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Abstract

In this paper, high-efficiency DC-AC converter is implemented for the wireless power transmission. The DC-AC
converter is implemented by combining the oscillator and power amplifier. Because the conversion efficiency of wireless

power transmitter is strongly affected by the efficiency of power amplifier, the high-efficiency power amplifier

is

implemented by using the Class-E amplifier structure. Also, because the output power of oscillator connected to the input
stage of power amplifier is low, high-gain two-stages power amplifier using the drive amplifier is implemented to realize
the high-output power DC-AC converter. The dual band harmonic suppression filter is implemented to suppress 2nd, 3rd
harmonics of 1356 MHz. The output power and conversion efficiency of DC-AC converter are 40 dBm and 80.2 % at the

operation frequency of 13.56 MHz.
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1. Switch mode Amplifier
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2. Class—E Amplifier
Sokal©] ﬂi Xﬂ A% Class—E

ST O~ S I W)

tlo o % Ju rlo

Lout

Rout

2.
2.

O|AtA 2l Class-E MHEE7| 3|2
|deal Class—E power amplifier circuit.

CURRENT THROUGH SWITCH

. SWITCH i
"OFF" STATE

SWITCH i
"ON" STATE

VOLTAGE ACROSS SWITCH

)

o[&tH el

t

Class-E

Metnh M& uh

MHZZ7|9|

1o/

E2iX|AE| Q|

Waveforms of transistor voltage and current of
Class-E power amplifier.



74 1zt AR EEE 0|88 FHUNH

I &A 2 7&

ISt MA| ZE 24

1.0
A48 LCE o]&3F Harmonic Termination A=<}

29 CE HE=E AZ3Y o)F dl9Ss Ax|sh= ZH
= AA A} o] 3 &= Termination F3H 0] 2] <]
Foppdl= H2 S 7AA @A Hew s A

o
Al EAell daFo] At 19 49t 5& o]F Ul AA

A9 sluwst 549 Ry, nxdE oxslel
AYZLr)e 5182 =Y 5 9

I% 6 1% 5% W Class-E A8 $Z do=
TA¥ 2-stage Class-E A =35F7]d Atk o]zt
o A2 Y& ¢ EE ot} o5 5A4E 9lgt

RSO
ofo
gh
2
fd
fd

o 7& SE7E o7 ot 7=

28 EAE Y8t Class-E A8 =% 725 483}

O
Tt
P4

O 4. Hekst o B NX| HE
Fig. 4. Proposed dual band suppression filter.

Vos1 Vesa 0

RFC

& 10| 158 DC-AC Het3 2 gH=E 9
k. TE FZ il 49 2% 9 BE 599
FreescaleAl2] MREF282S EWAAHE o]&ale] A7

0 T T % T L) T T T
80 _m—E-E—-E—§ I-0.60
;\Z‘ —=— Qutput Power - |
< 9] | —=— Efficiency b2
LE 70 —e— Current / 108
% 604 \o
= [] \o~.—o—._. 0.50
w50 . (@]
o3 ./ 5
~ 404 —a—E—E—E—E—E—N 045 @
1 ~ =]
m A F ~
T 304 3
= 040 3
z 204 L
[e]
Ry l0.35
3
2 4] I
8 I0.30
10 T T T T T T
0 2 4 6 8 10
Input Power(dBm)
g 7. A€ol mE &3 oY, M™H g8, Sl ©
=
=
Fig. 7. Output power, PAE and Drain current vs. input
power.

m1
freq=13.56MHz
dB(S(2,1))=-0.576

m2
freq=27.12MHz
dB(S(2,1))=-30.696

m7
freq=40.68MHz
dB(S(2,1))=-52

242

freq, MHz

a2l 5 olsthed XX EEf S-parameter
Fig. 5. S-parameter of dual band suppression filter.

Fig.

a2l 6. nzxab ZEelE 0|23t 2-stage Class-E MEZZ7| 32E
6. Circuit of two—stages Class—E power amplifier using harmonic suppression filter.




2012 28 MAsete] ==X M 49 A TCH A 2 = 75

Eiavi=g

e TF o AolE Ay = Age 7
44 V¢ 265 Volt}. 2-stage Class-E AHZ=Z7)
1356 MHzol| A 40 dBme] &3 @d# 3} Q0.
&S 721, second harmonic -419 dBe, third

harmonic - 4253 dBcE 2t:=

\"]
X
lo,
rN

oA F-@¥ 1356 MHzo| &7 F3h9t 10
g 10 We &3 W23 81 %9

=
zhs VIE ol geilh aEE
g Tdsl] ffdto] AbgE )=
PT115A¢] TCXO (Temperature Compensated Crystal
Oscillator)e]t}, 2 H7]= 5 Ve 48 ztellA] 20
mA?| AF7F 321 1356 MHz] 58 Fupdol|l A o}
1067 dBme] =9 d¥ 5AE& zteth ClassE A9
SE718 FETe AClE My =gl Azt
26 Vol 11 VolH, 53 o] Ao|E gtat =l A
2 7t} 46 Vel 265 VoIt

W sl2g A8t C-AC W3k 32 2179}
AYSE71E AGAA AAsTE DC-AC W 3=
o] Mgt 82 AYFE7) Y a&e AA JFES
7] wiZol Class-E 5% 7%& o|&sto] 188 A9
SE7E AAlskT oY el dAEE w2 27
o] ¥ =ol7] & +F SEVIE ol &F o=
2-stage AHFE7|E A olsud AA €Y
& AAste ax3 S JASINT dols 18 &
oltt Class-E #¥5%7]¢] §jeete] wx7]& A4st
ol 158 DC-AC W3t 3|25 A3l DC-AC |

3 3= 9 Ay HEk 82 1356 MHzoll A 40
dBme] &7 g} 802%2 ¥ &S 2+ second
harmonic -41.9 dBc, third harmonic -42.53 dBcE
=T} 24}, 3aF 120 RS JAEEE =2 885

= T ATk

I

ot
O
re

i

[1] Matthew M. Radmanesh, Radio Frequency and
Microwave electronics Illustrated. Prentice Hall
PTR, 2001

[2] A. Karalis, ]J. D. Joannopoulos, M. Soljacic,
“Efficient wireless non-radiative mid-range
energy transfer,” Annals of Physics, vol. 323, no.
1, pp. 34-48, January 2008.

[3] S. C. Cripps, REF Power Amplifiers for Wireless
Communications, Artech House, 1999.

[4] A. Grebennikov, N. O. Sokal, Switchmode RF
Power Amplifiers, Newnes, 2007.

[56] N. O. Sokal and A. D. Sokal, “Class-E a new
class of high-efficiency tuned single-ended
switching power amplifiers,” IEEE Journal of
Solid-State Circuits, vol. 10, no. 3, pp. 168-176,
June 1975.

[6] Jaewon Choi, Chulhun Seo, “Wireless Energy
Transmission High-Efficiency DC-AC Converter
Using High-Gain High-Efficiency Two-Stage
Class-E Power Amplifier,” JKIEES, VOL. 11,
NO. 3, pp. 161-165, SEP. 2011.

g 2EAsY)
29 sAYTw AT
&8 AL 4
2011d 3€~dA =Hdgun
AR st AAA.
<FHAROF D 2T 32
Al, RF Power Amplifier, Digital
RF, 7|2 d &>

2 R (st 9)
20061 29 %A TS AR EA

ofF 1 A= FE7], At Ao 7], H
A oy A "%, RFIC, Digital RF 5>

(176)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


