w
~
X
M
-0
rx
[l

=SS 0|8 MMLE HiEZ SHE M

(b

ok
din
o
nin
re
-1
el
-
ra

gEN 9

=z 2011-48SC-6-5

( Research and Implementation of Using RF wireless Power
Transmission System for Wireless Sensor Nodes Battery-Charging

Power Harvesting Module )
Xg %:]_ ZH *’ Bk % }_‘_—}**

—

(Won-Jae Jung and Jun-Seok Park)

USN#Zl A et AR 242 98 A8 FRe ANwsse g 9o mAls FE AL Be A7) uE
of 228t olF HAsy] AR Wetow B mEoHE AN WEE] 48 AAASRES Attt AR B4
Aug AYetn Aug Agshe aushs s AQ PAHs e Ade wEe) S8, ALASREAN A5
RP e S5l Sab4el 45 9 5449 DS Bl wHeel $U9T 59 qEe uhd 298 9
@ Az fANA ANeE] WEE @A )8 welpen SPozA USN el 49 4871548 kol
USN Ak} #4slo] 7]old 4 QIeh ¥ E=Rol A RF FAAH05 298 olgate] A20%/I5RE 5 mel 72l
A QIAHE 10 dBme] S 42 V] 1 mA o] ARE Aw=Sg dEEY e FHs 48e AR As9e
AR AN =Ee) WY ARARS} AR $AF7E FHoR F0F 5 Qi AR wusett

Abstract

With the progress of USN technology, fields to which wireless sensor node is applicable are increased under a condition
that it holds a lot of problems to solve for betterment. One of the problems which acts as an obstacle to USN industry
diffusion is the wireless sensor node battery exchange to their individual life cycle. Exchanging the battery of so many
sensor nodes one by one requires a great deal of times and costs. Such problem is against the convenience supply —aim
by applying USN technology. In this paper, using RF wireless power transmission system that power transmission /
harvesting module from a distance of 5 m and the power of 10 dBm with a current of 1 mA or more for Sensor Nodes
in lithium-polymer battery charging system tested and verified.

Keywords : wireless power transmission, sensor node battery, lithium ion battery. power management
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Fig. 1. RF wireless power transmission system block
diagram.

o

L)
(RO - )

EL

=
— —{E]
2
[
o i
[
oy
>,
[
o
rlo
ox H
2
o
o U

N
=)
o
=
2
ok
oL
T oy
ui

4 d

o o on
2 R S )
[>

J {
=2

N 2
o
g
3
)
ol b

2o
>,
[
J% g
2

Of

b

1

o

=)

Sz

e

s

<

»

Q

=

Q

=
—E‘ .
[
g
ot
A

o
i =
=

>

)

ELoop o m

o B2EEs a9 1o dehpit A
G547, TEE z
A1, AYYSE

2 473z, 54

)

2 oofy

S
N
29
A T O

rlo
ot
==
2
4
IS
A
[>

v
o
[
i)
ot
i
o
rlr
>
[>
o

oty

fru

=

[y

Ac)

el

4

ox

(it

=

n
lo b oo
R U
of ox AL o

fo
=
fo
B~
fr
=
_|>L
ofo
N
_\f‘i
=¥

22

o
=
&2l
Q

2z

Q
]

O
>~

]_;

[¢}
bt

RF FARHAS Azge t7] Fo 4

ol Aol e Ao F1
b me)s R Ao FoiAm Al A F
AgFae, A4, AAZ web] 1 gro
Ack, Zelzs ggAe A (DA eRiLet). o) 4
& FA/)5 A7) Abelo] FohRol EASHA gk 7
Al (LOS : Line Of Sight)& uwebA RF7F As =
wle] #AMelth PRXE: H5EE GAEE A,
PTX: AdmEe] dfdeueld Zews g,
GTX$ GRXE= d&SHeuer 5t Ue] o5, A=
Ag e B, re AE/A5RED AR e

i,

W

a

I
ro

O]
==

=

Py PTXGTXGM( A )2 1)

4mr

2 (DA A/35 <tEve] o5, GTX9 GRX+=
AT 7Pgake qtElvE |lAbe = dEe dE
At AEAR, ATl o dole] FRA
ofXlth olF Al wEst ATl mE FhELE



