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MO DAU

Trong tinh trang ngudn nang lwong hoa thach ngy cang can kiét va sy khac
nghiét ctia khi hau trén trai dat ngay cang dién bién phic tap, hudng nghién ciru
Truyén ning lugng khong ddy WPT - Wireless Power Transmitter dang duoc day
manh. Tur nam 1973, sau khi mot patent ctia Peter Glaser dugc cong b6 cho giai
phap truyén niang lugng cong suit 1on khong day tir ngoai vil tru vé trai dat, da thu
hit dugc nhiéu t chic chinh phu va cac tap doan 16n nhu NASA dau tu. Cac du
an vé tinh thu ning luong trong vii tru SPS (Solar Power Satellite) di c6 nhiéu
budc chuyén bién 16n. Hién nay di c6 mot vai tram thu nang lrgng loai nay da
duoc dua vao st dung & My va rat nhiéu du 4n & My, Anh, Nhat ban.

, Photovoltaic cells
/ convert light to electricity 2 Bl

—

S Y 7 Sunlight
Concentrating — : 7
mirrors { 3
f'-'

Microwave transmitter dish /

High-cnergy — S0
microwaye beam

Ground-based receiver
s captures energy from the
microwave beam and
to electricity

Vian dé hiéu suit trong phuong phép truyén ning lrgng khong day ludn duge
dat én hang dau trong qué trinh nghién ctru. Hiéu suat ndy bao gdom tat ca hiéu
sudt ca cac thanh phan cdu tao nén hé théng: Module tao chum tia ning lwgng
cong sut 16n, Ang ten thu va Module chinh lru. Nhiéu nha nghién ctru d3 dé xuét
cac phuong an st dung cac chum tia laser lam cac chum tia nang luong c6 mat d
cong suat 16n cho tng dung ndy, tuy nhién do sy tén hao qua 16n khi di qua tan
khi quyén cua trai dit dan dén hiéu sudt cua phuong phap nay khong dat yéu cau.
Cho dén hién nay nhiéu mé hinh thiét ké da dugc cong bd, tuy nhién phuong phép
st dung chum tia vi ba goc hep van dang 1a sy lwra chon cho module tao chum tia
nang luong. Bén canh d6 nhiéu cau hinh cho module chinh lyu va dng ten thu cling
dugc dua ra va thao luan tai nhiéu hoi nghi khoa uy tin trén thé gid1. Nhin chung,
van dé dang gap phai cua cac cac ing dung truyén ning lwgng khong day chinh 1a
mirc cong sudt truyén tai va hiéu suét.



Mot trong nhitng gidi han chinh d6 nam & module chinh lwu. Dua vao dic
tinh chinh luru ctua diode cac phuong phap truyén nang luong khong day cho phép
chuyén doi dang ning hrgng xoay chiéu nao d6 vé niang lwong dong dién mot
chiéu. Tuy nhién hiéu suét chinh luu cia diode phy thudc rat nhiéu vao dic tinh
phi tuyén cua diode. Céac diode rat d& bibao hoa khi cong suat dau vao 16n, day la
mot trong nhitng nguyén nhan lam han ché muc cong suit ning lugng co thé
truyén tai trong cac ung dung truyén ning lrong khong day.

Bai toan nang cao hi¢u suat va cong sudt truyén tai la budc giai quyét quan
trong khéi dau cho viée nghién ciru truyén niang lrgng khong day WPT. Muc tiéu
ctia luan van 13 phén tich nguyén nhan suy giam hiéu suat cia mach chinh hru khi
cong suat dau vao 16n tir d6 dé xuat phuong an thiét ké mach rectenna dat hiéu
sudt cao cho phép hoat dong v&i cong suat dau vao 16m.
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Chuong 1. Téng quan vé truyén niing lwong khong diy
1.1. Truyén ning lwong khong day va lich sir phat trién

1.1.1. Truyén ning lwong khong diy

Dinh nghia: Truyén nang leong khéng ddy hay truyén céng sudt khéng day,
WPT (Wireless Power Transmitter) la qud trinh truyén ndng liwong trong mét dang
nao dé xay ra trong mét méi truong xdac dinh, ¢ dé nang lwong dwoc truyén dan theo

mét hudng tir mt nguon nang lwong dén mot tdi tiéu thu ma khéng can day dan.[4]

Truyén ning lugng khong day khac véi truyén thong tin khong day trong vién
thong (nhu Radio, TV, Radar...) ¢ d6 thong tin & bén phia may phat tuy c6 16n (co
vai W, kW) nhung duoc truyén di moi hudng, tin hi¢u cod thé duogc ndam trong mot dai
tan x4c dinh, cong sudt tin hiéu & phia thu thuong rat nho (c& vai nW dén vai pW)
sau d6 duoc module thu xtr 1y khuéch dai ¢é phyc hdi lai thong tin ban dau. Con trong
linh vic truyén niang luong khong dy thi truyén c6 dinh hudng, mat 6 ning luong
va hiéu suét truyén ning luong 1a quan trong nhét, ¢ ddy tin hiéu mang ning luong
thuong chi tdn tai & mot tan sb.

Truyén ning luong khong diy c6 thé duoc phan chia thanh hai loai chinh:

Truyén niang luong khong ddy dua trén hiéu tng cam tmg dién tir hay cam (ng
tir. Phuong phép ndy duoc ung dung phd bién trong céc tmg dung xac dién khong
day, hay truyén tai nang luong tiém can khong tiép xuc.

Truyén nang luong khong dy dua trén hiéu ing song dién tir. Nang lugng duoc
truyén di theo cac chum tia nang luong c6 mat do cong suét 16n hay con dugc goi la
chim tia cong suat cao (high power beam). Chim tia nay di chuyén trong khong gian
theo hi¢n tugng séng di¢n tur. Tai phia thu, chim nang lugng nay dugc thu nhan va
chuyén d6i dang ning luong thanh ning luong dong dién mot chiéu. Tly vao cac tmg
dung cu thé, khoang cach truyén c6 thé thay ddi tir vai mét dén vai chyc hay vai chuc
nghin ki 16 mét.

1.1.2. Mot s6 mdc lich sir phat trién

Truyén ning lugng khong diy da dugc phat trién tir dau thé ky tha 19. Mé dau
bdi cac phat minh cua Andre-Marie Ampere, Michael Faraday va Jame Clerk
Maxwell 1am co s& nén tang kién thic cho truyén niang luong song dién tir. Hé
phuong trinh do Maxwell dua ra da giup hinh dung ra duoc nguyén 1y hoat dong cua
truyén song dién tir, tir 46 d3 mo ra nhiéu thiét bi thu phat v tuyén duogc phat minh.

Lich st truyén niang luong khong diy dugc bat ngudn tir ndim 1894 khi Nikola
Tesla cong bd thi nghiém dung ning lwong khong diy bing phuong phap cam tmg
dién tir dé thap sang dén soi toc. Tiép d6 da xuat hién nhidu cong bd khac nhu Truyén
tin hiéu cong suat vuot qua khoang cach 1 dim ctia Bose nim 1895. Pén nam 1901
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tai hoi cho thé gidi St. Louis di duoc trao tang boi mot két qua nghién ctru cho phép
truyén thanh coéng ning luong khong day qua khong gian cho moto bay voi cong suit
0.1 ma luc dit khoang cach 30 met. Cho dén hién nay, nhiéu cong bd phat minh cua
nhiéu nha khoa hoc trén thé gidi da lién tiép duoc cong bd co gia tri dong gop cao
cho linh vuc truyén ning lugng khong day.

- Nam 1968: Peter Glaser dé xuét truyén niang luong khong day thu nhan tir mit
troi sir dung cong nghé chim tia cong suat. Pay duogc coi 1a thanh qua dau tién miéu
ta v& vé tinh ning luong mit troi (Solar Power Satellite — SPS).

- Nam 1975: Lién hop truyén thong vii tru Goldstone thuc hién thanh cong céc
thi nghiém truyén khong day dat t6i hang chuc kW

- Nam 2010: Tap doan Haier biéu dién TV v&i man hinh LCD hoan toan khong
day dau tien tai hoi chg CES 2010 trén co s& vé cac nghién ctru cta nhom Prof Marin
Soljac’s vé truyén ning luong khong didy WPT va giao dién sb trong nha WHDI.

- Nam 2011: Cac nghién ctru vé ang ten tao nhiéu chum tia cho vé tinh
(Antennas for multiple spot beam satellite) da duoc cong bd trén cac tap chi ndi tiéng
nhu IEEE. Nghién ctru nay bude dau di duoc tmg dung trong hé thong thong tin vé
tinh, cac tng dung truyén hinh s6 vé tinh... cho phép mé rong wving phu trén cung
mdt don vi dién tich ang ten ddng thoi cho phép diéu tiét ving phii nay theo y mudn
trén lanh tho nhét dinh. Bén canh d6 mé ra huéng di méi cho viée tao nhiéu chum tia
nang luong trén cung mot ang ten.

1.2. Rectenna

Rectenna la mot tir ghép cua tir Rectifier va tir Antenna. Pay 1a mdt thuit nglr
xudt hién trong nita cudi thé ki 20. Thudt ngit nidy mo ta coéng nghé st dung cho
phuong phap truyén nang lugng khong day ma & do tai thiét bj thu st dung cac ang
ten dé thu ning luong tin hiéu song dién tir sau d6 duoc chuyén d6i dang ning luong
tir ning lugng song dién tir sang nang luong dong dién mot chiéu DC.
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Su tién bd khong ngimg trong linh vuc siéu cao tan da va dang dat dugc nhiéu

Hinh 1.1. M6 hinh truyén néing lwong khéng ddy rectenna

thanh tyu to 16n. Ngiy nay cac cong nghé tao chum tia ning luong da dat dugc nhiéu
budc tién quan trong. Trén thé gidi da xuat hién nhiéu loai dng ten cho phép tao cac
chum tia vo cting hep vao ¢& 2 d¢én 3 do va dugc Gmg dung rat 16n trong cac linh vuc
nhu radar tich cyc, trinh sat dién tr...Cung véi do nhiéu ciu tric ang ten don gian
cho phép hiéu suit thu song dién tir rat cao ciing dd dugc ché tao thanh cong. Bén
canh nhimg cong nghé ing ten, cong nghé ban din ngay nay dat dugc rat nhiéu tién
b 16n trong linh vuc thiét ké nang cao hiéu sudt ciing nhu thu nho kich thude cua cac
linh kién ban dan. Cac chip xir Iy dugc tich hop béi cac diode, transistor c6 kich thudc
vao ¢& 14 nm. Bén canh d6 nhiéu phat minh méi trong cong nghé pha tap phuc vu
ché tao cac linh kién ban dan khong ngimg duoc cai tién. Cac cong nghé méi nhu
GaAs hay SiAs da tao ra cac transistor, diode c6 kha nang dap tmg céic yéu cau cao
nhu céc chi tidu d6 tuyén tinh IP3, ngudng cong suit chiu dung hay céc tinh chét bao
V¢ nguoc.

Pé dat dugc hiéu sudt cao hé thong rectenna phai ap dung céc cong nghé nay.
Theo d6 Rectenna gom 3 thanh phan chinh: Nguon tao chum tia ning lugng, Ang ten
thu, bd loc phdi hop tro khang va mach chinh luu. Higu suat truyén ning lugng khong
day cua hé thong rectenna bao gom hiéu suat ciia cac thanh phan trén. Véi trinh do
khoa hoc k¥ thuat hi¢n nay, cac thanh phén nay da dat dén nhitng budc tién 1on trong
thiét ké. Trong cong nghé ché tao ang ten tao chum tia, cac cong nghé dng ten mang
pha cho phép két hop diéu khién pha cua cac phan tir trong chudi mang ing ten dé
tao ra chum tia nang luong c6 goc do loi rét hep, do d6 nang cao dugc mat do cong
sudt ning luong clia chum tia ning lugng. Trong cong nghé ché tao diode chinh luu,
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cac hang lon nhu avago, analog hay Infineon Technology da cho ra cac diode cho
phép co thé chinh luu & nhitng tan sb rat cao ¢& vai GHz. Hiéu suét va cong sudt chiu
dung cling khong ngung duogc tang 1én.

1.3.  Muc tiéu va ddi twong nghién ctru

Muc ti€u cua luan van nay dé xuét phuong an thiét ké, ché tao b0 rectenna cho
phép hoat dong voi cong sudt 1on va dam bao hiéu sudt cao. Bai toan thiét ké rectenna
hi€¢u nang cao cho phép truyén tai cong suat lon da dugce nghién ctru va phat trién
trong nhiéu nim, voi nhiéu cach tiép can khac nhau. Mot trong nhimg hudng di tiép
can ph6 bién va hidu qua nhat chinh 1a tap trung nang cao hiéu suét ciing nhu cong
suét hoat dong cua by ang ten thu va b chinh luu.

P‘X ‘%Pi .
R \r Y Y Y R¥
RF (;:;:;::;ang ﬂz ﬂz - #Z

1

ﬁ, DC Gombining
Circuit
H _ H
pcout =P, DCOout = P
Application Application

(2) (b)

Hinh 1.2. Cdc cdu hinh thuc hién khdo sdt [8]
Cdu hinh RF-combine va cau hinh DC-combine

Noi dung ctia luan vin phan tich khao sat 02 cau hinh rectenna. Xay dung co s&
tinh toan va phan tich tinh kha thi ctia phuong an thiét ké. Sau d6 trinh bay ky thuat
thiét ké, mo phong layout va ché tao md hinh thuc té. Noi dung chinh ctia cc chuong
duoc trinh bay nhu sau:

Chuong 2: Trinh bay mot s kién thuc 1y thuyét lién quan bao gdm truyén song
trong khong gian tu do, 1y thuyét trudng gan va truong xa va mach vi dai. Sau d6 tap
trung phan tich, xdy dung co so 1y thuyét xac dinh hiéu sut ctia hai mé hinh khao sat
dé xac dinh hiéu suét twong quan. Qua dé xac dinh tinh kha thi va d& xudt phuong an
thiét ké ché tao rectenna cong suat 16n cho hé thdng truyén ning luong khong day
khoang cach gan.

