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ABSTRACT

Design of Low Power Rectenna Applying
Ambient Radio Sources

Guen Sik Kim

Advisor @ Prof. Dong You Choi Ph.D.

Depar tment of Information and communications Engineer ing
Graduate School of Chosun University

The interface components and modules used in the receiving section of sensors
around the mobile electronic devices or RFID—-based technologies require low voltage
source for its operation. In this paper, design of low power rectenna utilizing
ambient air frequency has been studied

Microstrip patch antenna is an antenna fabricated on 1.6 mm thick FR4 substrate
having dielectric constant of 4.7. The proposed antenna with total dimension of
36.25mm x 77mm including 210mm as the length of rectifying circuit have harmonic
suppression functionality and was designed to increase the conversion efficiency.

The designed antenna resonates at 2.45GHz with reflection loss of 21.58dB. The
power efficiency of the antenna with center frequency of 2.45GHz are experimentally
calculated for different values of distance between transmit and receiving antenna
ranging up to 10 mm. The final RF to DC conversion efficiency of rectenna was
achieved as 55%.

The antenna gain is reduced in dual-resonant and multi-frequency mode, so it
limits the improvement of parts of the device used in the rectifier circuit. In compact
rectenna design, wireless power transmission technology is expected to be low

power and low voltage in order to drive wireless applications.
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Aer? - A (4)

P Lt ot LtoAM SAEE M P2 A (2)2F A (4)d 2l A (5)2 EFO

7tsstet. & &Lt Lo o| S2E HE[of ST g Yn ot fil== MY

G\ G, P, G,.G.P.\
X =
4w AT R* (47TR)2

RFE 0|83 PMMANS YA 2 MYUTo| MA| T AR At
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Ojof =2 DCHHE HE =+ Ut ol &= 7t& & ZMc FULeR ME=Hs 2

et gEEA /I}E e DA(M2012-25 - MAto} oA ESY|E)S ol=A
Rl 2 3(/o|

2/ s[(FCC : Federal Communication Commission) #& % o|=Zx=
A

T 7| M Xt5t=[ (ANSI/IEEE) A8 2t S skl 7HE st DAISHICE [18-20]. EEBF 3
2-20ilM 2 = AX0| Mol des F= MI|ZE, AL, ASFEE, HHEE

£ F ot "Helo| et DAISIRIcH o] AEAM MHIUZE 2 10M: olstil M=
M7t M efol fiX|2E, 10MzO| A0 A 400Mz7HX| MHAE == 2(W/m )0l 400M: Of 4t
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I 2-2. UEEA AL Al (HM2012-25
HIIRZE | AIFYE | ASUE | MEYE
o @9l
(V/m) (A/m) (uT) (W/m*)
1Hz O|3} - 3.2x10" 4x10*
1Hz o4k = 8Hz o|2t 10,000 | 3.2x10%/f* | 4x10%/f
8Hz OlAF ~ 254 o|gt 10,000 4,000/ 5,000/
0.025kiz Ol4F ~ 0.8k D|gt 250/f 4/f 5/f
0.8k Ol4+ ~ 3 ojgt 250/ 5 6.25
3kiz OlAF ~ 150Kk o|gt 87 5 6.25
0.15Mz Ol4F = 1My Ofgt 87 0.73/f 0.92/f
1Mz Ol ~ 10Mg ofgt 87/f'? 0.73/f 0.92/f
10Mz OlAF ~ 400M: olSH 28 0.073 0.092 2
400Mz OlAF = 2,000Mg ol2+ | 1.375{% | 0.0037f" | 0.0046f'" f/200
oGz 0|4 ~ 300Gt o|t 61 0.16 0.20 10
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3. BHILE A & MZE

3.1 BELtel Mo 9 J|RPx

u

2 2J4E 2 L(rectenna)E M F3

1960 HLHoll W. C. BrownttAtoll 2|3l X
MOZM 7|28z ot LIZ FAlE= M3 0]e]
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a8 3-12 2HubE 0|&85t0] MHE 2 st 252 LEHA 2H L g
To|ln4 o| 7|2 2iH{oE DCE Hg sP|flsh Clo|REE 0|85t HFUHES
Azl =2 Yot 72 Hetgs0| e =1 S Hels = cmolAM otF ®
HE|ZHX| 7t SHXIZE, &5 =3H0| = ol ~ s oW HE2 Rot 2l ti7|AZE & A
Lol M XAl SXo| == ST ol Metstot. 2io|uE o|eh w42l of
2 ASAHolM Efet ol HXE M3 X|dez HMs S4st=H o1 g &
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bot 2t & 3-12F Zo| MA|Z[ol da| ALZ=E L ULt