36 RF SHTAMAS 0|88 MALE HEZ SME NAYSRS o7 2 7H

H@sh ol e 5 Utk o W) FE 3x10°
m/sol 3, £ AFEFTEol ),

Py gy (dB) = IOIOg( dmrf )2

—~~
\)
~

S AT AR E L AgAgey AE/E5
A F g AAsH HW U shie] 247t
9 Aoz QeAA Ak F e F2 2aE AH
i AHYERE FUA A J5AH] FE 1)
WA faE A4 S v B =Rels 4
ForEA g7l A dxste] EAe] Ag Fuke

99l 10 MHz~300 MHz9} 20 GHz~60 GHz t9<
g8 Hlad 2ol AL 1 GHz~10 GHzol A4 o
o Fu  F A FAREASoR Pol AfH
9= 915 MHzE AHEF92 ddstga dsdee
30 W= A4ste] de5mEed YAtEe A8S A
glo] wal =s9e¥ 2 Ase g 14 Jega
Al AHEE A5/85 delte] o5 247} 8dBisH
6dBi=A SHELF o]5& 13 A E Zo] YEY

Alz=glo] AgAeE A met YAE = Y=
o® AAT F Slvh. YAkE= RF A=HS wjEl ol

AN7I7] 93 Agoz HaNIE &3 F43)
= ARZ gE
Z2m wjg g Zx%lﬂt 2l % 74 gtk RF-DC
WEES 45 %, MHE $H 285 0 %= 7Hde
o] S A4 O‘Awa% 2 10 dBm o]+
Mol g uojol wiHE 1 mA oo FHAY

# 1 72lo wE RFYEe Sz

Table 1. RF power space losses due to the distance.
324 (dB)
Hel(m) 915MHz
915 MHz (SHEILIOIS D2Y)
8 41.2 7.6
4 43.7 10.1
5) 45.6 12.0
6 47.2 13.6
7 48.6 14.9
8 49.7 16.1
9 50.8 17.1
10 51.7 18.0
11 52.5 18.9
12 53.3 19.6
13 53.9 20.3
14 54.6 21.0
15 55.2 21.6
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Table 2. ED/EA Wireless Power Transmission System link

Budget.
ED/EA Wireless Power Transmission System
Budget
ED-EA=5m
Parameter
Target
Donor—Acceptor Distance (m) 5.0
Frequency (MHz) 915.0
Donor PA Qutput Power (dBm) 45.0
Donor TX Ant Gain (dBi) 8.0
Acceptor RX Ant (dBi) 6.0
Free Space Attn (TX to Acceptor) (dB) -45.65
Donor TX to Acceptor Gain (dB) -31.65
Margin (dB) 3.0
Power at Acceptor Input (dBm) 10.35
Power at Acceptor (mW) 10.84
Rectifier Converting Efficiency (%) 45.0
Battery Charging Efficiency (%) 90.0
Battery Charging Power (dBm) 6.43
Battery Charging Power (mWs) 4.39
Battery Charging Voltage (V) 4.2
Battery Charging Current (mA) 1.05
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Fig. 2. Power transmission module block diagram.
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Fig. 4. Power harvesting module block diagram. g,
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Fig. 5. The fabricated power transmission module.
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Table 4. According to the incident power efficiency of the
voltage doubler.

G| B | E=Em | __

me | mz | my o 52(%)

(dBm) | (mA) ) m
0 0.03 | 394 | 0.114 11.39
i 0.08 | 394 | 0323 25.66
2 015 | 394 | 0579 36.54
3 022 | 394 | 0.883 44.23
2 031 | 394 | 1.229 28.94
5 042 | 394 | 1.63 5171
6 053 | 394 | 2084 52.35
7 066 | 3.94 | 2.604 51.96
8 0.8 | 3.94 | 3.180 50.39
9 097 | 394 | 3.826 48.16
10 | 1.6 | 394 | 4.563 25.63
T 136 | 894 | 5.374 22.69
12 | 150 | 394 | 6.280 39.63
13 | 1.86 | 394 | 7.317 36.67
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Table 5. Available tme to 20 mA current consumption
per hour electricity charged.

SHEEA 20mA SHXA 20mA
(Hel/Al12h) A AlRH (Hel/A12h 8 & Al 2t
5m/5& 24.5sec 5m/102 38.5sec
m/5& 16.9sec 7m/10& 30.3sec
10m/5= 16sec 10m/10= 25.4sec
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Fig. 9. Battery current waveform at -25dBm output
power. Time values are: Ti1= 084 ms, T2=
058ms, T3=2.00ms, T4= 0.49ms, T5=1.1ms,
T6=0.36ms, T/7/=1.0/ms. The sum is the
activity-time  TA=T1+T2+T3+T4+TH+T6+T/= 6.44
ms [9].
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