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Abstract
This paper presents a retrodirective antenna(RDA)-based wireless power transmission system design method using link budget
analysis. The simulation and measurement results demonstrate the feasibility of this method. The system can transmit a power signal
by adaptive beamforming toward the power receiver. The system should be designed considering various factors from the pilot signal
generation to the rectified power signal reception. Through this design method, the system can achieve the target distance and efficiency
required for wireless power transmission. This study confirms the characteristics of the radio frequency-to-direct current rectifier used
in the link budget analysis through a simulation. The measurement results indicate that the total antenna gain required can be effectively
achieved by the design method using multiple antenna modules. In other words, the link budget analysis can be used to effectively
design an RDA-based wireless power transmission system.
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Fig. 1. Example model of an RDA-based wireless power transfer system for link budget analysis.

P T, power GT power GR, power 4 E
RF—DC
LpP T, power
GT, power GR, power 4

L ERF*DC (1)

é} (1)0ﬂ }\-1 PT,powe;" PR,powew G’I‘,[)ower’ GR,power’ ERF*DC’
Le 747 AA $4 A8, A4 24 A, A4 A &

B o], A4 g 44 Ee) o), REDC

[¢)

—

Al ok Aok

W3 g8 A2 &48 Yepdth dirg o2 DC-DC A

F719 W a8 o 90 %oy, B =R E DC-DC

W3 g8 YHsA ¥oH, 7} RF-DC A 7719 &4

DC A8& g3 A& 44 DC AF 2oz 713t
FAAEAE A 2 m AHAEEE 5 %E SX=

RDA 74t F-A49

o, link budget ¥4< thedt 22 AR APAnt F
AdHAE A&s Ater] AsiA= RE-DC 47719



& WA AAsfof gtk & E=EollA
AHAZHNAM oF 60 %2 AF £&S 2he
Z Ay 8% FAA
FA7I A A5E 9]

TAl A8 2719 FalE o AR7) RE)
dBme] = ojok gttt -4 F3kr 245 GHz, 741
ST AR 2 m AR EE 60 % =71
A FHAEAE T8 5 %e B YA e A

oo i e Ry 1o fol
v
e
e

T o5 FAY AV SR I A, 8T
= Y 259 7t vl Sobeth weba HA1719
TFA71e AdsA e S of sk Ay 417
o 20 dB, A3 FAl7]9] 16 dBE &F3}7, 14 dBi< ©]
55 72t U BE3 AR 7Hgetd, 7t o) 5
Hu 252 40, 19 2l
sttt 123 RF-DC 4 771¢]

I 0 dBmoJojoF X}

A g J2re A9 $4

il

[o
ne
N
Ho
9‘L
£
2
v

),
[
l-«O

E8E AFT F Y0

S 73, 4719 <tV EE
o3l 20 dB $41 SHEH U o] 5& A3, 2 m, 245 GHzol
]3] 4632 dB] A E 4o HH, 7+ 14 dBY] SHEIY ©]
55 o] 0 dBme HEo] RF-DC AF 719 217HEH, 60
% G282 AR AF, —222 dBme] HFo] Al
o} 7|0l M 270 9] <telv REZFE Mo FAFHEZ
0.78 mWe| dgo] FAlH) o] 4, AA Af &8
oF 7 %7} HH, 718 HER] 5 %ol vlE] B2 o=
21 QH L o] 50 16 dB S-S AT B QMY BE
[e]

[e]

o 4 r

o
[e)
o]5o| 14 dB|H, 27] & AHE-3IEZ 17 dBY] 4241 <t
u o] 5o] A5ty wiEolth,
o Z A7 RDA 7|8 FAHAE S AlAE-S 9
AAgAS 28 W] 918k oF 12.32 dBme $41
go] 8HTh o7]eA AY FAl b V= a1 E AL
tEE, 7F RV E 7k = A2 632 dBme] €
ol whe}, FARRE Bl A3 E Van-Atta TERE
ol ANgeE NEHE & F JLE ASE A

7, 6.32 dBBm7HA SF AJAFoloF gtk HE 41719

4

S ofo A o

A 245 GHzS) &217]7}F 0 dBme] A5 LA A7) 3, o]
M uf, A $5A 71004
)

o 2464 dBY] ZFol 27T 2THE A £27)9)
22 Ak B8 A5 B 2700 B g
A

A RE 97 AME % AolRe] £4, 95iuz vy

=9, A5 2] AYEd, dEly X' el =
= o
=

FA4, A B, BF O GFS 2L 4 Ak

AAAOE RDA 7% FHALAE A 2HE A7
S g2 thl A2elY s 2k $4 REDC A%
e BEe Tl HY RN 21HE 3
QL ol 52 A4 1 T o5 AU e 7]
7o) Exqel w1 £A71% AY FA7e] o] 5L
2ul T 22T 7 o) 52 9 4 UES e BE
o $% AYPT GLOE REDC FF710M Hihe)
T AL F Y AYAYLS B 5, AT Ao
Qd 5 QRS $547] SEL o5, AR S T
el £4 A8S AR DR o $4 AYL
Q7] 5ol A £4719) HQY A5 &Y 48, 3
Q454 L 0|5, A B E Teldte] A 4
A AYS ANE H, 279 £4 A v Lae] &
FHE 2E £48 2490 oldd BYL Ead
£ 9 2 PAARAE &S GHT 5 U RDA )
W EAAEAS A2EL AT 5 AT

V. Alzeojd & 5 21

ol
s

N
-
2

g oolN )t do ux
ol rlr
=

285



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 31, no. 3, Mar. 2020.

H 1. ANEHIA 2 24 g
Table 1. Parameter for simulation and measurement.

Parameter Value
Target efficiency 5%
Target distance 2 m
Frequency 245 GHz
RF-DC rectifier efficiency 60 %
Path loss 40.22 dB
Required antenna gain 36 dB
Required Gt 21 dB
Required Gr 15 dB
Beam gain of an antenna module 9 dBi
# of required Tx antenna module 16
# of required Rx antenna module 4
# of Tx antenna module used for measurement 4
# of Rx antenna module used for measurement 2
Diode parameters for RF-DC rectifier SMS7630
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Fig. 2. Microstrip line based RF-DC rectifier model for
simulation.
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# 3. RDA 7I8F FAA8 A ALgolM A 2 s8] A g dg 34 A3
Table 3. Power measurement results for power and pilot signals in the RDA-based wireless power transmission system.

Measured Calculated (2.45 GHz) Measured Error
Condition / P, G I3 G P (Pepouer)
parameter S power T, power R, power R, power R, power
[dBm] [dB] [dB] [dB] [dBm] [dBm] [dB]
2m, 1x1 (Power) 30 9 46.24 9 1.76 3.15 (2448 GHz) —1.39
3m, 1x1 (Power) 30 9 49.77 9 -1.77 —1.15 (2467 GHz) —0.62
Im, 2x1 (Power) 30 12 4022 9 10.78 10.22 (2465 GHz) 0.56
3m, 2x1 (Power) 30 12 49.77 9 1.23 1.05 (2467 GHz) 0.18
5m, 2x1 (Power) 30 12 54.20 9 —32 —3.75 (247 GHz) 0.55
5m, 4x1 (Power) 30 15 54.20 9 —02 —1.52 (247 GHz) 132
2m, 1x1 (Pilot) 6 9 46.24 9 —2224 | —23~-22 (2465 GHz) 0.76
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