Chuong 3: Trinh bay cac kién thirc lién quan cho phép sir dung dé thiét ké va
mo phong. Sau do6 trinh bay céch thirc tuan tu dé thiét ké va toi wu cac tham sb cho
cac module. Trong chuong ndy, cac ky thuét lién quan gom: K¥ thuat thiét ké ang ten
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vi dai, k¥ thuat xac dinh trd khang du vao cua diode, ky thudt mé phong S-parameter
va phuong phap t6i vu moé phong céac tham so.

Phuong phap chon vat liéu ché tao va k¥ thuat layout ciing nhu cach tbi wu cac
tham sb trong layout dé dam bao sy dong nhat gitta m6 hinh mé phong va mé hinh
thue té.

Thuc hién xdy dung phuong an do kiém, danh gia hiéu suét timg céu hinh. Sau
d6 trinh bay co s& tinh toan thiét 1ap cac tham sé may do va cach thic do kiém cac
tham sb. Trinh bay va so sanh két qua thuc té va két qua mo phong

Cuoi cung, tac gid xin dua ra mot sO két luan va danh gia, dong thoi dé xuat céac
hudng phat trién ti€p theo cua de tai.

1.4. Cac nghién ciru lién quan

Rectenna cong suat 16n cho hé thong truyén ning luong khong day khoang cach
gan 1a chi dé dugc rat nhidu nha khoa hoc tré quan tim trong nhitng nim gan day.
C6 nhiéu céach tiép can bai toan nay:

Str dung céc bd loc LC cho phia phat 13 cach tiép can nang cao hiéu sudt va cong
sudt cua hé théng truyén ning luong khong diy khoang cach gan. Véi phuong phap
niy tic gia da dat duoc hiu suat 73% va cong suat dat 2.5kW. Pay 1a cong b cia
tac gia Kazuya Uchida va Kan Akatsu trén tap chi khoa hoc IEEE 2017 cha dé
wireless power transmitter

Mot sb tac gia Ding Binh Lin, Hsi Tseng Chou, Jui-Hung va Yu-Lin Cheng di
theo hudng phan tich cac dic diém ung xtr ciia song dién tir trong truong gan, tir do
t6i vu thiét ké ang ten thu va phat dé nang cao hiéu suat truyén nang luong. Hudng
di nay cling da dat dugc mot sb két qua kha kha quan.

Mot s6 cac nghién ciru theo hudng nang cao hiéu suat phia phat. Tap trung nang
hiéu suat ctia bong khuéch dai dé lam ting hiéu suat tao chim tia ning lugng cong
sudt 1on cho phép truyén niang lugng di hiéu qua hon.

Tuu chung lai, cac thiét ké cua cac hudng trén dé dap mg ting muc cong suét
truyén tai déu phai yéu cau ting kich thudc va sé luong cac bo rectenna. Mot diém
han ché d6 chinh 14 sy gidi han vé mirc cong suét cua tirng don vi rectenna s€ khong
thé vuot qua ngudng 30 dbm ma hiéu sudt vin dam bao cao.
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Chuong 2. Co sé 1y thuyét
2.1. Truyén séng trong khong gian ty do

Thiét bi dung dé buc xa song dién tur (anten phat) hodc thu nhan soéng di¢n tu
(anten thu) tir khong gian bén ngoai dugc goi 1a anten.N6i cach khac, anten 1a thiét bi
chuyén tiép mot vong kin ciia tin hiéu RF (Radio Frequency : tan s6 vo tuyén) va su
bure xa,lan truyén cua song dién tir trong khong gian.

E-lield

AN A
VN

|
|
|
I
*

+———-

Source Transmission lins Antenna Radiated free-space wave

Hinh 2.1 Qud trinh chuyén tiép truong ciia ang ten

Thong thuong,gitta mdy phat va anten phat cling nhu gitra may thu va anten thu
khong ndi truc tiép v6i nhau ma duoc ghép thong qua mot duong truyén din ning
luong dién tir,goi 1a fide (nhu hinh 2.1).Trong hé thong nay,may phat c6 nhiém wu
tao ra dao dong dién cao tan. Dao dong di¢én s€ dugc truyén di theo fide t&i anten phat
dudi dang song dién tir rang budc. Anten phat c6 nhiém vu bién doi song dién tir rang
budc ndy thanh séng dién tir tu do truyén ra ngoai khong gian. Nguoc lai, anten thu
c¢6 nhiém wvu tiép nhan séng dién tu ty do trong khong gian (chi tiép nhan duoc mot
phan ning luong dién tir do an ten phat truyén di,phan con lai s& birc xa lai vao khong
gian) va bién chung thanh song dién tir rang budc rdi truyén dén may thu. Yéu cau
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dit ra cho thiét bi anten-fide 1a phai thuc hién vi¢c truyén dan va bién dbi nang luong
v6i hiéu suit cao nhat ma khong gdy ra méo dang tin hiéu.

2.1.1. Phuong trinh truyén séng

Song dién tir bao gom hai thanh phan: Pién truong, ky hiéu E (V/m) va tur
truong, ky hiéu H (A/m). Ching c6 quan hé mat thiét voi nhau trong qua trinh lan
truyén va duge mo ta bang hé phuong trinh Maxwell, viét & cac dang khac nhau.

Gia st ta xét mot song phang truyén lan trong moi truong dién moi dong nhat
va dang hudéng c6 cac tham sd: hé s6 dién moi € va hé sd tir thim p, khi khéng co
dong dién va dién tich ngoai, thi hé phuong trinh Maxwell biéu thi mdi quan hé giita
dién truong va tir truong duoc viét dudi dang vi phan nhu sau:

OB, __OH,
OB, oH,
a "o

Nghiém ctia hé phuong trinh nay cho ta dang cia céc thanh phan dién truong va
tir truong 12 mot ham bat ky.

EX:E(t—Ej+F2[t+Ej
v v (2.2a)

H, :G1(t—5)+G2(t+Ej
v v (2.2b)

Trong do: F1, F2, G1, G2 la cdc ham song tuy y.
Az 1
v=22_

At er (m/s) la van toc pha clia song.

7 = ’M
Tur (2.2a va 2.2b) ta co : Gl = F1/ Z va G2 = F2/ Z voi 4 (Q) la tro
khang séng ctia moi truong.

Néu moi trudng truyén song 1a chan khong (con dugce goi 1a khong gian tu do)
céc tham sb ctia moi trudng co gia tri:
e0=109/36t (F/m); u0 = 4r.10-7 (H/m)
1

V= =3.108(rn/s)=c
Do d6 : N Eoklo (van tdc 4nh sang)

Zoz\/%z’IZOn @ (23)
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Trong thuc té song dién tir thuong bién doi diéu hoa theo thoi gian. Doi véi céc
song dién tir phirc tap ta c6 thé coi nod 1a tong vo s cac dao dong diéu hoa, nghia 1a
c6 thé ap dung phép phan tich Fourier dé biéu thi. Trong trudng hop niy khi gia thiét
chi c6 song thuan, tirc 13 song truyén tir ngudn theo phuong truc z va méi trudng ma
khong cé song nghich thi cac thanh phan dién trudng va tir truong dugce biéu thi nhu
sau:

E=E, cosw(t—%) =E,, coso(t—kz)

H=E—chosoa(t—%)=E—chosm(t—kz) (0.4)

Trong d6 k= w/v =27/A goi 1a hé s6 pha hay hing sb song.
Song dién tir co mat do cong suat ( hay con goi 1a thong luong ning lugng),

dugc biéu thi béi véc to nang luong k=[ExH] . Nhu vay song dién tir c6 cac véc to

E va H ndm trong mit phing vudng goc voi phuong truyén song k. Boi vay song
dién tir truyén di trong moi truong dong nhat dang hudng 1a song dién tir ngang TEM.

Hinh 2.2. Vector dién truong va tir truong trong khong gian

2.1.2. Mat d6 thong lwong cong suit, cwong do dién trudng

Gia thiét c6 mot ngudn birc xa vo hudng (dang hudng) co cong suét phat PT(W)
dit tai diém A trong mot moi truong khong gian tu do 1a méi trudng dong nhat dang
hudng va khong hép thu, c6 hé sb dién moi tuong ddie = 1. Xét truong tai mot diém
M cach A mét khoang r (m).
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Elevation plane
Major
lobe ——

Minor lobes =

Hinh 2.3. Birc xa ciia nguon birc xa vé huéng trong khéng gian tw do

Vi ngudn bic xa 1a vO huéng, moi truong ddng nhat va dang huéng nén ning
luong song dién tir do ngudn birc xa sé& toa déu ra khong gian thanh hinh cau. Nhu
vdy mat do cong suit (mat do thong luong ning luong) ¢ diém M cach ngudn mot
khoang r s& duoc xac dinh bang cong thic sau:

P
Si =
4nr®  (W/m2) (2.5)

Theo 1y thuyét truong dién tir ta c6 vector pointing:

S; =E,H, (W/mz) (26)
H, = Lo
" 120m (A/m) 2.7)

Trong do6: Eh (V/m), Hh (A/m) 1a gié tri hi€u dung cia cuong d§ dién truong va
tur truong ; 1207 1a tré khang song cua khong gian ty do (QQ)
Thay cong thirc (2.7) vao (2.6) duogc

E
120n  (w/m2) (2.8)

So sanh cong thuc (2.8) va (2.5) taco

. _ [
° (Vim) (2.9)

Si
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Nhan xét: cuong d6 dién trudng cua song vo tuyén dién truyén lan trong méi
truong dong nhit dang hudng va khong hap thy ty 16 thudn véi can hai cong suat buc
xa, ty 1€ nghich v&i1 khoang cach. Khoang cach tang thi cuong do truong giam vi nang
luong song toa rong ra khong gian, con goi 1a su khuyéch tan tat yéu cia song. Dé
han ché sy khuéch tan ndy nguoi ta sir dung cac bd bl xa cd ning luong tap trung
vé hudng can thong tin dé 1am tang cuong do truong 1én. P6 chinh 1a céc anten cd
hudng, voi hé s6 hudng tinh D hodc hé sé khuéch dai G.

Néu ngudn birc xa ¢6 hudng, lic d6 ning luong ciia song vo tuyén dién s& duoc
tap trung vé hudng diém M duoc biéu thi bang hé s6 hudng tinh hay hé sé khuéch
dai nhu chi ra trén hinh 2 .4.

& .
s *
’ 5
hirc xa wd hudng S *
!
!
oD | M
| )
\
\
\ &
\
\ /
N /
M s
s P
~ -

Hinh 2.4. Nguén bitc xa cé hwong
Trong trudng hop ndy mat do cong suit duge xac dinh theo cong thirc

_ PrGr

S= 2
4mr®  (W/m2) (2.10)

khi d6 cuong do dién truong s€ dugc tinh theo cong thirc:

E — «/3OPTGT
ot (Vim) @2.11)

Néu séng dién tir do ngudn birc xa bién doi diéu hoa theo thoi gian, nghia 1a
theo quy ludt sinot, coswmt, hodc viét dudi dang phitc s6 eiot thi gia tri tirc thoi cia
cuong do dién truong s€ dugc biéu thi béi cong thuc

E(t)= —@PTGTCOS(Q)‘[ —kr)
r (V/m) (2.12)

Trong do: o tan sd goc clia song
k = o/c =27/A hé sb song (hé so pha)
Néu viét ¢ dang phirc cong thirc (2.12) c¢6 dang:

E(t) _ \fGOPTGT ej(wt—kr)
; (V/m) (2.13)
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Néu biéu thi cu ly r (km), cong suét phat PT(kW), ta s€ c6 gia tri hi€u dung cua

- 173 [Py G

) (mV/m) (2.14)

cuong do truong:

Bién d¢ cua truong 1a

. 245, [Pr 0 G
Fam) (mV/m) (2.15)

Va gié tri tirc thoi cta cuong do truong

(1)< 245, fPT(kW)GT o)

() (mV/m) (2.16)

2.1.3. Cong suét anten thu nhan dwgc

Trong khi tinh toan tuyén thu ta can phai xac dinh cong sudt anten thu nhan
duge PR dé dua vao dau vao cua may thu sao cho may thu c6 thé lam viéc duoc.
Cong suét anten thu nhan duoc béng mat do thong lugng cong suét tai noi dit anten
thu nhan vé1 dién tich hi¢u dung cta anten thu:

PR =S.Ah (W) (2.17)

Dién tich hiéu dung cua anten thu béng dién tich thuc t& nhan voi hiéu suat lam

Ah= A. na. Trong céc hé thong thong tin vd tuyén sir dung anten guong parabol
tron xoay quan h¢ gitra tinh hudéng va dién tich hiéu dyng cua anten dugc cho boi
cong thuc

2
A, = GgA

4 (m2) (2.18)

Thay cong thirc (2.10) va (2.18) vao cong thirc (2.17) tacd

_ PiG;GA?

P,
T (4m)

(W) (2.19)
Néu biéu thi cy ly r (km), cong suét bic xa PT(kW), ta c6 cong thirc

GTGRKZ(m)
2

' (km) (mW) (2.20)

P, =6,33.10° Friw)
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2.2. Khai niém truong gin va truong xa

Song dién tir bao gdm thanh phan dién truong E va tir truong H. Tuy theo dic
tinh méi truong, chung co thé mang mot sd dic tinh: Suy hao, tan séc, phan
cuc...Song dién tir do dng ten phat ra c6 thé phan chia ra mot sé ving mién khac nhau
phuc thudc vao cdu trac cua ang ten, tan s cong sudt cua song va sy tuong tac cla
chung v6i khong gian truyén song. Thudng nguoi ta chia ra lam ba ving: Truong gan
va truong xa ( Near field and Far field), Giita ching 1a ving chuyén tiép.

