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Abstract 

Realizing 5.8GHz-band high-efficiency power amplifiers with appropriate linear characteristics is 

one of the key issues for microwave power transmission systems such as SPS and the other wireless 

power transmission systems. Class-F amplifiers with a pre-distortion circuit can be considered as an 

unquestionable candidate for this purpose. To perform perfect class-F operation, load impedance for 

a transistor output current source is set to be zero at even order harmonics and is set to be infinity at 

odd order harmonics, while a power factor of minus unity is retained for a fundamental frequency. In 

the class-F amplifier design, an obstacle is the existence of parasitic capacitance and inductance in a 

transistor. These parasitic elements should be perfectly cancelled up to at least 29 GHz that 

corresponds to the 5th order higher harmonics.  

This paper describes a novel method for solving above issue. A reactance function that has zeros at 

even harmonic frequencies and that has poles at odd harmonic frequencies is expanded to a L-C ladder 

circuit including parasitic elements through the use of the second Cauer canonical form. One stage of the 

L-C ladder circuit can be approximately replaced to a distributed circuit element for higher frequency 

operation. The proposed method allows parasitic compensation up to an arbitrary harmonic order by 

adding zeros and poles. According to the proposed method, a class-F amplifier using an AlGaN/GaN 

HEMT has been fabricated at 5.8 GHz. The fabricated class-F amplifier delivered high efficiency 

characteristics, with a maximum drain efficiency of 79.9%, a maximum power-added efficiency (PAE) of 

71.4%, and an output power of up to 33.4 dBm at 5.86 GHz.  In addition, an independently biased 

two-diode linearizer has been successfully developed for compensating sophisticated AM-AM and 

AM-PM conversion characteristics for the class-F amplifiers.     

 

  

