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Bai bdo trinh bay vé thiét ké, ché tao va thir nghiém hé thong truyén nang lu’O’I’lg
khong day sw dung song siéu cao tan. N6 kham phd viéc sir dung séng vé tuyén tir
300MHz dén 3 OOG[‘{Z dé truyén ndng lwong, mot y tuong c6 tir thoi Nikola Tesla. Cdc
Tac gia da l?hdt tri?n anten, mach chinh luu 7nhdn dp va thir nghiém mang rectenna,
dat }Eiéu suat chuyén doi nang luong dang ké. Cong trinh nay mo ra hudng moi cho
truyén ndn’g lwong khong day, h’d’a hen tng du]ag trong khai thac nang luwong mat troi

va cung cap nang lwong cho thiét bi loT va y té.

Tir khéa: Truyén nang lwong khéng dady; séng siéu cao tan; vé tinh truyén nang
luwong mat troi; mach tach song va chinh luu.

ABSTRACT

The article discusses the design, fabrication, and testing of a wireless power
transmission system using microwave frequency. It explores the use of radio waves
from 300MHz to 300GHz for energy transmission, an idea originating from Nikola
Tesla's time. Scientists have developed antennas, voltage multiplier rectifying circuits,
and tested rectenna arrays, achieving significant energy conversion efficiency. This
work opens new directions for wireless energy transmission, promising applications in
solar energy harvesting and powering loT and medical devices.

Kyewords: WPT - Wireless Power Transmission; MPT - Microwave Power
Transmission; SPS - Space Power Satellite; Rectenna.
1. GIOI THIEU CHUNG truyén nang lugng song Siéu cao tan

. i \ . MPT (Microwave Power Transmission).
Nang luong siéu cao tan thuong

dung dé chi cac dang nang luong lién Khai thac nang lugng siéu cao tan
quan dén séng dién tir ¢ tan s rat cao. la mot ¥ twong xuat hién tir 1au. Nikola
Trong vét Iy va ky thuat, "song siéu a0 Tesla 1a ngudi phat minh ra radio, ong
tan" (Microwave) thuong dung dé chi gy coi la cha dé cua truyén dan khong

dai tan sb séng vd tuyén tir 300MHz dén
300GHz. Mgt trong nhitng tng dung
cua song siéu cao tan l1a dung truyén
nang lugng khong day WPT (Wireless

day. Ong la mét trong nhitng ngudi dau
tién dua ra ¥ tuong truyén niang luong
khong day va ong da chung minh ciing
Power Transmission) d6 la viéc truyén nhu rat tm tuoPg Va? VI?C tA’ruye,n nar\lg
mot nang luong lon dung song dién tir lwong di¢n khong day tir rat som vao
truyén tr noi nay dén noi khic ma nam 1891. Nam 1893, Nikola Tesla da
khong st dung day dan. Khi d6 ta goi la  bi€u dien sy thap sang khong day cho
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cac bong dén huynh quang tai trién 1am
Chicago. Thap Wardenclyffe dugc 6ng
thiét ké cha yéu phuc vu cho viéc truyén
nang luong dién khong day hon la
truyén dién tin. Nam 1961 Brown di
ding bai bao diu tién d& xuit viéc
truyén niang lwong bang séng siéu cao
tan va nim 1964 ong da trinh dién md
hinh may bay truc thang thu nang lugng
tir cham tia siéu cao tan dé bay & tan sb
2,45GHz trong dai tan danh cho cac ung
dung vé cdng nghiép, nghién cau khoa
hoc va y té goi la bang tan ISM
(Industry, Science, and Medical). Nam
1968 tién si Peter Glaser cua Cong ty
Arthur D. Little dua ra y tudéng dung
MPT cho hé thdng vé tinh truyén ning
lwuong mat troi SPS (Space Power
Satellite) do 6ng dé& xuat. Theo d6 SPS
bao gdm maot hé thong truyén ning luong
siéu cao tan MPT véi cac tim pin mat
troi va cac bo song siéu cao tan. Shigeo
Kawasaki thuc hién truyén ning lwong
siéu cao tan cdng suat 10W cho mot thiét
bi di dong véi phan phat cong suat siéu
cao tan st dung linh kién GaAs FET.
Dodng thoi tac gia ciing truyén thong tin
diéu khién chum tia dang diéu ché MSK
véi ty ¢ 16i bit BER=10-6 [1], [2].