= w7 veenagls b sy —
FAR-FIELD REGION
Tha mpdamm sl

NEAR-FIELD REGION | TRANSITION ZOME

Hinh 2.5. Truong gan va truong xa [7]

Trong mién trudng gan hay con goi 1a ving tuong tac (reactive) hodc ving
khong phét xa (non-radiative) mdi quan hé giita E va H rat phuc tap, timg thanh phan
( E hodc H) c6 thé ndi troi trong mot diém hay mot thoi diém khac nhau, cac mbi
tuong quan trai chidu ciing c6 thé xdy ra trong ving truong gan. Trong cac dinh nghia
truong gan va tuong xa déu dua trén mdi lién hé giita khoang cach truyén séng va
budc song lambda. Theo do
\ 2D2

Ving trudong gan 1a ving thda man cong thuc: < -

Trong d6 D chinh 1a kich thudc chiéu 16n nhit cta dng ten.

Ving chuyén tiép hay con goi 1a ving fresnel 12 ving théa man cong thic:

ZTDZ <R <21

Ving trudng xa hay ving phat xa 13 ving nim ngoai hai 1an budc séng. Trong
ving ndy moéi quan hé gitta E vA H mang dic tinh séng phén cuc (phan cuc thing
dtng, ngang, trong , xodn...) truyén ty do, & d6 E va H ludn di cung nhau, tai moi
thoi diém trong khong gian. Trong mién ndy, phin bd cua trudng cing voi gbc pha
nao d6 vé co ban 1a khong phu thudc viao khoang cach tir ngudn ang ten phat va ciing
khong phu thudc vao cau triic ang ten. Tré khang ctia soéng truyén trong vung truong
xa 12 ty s6 ctia d6 10n cta dién trudng trén tir trudng, trong truong xa thi pha cua hai
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truong ndy 13 giéng nhau. Do vy tré khang trong trudng xa sé& dugce dinh nghia nhu
sau:
Zy = pgcg = |M2= — 2.21)
0 0Co 0 £9Co .
Do d6, trong mdi truong chan khong van tdc anh sang 1a 3 x 108 m/s thi gia tri
tré khang ctia dudng truyén tuong tmg 1a:

Zy = 120m = 377 Q
Truyén ning luong khong diy & truong gan

Ky thudt truyén ning luong khong ddy ¢ truong gan chi dat mot khoang cach
c6 thé so sanh voi hodc hon mot 1an so vdi duong kinh ciia dng ten phét, va c6 thé 1én
t6i khoang cach ¢& Y dén ' budc song. Nang luong trudng gan cé dic tinh 14 khong
blrc xa, cd6 mot s6 mat mat bic xa thuong xay ra. Ngoai ra cac méat mat trén dién tro
moi trudng cling thuong xuyén xuit hién. Truyén ning lugng khong diy & trudng
gan chi yéu 4p dung cac hién tugng cam ng tir, cam Gng dién tir.

Truyén ning luong khong diy o truong xa

Phuong phép trudong xa thuc hién cho khoing céch xa, thuong hang chuc km
tré 1én trong d6 khoang cach 16n hon rat nhiéu so voi kich thudc cua thiét bi. Dé
truyén niang luong di xa nguoi ta st dung cac cong nghé tao chum tia ning luong
(powerbeaming technology), c6 nghia la tao ra buc xa ¢ dang chum tia c6 mat do
cOng suit cao, roi phong vé phia thiét bi thu.

2.3. Duong truyén vi dai

2.3.1. Céu tric dudong truyén vi dai

Su khac nhau quan trong nhét gita 1y thuyét mach va 1y thuyét duong truyén vi
dai chinh 1a kich thudc. Trong 1y thuyét phan tich mach ta ludn gia sir rang kich thudc
vt 1y ctia mach dién luén nho hon rat nhiéu lan budc séng cua tin hiéu chinh dugc
str dung trong mach. Véi 1y thuyét duong truyén vi dai, thi ¢6 dai thuong 1a céc boi
s6 cua d6 dai bude song, hon thé nita dudng truyén vi dai duge xem nhu 13 cdu tric
mang phan phéi boi cac tham sb, noi ma dién ép va dong dién c6 thé thay d6i bién do
doc theo chiéu dai ctia nd. Trong khi d6 vé6i 1y thuyét mach, cac phan tir tap trung thi
dién ap va dong dién khong thay doi theo kich thudc vét 1y ciia cac phan tir d6.

Puong truyén vi dai duoc sir dung nhidu nhét trong méi trudng truyén dan Ia
cac mach tich hop siéu cao tan. Pudng truyén vi dai 1a cdu triic mach in “cao cép”,
bao gém mot dai dan dién béng déng hodc kim loai khac trén mot chat nén cach dién,
mit kia ctia tim dién moi ciing dugc phu ddng goi 1a mat phang dat. Ta thiy mit
phang d4t 12 mat phan xa. Do d6, duong truyén vi dai c6 thé dugc xem nhu 1 duong
truyén gdom 2 day dan.
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Hinh 2.6. Cdu triic dwong truyén vi dai [7]

C6 hai tham sb chinh 1a d6 rong dai dan dién W va chiéu cao 16p dién moi h.
Mot tham sb quan trong khac 13 hang sé dién méi tuong ddi cia chat cach dién €r.
Do day ctia dai dién dan 1a t va dién dan suét 13 o 13 cac tham sd kém quan trong hon

va d6i khi c6 thé bo qua.

2.3.2. Cau tric truong ciia dudong truyén vi dai

Song truyén trén duong truyén vi dai 13 song c6 dang gan voi TEM (quasi-
TEM). Diéu ndy c6 nghia rang ¢6 mot vai ving trong d6 chi ¢ mot thanh phan dién
truong hodc tir truong theo hudng truyén song. Nhu hinh dudi thé hién gian dd dién
truong ciia mot dudng truyén vi dai co ban

Magnetic Field

Hinh 2.7. Gidn do trwong ciia mét duong vi ddi [7]

Trén cau tric duong truyén vi dai, gian do quasi-TEM xuét hién, béi vi mit tiép
gidp gitra chat nén dién moi va khong gian xung quanh 1a khong khi. Cac dudng stc
dién trudong khong lién tuc tai mat tiép giap nay. Piéu kién bién cho dién truong 1a
thanh phan tiép tuyén cua dién trudng phai lién tuc khi truyén xuyén qua bién; do do
mot chét nén co héng s dién méi 1a 10 thi dién duong s€ giam dot ngdt 10 14n so véi
trong khong khi. Mt khac, thanh phan tiép tuyén (song song v6i bé mat dai dan dién)
ctia dién truong ciing phai lién tuc khi xuyén qua bién. Do d6, mot phan ning luong
dién truong duoc luu trit trong khong khi va mot phan dugc luu trit trong dién moi.
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Hang s6 dién moi hi¢u dung doi voi cac song trén dudng truyén nam gitra gia tri hang
s0 di¢n moi khong khi va hang s6 dién moi cua chat nén

2.4. Ang ten vi dai

2.4.1. Céu tric iAng ten vi dai

Ang ten vi dai c6 cdu tric nhu hinh 2.8-a, bao gdm mot ban mit (patch) kim
loai rit mong (bé day t << A0, v6i A0 1a budc séng trong khong gian tu do) dit cach
mat phang bang kim loai phia dudi goi 1 mit phing dat. Khoang cach giita ban mit
(patch) dén mat phang dat thudng rat nho (h << A0, thudng thi 0.003 A0 <h < 0.05
A0). Giita ching dugc phi day boi mot 16p dién modi hay con goi 1a chit nén
(substratre). CAu trac mat phéng cdt va hé truc toa do tinh cho mdi khe buc xa duogc
vé & hinh 2.8-b va 2.8-c.

\‘ z
/é A
Patch
"\‘ ~h—
Khe burc xa #1 Khe burc xa #2 7‘ S000
| e r,CD,e)
- |
[
GND o <A A 0 |
(a) Anten vi dai / 5 L X
N
L 1 ) )
Lt (c) Hé truc toa do

(b) Mat phéng cat ngang

Hinh 2.8. Ang ten vi ddi

Hinh dang cua dng ten vi dai co thé co rat nhiéu dang, gdm céac loai ban mit
hinh chit nhat, hinh vuéng, hinh tron, hinh ellipse...Tuy nhién loai phd bién nhit 1a
ang ten c6 ban mat hinh chit nhat va hinh vuéng do d& phén tich va ché tao.
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Rectangular Square Circular

Elliptical Triangular Circular Ring

Hinh 2.9. Cac loai hinh dang khac nhau cua ang ten vi dai

C6 rat nhiéu loai chat nén c6 thé dugce dung dé thiét ké ang ten vi dai, hau hét
hang s6 dién moi ciia chat nén thuong dugc s dung trong khoang 2.2 < €,< 12.
Trén ly thuyét va thuc té sur dung cac chit nén c6 hé sb dién moi nam & nira dudi cho
hiéu suat tot hon. Tuy nhién kich thudc cia ang ten do d¢6 ma ting 1én.

2.4.2. Nguyén ly birc xa

Chiing ta biét rang birc xa ctia duong truyén vi dai, mot cau tric twong tu nhu
1a anten vi dai, c6 thé giam dang ké néu dé dién moi sir dung co bé day mong va hé
s6 dién moi twong d6i thap. Hay ndi cach khac, no gitip cho buc xa anten vi dai tot
hon v&i hiéu suét bic xa cao hon. Do vay, trong mdt anten vi dai, nguodi ta st dung
cac nén dién moi c6 hé sd tir thAm thép. Buc xa tir anten vi dai ¢ thé duoc xac dinh
tir phan bd trudng giira patch va mit phang dat hay duéi dang phan bd dong dién mat
trén bé mit cua patch.

Xét mot anten vi dai duoc cip ngudn boi mot ngudn cao tan (microwave source).
Viéc cung cdp ning luong cho patch 1am hinh thanh nén sy phan bé dién tich ¢ mit
trén vd mit dudi ctia patch ciing nhu trén bé mit ciia mit phang dat. Dudi tic dung
cua cac luc déy, hinh thanh do céc lyc tuong tac gitra cac dién tir cung déu, trén bé
mat ctia patch 1am cho mot s dién tich & cac ving ria cta patch dich chuyén tir bé
mit dudi 1én bé mat trén cia patch. Sy dich chuyén cua cac dién tich lam hinh thanh

—_—

trén bé mat cua patch vecto mat 40 dong mat dudi Ji va vecto mat do dong mat trén

J

t
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Hinh 2.10. Su phdn b6 hat tai dién va mdt do dong dwoc tgo ra boi anten vi dai

Do trong hau hét cac anten ty sb %V 1a rat bé vi thé luc hut gitta cac dién tich
chiém wu thé va hau hét su tap trung dién tich va dong vAn ton tai bén dudi patch bé
mit. Va nhu thé, chi c6 mot lugng nho dong dich chuyén tur miéng ria cua patch 1én
mat trén ctia patch 1am hinh thanh mot trudng nho c¢6 chiéu tiép tuyén v6i céc ria cia
patch. Do vdy, dé don gian cho viéc tinh toan, chung ta xdp xi rang tir truong tiép
tuyén 1a zero va tir truong tiép tuyén nay co thé thanh 1ap céc buc tuong tir xung
quanh céc chu vi ctia patch. Cac gia dinh ndy cang hop 1y hon trong trudng hop dé

dién mdi c6 bé diy mong véi hing s6 dién mdi 7 16n. Tuong tu nhu trudng hop cia
truong dién tir, vi bé day cua dé dién moi rat mong so v6i bude song truyén trong 16p
dién moi, nén trudng bién thién doc theo d6 cao 1a khong d6i va truong dién gan nhu
vudng goc voi bé mit cua patch. Tir cac diéu kién cta trudong dién va trudng tir, patch
c6 thé dugc xem nhu 13 mé hinh ctia mot héc cong huong (cavity) véi céc birc xa
truong dién bén trén va bén dudi (do truong dién thi vudng goc véi bé mit cua patch)
va bon bire tudng tir doc theo céc ria ctia patch (do truong tir tiép tuyén gan nhu bang
khong). Tir cac diéu kién ciia hbc cong hudng vira néu thi chi ¢6 cdc mode T™ 14 ¢6
thé truyén trong hdc cong huong.

Bon birc tuong bén ciia hdc cong huong tuong tmg cho bon khe birc xa. Patch

—_—

ctia anten vi dai c6 thé tuong trung bang mot vecto mat do dong /i tuong tng. Trong

—

khi d6, bon khe birc xa & cac mat bén duge dic trung béng cac vecto mat do dong J,

—_— _ —_

va M, lan lugt twong Ung véi trudng tir a, va truong dién E, trong cac khe buc xa.

J =nxH, (2.22)
M =-nxE, (2.23)

—_—

e AR A A mt s aA Ao a oo S
Vi ta xét dé di€én moi c6 d§ day mdéng nén mat do dong trén ! rat bé so voi

mat do dong dudi J; cua patch. Do do, /i s& dugc dit bang khong dé chi ra rang hau
nhu khong c6 birc xa tir bé mat ciia patch. Tuong tu nhu thé, cac trudng tir tiép tuyén

27



_—

doc theo ria cua patch va mat do dong tuong ung M, duoc dit bang khong. Do vay,

chi con lai mot thanh phén mat do0 dong khac khong 1a vecto mat do dong M, doc
theo chu vi patch. D& biéu dién su hién dién cua mit phang dat ta st dung 1y thuyét
anh rang mat do dong sé& tang gap d6i so voi khi chua xét mit phang dat. Mat do dong
moi s€ la:

M. =-2nxE, (2.24)

Truong dién trong khe buc xa xac dinh:

E, =_.., doi voi hai khe c6 chiéudai W va d6 cao h

a

7
= _ " PX ) ke o fqsA A v aa
E =—., t L_j doi voi khe c6 chiéu dai L va do cao h

Do céc diéu kién xét trén, ta nhan ra 1a két qua btrc xa cua khe doc theo chiéu
ctia tryc x thi hau nhu bang khong vi phan bd dong bang va dao ddu v6i nhau trong
cac khe. Tuy nhién, két qua buc xa doc theo chiéu cua truc y ton tai dudi dang mot
dai hai thanh phan véi cac thanh phan mét do dong cing bién do va pha va cach nhau
mot khoang L — chiéu dai cua patch. Do d6, birc xa tir patch c6 thé dugc miéu ta dudi
dang hai khe doc (vertical slots).

