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ABSTRACT . .

This paper introduces an energy harvesting system that generates energy by collecting multi-band RF signals using buck-boost
DC-DC converter. In an environment where the resistance of load using the collected electric energy is constantly changing,
a buck-boost DC-DC converter is used in which the input resistance of the DC-DC converter does not change even if the
load resistance changes. Since the frequency band of the input RF signal varies, the rectifier is designed for each band so
that multiple bands can be processed, and a matching circuit is added to each band in front of the rectifier. For a rectifier
to collect very small RF signals, a circuit is designed so that a constant voltage is obtained according to a very small input
signal by devising a method of continuously accumulating the voltages collected and generated in each band. It is confirmed
that the output efficiency can reach up to 20% even for the RF signal having the input of -20 dBm.

I A & o =8 ALEA7E S AlsElel e oS A-8-sko] uljE g

o] wk glo] G ouA] 3 7S olg3te] A7

AR a7} ARSI Qi TheFEr M o] EEAl e AU E FFehE g a&Hola B FHS 7hAT
B A= A& U2 RF 0452 e gdZon A = Aotk AT/ olUA] el AR-E= dluA 2 5
$3k3 olek. olel @ RF A5z F0e] Ak g1l & & = AE A HEE 22 SoR A Al A
ST Qo B x| 9 Ao BAEhE]R] e A] a1 gl UAE FHshs Ae 5402 st i
ol = A& 02 RF 287t $EE I o o Aom Holl= g FRlel] 33tel] AbAskal gl Al
2= ) H T QUlaE B 4 9l o] B AT o2 RF olUAE F58h= st 7lego] Sdstal S5 =
ZR5lo] W] AU S B 4= ¢l A 4Eo] ALE T A 2 =elME vEtee] REF A5E s4sh] 9
e = oA - oSk ATl Faks] Waw a9l g olluA] =5 A" Aljbeke] 3lE U AE AFEs)

AAA R FeHE 13u3] 2 974 (cscho@kau.ac.kr)
2 26, $ALEAAL 1 20179 69 269, HBAAHLA ;20179 69 27U

89



Buck-Boost DC-DC w3}
RF A%9] A7]7} w5
HE g 275 R £ S GFHVE AlEA

stk

I. RF oJyA] 3 Al&~H

Band 1

RF . DC-DC Battery
Energy I\N/lz:;hgrs | »| Rectifier Boost or
Source Converter Load

| | 1
| | MPPT
Band N | | Adaptive
Cireuits
Matching o
Network 1 Rectifier

a3 1. mMekst=E RF OIUX] & AIA”L] JHR

o

K3

i

)

)

hined

Lo

W

N

il

i

4

32,

ki lo

Lo =)

oxl 14

R R <)
M 2 2 o

\)

= (800 Eﬂ‘ﬁ) ISM EH"ﬂ (24 GHz

e AT, WA RF 4 8571
=191 26 Ve 21} 2] Diode® & 7 = 5 /) A8}
o 2% A PEFhe T£E Holn ek et o 4
FAIES e gENEIt FAHE B9l Y A
2717 ohg- Aot AA| AU 57 ARl B A%S
A B BAE wolm It e B AT
A= 19 39 2] Dide 3712 A elo] nr} 2 Ag
& e T2E el o] ARIIE A ()3 2ol

%a ﬁ\:}- Vout—E‘ gj\é‘:‘l'q'
Vout =4 V[]v_ 3 I/th (1)

AA71ollA Vine 98 459 [t A7]E Vthe thole
o] FEHGS UEhdth o7IA AREE tholeE:
HSMS- 285X°]U3] Capacitancet= 10 pF& AR&-3}3it}

ARYet= AR7E ARt EHAGES AlEdoldg
A= 29 4°ﬂ UrEM%Oiofq Oﬂ et At 2ol 4 At

90

of Ag3les

At on o] ¥ 5% 2 FRE R

olar glom Aol AA| oA HAE Av|AApE

LrERA AT

Voltage (V)

0.5

-1.0

4.0-‘
3.5
3.04
25
2.0+
154
1.04

0.5 )

0.04

_I V(M.‘f

W]

1}
N
[}
ofm
ikl
re
A
mMm
=
foi
0
Ju
N

2Vi-2Vith

: -

H—

a8 3. mMetsl= RF "F7|2l 71

= Qutput Voltage
+— Input Voltage

-...--'--.-..III--.|

4.9990

T 1
4.9995 5.0000
time (us)

a3 4, Metsts RF ER712 &7 23t



Buck—Boost DC-DC Converter& 0|2%t Ct&

T RF OfLAX] £ AlAH

——i—

in /. V

——

ER e, 78k A gke] WEo] MAstA 329 1Y
dste] 1 A& gho] WA Hof oluvx] 3] 3|2l
AgsiA] gorm= 19 6(b)9} 2ol Buck-boost DC-DC
W35 ARESHH kel Wil e §)= A &e] A st
2 Al HER ok gl 9Ag ARTI Aitshe S A
AGANA Be o]fdS ATt dom olFA HAH
DC-DC ¥3b7]= A dvA] 5 Al2=dle] 88 & 2
M= ERo| & e mXa gith

