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Design of High Efficiency Switching Mode Class E Power Amplifier
and Transmitter for 2.45 GHz ISM Band
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A power amplifier of 2.4 GHz ISM band is designed to implement a transmitter system. High efficiency amplifiers can be
implemented as class E or class F amplifiers. This study has designed a 20 W high efficiency class E amplifier that has simple circuit
structure in order to utilize for the ISM band application. The impedance matching circuit was designed by class E design theory and
circuit simulation. The designed amplifier has the output power of 44.2 dBm and the power added efficiency of 69% at 2.45 GHz. In
order to apply 30 dBm input power to the designed power amplifier, voltage controlled oscillator (VCO) and driving amplifier have been
fabricated for the input feeding circuit. The measurement of the power amplifier shows 43.2 dBm output and 65% power added
efficiency. This study can be applied to the design of power amplifiers for various wireless communication systems such as wireless

power transfer, radio jamming device and high power transmitter.
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Table 1. Research trend of power amplifiers for 2.4 GHz
frequency band.
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iy (wt)= I sin(wt +0) (D)
g 2AX7F WS 0 < wtdr FRIA ATl &
2 AF ipge 002 ERA A S2% A g 2 (2)

= Lehdict,

igylwt)= I, — I sin(wt +0) ?2)

AYH L, E2E AF [& F9) 27] 238 4 (3)°
i gate] v 2] (4)%F 2ol vebd &= Slth
I,e=—1I,sin(6) (3)
igywt)= I, [sin(wt +6)— sin(9)] (4)

229A7F G E 1 < w2 P4 ERA 2 EH &
Figpas 00] Ho WE AR O, 0 A= Ak
A

=
AT A bt go] 78 5= ik

ipslwt)= Ipg+ I sin(wt +6) )
VH(M):*ﬁ/wtiDAg(m)m (©6)
IL

=— [cos(wt +6)+cosd + (wt —7)sind ]
ds

EWA 2B} o4 BA st ek e 4 (1)
(8)% WHEBtolof g

V(,‘(“’t)l wt=27 =0 ()
T Veat)] oo =0 ®)

Fatol] 9gt 9742 0 & -8 4= Tk
2cosf + msinf =0 ©)
2] (9)E Fato] AHHeE AP 4] (10)2 48 5= gk

—2 - m
5 ; cost= 5
™ +4 ™ +4

(10)

2 (10)= 4 (6)°ll A-8-8te] W 7AH Cy 0l Ael= A
S Vee A (12 Hebd &= 9lar ejoll Wgks Fafo] <
Aelst 2 (120014 EdA e BE 7sjAlE el 2

Sk 2=
At Vs 78 Atk

o

o oot

ar
o

Ipe 3r w .
Vp(th)— (A)—C:is 7 EOOS((AI) Sll’l((dt) (1 1)
Vo= [ Velat)dut= too (12)
romdy TwC,

EdxHe A Hd Ao A7 k2 W #tel o
= A o®, v ghe] 0] H= ot gk Hehd 2] (13)3
i)

o]
1

mﬂ

0|5 Z3l EdX2Heol A2l Al A4 (14)3 H o
241 (15)& 7 5 ATH14].

2

™
Vo, =720, wt| = 5 0 13)
Vimax (mH20)=—200V, ) =3.562V,, (14)
Vvt +
ISW.max(gie): ( 7r2 ! +1|I o =2.8621} (15)

oz BT Agwti 14

w2 (15)<
2 (1)E S8l A7 AR L& 78 7 ek

I
Proi =IpcVpp = FRLmui (16)
8 Voo
I =— 17
pe 772 +4 RLoad ( )

2 (167 A (1= o8-8l EHAH I} FHdstel wE
HEAE Ry, 2 2 (18)2 Ve 5 9l B AdAE C,

s eke] A8 = Qi

8 V127D
R =—— 18
Load 7_[_2 +4 PLoad ( )
8
C=—_°> 19
b 7T(1)0(7'r2 +4) * RLoad ( )
. MHSZI| MdA L AlS20|M
3-1 Ex MHSEJ| 32 M|
Hpolo] s M-S 30 VE AAS Ex A 0 W, 5
A F3F 245 GHZE 7]E 0.2 AR 7 2= A7l 2
Q3 EF FE7)9 &4 3|2 xo|t}) 3|8 TS 7B 0w

o

A
2922 RUlEy Edx]2~E, 157 (current source) & 8F
&1 DC AQ o 55 5= = AC A 85 A3 5F+= RF =
H(choke), HEZ A% AFAE] CpR =oAL} Cpi= 228

217 AR el A= BE ARAIEE 8l 94 98 A
o} A3} M 7F7F sETE 29X 9 =RleA Ay 5dde] &
™ e Z3o] Hof, 29X]5 A o 9% Hgte] 002 "ol

www.koni.or.kr



J. Adv. Navig. Technol. 24(2): 107-114, Apr. 2020

AW 2914 82 AAG 5 glek. 7 glo] e
o] %o} )

THEE AF I = U A o= F3En

_ PLorLd _ 20
Ipe == =067 A (20)
DC

ZE 3| 29| AApA|F oFe] 215 o] &slo] Frabd, WE A
AlE] Cp= 2] (19)S o] &8} 0467 pF& AR Ae 22t
Ael Al =gR1e] 7| AA A 27 ALk Cp ghE T 2R &
A5 Agstelof gith EWX oA nigbEs Kah A
Ry, = (18)% 54l 25.9 ohm®Z AXEE ™, Lo2] gk Lext}
Lres®] 30 2 Lext= tha- 4] (21)7 2o,

1.153R,
e K @1

ext

Ex 55719 49 330 98] F445 Q(Q-facton)®]
o7k B etk sl e Q ghe 4] o2l UnkH
<1 33 Q#tel 302 7 Hrk. B Rot= S0ohm e 7}t
2HA] Co9tLo®] #hs 21(22, 23)0ll A -8 < it

__ 1 _
G, = oqr — 081 oF (22)
QR,
L, =~_"=5163 nil (23)

SRR

1=

ot L, =7.046 nH 9] FFS ZH=t)

l/()
okl LY A 919 €3 L) gt ke 4 43t A 25)
o4 78 4 9l

e Sy L YR (24)
" wRLorLd R) ’ P

L=RR,,, C, =1.656 nH (25)

m

Rioaa

a8 2. MelE Ex MHEERY| &Y 32X

Fig. 2. Proposed class E power amplifier output.
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Table 2. Characteristics simulation result according to the
input power of the class E power amplifier.

Source Output DC Supply

power Power Gain(dB) | PAE(%) Power current

(dBm) (dBm) (W) (A)
22 36.50 14.5 29.32 15.10 0.47
24 39.18 15.81 43.16 22.02 0.68
26 42.75 16.75 60.54 3091 0.82
27 43.77 16.77 67.41 35.96 0.96
28 4422 16.22 69.40 37.79 1.09
29 44.45 15.45 69.16 39.85 1.17
30 44.61 14.61 68.29 41.79 1.24
31 44.74 13.74 67.11 43.71 1.30
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Fig. 9. PCB layout of the manufactured drive amplifier.
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