Viéc phan tich cac khe doc nay trong moi trudng dién moi khong dong nhat 1a
mot van dé& hét stic kho khan nén cac khe doc nay dugc thay thé boi hai khe phang
(planar slots). Déi voi cac loai anten vi dai c6 cau hinh khac ciing c6 thé dugc tuong
trung bdi cac khe tuong ng cung loai.

2.4.3. Trwong birc xa cua ang ten vi dai

Trudng buc xa tir anten vi dai do dong tir bé mat gidng nhu bl tudng doc theo
chu vi patch. O mot phuong phap khac nhung ki hon, truong bic xa dugce xac dinh
tir dong dién bé mit trén miéng patch din dién cua anten vi dai. Ca hai phuong phép
nay dugc xem la tuong duong nhau. Su btrc xa cua anten vi dai d6i lac dugc xem nhu
la sy birc xa cua dudng truyén vi dai ho mach. Do thj buc xa ciia mot dau hd cia
duong truyén vi dai tuong ty nhu do thi birc xa ctia mot dipole Hertz. Phuong phép
nay ciing dugc ding dé tinh toan su anh hudng ctia birc xa 1én hé s6 pham chat Q cua
khung cong hudng vi dai. Ly thuyét va két qua thuc nghiém da cho ta thiy riang & tan
sb cao, suy hao do buc xa cao hon nhiéu so véi suy hao do dién dan va dién moi.
Ngoai ra, no ciing cho ta thay rang dudng truyén vi dai hé mach birc xa cong suit
manh hon khi dugc ché tao véi 16p di¢n moi day co hflng sb dién moi thép. Vecto thé
duoc dung dé xac dinh truong buc xa do dong dién mit.
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2.4.3.1 Thé vecto va mét sé cong thirc tinh trwong birc xa
Trudc tién, ta gia st rang chi c6 dong tir ton tai. Truong dién va truong tir tai

bét ky diém P(r,0,®) bén ngoai anten duogc biéu dién nhu sau:

En =——VxF
"=z (2.25)

Hu(r)=———V.(V.F)- joF
Jeoue (2.26)

Vi € 13 hing s6 dién méi va p 13 d6 tham tir tuyét dbi cua vat liéu, chit “m” ngu
¥ rang trudong do dong tir gy ra va o 1a tin sb goc. Thé vecto F dugc dinh nghia
nhu sau:

|r=r (2.27)

N A b \ M _>' \ ~ ~ \
Trong do, kO 1a hang s6 song trong khong gian tu do va M(r) la mat d¢ dong
tir bé mit tai diém cach géc toa dd mot khoang cach r’.

Tuong tu, bang cach st dung thé vacto tu, A, truong do dong dién giy ra cé
thé dugc biéu dién:

E.(r)=——V.(V.F)— joA
JOHE (2.28)
ﬁe(r) =——VxA
H (2.29)
Trong do, thé vecto tir A duoc cho boi:
— - - -
A=—|1J()= -
O (2.30)
Do d6, truong tong do ca hai nguén dong dién va tir gy ra:
E(r)=Ec+En=——V.(V.A)— jod—=VxF
JOHE & (2.31)
H(r)=H.+Hn=——V.(V.F)- joF ——Vx 4
JOHE H (2.32)

D61 v6i truong ving xa, thanh phan trudng quan rong 13 céc thanh phan vudng
gdc voi hudng truyén song, tic 13, thanh phan theo 6 va ®. Chi xét riéng dong tir, ta
co:
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H,=~jaF, -y H, =-joF,

(2.33)
Va trong khong gian ty do:
E.:_UO'A"“ ']0(¢H6_9H¢)=ja)770(¢Fa_0F¢) (2.34)
Trong do 7y =1207 1a hing s6 khong gian ty do. Tuong tu khi chi xét riéng
dong dién:
E,=-jo4, VA Ey=-jod, (2.35)
Va trong khong gian ty do:
ﬁ _ . s
o (2.36)

Truong xa dugc mo ta bdi dicu ki€n sau: r>>r’ hodc r>> o, trong d6 L la

Y 14 _'__" 14 Q_ﬁ' ~
chidu dai nhét cta khe. Do d6, tir (2.27) thay |7 ™7 |=r-r’cosy & trsé va |7 ="'l & méu

sb, ta duoc:
F=—— || M(r)e" “dS"
4r r % (2.37)
Va tu (2.30):
2 — = JJ j(l" v)e./'to’ WS‘/’dSv
ar o3 (2.38)

Trong d6 vy 1a gbc hop boi rva 7', Sau day, ta s& ap dung céc két qua trén dé

xdy dung truong xa cua phan bd dong hinh chir nhat.

2.4.3.2 Cong suit birc xa

Cong sut buc xa ciia anten c6 thé duge tinh bang cach 1dy tich phan cta vecto
Poynting trén khe buc xa:

e:%Re [[ (ExH)as (2.39)

aperture

P6i voi anten vi dai, trudng dién bén trong miéng patch thi vudng goc voi miéng
dan va mit phang dat va truong tir thi song song voi canh cta anten. Ngoai ra, ta c6
thé tinh toan cOng suét birc xa tir d6 thi blrc xa theo phuong trinh sau:
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1 .
P :2_.”(| E,[+]| E, ") sin 8dOd ¢ (2.40)
o

2.4.3.3 Cong suit tiéu tin
Cong suét tiéu tan trong anten vi dai bao gdm suy hao dién dan Pc va suy hao

dién moi Pd:
p=2l j j (J.J*¥)dS (2.41)
‘ 2 N

Trong do, Rs la phén thuc cua tr¢ khang bé mit cla miéng kim loai, S la dién
tich miéng patch va J 1a mat do dong dién bé mit.

Ta tinh duoc suy hao dién moi bang cach lay tich phan trén toan bo thé tich cia
hdc cong huong vi dai:

g:%"mmﬂdvz%"hmyus (2.42)

Voi o 1a tan sé goc, €” 1 phan 4o cua tir thAm phic miéng nén va h 1a do day
ctia miéng nén.
2.4.3.4 Nang lwong tich liy

Ning luong tich lily trong anten vi dai 13 tong ning luong cta hai thanh phan

dién va tu:

— _ 1 2 2
VVt—WE%—ZQjmm +u| H )V (2.43)

Trong d6, p 12 @6 tir tham. Tai tan sé cong huong ning lwong dién va tir bang
nhau. Khi d6 nang luong tich liy:

Wf%gh[flEz s (2.44)

2.4.3.5 Tro khdang vao

Hau hét tat ca cac anten vi dai phai duoc phdi hop tré khang chuan ciia ngudn
va tai nén viéc tinh toan trd khang vdo ciia anten 1a rat quan trong. Anten vi dai co
thé duoc cap ngudn tir cap dong truc, dudng truyén vi dai hodc dng dan song. Poi voi
anten vi dai dugc cdp nguon bang cap dong truc, cong suat vao duoc tinh nhu sau:

P =—([[Es av (2.45)

31



Trong d6, J[A/m2] 1a mat d6 dong dién cua ngudn dong truc, ki hiéu “c” chi ra
rang ngudn cap 1a ngudn dong truc. Néu dong trong cap dong truc theo hudng z va
gia sir1a nho vé dién thi:

h
Py =—E(x0, y)[ I'(z)dz'
0

(2.46)

Trong d6, (x0,y0) 13 toa 46 diém cap ngudn. Do dé, tré khang ngd vao c6 thé

dugc tinh dya vao quan hé Pin=|ln|*Zin:

h
Z, =—%Il*(z')dz' (2.47)
in 0

Khi h<<J thi E va Iz’) 1a hing s6 nén:

v
i 2.48
7 (2.48)

in
n

Trong do:

h
V, =—E(x,, )| dz' ==hE(x,, 3,) (2.49)
0

2.4.4. Mang ang ten vi dai

Trong nhiéu tmg dung thuc té, ngudi ta can thiét ké nhiing anten c6 dic tinh
dinh huéng (do loi rat cao) dé dap ung duoc mot sd yéu cau trong viéc truyén thong
cu ly dai. Pé 1am duoc diéu d6 ngudi ta can ting kich thudc cua anten. Tuy nhién,
cling c6 mot cach khac 1a: thay vi ting kich thuéc ciia 1 anten ta s& gdm nhiéu anten
nhu thé lai dé tao thanh mot hé théng nhiéu anten, goi la anten mang, c6 hinh dang
va kich thuéc thich hop, va trong 6 mdi anten don duoc goi 13 mot phan tir anten.
No6i chung mdt mang anten c6 thé 1a mot tap hop cua cac phan tir anten tuy y, nhung
trong thuc té ngudi ta thuong dung cac phan tir nay 1a giéng hét nhau dé thuan tién
cho viéc phéan tich 1y thuyét va thi cong.
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a/ Mang tuyén tinh

b/ Mang tron

¢/ Mang 2 chiéu «

Hinh 2.11. Bén dang hinh hoc ciia anten mang

d/ Mang 3 chiéu

Tong truong birc xa ciia mang anten dugc xac dinh bang cach lay tong cac vecto
truong blrc xa tir cac phén tir anten. Dé c6 dugc mot bire xa c6 do dinh hudng cao thi
cac vector trudng tir clia céc phan tir ndy can phai cong hudng giao thoa voi nhau &
mot huéng mong mudn va triét tiéu 1an nhau ¢ céc khong gian con lai. Trong mot
méng anten gom céc phan tir gidng nhau, ta c6 thé thay d6i cac dic tinh bic xa cia
méng théng qua mot sé cach dicu khién sau:

Thay d6i céu trac hinh hoc cta mang (tuyén tinh, tron, chir nhat, céu).
Thay d6i khoang cach twong d6i giita cac phan tu.

Thay d6i bién do tin hiéu kich thich cho mdi phan tir.

Thay d6i pha tin hiéu kich thich cho mdi phan tt.

Hinh 2.11. Minh hoa mdt s céu trac hinh hoc khac nhau cua anten mang. trong
d6 c6 mang tuyén tinh ddng dang, mang tron, mang hai chiéu, mang 3 chiéu

Trong pham vi dé tai nay, ching ta s& chi tap trung nghién ciru nhiéu v& mang
anten hai chiéu (planar array) duoc xay dung trén co s& mang tuyén tinh mot chiéu.
Pé don gian hoa, dau tién ching ta s& tim hiéu mang anten gdm hai phan tir dé lam
co so 1y thuyét xdy dung mang anten hai chiéu.
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2.4.4.1 Ming hai phin tir

Gia sir mang ma ching ta xem xét gdbm hai phan tir anten dipole ngang vo han
nam doc theo truc z nhu trong hinh 2.12(a) :

A A

01 r1 0

d/2 |
|
|

D

\
<

d/2 |
|
|

R
\
<

02 r2

d/2
d/2
@

(a) Hai dipole v6 han (b) Diém khao sat & ving xa

Hinh 2.12. Dang hinh hoc cua mang thcfn tw dat doc theo trucz

Tong truong birc xa ctia mang chinh 13 tong truong birc xa cua hai phan tir anten

riéng biét v trong mat phang y-z tong truong duoc tinh boi

k] e tA -/l =p12]
Et=E1+E2:a€j7740 {e—|c05¢91|+e—|cos€2| (2.50)

74 rl A

Trong do A a do 1éch pha tin hi¢u gitra hai phﬁn tir anten, con bién do tin hiéu
birc xa cua hai phan tir 14 nhu nhau. Khi khao sat trudng & ving xa, xem hinh 2.12(b),

ta co:

d
r=r——cosf )
dung cho thay doi pha

r,=r+—cosd
2

R =1 ding cho thay doi bién do

Khi d6 (2.50) tré thanh
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kLl e : -
E =a,jn 40 |Cosel[eﬂ[(kdcosmﬁ)/z] te _/[(kdcosé‘+ﬁ)/2]:|
T

t

A (2.51)
. . kIjle" 1
E =a,jn— |cos@|2cos| —(kd cos@+ 3)
dr r 2

t

R rang tir (2.51), ta thiy tong truong ctia mang bang véi truong birc xa ciia mot
phén tir anten gbc nhan v6i mot hé sd, goi 1a hé sd mang. Vi vay dbi v6i mang gdbm
hai phan tir ¢6 bién d6 nhu nhau thi hé sé mang cho boi:

AFz2c0s[%(kdcosH+,B)} (2.52)

Dang chuan hoa:
(AF), :cos{%(kdcosﬁﬂﬁ)} (2.53)

Hé s6 mang 1a mot ham theo dang hinh hoc ctia mang va pha tin hiéu kich thich.
Bﬁng cach thay déi khoang céch d va, hodc pha s gitra 2 ph?m tr thi dac tinh cua hé
s6 mang va tong truong buc xa ciia mang cé thé diéu khién duoc.

Dang tong quét :
E(téng) = [E(anten tai diém chudn)]x[H¢ so mdng]| (2.54)

Biéu thirc trén dugc xem nhu quy tic nhén buc xa ding cho mang co cac phan
tir trong mang giéng nhau (mang dong nhét).

