 37 dBm.

Key words: WPT, Inverse Class-F, Rectifier, GaN HEMT, Synchronous

I.M B ¥ &(PCE, power conversion efficiency)> A] 228 2] A5

Z 9= A7 gl % %"7]01]7‘1 7 F88H 2

AR71E RFAZE DC A5 R Metete 48 ot gEojoF & A5 Axelth AR7IE AAE] HalA
FA oM, A S 28, T Y AEa 22> 7 ol EE 7Nte g 3 AR 7]7} gol Ars o] sl
A ol ZE A 1A A ol AR R, meh e w3 Tho] &&= RF 4155 DC A2 AFst7|d #de &

Fo] =2 201795 AF(MANFRA) o] AYLR sd=ArATe] LS Tof 48 712 ATAFY Y (No. NRF-2017R1A5A1015596).
SAMNEY B F 2138 3H(School of Electronic Engineering, Soongsil University)

- Manuscript received November 20, 2023 ; Revised December 4, 2023 ; Accepted March 15, 2024. (ID No. 20231120-099)

- Corresponding Author: Chulhun Seo (e-mail: chulhun@ssu.ac.kr)

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial 205
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 35, no. 3, March. 2024.

[
19,
E
f
EL
HU Hir
o
e
N
[>

2 rfu
©
AU
>

o L

1B o 2 off
o\ [o i
ofN rot
NISRu)
~ e

{1 ﬂ-‘[ﬂl

d b
N
ol
O
bt

de 1o
ooy

A
k
o
2\
o
é’a lo
Ly
_b’ 19
¥o
>
-+ Y
fm >
e
Y
[
JLVLIC A o | A VR (e (<

FNr%ﬂ.
N

N

- —

N

N
U )
ol

-

X,

)
1o,
r
O]
o,
H ot
= o
Rl o o
e )
=4 (m X
OITO ox!
o o
H N

71*%]2 -°r°H AZe o 9%
g9 78 HAAT i—i% PCE% i
£ ERaAE Ed
o} Aetd % I-generatlon HH ol A
classF 25 5245 93 EANALH 74 B
Els E’_ZL_J} Ao M EYAE v X5} th. I-generation ¥ H
EWALH F2 YoM e #7142
3
Zd

oy

&

A oot ot yo
= Y
s =
S ro
g re

J

_‘_4

i
Ol-ﬂ

~

o2

ox 3
~N

oXx ot
tlo
fd

=4
o

] ]
%01] FFe A G A ZEl %1}7} 9] 1%‘&
=

2 47718 A&ste] 245 GHzoll A g%—~ 1011 2}
A3} 37 dBmol 98 AelA oF Hd] 73.2%°] PCE7}
S A

2-1 Inverse Class-F MEHSZ7| A7

71 Bl A

Asl7] Y E HA AEgZEI) S

206

AARRoF gtet 571 AR719] e 2435]%‘%7]54 *333‘
of JFEHE VES ﬁai—"—%ﬂ%
Aoltt, £ E=FAE AXTE 21013}04 Eo 58S
gAe 4= Q& inverse class-F A& 5E7|5 AA A th
a9 12 AAE inverse class-F A8 5Z7]9] 3Z2ro
™, 50 Q A MEL D &3} 129 Ao YEST &
E38Hete) inverse class-F Z*QZ-‘”] @}‘r T—iﬂ}‘)ﬂ"i

< KeysightAke] ADSo|™, A3t EMAAHE Creelt
9] CGH40006P©] Tt
F23 Ao YEYJA= I-generation FHANA L] 1%
o F5t AUPAE AojetH, T4 Fa4 f= 245 GHz
olt}, TLI, TL2 & TL3& roll A ZF2: A/8, A/4 2 A/89)
2913 7olg Y a7olAe e ARE2A w7}
HE 5 8tal, TLS9F TL6> follAl A/12¢] X714 7101E
AR oMo Bal doEaT) 00 HES @
gk, TLOF TL4w= EMALE 9] 714 i st 7
W ARleEA Saan, 45408 449
o) 7t TLIN shebole) gbe % 1o Uehisin
19 22 AAE inverse class-F A8 5719 =gol
At 2 AR/ 43& vehd AlEd ol Aoty A5
AF AZITE NREL EF Ak 15_3}7} ‘:}‘j’}ﬂh
inverse class-F&] 739 A2
HE vepdth 918s Bd
?ﬁAJﬁﬂi@“HE7%v%$9F+1%3%
245 GHzoll A o8 9ol st 15