2 Fule Y EHI|E FM217] BF
5150~5250Mi 2.5 mW/Mz 0|5}
10 mW/Mz ol &t
MU =EE 5250~5350M (OBW 20i) e
SMESAIAE R 5470~5650M SmW/ I o5 e
=x (OBW 20~ 40Mt)
=&Y 17.705~19.295(H 10 mW ol st
57 - -
#4191 . 10 mW/i 0l 5t NEEET
FAE o|sSAl, W&Fu B}
10 mvV@10m 0|5} DMB Z#|7|
SMH, ZigBee,
2. 4~2 48350 _
2 MO 0[E{ S Al 10 MW S5 mW/Mk RTLS, DSLR
5.725~5.825(f o =
2T T= o

g Lo AlR2E& CHHLb= A o=z Clo|Z(dipole)Oltt OlO|T2AER] mj%|
otH|Lt(microstrip patch antenna)Zt AL =0 ALE=ZXof| mz2p oi2tEE oLt
(parabolic antenna)T AFE=7|= oot 732 QuEHA ojE S| 2= QMY L}
Clo|2E Afole| uHA Hetnt vl Mad Xl

BlLl2 ME=|of M eAH(re—radiation) == WS Y= Aas fall 2 om7|7F AL

EEICt [22]. DC&2F 0{mb7|= Clo|2E2} £5t Afolof|A HFE DCHHE 2852
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3.2 x| oYL} MA 2 F™E
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74 ghAtol]l MEstEE M ZAFSE | Lo
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for broadside radiation
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=283 2o ZPols MAES FEAM W7ol ZskAl dEsiof sk B mfx|o| 4

Foll= TAES Sz HALSEY| 2o MALEO| RUA WiFol =235t H=sfof
oot ojHd2 &2 YA & dsts Hul, duEs, td=ES HI| 2lshAM iR

_18_



CtE ojol22 &

1

12| 2(1C) A=z gH Z2eg + A0 FoiZa £2 22(olH
tHedol 2d7|7lof Bo| AtE=l2 Act T8 3-31F Zo| Meteke=z St ojo|3=2A
Eg oHHUE H=2d mfx| oHHLE, Aoz & A2 |Y mfx| ot L2t Stof o

gflo] oLt JHE oL &A2E o EECh.

—

bl

Coupling EM Coupled Slot Couped Line Coaxial

a8 3-3. mix| ctE|Ltef cfeket 7=

3.2.2 mjx| QHH|IL} MA H M=

OfoF 3tn{ ol Z olELiel Atol=Jt 242 DEBe| E Ll MAE B 5 AUcks
Scolx|Bh KEMO| =T T 0|59l Lt A2 HIMNE oMo Ygoz ol
A83t Retche chElg 2D ok dEM 2 =2oME of3t8 Mt Ze 4y
Al

AASE etHLtel =9t R uf2tmEts I8 3-4, # 3-22° &t
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| W1

L1
y
L2
~r
L3
\ 2
_) ‘_
W3

a8 3-4. MAlst Z{ x| oHH|L} FZ=(2.450t)

F 3-2. MA S otg|Lle| mi2im| EF2.456H)

Parameter L1 L2 L3 W1 w2 W3

Value(mm) 27.00 17.50 32.50 36.25 1.00 3.00

x| SE|LbE A2 F7le AN o We M8 ojHoz %
ofef welo| O|8Hn| Eot ZE7|, UM, M08 ST ZS SEAXED MO

=
gots ZEE 7K Aol HE|Lte| ot LEE2 B0 o= 11 Ut HiHol| of o =0|

slcts EMEE 7D AL ot LRt HFEE HE Al SS4Ate] HlMYPHe

2 ot Dxumt MYAE 25t Mool =1t ZHYo| st A et Lo o
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37|15 £0|7] flsi gt el Lzt we AI2H 2 X2 E 53510 75
2 &2 Microwave OfficeE AEst0{ I8 3-51 Zo| MY st mf
56tk ¥ ME 50Qs MAsH FAI FRZ|ES RAME 4.72 HHSY

Al

4
AA 2 E 3-22 Zo| dysto HA st¥eny O 3-71 Zo| F

Microstrip 1 Stlipline] CPw l CPw Ground} Round Coaxial] Slothnel CDupIedMSLine] Coupled Striphne]