Vura qua, cac nha khoa hoc Trung
Qudc da xay dung nguyén mau vé tinh
SSPS khai thac nang lwong mat troi
truyén tai vé trai dat bang séng siéu cao
tan. Nhom do vién si Duan Baoyan ciing
cac cong su thuoc Vién han lam ky
thuat Trung Quéc thuc hién [3].

Ngoai viéc khai thac ngudn ning
lugng véi cac bo thu phat duoc xay dung
c6 chu dich, mot s6 nghién ctru da thuc
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hién viéc thu gom nang luong song vo
tuyén cho cac thiét bi sir dung muc ning
lwong thap, dic biét Ia cac thiét b loT va
thiét bi y té deo theo nguai [4], [5].
2. SO PO HE THONG THU PHAT
NANG LUQNG KHONG DAY

Truyén ning lwong khong day
WPT la viéc truyén mot nang luong 16n
dung séng dién tir tir noi nay dén noi
khac ma khong st dung day dan.Nhu
d3 biét nang luong dién tir ludn géin lién
véi sy ton tai va lan truyén cua séng.
Chung ta c6 thé sir dung tat ca cac ly
thuyét vé song dién tir khi nghién ctu
vé truyén niang luong khong day WPT.
Su khac nhau gira WPT va cac hé
théng truyén théng tin chi ¢ hiéu suat.
Hé phuong trinh Maxwell chi ra rang
treong dién tur va nang lugng cua nod
ton tai theo tit ca cac hudng. Mic di
trong hé thong truyén dan thong tin
ching ta ciing truyén ning luong
nhung theo tit ca cac hudng. Ning
lugng bo thu nhan duoc du cho viéc
truyén dan thong tin nhung hiéu suat thi
lai rat thap. Do d6, chung ta khong goi
cac hé thong d6 1a hé thdng truyén ning
luong khong day WPT.

Mot hé thdng truyén ning luong
khong day sir dung séng ¢ dai siéu cao
tan duoc goi 1a MPT (Microwave Power
Transmission). So do khéi cia hé thong
truyén ning luong st dung séng siéu
cao tan (MPT) dugc cho & hinh 1. Hé
thdng bao gom ba phan la khoi phat
(hinh a), khéi thu ning lugng siéu cao
tan (hinh b) va khéng gian truyén song
siéu cao tan.
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(b) Khéi thu
Hinh 1. So @6 khéi hé théng truyén ning lwong siéu cao tan.

3. RECTENNA

Véi hé thong thu gom ning luong
cho thiét bi loT va thiét bi y té deo theo
nguoi thi ching ta chi quan tam thiét ké
cic rectenna. So dd khéi cua mot
rectenna nhu hinh 3.b & trén. Viéc thiét
ké céc rectenna can chid y nho gon va co
d6 nhay cao, do tin hiéu thu gom duoc ¢
muc rat thap. TUy ting thiét ké 1y ning
luong tir c&c tin hiéu khac nhau ma ta co
mat do6 cong suat thu dugc. Tuy nhién,
mat do thuong chi vai mW/cm?[5].

Trong thuc té ching ta cd thé ap
dung nhiéu loai anten va mach tach séng
khéac nhau. Viéc lya chon phu thudc vao
cac doi hoi cua hé théng va cua chinh
nguoi ding. Khi s dung cau tric mang

rectenna thi cac anten trong cac rectenna
c6 thé hap thu 100% ning luong song
siéu cao tan tgi. Vi hé thbng WPT sir
dung cho viéc truyén ning lugng nén
can st dung cac mach tach song cé hiéu
suat cao. Theo ly thuyét thi c6 nhiéu
mach tach song c6 thé dat hiéu suat
chuyén do6i RF-DC gan toi 100%. C6
nhiéu cdu trdc mach chinh luu trong
cac rectenna khac nhau. Hinh 2 dua ra
mot sb cau tric mach chinh luu st dung
cho muc dich thu nhan nang luong
khong day.

DPdi véi anten thu cho cac mach
chinh luu, nguoi ta ciing thuong thiét ké
cac anten mach dai. Mot sd loai anten
thuong dung nhu hinh 3 dudi day [5].

[ D2 Vomr
— T s
T [ - |

a)

Hinh 2. Mt s6 ciu tric mach chinh lwu: (a) chinh lwu nira chu ky. (b) chinh
lwu toan séng. (¢) mach chinh lwu nhan ap. (d) cac dang song 16i ra.
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Vi du cho céc thiét bi 10T va thiét
biy té.

