Journal of the Korean Institute of Illuminating and Electrical Installation Engineers (2012) 26(11) : 48~53

[ == pRIED)

http://dx.doi.org/10.5207/JIEIE.2012.26.11.048 ISSN 1229-4691(Print) ISSN 2287-5034(Online)

LEE&E8E #= JB TEI &4

(Design of J—Class Amplifier with High Efficiency)

Loy - olFu”

(Hee—Jung Roh - Byung Sun Lee)

Abstract

In this paper designed J-class amplifier that have high efficiency using parasitic of pHEMT.

Measured results of the designed J-class amplifier is maxmum output power of 31.5dBm and gain of

16.5dB, minimum output power of 29.8dBm. when input power 15dBm. Maxmum drain efficiency is
76.296 at 2.95GHz, maxmum drain efficiency is 61%. The J-class amplifier has average gain of 15.35dB

and average efficiency of 35%.

Key Words : J-class Amplifier, High Efficiency, Parasitic Component

.M 2

Aol Fieky] 7Ag A7 A 2] g
S wE e Fa4ol ulFE R gt a4
qkufEje) 7)%e) vl Bl wjE o] S Ao
o)t} o] BAE aldal7] Slate] A7]Adu] Alxw
T RESO] AHLN RS F07] 97 BE o
g w9tk B8] APaws} e AYZE|e
E4S o] wjElEle] 2RE FoluA sl A}

w FAR PE S F A 21T} 0
o WAAA: HERSE T Ful AE 21T s
* Main author : Department of Ubiquitous- IT,
KIMPO college
#x Corresponding author : Department of Ubiquitous—
IT, KIMPO college
Tel : 031-999-4208, Fax : 031-999-4775
E-mail : june@kimpo.ac kr
HaedAk 20129 8¢9 17¢
1344 02012 89 21Y
Akt s 20129 99 269

D

ol sal gle
o] Agto] Wol vk 53] Fa 3%7]+= &
295 YA MEA7 AL, BAE ALz
A AAM =29 Mt 9 =
7lelth. Ew $%719 & 7oA =

_=)
1501:
o
o2
ox
tlo
H
roh
rN
1B
ol\
IS
N

EFectol] 1A ANz EAZ Q) B ux
skl Ao 7k oA S} Ed S5 Fe 537
B AR o ARl sz st Alo7E of ok whebA E
" SE7IU Fa 535719 oldA]l 3= A7
22F sz 32k AR R I S5
7h AR 1.

a9 1-19] 7 %719 BYER EdxAHY
=2 AA-2 Cds [218 E8a8lo] E9del 7]

RESE N
Qe g ] (1-D)3} 4] (1-2)2 F@3 5 2Ii2l

Journal of KIIEE, Vol. 26, No. 11, November 2012
Copyright (© 2012 KIIEE All right's reserved



RF Choke
a4

OC Block

I— Input
F Matching
Input

a2l 1-1. J82 =79 22
Fig. 1-1. Block diagram of J-class amplifier

Zy =R, +jR, (1-1)

[ds (0) [d(*+]fﬂmd+jseconrl (1_3)

=1, (1+ Zsin(0) — =cos(20))

I,=1 (1-4)

[f’u,nd = gszn(g) (175)

2
- 5005(20) (1-6)

]seamd =

R W2 o [ do @

zZ9 - A7)dn) 8k =R A267 #1135, 20129 11€

Vds(é) =1+ Asin(0) — Beos(20) 1-7
A% 7)ste] 13t A7)l

B+= 22}
b Z7jolr), the-e =allel ARl

L . I . 27
I (0) = 2% 4 (2% gin (0) — —2% o5 (20)

drain T 9 3
L.

[dc _ peak (178)

7T

VA

[fund = P;llk Sin(@) (179)

2[)(—'(1/\7
[second = ?)[TCOS (29) (1,10)

PEES BEE T Rk L P I ES
ste] At Ealel AR R 0% Mok
sk

Vieana == Beos(20+7— ) == Beos(2(6+ 7))
(1-11)
BL‘ V;(,umd'/] Z;;EO] 1=, é}%_‘o/] ﬂ"E‘ EE‘“?J ﬁ
utet AFake] 9144 wjite] wAs= Blolt
718 F4e) 22 wxte] A Aol H A
S 7]y Rt 7R Ayt =9l
Ao Rt 5% FEE YRS THEolof
Eis=3
I/fund ASZ?”L (0 +rt+— ) (1_12>

4

AE 7,0 AFolal ri= Eael Agube}l AFa}
o g1 el WAshs Aotk

=eel ARE et Pk

V;ut(e) = I/furzd 0uf+ Vs (1713)

second_ out

:AVdcsin(0+%) —BVdCcos(QH—%)



[out (9) = [fund,out +]Second out (1714)

A 21
= (M)Sin(ﬁ) L (20)