AEZ %)

Packaged r
Transistor

| [ PR
Py @ : L e
e, _I = Harmonic
Input Control Network Matching
Matching Network
Network

O 1. AAE Inverse class-F AEFE7] g2 %
Fig. 1. Schematic of inverse class-F power amplifier.
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Table 1. TLIN parameters of power amplifier.

TLIN | TLO TLI TL2 TL3 TLA TLS

Z (Q) 73 73 73 73 73 73

0 ()| 485 45 90 45 63.5 30

TLIN | TL6 TL7 TL8 TL9 | TL10 | TL1I

Z (Q) 73 50 50 50 50 50

g (°) 30 355 43 73.9 17 90
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Fig. 2. Simulated drain voltage and current waveforms of
inverse class-f power amplifier.

100

¢
%

E
@ 35
= [ s0
.
w 30 4
g
[-% 4
5 25 b o =
£ 20 o
=

.‘g I 40 o
T 15
o
@ 10 ]
= F 20
£ 5
o
o

0 0

0 5 10 15 20 25 30 35

Input power (dBm)

a8 3. AA" dEF37] Aedold 23
Fig. 3. Simulation result of inverse class-F power amplifier.
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Table 2. Coupler and phase shifter parameters of synchro-
nous rectifier.

TLIN Coupler Phase shifter
Z© %4,=61.21 5
Z,=40.84

0 () 90 55
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Fig. 5. Simulated PCE versus gate bias voltage.
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Fig. 6. Simulated impedance of second and third harmonics
of synchronous rectifier on the Smith chart.

208

100

N
o

90 -+

w
@

80 -+

w
o

3
Output Voltage (V)

70 A

N
«

60 o
50 4

PCE (%)

40

-
“«

30 A

=
o

20

(5}

10 A

0 T T T T T T T T T 0
10 30 50 70 90 110 130 150 170 190 210

Load Resistance (Ohm)

28 7. w3 Al 2 PCE Y FE A
Fig. 7. Simulated PCE and output voltage versus load resis-
tance.

¢ Aot 2X} Z29c =2 J9ULE /A A
32 A FH Bxehn, 34} Vb=

£ 7KL D}E‘f A7 FHel A8k A A
ol&= Aoty A NA E&49 inverse class-F 52 U
Epd Tt

% 72 37 dBm] o A A Fat A} Rl o
£ PCEY| Wl Ve TefZolt) Ri=150 QY o 3
ol PCE 79.2%7F 28 €< stirh

I9 8 A 571 AF71% 54 AH S HAE A
ot} 7132 TaconicAte] F7 0.8 mm TLY-55 AL
som, Azt g7 7 58x56 mmolth +F &

71E o] &st] & g dFoA SAAI, ACE
Hpo]oI 2 At Vy=—29 V, -3t Ad Ri=150 QF A4
A& R8sk 18 92 245 GHzolA 948 A

st 7719 AlEd ol B A AgolH, 7|E

O

=51 ya,

-
[

ALEF] A5 HZE F 39 eI A&
A3 Y PCEE= 98 Adge] 37 dBmY™ 79.2%
HAow, Y Latg Qs 54 Ade 23
GHzoﬂAi 3.2%2] PCE7} S = At



28 8. A%E 57 357 92 AN 24 AY
Fig. 8. Fabricated circuit of synchronous rectifier and measure-
ment setup.
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Fig. 9. Simulation and measurement result of synchronous
rectifier.
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Table 3. Comparison with previous works.

Freq. . Eft. Phase

Ref. (GHz) Class | Device %) Coupler hifier
GaN

[6] 0.91 | Class-F-1 HEMT 85 | External | External
GaN

[7] 1.8 | Class-F-1 HEMT 77 | External | External
GaN

[8] 24 Class-F HEMT 69.6 |On board |On board

This GaN
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