Mdi mang déu c6 hé sé mang cuia riéng nd va néi chung né 1a mot ham sé theo
s6 phan tir trong mang, cach sap xép hinh hoc, bién d9, pha tuong d6i va khoang cach
ctia ching. Biéu thirc tinh hé s6 mang s& trd nén don gian hon khi cac phan tir trong
mang c6 cung bién do, cing pha, va cung khoang cach. Vi hé s6 mang khong phu
thudc vao céac dac tinh dinh hudng cta ban than céc phﬁn tir anten birc xa nén ta co
thé x4c dinh nd bang cach thay thé cac phan tir thuc boi cac ngudn diém (isotropic)
va mdi ngudn diém gia st c6 pha, bién do, va vi tri cua cac phan tir thyc ma nd thay
thé. Sau khi ta dd xac dinh duoc hé sé mang bang cach ding mang ngudn diém thi
tong truong buc xa ciia mang thuc s& co duogce tir (2.54).

Trong chuong trudc, ching ta dua ra biéu thirc tinh cudng do trudong ciia mot
phén tir anten vi dai don 1é, n6 dugce viét lai nhu sau :

— jkor . .
E; =+jw{sinﬁsm)(smz}cos koL sin ¢sin 9) (2.55)
r X Z 2

szg—hsinﬁcos¢
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Y:%sinﬁsin¢

Nhu vy, van d€ con lai la ta s€ di tim h¢ s6 mang AF dé tur do c6 thé tim duoc
cuong dg truong tong cong cua mang anten vi dai. Dudi day ta s€ di tim h¢ s6 mang
cua cdc mang tuyen tinh va mang hai chiéu.

2.4.4.2 Ming tuyén tinh n phan tir - déng nhit bién dj va dong nhit khoding
cach
Xét mang gom N phan tir gidng nhau dugc dit doc theo truc z nhu ¢ hinh
2.12(a), gia str N phan tir ndy c6 bién do tin hiéu nhu nhau nhung cé do 1éch pha lién
tiép gitra hai phan tir1a # . Khi d6 mang duoc goi 1a mang dong nhét.

Hé s6 mang c¢6 dugc khi ta xem cac phan tir anten 14 cac ngudn diém (ngudn
isotropic). Con khi céc phan tir khong phai 13 cac ngudn diém thi tong trudng birc xa
c6 duoc bang cach nhan trudng buc xa ctia mot phan tir anten duoc ldy 1am chuan
(thuong tai gbc toa d6) vi hé sb mang ciia cac ngudn diém. Pay 1a quy tic nhan
truong bic xa cua (2.54) va chi 4p dung cho cic mang gdm céc phan tir gidng nhau.
Hé s6 mang duogc tinh nhu sau :

AF:l+e+j(kdcos¢9+ﬂ) +e+j2(kdcos¢9+,b’) +e+j(N—1)(kdcos¢9+,B)

AF = ie+j(nfl)(kdcosﬁ+ﬂ) (25 6)
n=1

r4

>y

(a) C4u truc hinh hoc (b) So d6 pha

Hinh 2.13. Truong ving xa va so dé pha ciia mang N phan tir isotropic

Viét lai hé s0 mang:
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N
AF =Y et (2.57)

n=1
V61 y =kd cosO+ 3

Vi hé s6 mang 14 tong clia cac ham mil phirc nén ta c6 thé biéu dién né bsi mot
vector tong 14 tong ctia cac vector c6 bién do don vi va pha trong ddi ¥ so véi vector
trudc d6. Y tudng niy thé hién & hinh 2.3(b). Tir so d6 pha ta nhan thiy rang d6i voi
mang dong nhét thi AF c6 thé diéu khién dugc bang cach chon pha tuong ddi ¥ thich
hop. Con d6i voi mang khong dong nhat thi bién d6 ciing nhu pha c6 thé ding dé
diéu khién AF.

Hé s mang AF c6 thé biéu dién lai & dang rut gon nhu sau: nhan hai vé cua
(2.57) véi € thi duoc

(AF)e" =e” +™ +e™ +....+e/ " 1™ (2.58)
Liy (2.57) trir (2.58) ta dugc
AF(e"” -1)=e"" -1 (2.59)

Hay

ji i(1/2 i(1/2
e’ —1 e/( )t//_ej( )y

AF = {eﬂw _1} _ D2 {e/(N/2)"' —e NV }

5]
sm| —y
_ lv-nr 2 (2.60)

Néu 1ay diém chuan 12 tm vat 1y ctia mang thi hé s6 mang tir (2.56) trd thanh

o 5v)
sin EW
AF = —T (2.61)
sin| —
(2”’)
Pé chuin hoa hé sb mang sao cho gia tri cuc dai ctia nd béng mot don vi thi

(2.57) duoc viét lai nhu sau :

1 sin(zl//)
(AF), =— —T (2.62)
sin| —
[2 "')
DPoi véi gia tri nho cua v, biéu thuc trén Xéip xi Vo1
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sin(t//)
(AF) ~ N_2 (2.63)
?V/

Pé tim cac diém null cta mang, ta gan (2.63) bang zero. Do 1a:

. (N N a4 2n
sm(?l//j=0=>?l// pg, =ENT =0, =cos {%(—ﬂiﬁﬂﬂ (2.64)

céc gia tri cua N s€ xac dinh bac cua null (bac 1, bac 2, ...). Dé ton tai gia tri
zero thi argument cua biéu thic arccosine khong dugc 16n hon mgt. Do do sb lugng

gia tri null cé thé ¢ s& 1a ham s theo khoang céach d va do léchpha z.

Céc gia tri cuc dai cua (2.62) xay ra khi :

v o1 41 A4
E:E(kdc0s9+ﬂ)‘6:9m =+mmr = 6, =cos {%(—ﬂimﬁ)} (2.65)
m=01,2,..

Hé s6 mang ¢ (2.62) chi c6 mdt gid tri cuc dai va xdy ra khi m=0 & (2.65),
nghia 13 y =0. Diéu ndy duoc thé hién rd hon khi ta quan sat so d6 pha & hinh 2.13(b).
Khi w =0, tit ca cac vector déu nam trén mot duong thiang. Lic nay vector AF cd

module bang tong module cua cic vector thanh phan. Ta c6:

W= l(kaf cos O+ ,6)‘ by =00 =cos” (ﬂ] (2.66)
2 " 27d

Nhu vay néu mudn mang c¢6 hudng buc xa cyc dai la 19,,1 thi d¢ léch pha g
giita hai phan tir anten lién tiép s& la:
B=—kdcosO, (2.67)

Piém 3dB cua hé s6 mang (2.62) xay ra khi

Sin(wj
(AF),, ~ N—2 20707 :gw:g(kdcos 0_'_@ ‘H:Hh =ﬂ391

?W
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a1 A 2.782
= 6, ==cos [%(_ﬂiTﬂ (2.68)

Mot khi da tinh duoc goc cuc dai (0,) goc nira cong suit 3dB (6,) thi 6 rong
bup séng nira cong suét:

®h :2|9m _911

D61 voi hé s6 mang (2.62), ton tai mot gia tri cuc dai thir hai (cuc dai cua bip

song phu) va xay ra khi tir s cua (2.62) dat gia tri cuc dai, d6 1a

sin(gl//j=Sin[%(kdcose+ﬁ)}‘9‘9s zilzg(kdcoséHﬂ)‘g_gs z(2s2+1jﬁ

— 0 = cos” [ﬁ(—ﬁi[”; 1};]} (2.69)

s=12.3,..

Madang broadside va mdang End-Fire

Trong nhiéu tmg dung chiing ta can thiét ké mang sao cho hudng buic xa cyc dai
clia mang vudng goc véi truc ciia mang (broadside, /=900 cuia hinh 2.13a). Khi d6
dé t6i wu hoa viéc thiét ké thi anten phan tir va hé s6 méang nén c6 hudng tinh 1a ¢
=900. Ddi véi anten phﬁn tir diéu nay co thé thuc hién duoc bé'mg cach chon lya do
thi birc xa phu hop, con ddi véi hé sb mang thi ta can chon lua khoang céach va cach
thirc cép tin hiéu cho cac phan tir mot cach hop 1y.

Nhu ta da dé cap O trén, hé sb mang dat cyc dai khi :

w=kdcosO+ =0 (2.70)
Vi can thiét ké hudng buc xa cuc dai 1a §=90° nén :
l//=kdcos0+ﬂ‘9:90(,=ﬂ=0 (2.71)

Do viy dé mang tuyén tinh ddng nhéat c6 hudéng bic xa cuc dai 1a broadside-
vudng goc voi truc ciia mang - thi tit ca cac phan tir trong mang can phai c6 pha tin
hi¢u kich thich (hon nita con phai ¢6 cung bién d¢ tin hi¢u). Khoang cach gitra cac
phén tir c6 thé 13 bat ky. Tuy nhién dé dam bao khong cé gi tri cuc dai ndo duoc xuét
hién & cac hudng khac (goi 1a grating lobe) thi khoang céch giita cac phan tir khong
duoc bing véi bdi sb ctia bude song (4 #7471 =12.3...y khi A=0_ Néu truong hop
d=nAn=123,.. o5 =04 :

39



w=kdcosO+f|,.,, =2ncosd =+2nw (2.72)

6=0,180°
=0

Voi gia tri ndy caa ¥ khi ta thay vao (2.62) ciing s& lam cho hé sé mang dat gia
tri cuc dai. Do d6 ddi voi mang déng nhit khi c6 #=90, d=n1 va co hudng cuc dai
broadside (€ =90") thi mang con c6 them cac gia tri cuc dai & hudng doc theo truc

6=0,180°

cua mang ( ) — goi la buc xa end-fire.

Trong thyc thé khi thiét k&, ngoai bup séng cuc dai chinh, ngudi ta thudng tranh
lam hién cac bup soéng cuc dai khac ( goi la grating lobe ) c6 cung gid tri voi blp song
chinh. Piéu nay doi hoi khoang cach 16n nhat giita cac phan tir phai nhd hon mot
<A

budc song. Tac la o

Pé minh hoa cho y tudng thiét ké nay, do thi birc xa ba chiéu ctia hé sé mang
d6i v6i mang ddng nhat gdm 10 phan tir (N=10) c6 #=9 va d=4/4 duoc v& ¢ hinh
2.14(a). Ta thay gia tri blic xa cuc dai ciia mang chi xudt hién ¢ hudng broadside (
6=90"). Pé so sanh, néu khoang céach giita cac phan tir ting 1én d=-4 thi do thi bic
xa ctia hé s6 mang dugc v& & hinh 2.14(b). Ta nhan thiy ngoai huéng bic xa cuc dai

& 90 mang con xuat hién thém hai hudéng cuc dai khac ¢ 6=0"va@=180"

(b) Broadside/End-fire,
6=0,90,180°

(a) Broadside, 6=90°

Hinh 2.14. D6 thi birc xa ba chiéu ciia cdc mang broadside va broadside/end-fire
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Hinh 2.15. D6 thi bikc xa hai chiéu ciia cdc mang broadside va broadside/end-fire

Néu khoang céach giira cac phan tir nim trong khoang 4 <d <24 thi cuc dai
trong hinh 2.14(b) ¢ huéng ¢=0"s& dich chuyén sang ving goc 0" <0<90° con cuc
dai & huéng ©=180"s& dich sang ving goc 90° <€ <180" Khi =24 s§ xudt hién

0=0",60°,90°120°

cac cyc dai ¢ cac hudng va 1800.

Dé thé hién rd nhung diéu & trén, trong cac bang 2.1 va 2.2 dudi day s& liét ké
céc két qua tinh cac diém null, diém cuc dai, diém nira cong suat, cuc dai bap song
phu, d0 rong bup song phu cho mang broadside.

Bang 2.1. Cdc diém null, cuec dai nita c6ng sudt, cue dai bip séng phu cho mang
broadside dong nhat bién dé

0, =cos™ (i ﬁj
Nd

n=1,23,...
n# N,2N,3N,...

.q . 0, =cos’ (i m_/lj
biém cuc dai d

m=0,1,2,...
0, - cos™! (i 1.391/1)
7 Nd
zd /Al

6 =cos™ ii(ZS-i_lj
’ 2d\ N

s=123...
d | Al

DPiém null

Diém ntra cOng suat

Piém cuc dai bip song phu
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Bang 2.2. Cdc d¢ rong bup séng cho mdng broadside dong nhat bién dé

P rong bup song tai null dau tién o —o| 7 A
(FNBW) e T (—dj
Do rong bip song nira cong suat (HPBW) T (13914
0, 2| —-cos [ j
2 nNd
zd | Al
Do rong bup soéng phu dau tien (FSLBW) P (34
O, 2| —-cos” (—j
‘ 2 2dN
zd /| Al

Mdang quét [Phased (Scanning) Array

Trong phéan trudc ching ta da dé cap dén viéc thay d6i su chénh léch pha giita
cac phan tir ¢é thay doi birc xa cia mang theo cic hudng vudng goc voi truc ctia mang
( broadside, @=90") va doc theo truc cua mang (end-fire, ¢=0"va €=180") Tuy
nhién ta van c6 thé 1am cho mang birc xa & mot hudng bét ki va tao thanh mang quét.

Gia str mang can duoc buc xa theo hudng O bat ki (00< Z <1800), khi d6 pha
kich thich # giira cac phén tir s& 1 :

l//=kdcose+,8‘9:60 =0= f=—kd cosb, (2.73)

Dé minh hoa cho nguyén 1y quét, @0 thi birc xa ba chiéu cua mang 10 phén tur

c6 khoang cach d=4/4 va hudng birc xa % —600 dugc v& & hinh 2.16(a). D thi birc
xa hai chiéu dugc v& ¢ hinh 2.16(b).