2 3
=9 A4y A7E 59 Hin—phase)e] IAE 7}
Am AR Qs 2A eFeth aHA JE 53719
Z2 A3 28-S AR Uy
A5 Age] Eae =gl At ARel 47 A4
5 8ot & 4 Ut
P =1V, =22V, (1-15)

o

1 .
Pout = ERe [ Vfu/ui,outcon] ([fu'mL out)] (1_16)
1 jw(l) ]eak
= ERE [A Vdpe 4 pT]

L. ..V,
_ “peak Vdc 1
= cos ( 7 )A

=Yl &2 vt 2tk

_ Pnut_ T 1 B
n= Pd,z *ZWA (1 17)

A7k izl M E&E Hujgko] A A9
Adigre vzel7] wiel Aol HE&e oF 185%
o]k,

N

Pout T 1 ™
= ——=/2=— = T185% (1-18)
Tmax Pdc 4 \/5 4 0

WA J7 2E7)9) 024 Ao =eel F8e
T85% ol o] HAujzke doHd A V3, B
1/2 o] oo} g},

=eel Aghe

@

V;Zrian(e) =
. m 1 T
Vit \/5Vdcsm(6’+7r+z) -3 V;iCCOS(29+7r—E)
(1-19)
I/fum] fK](SIH 0+7T+ 4) (1720)
1 T
V;‘ccxmd = 5 I/:lL,COS (29 +m— 5) (1721)

4ol niz g2l o8] 2R Rk AN
%'T g Zﬂﬂﬂﬁ‘r 2 (12003 (12D B3te] 7

_—

\ R e 5 ol
2v2 V.
Zoadfund = 7 de ya % (1-22)
peak
3 Vdc ™
200l goppng = T Y (1-23)
T3 A W e 23F xle] BEE fA A
agron A Sloh ol fual Wu, F 5
%] B3] 71 AEE 98 4 Aok
2 \/5 I/dc ™
+ _ —
Aoady,,g T V- 1 (1-24)
3 Vdcﬂ- T
Zoadsecond 41‘;)(»(# a 5 (1 25)
P =+ V. (1-26)
outpeak ~ 4 dclz-)eak

Aol Aol B Pk ofele] FHom ANG

o
T A

s = —————— =R, +jR (1-27)
‘fund \/§P0’ufpmk L Ty

37rVd2(, _m _ .37
Zsewnd*ml T =0T (1-28)
Ja SE719] Ak 93 xdAS v 2ok

Journal of KIIEE, Vol. 26, No. 11, November 2012



i
ot
o
o
oE
P

V{6) =1—cosf —sinf + %Sin% (1-29) o oﬂi 55.68%N A1 75.49%°]1°d¢] =] E&S
(o3 Kez]

= X
2 (1-295 A9 shd v 2k

Power Gain, dB

21
20
VA6) =(1—cosf)(1—sinh) (1-30) ]gz m18
17
_ ] B 16 m17
mebA i S57] A 8-S Ao w3 rE
134
ofgjel . 123 17 m18
3 |RFfreq=1.600E9 RFfreq=2.950E9
182 P_gain_transducer=14.874| |P_gain_transducer=17.212
8
Vg = (1—cos)(1 £ sind) (1-31) L S S S S A
5 8 8 8 8 & 8 & 8 B
i FE7)e 14, 24 n2skE A (1-27), (1-29) ver e e e e
oz T} AL By ZEs)0] 23 7}
»—% _LLz?:]_Lq T= Eq_ 9 —17] 7]’ EH :EI 1-3 J °_|7|o| AIEEHOI EI 0|5 al-
AES & 5 vk 22 nx2T}; A= A A Fig. 1-3. Simulated gain of J-class amplifier
ol glol e A AR ook B4l
80
2. J2 T=| 4 < 7]
§ 60—
JF 2%71°] 718 Fael 27 axste] 27 9] el [ ;
- T m =
A2 ghe 52 (1-27), 1-28)0l 4 -8 5= TH7I. § ] ¢ |RFfreq=1.600E9NE g A3 0"
—‘-1‘:%3] 1 2% ] (1 27) (1 28 7%5‘75 }\_17:"1:"] J 30 7 ?E;5|5?84l' T |ea|k| L T
= 2 2 N NN NN B ®
" o371 dolol(layout)©]Th. R R R M MmMMA R R M
© © © © © © © © © ©
RFfreq

38 1-4. J& BE719 AIZY0|ME =2fol 523}
Fig. 1-4. Simulated Drain Efficiency of J-class
amplifier

3. STEL =N ¥ FY

J8 1-2. Jg2 E57/9 oo
Fig. 1-2. layout of J-class amplifier

%71 Algeolale] o]5oH,
7FE S Wl 1.6GHz~3.0GHz
Z v 17.212dB # 2> 1487dB¢] ©1=

rz ol

)
5
=
18
=
2
by

= 1:)\}\]:]’-
1% 1-4= J:S. _%__1 ]_4 1:3]]0] ﬁg }\]EEﬂ ] :l-rél 1-5. g)ﬂﬂ JE g% |
AE wo] =31 Q) 16GHz~3.0GHz Z31<= o] Fig. 1-5. Designed J-class amplifier