�

�

�

�



�

�ၮᧄᛛⴚߩᵄή✢㔚ജㅍ㔚↪㜞ല₸)C0�*'/6㧲⚖㔚ജჇེࡠࠢࠗࡑ

 
٤ᧄၔ� ᒾ� � ⍹Ꮉ� ੫� � 㜞ጊ� ᵗ৻㇢�  

� � � 㔚᳇ㅢାᄢቇ� వ┵ࡦ࡚ࠪࠤ࠾ࡘࡒࠦࠬࡗࠗࡢ⎇ⓥ࠲ࡦ� �

�

㧝�� �ߦߓߪ �

ߦࠡ࡞ࡀᵄࠛࡠࠢࠗࡑࠍࠡ࡞ࡀᵹࠛ⋤ߪߦߚࠆߔታࠍᵄή✢㔚ജવㅍࡠࠢࠗࡑ

ᄌ឵ࠆߔᯏ⢻ࠍࠆߔჇེ߇㊀ⷐޕࠆߥߣ࠻ࡦࡀࡐࡦࠦߥ㔚ജવㅍല₸ࠍࠆߖߐ

ࠆߔᓮࠍࡓࡆ㔚ജޔ߇ࠆߢࠎࠈߜ߽ߪߩࠆࠇߐⷐ᳞߇㜞ല₸ᕈߪߦჇེޔߦߚ

ૐߪߦߚ #/�#/ ᄌ឵․ᕈ߮ࠃ߅ૐ #/�2/ ᄌ឵․ᕈߢઍࠆࠇߐ㜞✢ᒻᕈ߽ⷐ᳞ޕࠆࠇߐ�

ᧄ⺰ᢥߩࠄࠇߎޔߪߢⷐ᳞ࠍḩࡠࠢࠗࡑߔߚᵄ㜞ല₸ )C0�*'/6� ( ⚖㔚ജჇེߩ⸳⸘ᚻ

ᴺߡߟߦㅀޕࠆߴ�

㧞㧚ነ↢⚛ሶࠍ⠨ᘦߚߒ ( ⚖Ⴧེ⸳⸘� �

㜞ല₸ൻࠆߌ߅ߦ࠲ࠬࠫࡦ࠻ޔߪߦߚߩ㔚ᵹᵄᒻߣ㔚ᵄᒻߩ㊀ࠍࠅߥή࠻ޔߒߊ

ߚߩߎޕࠆ߇ᔅⷐࠆߌߠㄭߦ㔖ࠍᾲ⊑ߩࠄ߆࠲ࠬࠫࡦ F ⚖Ⴧེ࠲ࠬࠫࡦ࠻ޔߪߢ

ᄸᢙᰴޔ⛊⍴ߢᢙᰴ㜞⺞ᵄޔࠍࠬࡦ࠳ࡇࡦࠗߛࠎㄟࠍ⩄⽶ࠄ߆ଔജ㔚ᵹḮ╬ߩ

㜞⺞ᵄߢ㐿ߡߒߦ㜞⺞ᵄࠆߌ߅ߦ㔚ജ៊ᄬࠍ㔖ޔߦ߽ߣߣࠆߔߦၮᧄᵄߩߢജ₸ࠍ㧙㧝

ࠆ↪ߦή✢㔚ജવㅍޔࠄ߇ߥߒ߆ߒޕࠆߢᦸ߇㧲⚖Ⴧེࠆߔߦ 5.8GHz Ꮺࠍၮᧄᵄ

߽ߢ㧡ᰴ㜞⺞ᵄޔߪߢ㧲⚖Ⴧེࠆߔߣ 29GHz ࠻ޔࠅߥߣᔅⷐ߇ାภಣℂߩᵄ㗔ၞࡒߩ

࠳ࡦࠗ↢ነ߿࠲ࠪࡄࡖࠠ↢ነࠆߔߦ㑆ߩߣ〝㧲⚖⽶⩄࿁ߣଔജ㔚ᵹḮ╬࠲ࠬࠫࡦ

ޔߪߢᧄ⺰ᢥߢߎߘޕߚߡࠇߐ㒖ኂ߇㜞ല₸ൻޔߚߩߎޕߥ߈ߢήⷞ߇ᓇ㗀ߩ࠲ࠢ

࿑.㧝ߩߡోޔߦ߁ࠃߔ␜ߦ㜞⺞ᵄߢ⍴⛊ࠍ࠻ࡦࠗࡐࠆߥߣߩߘߣࠆὐߩᏀߩ࿁〝ߪነ

↢⚛ሶࠍࠬࡦ࠲ࠢࠕ⚐ߡ࿁〝ࠅߥߣ㔖ὐࠍᭂߣߦࠆߔ࿁〝ߩߎޔ߇ࠆߥߣ㔖

ὐࠍ F ⚖Ⴧེߩᢙᰴ㜞⺞ᵄࠍᭂޔߖߐ⥌৻ߦᄸᢙᰴ㜞⺞ᵄߦߣߎࠃ߫ࠇߖߐ⥌৻ߦ

ነ↢⚛ሶߩᢙ

 ޕߚߒ⋠⌕

࿁〝♽߳⥄↱ᐲޔߒ⟎㈩ߡߓᔕߦᔅⷐࠍᡆૃ㔖ὐߪߦࠄߐޔᡆૃᭂߡߓᔕߦ

� �
� �� � � �� �

� � � �� � � �� �
2 22 23 5 0 01 3 5 5

2 4 6 2 22 2 2 2
0 2 4 6 6 0 0

2 4

3 5D

s sb s b s b s bZ s
a a s a s a s a s s s

Z Z

Z Z Z

� �� �
  

� � � � � �
(㧝)ᑼ 

ߪߦ⊛ౕޕࠆ߈ߢታ߇〝࿁ߩࠅ߅ߤ⊛⋠ޔߣࠆ߃ਈࠍ F ࠍᮡ㑐ᢙ(ᑼ(㧝))⋠ߩߚߩ⚖

ㅪಽᢙൻޔߒL㧙C ᪽ሶဳ࿁〝ࠄ߆ዉࠆࠇ߆ㅪಽᢙᑼ㧔ᑼ(㧞)㧕ߣଥᢙᲧセߦߣߎࠆߔ

ߩߢ߹છᗧᰴᢙߚߒ⠨ᘦࠍነ↢⚛ሶޔࠅࠃ F ⚖Ⴧེߚࠇࠄ᳞ޕࠆ߈ߢ⸘⸳ߦߜ⋤߇㓸

ਛቯᢙߪ࠲ࡔࡄ࿑.㧞ߦ߁ࠃߔ␜ߦಽᏓቯᢙ࿁〝ߦᄌ឵ࡠࠢࠗࡑߡߒᵄࡒᵄᏪߢታ

น⢻ߥ࿁〝ߩߎޕࠆߔߣᣇᴺߢ߹ࠇߎޔߪߢታߚߞ߆ߥߡࠇߐ㧠ᰴએߩછᗧߩᰴᢙ

ޔࠅߥߦߣߎࠆࠇߐታ߽ߢઙਅ᧦ࠆߡߒ߇ነ↢࿁〝⚛ሶޔ߇ቢో㧲⚖᧦ઙߩߢ߹



㧿㧼㧿ߢߤߥᬌ⸛ࠆߡࠇߐ 5.8GHz Ꮺ㜞ല₸㧲⚖Ⴧེߡᭂߦലޕࠆߢ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�  

㧟㧚)C0�*'/6 ߚ↪ࠍ ����)*㨦Ꮺ㜞ല₸Ⴧེߩታ� �

Ⴧེߦㆡ↪ߒ⸳⸘⹜ޕߚߒ

࿑

 

 

 

 

 

 

 

 

 

 