Do rong bup song cua mang quét c6 duge bang cach ding (2.67) véi

B =—kd cos6,

. Dung dau “-” trong argument ctia ham arccosine & (2.67) dé bi¢u dien
goc blip song nira cong suat thir nhat va dau “+” d€ bi€u dién gbc nura cong suat con

lai. Khi d6 do rong bup song s€ 1a hi¢u s6 gitta hai goc va dugce viét lai nhu sau :

0, =cos” i(kd cos 6, —@j Ceos | A (kd cost), + 2.782)
2rd N 27d N

=cos”' (cos 6, —@j—cos‘1 (cos 0, + 2'782) (2.74)
Nkd Nkd
Vi N = (L+d)/d, nén (2.67) tr¢ thanh :
O A . A
©®, =cos | cos@, —0.443—— |—cos | cosO, +0.443 — (2.75)
L+d L+d

Véi L 1a chiéu dai mang.
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{a) Birc xa 3 chibu

(b) Blrc xa 2 chidu

Hinh 2.16. D6 thi birc xa ba chiéu va hai chiéu ciia mang quét dong nhat gom 10
phan tir (N=10, =-kdcos6,,0,=60°, d=1/4)

2.5. Hién twgng chinh luu séng siéu cao tan

Vi A Vo
Unmodulated
fo
; i
| M- ¢ N | |
0} 0 »
"...I'I > A . - 'U'”
o Rectifier [ b
VI * VI1+
A
A“ R O
f
0] > J
J‘u 0 >

Hinh 2.17. Hinh dang tin hiéu sau chinh leu trong mién tan sé va mién thoi gian

V& co ban hién tugng chinh luu ctia diode ddi v6i dong dién xoay chiéu dugc
bao toan d6i véi hién twong chinh luu song siéu cao tan. Tuy nhién, trong truong hop
chinh luu voi tan s6 1am viéc rat cao doi hoi diode chinh luu phai dwoc thiét ké rat
ddc biét. Mot trong nhimg loai diode dang duoc sir dung cho cac nghién ctu vé
rectenna d6 chinh la cac dong diode c¢6 dat tinh c6 dong dinh thién vd cung bé (Zero-
bias) hay mdgt sb loai diode c6 dién ap dinh thién nhé (DC-bias). Céac loai diode nay
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c6 kha niang 1am viéc & nhitng tan sé rat cao tir vai GHz dén THz nhu cac dong diode
MIM ( Metal-Insulator-Meta diode loai ndy cho phép hoat dong & 30 THz). Bé co
nhitng dic tinh d6 diode chinh luu phai dam bao cac yéu to:
- Dién tro giita cac 10p tiép xuc phai dat duoc gia tri vo cung bé, tir d6 giam
su ton hao khi cung cép cac dién ap dinh thién.
- Cac phén tir dan dién trong 16p ban dan 1a loai dic biét c6 do linh dong cao
dé dap tng duoc sy thay doi vo cing nhanh cua tin hiéu.
- Thanh phan ky sinh phai dugc triét tiéu mot cach triét dé dé giam tranh céc
dong ro va giam hiéu sudt chinh luu.
Mot diém quan trong trong viéc sir dung cac dong diode nay dé 1am phan chinh
Iuu nang luong siéu cao tan d6 chinh 1a mic cong suét chiu dung. O day chinh 1a dién
ap nguoc ma diode c6 thé chiu duge. Pay chinh 1a mot trong nhiing 1y do khién kha
nang chinh luu kém hiéu qua cia rectenna trong cac mg dung truyén ning lwong
khoang cach gan.

2.6. Hiéu suat rectenna

2.6.1. Pinh nghia hiéu suit chuyén déi ning lwong RF - DC

Hiéu suat chuyén doi ning luong cao tan thanh dong dién dc (RF-to-DC) la
mdt trong nhiing tham s quan trong trong hé thong truyén phét ning luong khong
day. Do d6, bat dau tir dinh nghia nay nhu sau:

Dcpower Pg.

n= RFpoweringut = Pr (2.76)

Trong thuc té, v6i su phi tuyén cua dic tuyén diode thi gid tri n kha phuc tap.
Va cang phuc tap hon trong truong hgp mach st dung nhiéu bd chinh luu. Gia tri N
1a ham phu thudc vao nhiéu yéu td: Cong suét tin hiéu cao tan du vao, tan sb hoat
dong, mach phdi hop tré khang va dic diém cua diode chinh luu (nhu 13 dién 4p danh
thing, thanh phan ky sinh nhu tu, cam trong diode..). Trong luan vin ndy, tan s hoat
dong lua chon 1a tan sb 2.45 GHz, diode lua chon 1a diode HSMS2850 dé lam toi
gian cong thic hiéu suét phirc tap. Do d6 ta co:

N = ol 2.77) [8]

=y vin®ip@® at

Trong d6 T 1a chu ky tin hié¢u cao tan, v, (t) 1a dién 4p dau vao bd chinh luu
va iy (t) dong dién chay qua diode, V,, 1a dién ap mot chiéu trén tai va I, 1a dong
mot chiéu trén tai
2.6.2. Ciu tric chuyén d6i ning lwgng theo ming RF-combine

Nang lugng song dién tir truyén trong khong gian duoc tinh dua trén cong thirc
Friis transmission nhu sau:
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Pir = PG (2)*()"e ™ F (2.78) [8]

Trong d6 Pt 1a cong suét phia phat ra tir ang ten, Gt 1a hé sé khuéch dai cua bd
phat, a 12 hé sé anh hudng phan tan trong khong khi @ = 0.001, n 13 hé sb suy giam
duong truyén: n=2 trong mdi truong tu do, n = 3+5 1a mo1 truong do6 thi

Tir cong thie (2.76) va (2.77) ta c6 duoc cong thirc chuyén doi ning luwong
RF-to-DC theo mang RF-Combine tai phia thu nhu sau:

Pf = e PG, (2.79) [8]

Trong d6 7, 12 hidu suat chuyén d6i RF-to-DC ctia phia thu. e, 1a hé s6 hiéu
suit b chuyén d6i RF-Combine va Gr 1a hé s6 khuéch dai cta ang ten thu.

2.6.3. Céu tric chuyén doi nang luwgng theo mang DC-combine
Tir phan trén ta lai ¢ tong nang lugng chuyén ddi cua toan mé dun DC-
Combine duogc tinh nhu sau:

Pl = ey XN _1 PirGrlla (2.80) [8]

Trong do6 n, 1a hiéu sut chuyén d6i cua b6 DC-Combiner, e, la hé sd hiéu
suit b chuyén d6i DC-Combine, Gm 1a hé sb khuéch dai cua tung ang ten thu va N
1a s6 luong md dun Rectenna ghép vao.

Ta gia sir rang hé s6 khuéch dai cua cic ing ten thanh phan trong bo DC-
combiner 1a nhu nhau, Ga = Gm khi d6 cong thuc (2.80) la:

Pfl = e;NPksG,n(PkrG,) (2.81) [8]

2.6.4. Hiéu suat chuyén d6i twong quan

Ta ciing gia sur rang ciu tric mang ang ten trong khao sat nay duoc thiét ké
trén cliing mot mit phang Co-planar va c6 K X L = N phan tir, dong thoi loai bé yéu
t6 xuyén nhidu 1én nhau giita cac phan tir trong mang. Khi d6 ta c6

sin (G,)sin Gpy)

G. =G 2.82)[8
T sind@siny (2.82) 8]
Trong d6:y, = kd,sinfcos¢ va p, = kd, sinfcos¢
Thay (2.82) vao (2.78) taco:
.. K . L
PE = 0Pl Gy G (2.83)18]

sin(%)sin(u;—y)

Ta goi ¥ la hé sO so sanh hi€u suat gitra hai cau tric trén RF-combiner va DC-

combiner
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K. L
i _ e sinGYysinGYy) n,

Ph  eaN sin(%)sin(%y) N4

9(6,¢) = (2.84)[8]

Qua cong thic (2.80) va (2.83) ta khang dinh rang hé s6 9> 1. Pay la diéu
hoan toan dung theo 1y thuyét va mot s6 két qua thuc nghiém trong mot sb bao céo
gan day trén ISBN. Tuy nhién nhin vao cong thirc (2.84), khi N ting 1én gia tri 9 khi
d6 s& nho hon 1. Nhu vdy vé mat 1y thuyét ta khang dinh rang v6i cau triic DC-
combiner cho phép hiéu suat chuyén d6i nang luong t6t hon cau trac RF-combiner.
Trong thuc té, dé tang cong suat truyén khong day, viéc phia phét sir dung nhiéu dng
ten phat c6 goc mé ang ten bé két hop lai véi nhau va phia thu sir dung cac bd DC-
combiner dé ting hiéu suat va cong suat nang lugng thu duoc.
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Chuong 3. Kiém chirng thuc nghiém

3.1. Thiét ké mang iing ten vi dai

Mang ang ten vi dai c6 thé duoc st dung dé tang thém tinh hi¢u sut cua
rectenna trong ng dung cong sudt dau vao thap. Tuy nhién diéu ndy phai can nhéc
gitta kich thudc va hiéu suit. Trong luan vin ndy xin phép trinh bay vé phuong phap
thiét ké, mo phong va ché tao mot ang ten don dé phuc vu viéc kiém ching cac mo
hinh khao sat.

3.1.1. Pit yéu cau

Ta dit ra bai toan thiét ké nhu sau :

Thiét ké 1 Microstrip Patch antenna hinh chit nhat bang ddng, cép ngudn theo
kiéu microstrip line c6 duong diy dan vao. Miéng patch hinh chit nhat duoc chon vi
céu trac don gian va dé thiét ké. Anten dat trén tan s6 2.45GHz. Anten duoc dit trén
16p dién moi. Nhitng thong sb ndy s& duoc thé hién rd rang qua bang 3.1 sau:

Béng 3.1. Cdc théng sé anten thiét ké

Tan sb hoat dong 2.45 GHz
Hang s6 dién moi cua 16p dién méi (¢,) 4.3 (FR4)

Do day 16p di¢n mdi (h) 1.6 mm
Phuong thirc cap nguon Microstrip line
Su phan cuc Thang

3.1.2. Tinh to4n thiét ké

Dua vao mot s0 cong thirc ¢ chuong I ta tinh dugc cac thong so cua anten vi dai
nhu sau:

1 2 c _ 3x10° 3839 (mm) G.)
- Zﬁa/yogo e +1 B 21 \e +1 2><24><1o9\/43+1

Hang s dién moi hiéu dung cua patch tinh boi

1
e+l ¢ -1 h |2
& =—"L 4+ 1+12—| =3.99 3.2
reff 2 2 |: W:| ( )

Chiéu dai m¢ rong cua miéng patch :

(£, +0. 3)(VZ+0.264j

(2.5 —0.258)(VZ+0.8j

AL =0.412h
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1
:O.412><O.164'62+1 +4'6_1[1+12%} *20.7339 (mm) (3.3)

Chiéu dai thyc L ctia patch tinh boi :

11
_ Vo AL = 3x10
216 2.4x10°y/4.2629

Pién dan ctia G; khe 1 tinh boi

L —2(0.7339) = 28.8034 (mm) (3.4)

G —_h =9.3662x107*(siemens) (3.5)

120722

Dién dan ghép G- giira 2 khe tinh boi:

2
| sin( 02 cos&j
T ! - J,(k,Lsin6)sin’> 0d6 =5.8044x10™* (siemens)

(3.6)
Vo1 Jop la ham Bessel loai 1, bac 0.
Tro khang ngd vao Rix tai canh (y=0) cta anten vi dai tinh boi

1

R, =————=329.5854 (Ohm) (3.7)
2(G, +Gy,)

Pé tro khang ngd vao cua anten 1a 50 ohm, thi diém cap tin hiéu cho anten s&
1an sau vao trong anten mot khoang yo cho béi :

R, (y=y)= M{cosz (%%ﬂ =R (y=0)cos’ (%yoj

0 _10.7336 (mm) (3.8)

in

L
=, :;cos

Dé phdi hop tré khang thi duong vi dai cap tin hiéu cho anten tai vi tri yo can c6
bé mit wy cho boi

1207

S | 20 1£1.39340.6671In| 0 +1.444
7| 4h 4h

= WO = 295 mm

7 =

c

— 50 (ohm) (3.9)

Phdi hop tré khang giira cac duong day duogc tinh cho béi cong thirc:

Z, + jRitg(Bd)
Ry +jZ,1g(fd)

Z(x)=R, (3.10)
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Khi duong truyén bang mot phan tu budc song (quarter-wavelength line) co / =

Al4. Lic nay ap dung cong thuc trén ta s€ co
2
Zin= —% 3.11
~ (3.11)

L

Nhu vay mudn phdi hop tir dudong day 100 ohm sang duong diy 50 ohm thi can

c6 1 doan diy ¢6 R = ¥100.50 =70.7 ohm c¢6 chidu dai 1/4
100 ohm

20 ohm 70.7 chm

] quarter wave transmission line
transmission line

] ¥

¥
]

¥ ]

¥

transmission line
¥ / i
L r

Hinh 3.1. Bién déi phéi hop tré khing

Do dinh hudng cua anten tinh boi:
D,=D,D,. =3.1776x1.2348=3.9236 = 5.93 dB (3.12)
2
2z | 1
Dy=|——| —=3.1776 =5.02 dB (3.13)
ﬂ’O Il
2 2
D, = = =1.2348 =0.915 dB (3.14)
l+g, 1+0.6197
=G 2 B0He_, 6107 (3.15)
G, 9.3662e-004
Két qua duoc tong két trong bang 3.2
Béang 3.2. Cdch théng sé tinh todn patch anten vi dai 2.45 GHz
Cac thong | Chieu rong | Chicu dai | Dién tro dau | Biém cap Do dinh
sO tinh (W) (L) vao (Rin) nguon (yo) hudéng (D)
toan
Kétqua | 3735mm | 288mm | 329.6 Ohm 10.73 mm 593 dB
Bé mit wo ciia dudng microstrip line ciing dugc tinh toan phit hop véi thong sb

dién tro ctia n6 : Voi & =4.5,h=1.6mm




Bang 3.3. Cich théng s6 dwong microstrip line véi €, =4.5,h=1.6mm

Zo (ohm) | wy (mm) | 2 /4 (mm)

100 0.68 17.6
70.7 1.58 17.1
50 2.95 16.7

Sau khi tinh toan ta dwa ra hinh nhin mit trén ctia miéng patch

Hinh 3.2. Hinh dang ciia miéng patch da dwoc thiét ké
3.2.  Mach chinh lwu siéu cao tin

Toan b dic tinh chinh luu cua diode ddi véi dong dién xoay chiéu AC dugc
bao toan ddi voi chinh luu nang luong siéu cao tan. C6 03 loai chinh luu chinh:

e Chinh luu don
e Chinh luu cau
e Chinh luu nhan dién ap

Trong van dé chinh luu ning lugng siéu cao tan, mot diém can luu ¥ d6 chinh
la vat liéu ché tao diode. Céc diode duoc lua chon 14 loai diode shottky duoc ché tao
dua trén silic va GaAs. Mot s6 cong nghé hién nay cho phép ché tao nhitng diode
shottky c6 hang rao thé 150mV thap hon rat nhiéu cho véi diode thong thudng. Bén
canh d6 tu ky sinh giita 10p tiép giap ciing duoc t6i wu va thudng nhé hon 1pF, thoi
gian phuc hoi (recover time)ctia 16p tiép giap p-n thudng vao cé nhé hon 1ps rat phu
hop cho céc tmg dung detect song siéu cao tan.