29 . A7) elE =Tx 2267 A115, 20124 119 @



LEESAS 2 e 537) A4

a9 1-5% 29 1-18 AZS FE7)0H 1 12
A JF S0 SAHANE 2983 Zlolr)
AAE JH AESZ7) A Eaﬂﬂ s
o4 70.8%0] 3L =gl &
66.5%°]H, 2% Zdiﬂ%—:‘#ﬂ ?41‘41 =gl 58
29GHzo|A] 76.2%60] 3L 3t =] &8-S 66%°
J& 5Z719 SA4A= 30GHzol 4 30dBm &
AEE dodH 156dBm fHHHHES <17lslof shar
=2 E&% 61%= LERTh

ﬂl

JE -

x® 1. MA=E J2 SE7|9 =™t
Table 1. Measured results of the designed J-class
amplifier
& %7 k9]
T35 1.6~3.0 GHz
ol 5 14.8~16.5 dB
= &8 60.6~71 %
Drain Efficiency (26) —=— Drain Efficien cy (26)
ya
A
b= P o 1 \
AN o
= 4
4 N 7 \
= P g ~ o \
== mm, |‘
e L
m\;f. {\‘;‘ \,L(f '?(;‘ s f_(f' ,:,d‘ 4 = x‘d-h s e ~ P = = i prE _ﬁ}& e
a2 1-6. MAIE JZ EZ7|9 £HE =30 §
Fig. 1-6. Measured Drain Efficiency of J- class
amplifier
Power Gain (dB) —+—Transducer Power
Gain (d8)
17
165 g
15 /\\
155 A b
i N~ / \ ~ />
— Y—— ¥
145
14
135 T
F &S AT S ST
\’k_-,- ’\/\ _»‘b ,\’Ch v 1\, "l,j' ,1:’] ﬂyb- ,_;a "L'b _|"\ '\fb WD; 5

a8 1-7. dAIE Jg E57(9 sHE 0|5
Fig. 1-7. Measured gain of J-class amplifier

(52

ZE719] Az} AlEYolAATe] polH
2.0GHzANA 25GHZz7HA] toll 5948 2 58
o] Wolx|aL 91g 1¥ 1-3, 14, 1-6, 1-7S v 3

g 5 ek

1L6GHzoN A 3.0GHz7HA ;sy—qzr
Aol a1z} Agg-g o]&us} o] o
=

= AASA

=

(?:}
2 M2o] 15dBm¥ i 29GHzolA Al &9 A
¥} o] 5& 31.5dBm¥ 16.5dBe]aL, 2.2GHze} 2.4
26GHzOl A Ha &9 82 298dBm°‘§ a9
1-6oA =& 4= giok &gk Ao =29 282
2.95GHzell A 76296011 #H & E=@|Ql a8 61%

YTkt F2ae] Aol A Aol
= 4 ”—M ] al= o} @A gk Fan=t{1]3} vl sy
& = 14~22 GHz 915t el A=
65% O]*JP/] =79l £89S vwashd Hul 10%0]4
9

o] FIEUE AAL = AT

fz
juleA
o
tl
N
i
1o,

T
7} 2ERES Bg3tol WAE0] 2/|RAZ 47
AGAH HEFoNE ofe] 71 ojelgo] ek
webd] G0 AT FFaAE FEF £}
A7} Aagslolo} & Zoldt,

201284

|.|'|

Haohst o] X|Jof 2f5tod

e

-]
—
T=[ed

rQ

UlO I'IO

Journal of KIIEE, Vol. 26, No. 11, November 2012



References

(1) Design of High Efficiency Class—) mode Power Amplifier
using GaN HEMT with Broad-band Characteristic.

(2] Peter Wright et al., “A Methodology for Realizing High
Efficiency Class | in a Linear and Broadband PA,” IEEE
Trans. MTT, Vol. 57, No. 12, pp. 3196-3204, Decermber
2009.

(3) .T. Zhang, Wideband Hybrid—-Class Power Amplifier for
Base Station Applications Using LDMOS with Envelope
Tracking system, Delft University of Technology, July
2009.

(4) Junghwan Moon, Jungjoon Kim, and Bumman Kim,
“Investigation of a Class—) Power Amplifier With a
Nonlinear C. ., for Optimized Operation” IEEE Trans.

out

MTT, Vol. 58, No. 11, pp. 2800-2811, NOVEMBER 2010.

Zm - A7) AN =4 A267 A11E, 2012 119

I-r
ot
o2
o
oE
P

O MK N

O (EERIE)

19613 7€ 744, 19854 olFoiska
AAEE 4. 19959 A &A Yo sk
=4 . 2010 SIHAH g =Y
(BFA}). 1989~1998Y (F)3=EA 7)<
S 1998 ~dA A HEgEw {HF
B 2-IT¥ w4,

o't (%=

1958 8¢ 5¢AY. 19859 A& #38kr) &
gt HAabEet ¢ 1992 Asdieha
Azt EQ(AAH. 2000 =gkl
AAEE EGEAD. 1979 ~AA A=
hehnl fFH] A A-IT aas,