2] (2)9ll Buck-boost DC-DC H2}71¢]
Wolen §a} Agal= ol @A fL
2Lf

e
A7NA foi= 2=91R 9] 2913 FiE YEWE DE
HE YRt o] 3]ZeA= L = 1 mHE, D = 05, fsw =
10 kHzE #-&3kich

H [

o mX

=
T
al

N

Ag

o

L}
o,

do ro
o 1w
o

=R
=

+
30

2

IN —

m. AlEdeld & 54 2%

91

L
0G0 by
Ll
J{;wr'rdlwg g
i duty
10
»‘ —cycle
(a)
N~
L1

[l

“in

R

—»‘ ’Gfduty

.
f »‘ ’«cyc le
S switehing

(b)

rE
rw»

8l 6. DC-DC 27|, (a) Boost t71, (b)

Buck—Boost H2t7],

354
304

254

VDC(V)

204

154

1.0+

T T T T T T T T
2000 4000 6000 8000 10000 12000 14000 16000
Load R(Ohm)

T
-2000 0

12! 7. Buck—Boost DC—DC tH&t7|2|

g ol ARgshs
Askel A7) SRk



==X HM123 ®M2s

55 1
.
50 1y » H - B
5] ;i —=—-30(dBm)
ol —e.28(dBm)
& -26(dBm)
% v -24(dBm)
£ 50 —e— -22(dBm)
> —<—-20(dBm)
S 254 —»—-18(dBm)
E —e—-16(dBm)
o 209 —#—-14(dBm)
15 *-12(dBm)
@— -8(dBm)
10 +— -6(dBm)
54
0 T T T T T T J
5 10 15 20 25 30 35 40
Load (k?)
J2 8. YHEAlsel ITof WE HRIIC 58
J—
54 2
)
4
2 3]
[}
g
N
2
511
04
-30 20 10 0
Pin (dBm)
3 9. tHE0| STt WE 2B &3 TYel 71 F0|
—m— Efficiency
100 4
90] .‘__.___._,__._Ia—.._.—l—-l-\.
80 /'/
F 60
3 504
5]
o 404
£
w30
20
10
0 T T T T |
0 2 4 6 8 10
Load (k)
2 10, St HE0| ME DC-DC WHety|ol &8
71 e A7 AaE o]gsto] 7% HA] AlzHel
o@ 2 a9 110 Uehiglom kel iE A
A8 2, A7) 223 DC-DC M3 2 74450 e
o = glek QA A 29g FHE] FAT BE 2, A
Az A 2 EEAHE 247 a9 12, 13, 140 1
EPATE 4215 = RE A159] filo] H4 -25 dBme] 4
ol 2 A2ERE FHAGS TN ARbeE Al
"] A77] 2 DC-DC ¥37)7 53 528kl U
& ¢ 5 Ak

92

atelon e A

BAND 1

a3 1. A x| $T AARS SRE
[ —=— Efficiency|
40 S
30 //l’
gzu- _/
g
104
o T T T T 1
25 =20 -15 -10 -5 (1]
Pin (dBm)
a8 12, ®A AAH”HS 52

3% 13. HAAAR—S HMZF ALK

—m=— Qutput Voltage

-
o
1

Output Voltage (V)
o
ird

\

-25 10
Pin (dBm)
a3 14, MH AAHC ¥ F3 MY

4719 v & AHEE RF
3=

=t}
=



Buck—Boost DC—-DC ConverterE 0|2

St Cf

()

S e RF OIAX|

A
e

Z A&

El|
=

u
Y
E
_0|L
N
2
rir
kol ]
o
HE,
i
)
)
2
O_E o w
o T
oo o
e
E
ke 40 ol
o 2
do k44 2

2
>
2
=
o
>
[>
juti)
rlo
=
,
G
N
N
>
>,
o
il
4>
=1
e
o
oS
o T
ot 2

i)
[
=
inj
o
it
)
2l
]
4
X0,
rr
>
[~
o
9

[11 V. Kuhn, et. al, "A Multi-Band Stacked RF Energy
Harvester with RF-to-DC Efficiency up to 84%,” IEEE
T-MTT, vol. 63, no. 5, pp. 1768-1778, May 2015.

[2] A. Collado, et. al., "Optimal waveforms for efficient wireless
power transmission,” IEEE MWCL, vol. 24, no. 5, pp.
354-356, May 2014.

[3] A. Collado, et. al, "Conformal hybrid solar and
electromagnetic (EM) energy harvesting rectenna,” IEEE
TCAS-I, vol. 60, no. 8, p. 10, Aug. 2013.

[4] B. Li et. al., "An antenna co-design dual band RF energy
harvester,” IEEE TCAS-I, vol. 60, no. 12, pp. 3256-3266,
Dec. 2013.

4l (Choon Sik Cho) 3|

1987 29 @ AEdiEtal Ao AS ¥
g3} (F3HA

<1995 12¢€ : W=+ University of
South Carolina A}t (F841A}

-1998d 12¢€ : W=+ University of
Colorado at Boulder X =A}-8+3} (53¢

=
a T

L1
20043 3E~AA : F=rdFietn G AR R
Ae
<FAEoR> @ REIC, SHeIY, ol 2 a5 A3 =, o), 98
7171

93