Wy = 28 mm

Ning luong thu dugc s& cip nguon nudi
mot rectenna gan 1én co thé ngudi nhu
hinh 3.

W= 14 mm

b=0.5mm

B Diclectric
= Conductor
Gold vias

Hinh 4. Rectenna gan Ién tay ngudi.

4. XAY DUNG THU NGHIEM HE
THONG WPT
4.1. Thiét ké va ché tao anten thu phat

Nhu da trinh bay ¢ trén, thdong
thuong chung ta thuong sir dung kiéu
anten mach dai dé ung dung trong hé
théng WPT.

Trong phan nay tac gia s& trinh bay
viéc thiét ké ché tao mot anten mang
mach dai kiéu 2 x 4 chan tir. Trong d6
cac miéng patch dugc tiép dién bang cac
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doan day chém qua ranh duoc khoet sau
vao trong né [6].

Chiéu dai doan an sdu vao miéng
patch ctua anten y duoc tinh bai:

1 [50

Zo
(D
Chiéu rong cua phan mang bi cit
nay co thé duoc xap xi theo cong thic:

=Zcos™
y _TL'



v 4,65.10712
N
(2)

Véi v 1a van toc song dién tir.,

Viéc phéi hop tré khang va phan
chia cong suit cho hé anten mang 8
phan tir nay dugc thuc hién theo nguyén
tic chia d6i. Gia tri ciia cac dudng duoc
tinh theo céng thuec:

7' =Zyn
’ 3)

Vi n la s6 duong nhanh dugc chia
tor mot duong Z0:

O day, duong Z0 c6 gia tri 50Q va
dugc chia doi thanh hai duong nhénh
nhu nhau. Vi vay gid tri cia mdi duong
nhanh s& 14 50v2 = 70.71 Q. Cac doan
50 Q c6 @6 dai tuy ¥ nhung trén thuc té,
gia tri do dai nay nén cang ngan cang tot
vi nhu vay s€ giam dugc suy hao trong
qua trinh phan phéi ning lugng dén cac

phan tir phéat xa. Cac duong 70.71 Q &
day cling dong vai tro 1a doan phdi hop
tré khang theo phuong thitc doan A/4,
d6 dai cua n6 duoc tinh theo cong thuec:

A__ A
4 ooy
(4)
~ Ert1 + Er—1
efr ¥ 73 2/1+12h/W
(5)
Trong do
Va W duoc xac dinh theo cdng thuc:
60 8h A%
Zo= =i (g +55)
(6)

Pé thiét ké anten cho mach
Rectenna ta chon cac théng sé theo bang
1 dudi day.

Str dung cbng cu LineCalc cua ADS
dat dugc cac théng sé cua cac doan phdi
hop tro khang nhu bang 2 sau:

Bang 1. Thong sé thiét ké anten mang 2x4.

THAM SO GIA TRI YEU CAU
Tan s6 hoat dong 2.45 GHz
L6p nén (substrate) FR-4 epoxy
Trd khang 16i vao 50 Q
Béng thong -10 dB >50 MHz
Suy hao phan hoi (RL)tai 2.45 GHz <-10dB
Hudng tinh (Directivity ) > 13 dBi
Do lgi (Gain) >10dB
Béng thong 3-dB <30°
Hé s6 séng dimg VSWR <2
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Bang 2. Kich thwéc anten 2x4.

THAM SO GIA TRI

Chiéu rong W (mm) 37.5

Phan tor mang (patch) Chiéu dai L (mm) 29.1
Phan khoét sdu (mm) 7.7

Chiéu rong (mm) 3.09
Poan day chém 50 Q = : - —

Chiéu dai (mm) khong yéu cau

Chiéu rong (mm) 1.64
Poan M4 (70.71Q) S

Chiéu dai (mm) 17.28

4.2.Thiét ké va ché tao mach chinh
luu nhan ap

Mach chinh luu nhan ap la mot
mach khuéch dai bién do trong do sir
dung hai diét. Mot mach nhan do6i dién
ap Villard khi thiét ké md phong bang
phan mém ADS2009 duoc dua ra & hinh
6. Theo d6 mach bao gém diét D1 va C1
lam nhiém vu tach song dinh trong khi
d6 D2 va C2 lam nhiém vu ghim gitr
dién 4&p. Trong thiét ké nay thi
HSMS2820 van duoc lwa chon. Cac
doan mach dai TL2 dung cho mach phdi
hop tré khang 16i vao va TL3 ding cho
mach phéi hop trg khang 16i ra. Mach
da duogc thiét ké va téi wu bang phan
mém ADS sau d6 mé phong st dung

(b)

Hinh 5. So' 46 mach in (a) va san pham thuc té (b).
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phip ddng FR4. So ¢6 mach in va hinh
anh san pham ché tao duoc dua ra &
hinh 8. Kich thudc cua mach la 4 cm x
1,4 cm. Mach duoc thuc hién trén phip
ddng FR4. So sanh v&i mach ndi tiép thi
mach nhan d6i dién ap cé kich thuoc
nho hon.