Material Parameters

Diglectric | Gads ~|  Conductor |Si|ve| LJ e L
Diglectic Constant |47 Conductivity |5-BBE+D? |S!m LJ IIl
L

Loss Tangent 0.ma CAWR e

Electrical Characteristics Physical Characteristic
Impedance ‘50 ‘Dhms j Physical Length (L] |32 4684 mm -
Frequency 245 [GHz ] ﬂ Width (W] [2.87366 e I
Electical Lenghh [180 [deg <] HegtW) 15 [m <]
Phase Congtant ‘554385 ‘dega’m j Thickness [T) l?ﬁim
Effective Diel. Canzt. ’Eﬁﬂ—
Loss [T.74465 |~

12 3-5. Microwave OfficeE 0|26t AL MA

— Patch

3/4 Transformer

50 Q Feedline



vin II"i;rrl Vu
—_—
Cin D1
G
| D2 -
E.
ElLte] SHEf

8llof

i

[

st

—

A3 Ze AUs S + UMUCH
a8 3-9& AAE etELlel @lmEA ojd AlBalold Zal=M s0Qol HEts| of
Ho| =lof U2 el & + Yot
E 3-3. A HM=zfet FR4Z|ES| T ul2bo Ef
Frequency 2.450M;
Substrate FR4
Dielectric Constant(e,) 4.7
Loss Tangent 0.019
Substrate Height 1.6 mm
Conductor Thickness 35.0 um
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% 3-8. HFSSE MAE L =

Smith Chart 1

100,

RX
\

| 2.4500 [ 108 5010] 0.0099 | 0.9936 + 0.0187:

[ Name | Freq | Ang | Mag |

m1

HFSSDesign1
Curve Info
— 5(1,1)

Sweep1

Setupl

-100

-80
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OE 3109 MAE SlE|Ltel WALEA AlZEl0lM HTpEA 19| S Lt 9

ofr

oo, 07 3-112 MASE etE|Lte| ™A mH| (VSWR : voltage standing wave ratio)

AlZelold Z2AM 1.022] ZE LIEIHACH MHAE mHx| L= 2,450l A

r

40.08dB2| HtAtEAZ JHEICEH

Name | X | v XY Plot1 HFS8Designt
mi | 24500 |-40.084| Cuvelnfo
1 — 31
50— Setupt: Swegp!
A0
4N
200
G250
-
0
4 !
il 1 i 15 2l 2k o o W
Freq[GHz)

8 3-10. SHH|LES| BRAREA AlSE|o|M of = gt

XY Plot3 HFSSDesign

22 230 20 25 260 210
Freq[GHz]

a8 3-11. cHE|Lte| HAjupH| AlS2 ol o = gt
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8 3-12& 3xH eE|LE A T2l Ansoft Ate| HFSSE ALE3SHod AlE2]

O|dE o|&sl otH|Ltel E-HOIA S| oL AL TEH AlZE{|o|d Z22AM 29 18

oM oS0l o =tel & 5 AUCH

Radiation Pattern 2
0

-180

O3 3-12. EE oA etHLte| 2hAL TR AlS2olM o = £t
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3.3 dF3Z2 MdA 2 M=

3.3.1 Cjo|2E MH

Rz Aol AM STt FE & st Clo|E ME2 L A A
CIEo 2 SR FE22M R/E tlo|Es HHe 5800 ST d&g2 F7
m-Zolck I8 3-131 Z0| clo|Eol At=l= Mol w2t Hetg 0| 2l S

2 =+ %X v, 2 Clo|RE9| breakdown voltageE LERAHM, V= ClO[RESQ]

forward voltage drop(junction voltage)g& R,2 DCH0| Hel= FstXas 2oo|st

cCl [22].
Higher Order
A V; Effect Harmonics Effect
100% p=—=oro—-———"———t—— - — — — —
2y
5 . Vo Effect
,_.C.__" I
: :
|
I
I A -
) . Vi 2 5
Dlo.d.e Maximum br Input Power
Efficiency Curve 4Ry
O3 3-13. #H Lol RF—to-DC Hiatagr @z Maiol ot
Z, Cho|2E9 g88 =0|7] flaliMe - ™el 7|7t v, Ect FHot s, &

of elede & As 2 ™MH v /4R ofl elsf 2™ Eot

CIO|RE MEH Al MA FajpofAM Zero Bias® S22 & = U U2



AlZto] w2 =2 =282 s CHOIREE MHE SI7|95H AgilentAle
ADS(advanced design system)& &dll 2& A =tst M F3 20 2.450:2 FurE
Ql7tsto =4l ()22 DCEY gt & HaEE8S oF & = UAgCtH
= ~- POU L ‘/;)271 4R
W F 8 (%)= 2 100 = —2" " E 100 (6)
‘Pmput ‘Pinput