50



] [ 1 1 A V1
Vin , RS Matching .C & N &

50 Ohm lS&CtIOf’I 1dOpF o2

‘ D1 C2 < RL
v Rectenna 100pF 2k-100k

Hinh 3.3. Cdu triic mach chinh luu nhén dién ap

Dua trén hinh, ta c6 dién ap DC tai diém A 1a do su két hop gitra diode D1 va
tuC1. D1 dan néu di¢én ap tai diém A 13 4m va sau d6 sé& dugc tang 1én theo qua trinh
sac cua tu C1 trong nita chu ky duong cuta tin hi€u, do d6 dién ap tai A dugc goi la
Vin + Vin’. Xem cac phan tir trong mach 1a 1y tuéng. Diode D2 chinh luu tin hiéu tai
diém A va tu C2 giir dién ap dau ra tai V1. Do d6 trong trudng hop hé mach dién ap
dau ra sé& 1a 2 Vin. Trong trang thai hoat dong on dinh, dong cﬁp dau ra duoc cép theo
C2, va tu nay s€ xac lai khi V1 thap hon Vout. Dé c6 dién ap dau ra 16n, mach nay co
thé duoc nhan thém bang cach sir dung N module. Trong truong hop sir dung nhiéu
phan tir N ké hop, dién 4p dau ra mach 1a:

Vout = 2NVin (3.16)

Véi diéu kién 1a ly tuong by chinh luu khong suy hao, thi cong suat dau vao
bang cong suat dau ra va tré khang dau va s€ dugc tinh theo tro khang dau ra:
vin?  vout? 1 Ry

Rin = 2Pin Pout 8N2 8N (3.17)

Do d6, khi ¢6 dinh R tai , S& module N ting thi Tro khang dau vao Rin giam.
Nguoc lai, khi gia tri tré khang dau vao va tré khang ang ten bang nhau, thi gia tri toi
uu cua RL tang 1én khi N tang.

Trong thuc té, trén diode c6 dién ap roi V;, khi d6 dién ap dau ra ho mach s& 1a:

Vout = 2N(Vin — V) (3.18)

Trong thuc té dién 4p bias ctia diode khong bao gid 13 0, do d6 dién ap dau ra
luon la thép hon so voi di¢n ap dau vao. Bén canh do, dién ap roi trén diode s€ tang
1én khi dong tai dau ra tang. Cong thirc xdp xi cho mach chinh luu:

Vout?  2N(Vin-Vy)?
RL RL

Pout = (3.19)

Do do6:

2 .
Ploss = 247 0) (3.20)

Vay
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2N2Vd(Vin?-vinvy)

Pin = Pout + Ploss = ™ (3.21)
. , RL 1
Voi: Rin = QW (16), a = 1_—5_51 (3.22)

3.2.1. Dic tinh diode
Diode HSMS2820:véi dong diode nay theo nha san xuat dai cong suat dau vio

hoat dong tir -10 +10 dBm. Dién dp roi trén diode Vdmax = 340mV, Cj = 0.7pF

Béang 3.4. Tham s6 cia diode HSMS2820 [9]

Parameter | Units | HSMS-282x
By \Y 15
Cjo pF 0.7
Eq eV 0.69
Ipy A 1E-4

Ig A 2.2E-8
N 1.08
Rq Q 6.0
Py \Y 0.65
Pr 2

M 0.5

Diode HSMS2850:1a dong diode c6 do nhay cao 35mV/uW tai 2.45GHz. Dién
ap roi trén diode Vdmax = 150-250mV, Cj = 0.3pF

Bang 3.5. Tham s6 ciia diode HSMS2850 [10]

Parameter | Units | HSMS-285X | HSMS-286X
By v 3.8 7.0
Cyo pF 0.18 0.18
Eg eV 0.69 0.69
Ipy A 3 x 10E-4 10E-5
Ig A 3 x 10E-6 5.0 x 10E-8
N 1.06 1.08
Rs Q 25 5.0
Pg (V]) \Y 0.35 0.65
Py (XTI) 2
M 05 0.5

3.2.2. Xac dinh tré khang diu vao mach chinh luu
Pé xac dinh tro khang dau vao ctia mach chinh luu, ta co thé sir dung hai phuong
phép:
- Dua trén thong tin nha san xut ( datasheets) v& model cua diode
- Dua trén phuong phap mo phong Large Signal S-Parameter (LSSP) dé xac
dinh tr¢ khang cua mach chinh luu
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Str dung module LSSP ciia phin mém ADS dé mé phong va xac dinh trd khang
ctia mach chinh luu cho phép dé dang nhin thdy duoc diém tré khang khong nhing
ctia tan sb trung tim ma con thé hién tré khang ctia cac diém hai cua tin hiéu.

Két qua mo phong xéac dinh tro khang dau vao ctia mach diode chinh luu:

Zinrect = 147 — j * 63 (3.23)

VAR
VAR1
sup_freq=2
1 1~ 2 1 1
P TTone 1% TON Term
PORT1 Diode T3 Term2
Num=1 DIODE1 2=20.0 Ohm Num=2
Z=50 Ohm Model=DIODEM1 E=20 Z=50 Onm
=~ P=polar(dbmtowd0),0) Area= F=2 GHz =
=L Freg=swp_freq GHz Periph= -
- Scale= -
Region=
Temp=
Trise=

Mode=nonlinear

E OPTIONS I D) LSSFI [==1
Diode_Meodel

5

Opiions LSSP DIODEM1
Options1 HB1 Is=30-9

Temp=25 Freql1l=swp_freq GHz Rs=5 Zin1

Tnom=25 Order[1]=3 Cjo=0.5¢-12 Zin1=zin(511,PortZ1)
TopologyChack=yes LSSP_FreqAtPort[1]-swp_freq GHz

V_RelTol=1e-6 LSSP_FreqAtPort[2]=swp_freq GHz

| RelTol=1e-6

GiveAlWarnings=yes
MaxWarrings=10

Hinh 3.4. So d6 mé phong xdc dinh tré khang dau vao diode
3.2.3. Thiét ké mach phoi hop tré khang
Str dung cong cu impedance matching trén phan mém ADS ta thiét ké duoc
mach phéi hop tré khang nhu sau:
Tré khang vao Zin =50

Tré khang ra Zout = Zinrect=147-j*63

— 3 LT T LT y | = ]
FRms  C WL N =] = S PARMMETERS Eys,
1 c1 L1 2z R-100
F_1Tne C=28pF  SubsE"MEWbT Subs="MSUET E—
FORT W=ZBBETE mm | 1 W=225678 mm SP1
Hum=1 L=6:5 mm {t} 3 L=EEmmi] Start=1.0 GHz
2=50 Ohm SubsEMEET Stop=2.0 GHz
Pdbmtcw(Z3) W=2 85678 mm Step=1.0 MHz
Fraq=245GHz L=18.8 mm {t}
= [gR] narnonc saance | | MSub |
L4
HarmonicBslance = WSUB SubsE"MSUb 1" c2 Subst="MSub1" .
WwW=22 8 e W=1.4mm
Het MSubl \W=2 25678 mm Callol bl R1
Freq[1]=2 45 GHz H=1Emm L=10mm { & mm R=330 Ohm {t}
Crder1 =1 E=d34
Mur=1
Cond=1 0E+60 =
HL=1.0e+ 023 mm e
T=0035 mm
TanD=0
Reough=0 mil

Hinh 3.5. So d6 mé phéng mach phéi hop tré khéing

4

3.3. Mo phéng va toi wu

Thong qua mot sb tinh toan duoc thuc hién & phan 1y thuyét. Két hop sir dung
phan mém mod phong ADS 2011 ctia hing Keysight dé thiét ké cac bo chinh luu cao
tan. Phan mém ADS 2011 ¢6 nhiéu cong cu tinh toan md phong phic tap dua trén
c4c thuat toan phan tir hiru han, cic cong nghé Mesh méi nhdt dé chia nho ddi tuong..

do d6 cho phép thuc hién chay mé phong thiét ké trén may tinh.
3.3.1. Mach chinh luu don
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Mach chinh Iuu don don gian, it linh kién do d6 d& kiém soat phdi hop tré khang
trong van dé ché tao. Bén canh d6 ché tao mach chinh luu don cho phép ta danh gia
tuong quan hiéu suit chuyén doi nang lugng so véi mach chinh luu nhan d6i dién ép.

@
7 |_""|: [
Fros G VLN SPARAMETERS R
Pl ¢ i 12 R=100
F_1Tone C=30pF Subs="MSub1” SubstE"MSub1" S Paam
PCRT1 W=228878 mm| gy W=285678 mm ==
Num=1 =E5nmf [e FEEmm
Z=50 Ohm SubstE"MSub1"

=T~ P=dbmtow(23) W=285676 mm

Stat=1.0GHz

Smmi:l——@

Step=1 OMHz |_|GD
=

Vout
= |ﬁ| HARMONIC BALANCE | | MSub | WLK ‘\; P
4 c 8

Freqr245 GHz =182 mm i}

o

Harmal =) susEMabt | g7 SubsEMELT -

P N=2 BEETE e W=1.4mm N

:EI[I#A‘ oz et uL;-Il;m(t}m CIF oy R
—— gt mm I R0 Om

nicBelance

Crder(1 =1 Er=434
M=t
Cond=1 0E+E0

Hi=1.0e+083mm
T=0.025 mm
Tnl=D
Rough=0mil

Hinh 3.6. So' d6 mé phéng mach chinh luu don
3.3.2. Mach chinh luu nhian dién ap

Mach chinh luu nhan dién ap trong luan van nay dugc luya chon la mach nhan
doi dién ap sur dung diode HSMS2850. Voi dét tinh dién ap nguoc cod thé chju dung
16n hon 15 V cho phép ta thiét ké thir nghiém voi cong subt dau vao 30 dBm. Bén
canh d6 day ciing 1a dong diode c6 dién 4p roi kha nho va tu ki sinh thap, do d6 phu
hop cho viéc ché tao mach nho gon tranh cac mach phu dé khir cac thanh phﬁn ky
sinh.

|Qg S.PARAMETERS ‘iﬁm HARMONIC BALANCE |

&M 1§ C1 2

-2l F i ! ! ] A
“ 'ivﬂﬂ SUDS="NSU'C=39pF  SUDS="MSURT” :"’“ - :::“.]_7 . .*-'44‘
2] Hum=1 We2 8576 mm = We2gsrpmm il ] =W R=100
La‘ 2250 Chm L=55mm i} .=_'£n|m i} Sog=30 Gtz Orosf
= P=dbmtow(23) | MSub ' S1ep=1.0NHZ
Freg=2 45 GHz
1 MSubt ¥ b7
= H=15mm 1 . JUN |
Erd 34 | ik [ T J p
Wur=1 Subst="MSub1" =~ C=150 pFSubst="MSub1"
Cond=1.E+30 il W=285T6mm W=13mm Ri
Hu=1 024033 mm L L=6mm Jf L=10mm - ‘
T-003mm = ) g
Tan0=0
Rough=0 mil

Hinh 3.7. So' d6 mé phong mach chinh luu nhén dp sir dung diode HSMS2850
3.4. Thiét ké layout
3.4.1. Chon vat li¢u

Lua chon vét liéu ché tao cho cic module mach rectenna 1a vo cung quan trong.
Céc tham sd cua vat liéu anh hudng 16n dén tan cong hudng cia PCB lam mach do
d¢6 khi lya chon cac vat liéu can phai kiém soat va tinh toan dua trén cac tham sb mot
cach k¥ cang. Cac tham sb nay sé quyét dinh rat nhiéu dén chat luong cua cac mach
Ang ten ciing nhu mach chinh luu. Vat liéu FR4 duoc lya chon ¢6 tham sb nhu sau:

e Vit liéu: Fr4
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e Do day: 1.5mm
e FEr:434
e Tand Loss: 0.0025

3.4.2. Thiét ké Layout

/fng ten vi ddi

Ang ten vi dai duoc thiét ké 13 loai an ten Inner-Fed dé thu nho kich thuéc. Bén
canh d6 cho phép kiém tra tinh ddc 1ap timg module chinh luu truée khi to hop ching
lai trén mang 16n.