ᧄឭ᩺ᚻᴺࠍ AlGaN/GaN HEMT(᧲⦼)ߚ↪ࠍ㧲⚖

.3 ߡߞߥߣ᭴ㅧߢࠎ⚿ߢࠕࡆࠍਛᔃὐߒᄙጀൻߪࡉ࠲ࠬ⛊㜞⺞ᵄ⍴ޔߢ⌀Ⴧེ౮ߪ

㔚ᱜធ⺃ߪ〝࿁ޕࠆ 0.002 ޕߚߞߥⴕࠍ⸘⸳᭴ㅧࠅࠃߦ㔚⏛⇇⸃ᨆߡ↪ࠍ᧼᮸⢽ၮߩ

ജ࿁〝ߪߦ㧞ᰴ㜞⺞ᵄߩജ߳⽶Ꮻㆶࠍㆱޕࠆߡࠇࠄߌ⸳߇ࡉ࠲ࠬߩߚࠆߌ࿑.4 ߦ

ߦ߁ࠃߚࠇߐ␜ 5.8GHz ₸ലࡦ㧙࠼Ⴧེߡ߅ߦ ₸ઃട㔚ജലޔ82.9% ࡒࠪߩ74.9%

₸ലࡦ࠼ޔߪߢታ㛎୯ߩ⹜Ⴧེޔߚ߹ޕߚᓧࠍ୯ࡦ࡚ࠪࡘ 79.9㧑ޔઃട㔚ജ

ല₸  ޕߚࠇߐ㆐ᚑ߇71.4%

0C

0L

01C 02C 03C 04C 05C

01L 02L 03L 04L 05L

LR

f Matching

1C nC

1L nL

Parasitic
elements

Transistor Harmonics Treatment Harmonics Short

Two Terminal Pure Reactance Network 
for Harmonics

0C

0L

1C nC

1L nL

� �Z s Parasitic
elements

0

0C

0L

01C 02C 03C 04C 05C

01L 02L 03L 04L 05L

LR

f Matching0

1C nC

1L nL

Parasitic
elements

Transistor Harmonics Treatment Harmonics Short

Two Terminal Pure Reactance Network 
for Harmonics

0C

0L

1C nC

1L nL

� �Z s Parasitic
elements

0C

0L

1C nC

1L nL

� �Z s Parasitic
elements

 

� �
0

0

1

1

2
2

1
1

1
1

1
1

Z s
C s

L s
C s

L s
C s

L s

 
�

�
�

�
�

0C

0L

LR

Transistor Harmonics Treatment RF short except for f0

1Z nZ1T nTParasitic
elements

f0 Matching

0C

0L

LR

Transistor Harmonics Treatment RF short except for f0

1Z nZ1T nTParasitic
elements

f0 Matching

 

(㧞)ᑼ .㧝� ነ↢⚛ሶࠍ㜞⺞ᵄ࿁〝ࠬࡦ࠲ࠢࠕ⚐ߩൻ 

࿑.㧞� ಽᏓቯᢙ࿁〝߳ߩᄌ឵ 

࿑



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

㧠㧚( ⚖Ⴧ ൻ ེߩ✢ᒻ

AM-AMޔߊߥߣߎࠆߖߐഠൻࠍ₸ ᄌ឵․ᕈߦ߮ࠄߥ AM-PM ᄌ

឵

 ߦࠅ

ᘦޔߒછᗧᰴᢙ 

F  

a, R.Ishikawa, K. 

8, 

, 

09�

ᐕ10

F ⚖Ⴧེࡦ࠼ߩല

․ᕈࠍᡷༀࠬࠕࠗࡃࠆ߈ߢ⁛┙ᓮဳ㧞ࠍ࠲࠻ࠬࠖ࠺ࡊ࠼ࠝࠗ࠳㐿⊒ߒ 1.9GH㨦

Ꮺ߇ N HEMT F ⚖Ⴧེߦㆡ↪ޔߒ࿑.5 ߦ߁ࠃߔ␜ߦ AM-AM ᄌ឵․ᕈߦ߮ࠄߥ AM-PM

ᄌ឵․ᕈࠍᄢߦᡷༀޕߚ߈ߢ� ߣน⢻߇⋧ᓮജߩሶ⚛ࠗࠕ₸㜞ലࠅࠃߦࠇߎ

 ޕࠆߥ

㧡㧚ࠊ߅

ነ↢⚛ሶࠍ⠨

⚖Ⴧེߩ⸳⸘ᴺࠍឭ᩺ޔߒ⦟

ᅢߥ⚿ᨐࠍᓧࡦ࠼ޔߚ߹ޕߚ 

ല₸ࠍഠൻߦߕߖߐ F ⚖Ⴧེࠍ 

✢ᒻൻޕߚߒ␜ࠍߣߎࠆ߈ߢ 

㧢㧚ᢥ₂ 

(1)K. Kurod

Honjo, IEEE Trans.MTT,vol.5

,No.11, pp.2741-2749,Nov.2010 

(2) A. Ando, Y. Takayama, T.  

Yoshida, R.Ishikawa, K. Honjo

AMPC2009 Proceedings, Dec.20

 

࿑.㧟� 5.8GH㨦Ꮺ GaN HEMT F ⚖Ⴧེ౮⌀ 
࿑.4� ജ㔚ജല₸․ᕈ�  

㧔ታ✢㧦ታ㛎୯ޔ⎕✢㧦ࠪࡦ࡚ࠪࡘࡒ୯㧕 

࿑.5� ࠖ࠺ࡊ࠼ࠝࠗ࠳ᓮဳ㧞ࠬࠕࠗࡃ┙⁛

ࠆࠃߦ࠲࠻ࠬ F ⚖Ⴧེߩ✢ᒻൻ 

  

 

*T╙13࿁SPSࠪ2010ޔࡓ࠙ࠫࡐࡦ 28-29ᣣߦ⊒ 