CIO|RE= HSMSHYE £AE7| CIO|IREE AI2SIE 1D 11 42 Spice parameter2

Solfl ¥ 3-42f Zo| LIEF A2l 4£ETF| Clo|RE2 FItEl2= I8 3-142f Zct.
¥ 3-4. HSMS ££tE7| CIO|RE gt[25]
T& | HSMS-280X | HSMS-281X | HSMS-282X | HSMS-285X | HSMS-820X
R, 309 109 69 25Q 7R
Eg 0.69eV 0.69eV 0.69eV 0.69eV 0.69eV
Iy, 30nA 4.8nA 22nA 3000nA 54nA
n 1.08 1.08 1.08 1.06 1.08
B, 75V 25V 15V 3.8V 4V
o7|M RE £E7| clol2ce] MY ME2 oolstn gt Wi Leel ol
Xto|E LIEtHO{ L, = ZE=t MFE 2loletct. ESH n2 o|atATZE o|&Ael Clo|2



a2 3-14. £ E7| Clo|

- — O

]

o 57|_§|§

3.3.2 WF3 2 MAHA

HE3|2 MAlo| MEHEl Clo|2 =& HSMS-820X AE7| CIO|R2EE &850 22
2] M3 stHolM MEst it Txo HFIIE FASIUCE

HF71= A= RFEYL] MSFXE DCMYo =z HiEtstol Fsto| MEstn diH
iRt HF{7| 2B H (clamper: 23 A5 mEe| st £2/E ol XSt 2 DHA|
7l 22)YES st= FHoAE{ol| 25tof 2 RFEQe| 28i7tX| DCHMY2 = Bzt
stoy £5tof 2lrt=7| 2o 2ot =2 288 712 F Uct [26].

MAZ|ER 9,2 St YuEHA HEE FISH0{ 50Q0 JHAA =HESF StA20
MAE HFz 2= 38 3-150 LERfI D duHA Mg flet 2 2E Melst
2E HIfAE= 100pFS ALB5I 20| B5IXEE 62022 M3 sict
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Vm sinwt D2

:Cz E2Vm

a7 3-15. 181 MR 229 =

0

HSMS-820X £+E7| ClO|2E=2} FR47|H(g,=4.7, h=1.6mm)S AFESt0{ H{MQ}
T2 *ZE ALESIo] MASIRL, Bt £2 285 €7 flol 13 utsE ZolAd
T2l AgilentAte] ADS(advanced design system)2| st=EY 2E&tA(harmonic
balance)Al S 0| &st0 3 M=ol Cfst & MY &8 S elotct stz

==

L
=

T

2t F

—

I>
o

0
1z

2 22 AlEdold 7[s & Bldd XL 2eE

Il

= WAEMN JTEY|, YV, =&V HA Soll Ar8ste gAalo|ch [25].

03 3-162 BoMY T2 ADSE Sl SUs Mol theiAl Hod E Mg
of LIRES ¢, R &XE HHO| JIHAM Ad SiC SEH des ste HIjAlE
2ol HFSSollA o E5t AlS2flolMd gtS oddstol O gt =Hstn A St

| ~ | di_hp_HSMS8202, 20000301
||| AN T LB
P R
vim | € gg R2
P_1Tone C L co100 pF §R:620 Ohm
PORT3 cs A
Num=3 C=100 pF 1
Z=50 Ohm .
= P=dbmtow(10) i L
Freq=2.45 GHz — —
8 3-16. ADSE &8¢t 4732 dA
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(6)2
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E 35 BaiMgle| mE MR HWEES
S5t 8 =R HEE g

620 Q 1.799 V 52.20 %
750 Q 1.929 V 49.61 %
820 @ 1.990 V 48.29 %
910 Q 2.060 V 46.63 %
1.2 kQ 2.232 V 41.51 %
2.2 kR 2.562 V 29.83 %

28 3-17. 2P e 6209 0f EHXQY

0| &35t0{ HE| L2l H




4. HEL HE 3 EF

4.1 SH b MEf

Motz L= E 3-31F €2 FR4 7|HE ALSSi20n &4
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eteLtel A7|=
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36.2mmX77mm= 18 4-11} ZC}.