Két qua mo phong cua mach duogc
dua ra & hinh 7. Trong d6, tré tai téi wu
trong khoang 330 Q. Hiéu suat chuyén
d6i RF-DC 16n nhat dat 72% véi muc
cong sut 16i vao 1a 26 dBm. Ciing theo
hinh 7 thi hiéu suat chuyén d6i RF-DC
tang khi céng sudt vao ting cho tat ca
cac tro tai. Khi cdng suat vao qua Ién
hiéu suat giam manh boi khi d6 diode
roi vao trang thai bdo hoa.
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Hinh 6. So' @6 nguyén Iy mach nhan ap Villard.
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Hinh 7. Két qua mé phéng hiéu suit chuyén déi RF-DC
ciia mach chinh hru nhan 4p kiéu Villard.

Hinh 8. So' @ mach in va san pham mach tach séng kiéu nhan ap Villard.

Bang 3. Pién ap 16i ra (V) theo cac mirc cong suat trén cac tré tai khac nhau
caa mach tach song nhan ap Villard.

«(dBm) |10 |13 |14 |17 [19 |20 |21 |22 [23 |24 |25 [26
R(Q)

150 0,75 [ 1.1 | 1.3 [1.75]2.6 |3.05 [3.45]3.8 |4.25]4.75]5.2 |58

220 00 |14 | 1.6 |25 |3.25(3.65 |4.1 |46 |5.15]58 |6.4 |7.1

330 1.2 | 1,8 [2.0 |32 [42 [4.75 |535/6.0 |68 |7.35|8.15]8,5

470 145 |22 [2.55]3.8 (485|535 |63 |7.05 |78 |8,55|9.5 | 105

560 135 | 2,4 |2.754,0 |51 |5.8 |68 |7.6 |84 |90 |9.6 |11
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Gia tri dién ap do duogc véi cac
dién tro tiéu thu khac nhau duoc dua ra
& bang 3. Tur két qua do luong nay s&
tinh dugc hiéu suat chuyén doi RF- DC
twong tng cua mach. Hinh 9 dua ra gia
tri hiéu suat chuyén d6i RF-DC cua
mach chinh luu nhan ap. Theo hinh 9 thi

hiéu suat chuyén d6i RF-DC cua mach
tach song dat gi tri 16n nhat véi tro tai
la 330 Q tai gia tri cong suat 15i vao la
23 dBm va dat gia tri 1a 70,06%. Gia tri
hiéu suat nay gan dat gia tri md phong.
Dbién ap ra khi d6 do duoc 12 6,8 V.

75 : :
70 f f
65 f :
- : i
60
& | | |
— : : .
g 55 : : :
= : : :
: 50 ; : —— 330 Ohm | ...
<% : ; 470 Ohm | |
‘E a5 N A | e 560 Ohm ... _
3 ' | —+— 150 Ohm | |
a0l ST . R beeeeeeneennnnes S S —
: a a a a
L T e A —— I S - —
20 i i | 1 1 i i
10 12 14 16 18 20 22 24 26

Cong suéit 16i vio (dBm)

Hinh 9. Hiéu suit chuyén déi RF-DC theo cdng suét vao cia tré tai.

Tir hinh 9 ciing nhan xét rang khi
cdng suat nhan dugc nho hon 24 dBm
thi hiéu suat chuyén d6i RF-DC cua
mach chinh luu s& ting khi cong suét
nhan dugc tang 1én. Tuy nhién khi cong
suat 16i vao 16n hon 24 dBm thi hiéu
suit giam nhanh. Diéu nay duoc giai
thich bai vi khi d6 dién ap mot chiéu sau
tach s6ng gan dat tGi gia tri bdo hoa cua
didt nén hiéu suat giam. Trong khoang
cong suat 16i vao tir 18 dBm dén 24
dBm thi hiéu suat dat gia tri 16n hon
55% Vi tat ca cac dién tro tai khao sat.
Trong cac dién tr¢ tai khao sat vai dién
tro tai 330 QQ mach chinh luu cho gia tri
hiéu suat téi wu. Dién ap 16i ra dat 4,75
V khi mirc cng suat vao 1a 20 dBm, 6,8
V khi muc cong suat vao 1a 23 dBm va
8,7 V khi mirc cong suat vao 1a 26 dBm.