FAE L= O 4-22F 20| SAleLtet 37|

rir
N
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=
I
o
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w
ictl
my
o

stersol 18fQt HRIIS AZBHACE

_31_



OFEf| Lt
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4.2 HH L =4
oHE|LbE B 4-49F Zo| 2.4500lA 20| 0| 20fx|

AlH| M &= ©
21 582 =X 5|t
AlZeo|lM ol ot Al MAH=l otefLte] A Zfol Xpo|7} L= olf= €8 A
oY & WME @Xbo| Z|elst Zde 2 mot=Elct ol wE A Fae 2 0|59
Xto[Z7F Ect off AbEICE
. e Fef Pos
245001 -21581dB
—— i ———

top 3.00000 GHz

Start 2.00000 GHz
08 4-4. MELE SHELE HhALEA
OlELtel QulEA ofE ZIE A0|AXE 22

_33_



File

s Channel Sweep  Cali a Marker  Sustem w  Help

Marker: 1 of 3 Marker 2 GHz Marker 1 Marker 2 Marker 3

2500000 GHz 136700
495F7pH  TFETS 0
46.450 0

882350

8 4-61f

=(96%0|&Ho| Fotofl ME== AEY & ez =2 5 Us FYZUE ¥

AALCE.

Agilent Technologies: NO9124, SM: MYS50023011
a7 Thu, 23 Feb 2012 12:39:26 PM

CAT  Ref3.0 VSR M1 2455000 MHE 1,57
WEWWR - ap \ {

0.2 2.60) [

/

\
\
\ )
W/

L
,.i\\_rg
1 1.20)
Start 2,00 GHz Stop 3.00 GHz
Foints 201 Output Power : HIGH Swp 168.0 ms

22 4-6. MR otElel MR mjy|
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ot MAE SEute| tHYd =2 FX™o| flsi O3 4-71F Zo| SMF
)E 7|82 5t0{ -10d8e| vrArEA gt &hSt Ful+E FX™et Zob 2.42201 ~
2.4880H 24 HELte| CHEZ2 2feoM: e & = UULCE
FilrtTevogies: N1ZA, 34 MYS0C30:1 At Titrooogis: MEOL2A, 9 MYSO0Z301E
e IR Th, 23 Fea 20 L5 G JHI] Ty BRO2 203210
B o1 ke @)y, g e 0730 B 1 RS g 070
log o g
S [T ]
¥ #
10 35
\ /
5 \ / g0 \ /
a ] | /
O 7 1 0 o \
1
00 b\ / 9% \ ‘,
laa 1 | { a1t {
I |
1 | 13,
?vq I \/ :\vq i U
St 0 Spild S0 Stp a0 2
Faints 201 Ouput Power: HISH Sup 150 e Paints 201 (umutPover: HGH Sip 100 s
O8 4-7. HE|Le| tHEZE (242261 ~ 2.488(H)
AM 0.02we of, EH™H 0.011wW, EHHLY 31ZM A ()0l 2fst Hats
22 2 55% S & 5 UUCEH
E 3-62 AlE2o|M o F giot AZgHE 8|t Aoto|ch
¥ 3-6. o Z gzt A= 4t
ek Aol ol F gt AE U
lue A of 2 (50Q) 50 46.45
HrARE A (dB) 40.08 21.58
HY 1| 1.02 1.37
£ TMeH(V) 1.79 3.1
CH 3 2 (M) 60 66
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¥ 3-72 Eu=f =9

ote|Ltet =

=Zoll M A eket

SHLIZEAM &2

oHeLtE B|met Zo|ct,

Lt AM8F e, /A

3-79| Zu, ZE CHE Lo HEf= miR|
37| xtol2 ¢lstod AFAHel H= ofFgX|2k 2 =F0lAM Hetsh AELIe] Ms
HlWA A5sh 4= EEhECH
¥ 3-7. @yt Ad Z3dl
Work [27] [28] [29] M kel BE| Lt
Z= 1t (GH) 5.5 2.45 2.45 2.45
"#HE 2.2, 3.38 4.4 2.54 4.7
A7 (mnr) 40% 40 60X60 52X40 36.2X77
ZHHA(V) 0.75 1.63 1.3 3.1
B3t E S(%) 74 53 74 55
Year 2006 2008 2010 2012

_36_




= EE0ME 2.450 2| SAletH Lo Al LLE A & MzEE S6f 7
HHHES SHe R St HHUE MdASKRIT. e UL o/ & Hetss8S F0/7]

St3|(ANSI/IEEE) w180l & oM Es7|&ES Hetel ofof a2t HELte] AA o
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