4.3. Mot thir nghiém mang rectenna
Hé thdng thtr nghiém gdm phan

phat véi cong suat phat 4W; phan thu

gom mot ma tran 2x2 Rectenna, khoang
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cach giira gitra cac thanh phan phat va
thu 1a 5 mét. Khoang cach nay hoan
toan dam bao rang hé thdng truyén niang
luong khéng day hoat dong wtng vai
truong xa cua buc xa song dién tir. SO
luong cac Rectenna nay la kha nho boi
dé c6 thé thu nhan duoc nhiéu ning
luong hon can mot sé lwong 16n céc
Rectenna. Mac du han ché vé sb luong
song vé&i 4 phan tir tac gia van danh gia
dugc kha ning cong cong suat ¢ phia
thu. Cac Rectenna tht nghiém nay su
dung anten mang 2x4 va mach chinh luu
siéu cao tan nhan ap phdi hop tré khang
kiéu didy chém don. Nhu vay, mdi
Rectenna déu thé hién duoc giai phap
cong nang lugng song siéu cao tan & 16i
vao va viéc két ndi thanh mang thé hién
dugc giai phap cong nang lugng dién
mot chiéu DC ¢ 16i ra. Mang Rectenna
dugc két ndi theo mang theo céu tric
song song. Hé théng dugc minh hoa &
hinh 10 du6i day.



B& tan song
sid cao fin

245 GHz

Mach cing
comg sudt

Mach céng
comg suat

Mach cong

cong st

Hinh 11. Hé théng thir nghiém MPT.

5. KET LUAN

Mot hé thong truyén ning lwong
khong day da duoc xay dung, thiét ké,
ché tao va chay thir nghiém thanh cong
Vi cac thanh phan co ban dat cac thdng
s6 quan trong nhu: hiéu suat chuyén doi
DC - RE dat 54%, hiéu suat chuyén doi
RF - DC dat 71,5%. Cac mach Rectenna
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dugc ché tao theo phuong phip mach
giai do d6 gitp dé dang thuc hién két
ndi sé lugng Ié6n cac mach chuyén doi
nang luong RF-DC. Piéu d6 giup c6 thé
xay dung duoc cac hé théng thu va
chuyén d6i ning lwong khong day voi
cdng suat 16n phuc vu cho khai thac
nang luwgng mat troi.



[1]

[2]

[3]

[4]

[5]

[6]

TAI LIEU TRICH DAN
Pao Khic An,Tran Manh Tuéan (2011), Vdn dé an ninh ndng lwong VA Cac gidi
phdp khai thdc nang heong mat troi tir vii tru truyén vé trdi dat, Nha xuat ban
Khoa hoc Ky thuat, Ha Noi.
A. Massa,G. Oliveri, F. Viani, and P. Rocca (2013), “Array designs for long —
distance wireless power transmission: State — of- the — Art and Innovative
solutions”, Proc. IEEE, Vol.101(6), pp.1464-1481.

https://vnexpress.net/trung-quoc-xay-nguyen-mau-tram-dien-mat-troi-vu-tru-
4681930.html (2023).

Alessandra Costanzo and etc, “Microwave Devices for Wearable Sensors and IoT”,
Sensors 2023, 23, 4356. https://doi.org/ 10.3390/523094356.

Hadi Heidari, Oluwakayode Onireti, Rupam Das, and Muhammad Imran (2021),
“Energy Harvesting and Power Management for 1oT Devices in the 5G era “,
IEEE Communications Magazine, 59(9), pp. 91-97. (doi:
10.1109/MCOM.101.2100487).

M. Biswas, Umama Zobayer, J. Hossain, Ashiquzzaman, and Saleh (2012),
“Design a Prototype of Wireless Power Transmission System Using

RF/Microwave and Performance Analysis of Implementation”, IACSIT
International Journal of Engineering and Technology,Vol.4(1),pp.61-66.

114


https://vnexpress.net/trung-quoc-xay-nguyen-mau-tram-dien-mat-troi-vu-tru-4681930.html
https://vnexpress.net/trung-quoc-xay-nguyen-mau-tram-dien-mat-troi-vu-tru-4681930.html
https://doi.org/