Hinh 3.8. Layout Ang ten vi dai 2D Hinh 3.9. Layout ang ten vi dai 3D

Mach chinh lwu

o Mach chinh luu don

Hinh 3.10. Layout mach chinh luu don

o Mach chinh luu nhan dé1
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Hinh 3.12. Layout mach chinh luu nhdn dién ap 3D

3.,5. Két qua do
3.5.1. Phuong tién do
Phuong tién thuc hién do gém:

e Mady phan tich mang Rohde& Schwarz
e Cable do cao tan RG316
e Maiy phat Agilent MXG vecter signal generator N5182B

Cac thiét bj do gdbm phuong tién do va céc cable ndi déu dugc calib ki trude
khi tién hanh do
3.5.2. Két quaz mé phong

M6 phdng Patch Ang ten S11

Trén Hinh 5.1 cho thdy sy phdi hop tro khang giita ang ten va dudng tiép dat
két qua t6t. Qua d6 S11 nhé hon -14 dB trong bandwidth 50 MHz cua tin hiéu 2.45
GHz.
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Return Loss Patch_Anterna_ADK1 &,

L s

2500
' 1 2o 210 sk
Frealoral

Hinh 3.13. Két qud mé phong return loss dng ten vi ddi

Trén Hinh 5.2 thé hién dugc hinh dang biap song trong khong gian 3D. Vi két
qua ndy, cho thdy ang ten patch cho phép thu ning lwong & nhiéu goc hudng khac
nhau ma van dam bao hiéu suat thu khong c6 nhiéu khac biét. Tuy nhién hudng chinh
clia dng ten ndy van tap trung ndi tréi hon & goc 60°, phit hop véi yéu cau dit ra.

7. 7553e+000
5. 9433e+008
4. 1313e+000
2. 3194e+008

5.@741e-661
-1, 3846e+000
-3, 1165¢+808

-4, 9285e+008
-6, T4@4e+B08
-&,5524e+000
-1.0364e+801
-1,2176e+801
-1, 3988e+0@1
-1,5800e+801
-1, 76126+0@1
-1, 9424e+801
-2,12366+8@1

Hinh 3.14. Bup song 3D goc theta ang ten vi dai
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dB{GainTotal}

. . 7ES3e+BEE

o~

. 433 +0660
. 1313e+BE8
. 3194 e +BEE
5.@8741e-BE1
-1, 384 Ge+EEE
-3, 1165e+680
=4, 9285e+E08
-6, 7B Y e +BA5
-8, 5524 e+BE0
-1, 8364 e+EE1
-1. 2176e+681

-1, 3968e+081
I -1, 5800 +EE1

o

-1. 7E1Ze+E@@1
-1, 9424e+EE1

-2, 1236e+881

Hinh 3.15. Bup song 3D goc phi ¢

Mo phong xdc dinh tro khang cua mach chinh lwu.

£
S 4 m
2| 1 frg=2.450
1 m dB(S(1,1))=-0.644
10—
= 12
E:_“_a: -14—_
E -
= -16
13
o]
-z T T T T T T T T T
10 1.5 20 25 30 a5 40 45 50 5.5 aon
frg
one 120 ] m2
100— frg=2.450
1 m2 real(Zin1)=77.274
20—
g m3
T B0 frg=2.450
=c . imag(Zin1)=-33.7234
B s
e i
EZ ]
o
-33'—_ m3
0 T T T T T T T T T

Hinh 3.16. D6 thi S11 theo bién dé va theo ham phike
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Thong qua két qua mo phong xac dinh trd khang ctia mach dau vao chinh luu,
ta thu dugc hai dd thi nhu trén Hinh 5.4. Dya theo yéu cau dit ra diém lam viéc tai
tan s6 2.45 GHz, do d6 sir dung cong cu maker dé xac dinh céc diém real va mag cta
dau vao, tir 46 qua cong thirc chuyén doi trd khang vé dang sé phiic sau d6 chuan hoa
dé 1am d4u bai cho bai toan phdi hop tré khang.

Két qgua mo phong S11, 821 mach chinh lvu don

m2
m2 pin=27.000
dB(5(1,1))=6.559

dB(S(1 1)

T T
5 10 15 20 25 30

[=]

pin
Efﬂcien cy=(P_Out.p[:,0)/dbmtow(HB2.HB.pin))*100

. m1
m3
55—
50—
? a5 m3
= indep(m3)=23.000
% 40— plot_vs(Efficiency, HB2 HB.pin)=54.294
a5 m1
' indep(m1)=16.000
a0 plot_vs(Efficiency, HB2 HB pin)=58 974
B Peak
= | T T T
o 10 1 20 2 30
HB2 HB._pin

Hinh 3.17. Két qua dé thi mé phéng hiéu sudt mach chinh luu don

Hinh 5.5 thé hién hiéu suét chinh luu cta diode khi thay d6i cong suét dau vao.
Qua d6 thi ta thiy hiéu suat chinh luu déi v&i mach chinh luu don dat dinh diém o
mirc cong suat +15 dBm, qua trinh ting hiéu suit nay kha tuyén tinh tir cong suat 0
dBm dén 10 dBm diéu nay hoan toan phu hop véi 1y thuyét vé dac tinh su tuyén tinh
ctia diode. Tuy nhién khi ting mutc cong sudt dau vao ta thiy xudt hién su suy giam
ctia hiéu suat, & cong suat dau vao +25 dBm hiéu sudt giam con 54.29% va khi tiép
tuc tang cong suit dau vao dén +30 dBm hiéu suét tut giam nhanh con 36 %. Hién
tugng nhu trén dung voi du doan va chimg minh 1y thuyét ¢ phan chuong 2. Khi ting
cong suit dau vao dén ngudng bao hoa ciia diode, tai d6 hang rao thé cua diode giam
kha ning hoat dong trong viéc ngin dong mot chiéu, kha niang chinh luu phén cuc
ctia 10p tiép giap bi tut giam do su chénh ap gitra hai bén giam xudng.

Két qua mé phéneg S11, S21 mach chinh luu nhédn dién dp
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m2
pin=18.000
dB(S(1,1))=-19.139
Min
£
_1|:__
S
= 4
o 14—
= -
16—
18—_ m2
= T | | '
] 5 10 15 pui) 25 30
pin
Efﬁciencyz(P_Oul.p[:::O]f‘dbmtow(HBZHB pin))y*100
a0 m1
i m1
indep(m 1)=26.000
e plot_vs(Efliciency, HB2 HB.pin)=78.071
b Peak
60—
=
g 4
2 sy
=] 4
w
40—
30—
L LI e o oy o o o
o 5 10 15 pui) 25 30
HB2.HB.pin

Hinh 3.18. Két qua dé thi mé phéng mach chinh lwu nhédn dp

Voi két qua md phong Hinh 5.6 ciing cho két qua twong tw. Tuy nhién véi mach
chinh Iyu nhan 4p ta thay rang hiéu sudt dinh cao hon so véi mach chinh luu don.
Bén canh d6 hiéu suét dinh dat tai diém cong suét dau vao kha 16n +27 dBm. Mot két
qua phu hop voi 1y thuyét thuc nghiém. V61 mach chinh luu nhan &p cho phép chinh
luu ca hai nita chu ky cua tin hiéu do d6 viéc dat hicu suit cao hon so véi mach chinh
lru don chinh lvu mot nita chu ky 13 hién nhién.

3.5.3. Két qua do kiém thuce té

Phwong phap thuwe hién

Dé tién hanh thuc hién danh gia hiéu sudt chuyén d6i cua hai loai cdu trac trén.
Thay vi phai thiét ké cac Ang ten thu va phat c6 goc va do loi bé, ta thyc hién phuong
phép kiém tra nhy mo hinh sau:
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Waveform Gennerator MXG

Array antenna

Tao rachim song ¢6 cong sustIon

T
lru 1 lwu 1
Hinh 3.19. M6 hinh kiém tra qua . o . B
. 1 Hinh 3.20. M6 hinh kiém tra qua khong gian
spliter
Phuong phap nay loai bé cac mang an ten, mic dinh cong sudt dau ra tai cac
dau ang ten 1a gidng nhau va c6 hiéu suat tdi da. Do d6 voi phuong phap nay ta tranh
duogc cac cong viéc phirc tap trong vigc thiét ké, thir nghiém ché tao céc ang ten co
goc va d6 loi nho nhu dau ludn vin co dé cép dén. Thay vao d6 phuong phap niy
cung cip 4 dau ra tin hiéu siéu cao tan gin twong dwong nhau cho cac mach chinh
luu.

Do két qua dién 4p dau ra tai mdi mach chinh luu sau d6 ghép dién ap DC dé
thuc hién danh gia hiéu suat. Trong truong hop nay, hiéu suit cua bo khuéch dai PA
10W duoc xac dinh 1a 47%. Tai cac dau ra sau bd chia spliter dugc kiém tra hiéu
chuan qua méy phan tich phé FSV 13 truéc khi dua vao mach chinh luu.

1%

Ang ten vi ddi

Tham s6 S11 du vao mach chinh luu nhan dién 4p v6i cong suit dau vao thay
d6i 1an luong;
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Hinh 3.21. Céng sudt dau vio -10

dBm

Hinh 3.23. Do S11 patch ang ten

Két quad do dién ap chinh lwu don va chinh lvu nhan ap

Két qua do dién ap chinh luu thay dbi theo cong suit dau vao v6i diode

HSMS2850

Bang 3.6. Két qua do dién dp chinh luu

Pin Mach chinh luu don Mach chinh luu nhan ap
(dBm) (mV) (mV)
-10 0 1.8
-7 0.2 14
-4 1.8 66
-1 13.5 180
0 26 240
3 161 456
6 365 786
9 720 1127
12 1243 1972
15 1821 2977
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18 2802 4360
20 3208 5560
21 3570 6280
23 4570 7900
25 5860 10007
26 6021 12306
27 6160 13203
28 6320 14027
29 6520 14723
30 6492 15236
Tro tai 220Q 820 Q

Hiéu suat chuyén doi

Chart Title

60
50
40

30
== Mach chinh lwu don

Hiéu suat%

20 === Mach chinh Iwunhan ap

10

0
-10 -4 0 6 12 18 21 25 27 29

Coéng sudt tin hiéu dau vaodBm

Hinh 3.24. Hiéu sudt chuyén déi cia cdc mach chinh luu

Tir @6 thi hiéu sudt chuyén d6i cta cac mach chinh luu, ta xdc dinh hiéu sut
chuyén d6i ctia hai loai cau trac chinh luu ndy tai diém cong sudt dau vao +27 dBm
13 gan twong duong nhau, do d6 ta lya chon diém cong suit +27 dBm dé 1am cong
sudt dau vao cho viéc do hiéu suit cua 02 loai ciu trac trong cdu hinh ghép nbéi DC-
combine. Dé thiét lap duoc cu hinh thuc hién do duge thuc hién theo muc 4.3.1 ta
phai thiét 14p cong suat phét tai may do MXG nhu bang sau:

Béang 3.7. Tham s6 ciia dung cu do

. . Bo chi
Mach khuéch dai cong suat PA 10W 01'04 1
Gain: 14 dB Insertion Loss: 6.4 dB
P1dB: 40dBm P1dB: 37dBm
Freq range: 2+4 GHz Freq range: 0.002+4 GHz
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bé dat duoc cong sut dau ra tai mdi dau (04) cua bd chia la +27dBm, ta can
thiét 1ap cong sudt dau ra tai may MXG 13 Puxg =27 + 6.4 - 14 =19.4 dBm.

Két qua do duoc nhu sau:

Bang 3.8. Hiéu sudt ghép néi DC

Pin 04 Mach chinh luu don | 04 Mach chinh luu nhan ap
(dBm) (mV) (mV)
+27 dBm 23408 mV 51227mV
Tro tai 1.5 kQ 6.5 kQ
Hiéu suat 36.5% 42%
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3.6. Kétluan

3.6.1. Két luan

Truong hop sir dung Céu trac RF-combiner: Hiéu sudt chuyén d6i cao hon so
v6i ciu triic DC-combiner. Céu triic RE-combiner cho phép thu hiéu qua ning luong
tir nguon phat, bén canh d6 né c6 kha ning tdi uu dugc v& mit dién tich tt hon so
voi cau trac DC-combiner. Trong linh vuc tai tao nang lugng nhu 14 céc thiét bi tai
tao nang lugng wifi, thiét bi mang mac, thiét bi y té, cau tric RF-combiner cho phép
tich hop cach hiéu qua cao va lam giam kich thudc ciing nhu trong lugng ciia thiét b
1a rat 16n.

Truong hop sir dung Chu trac DC-combiner: thé hién duge vu thé vuot troi voi

kha ning chuyén d6i cong sudt 16n hon va higu suit cao hon so v6i cau tric RF-
combiner. Vi kha ning phén tai, tirc 12 kha nang chia nho dong téi tao rdi cong gop
chung lai voi nhau khi d6 céu trac DC-combiner cho phép thuc hién kha ning truyén
nang luong khong ddy voi cong suit 16n.

Vi bai toan truyén tai nang luong khong diy cong suét 1n, ning luong tai phia
thu nhan duoc rat 1on do d6 rat dé gay ra hién tuong bio hoa trén céc diode chinh luu
13 nguyén nhén truc tiép 1am giam hiéu sudt chuyén doi ning lugng tir cao tan sang
nguén mot chiéu. Hién twong ndy 1a mot trong nhitng nguyén nhan chinh lam gi6i
han mirc cong suét truyén tai ctia phuong phép truyén ning luong nay.

Luan vin d3 trinh bay nguyén nhan va dé xudt giai phap cho bai toan truyén
ning luong khong day cong sudt 16n. Vé mit 1y thuyét tac gia da ching minh tinh
kha thi ctia giai phap. Trinh bay trinh tu cac budc dé thiét ké, mo phong va ché tao
cac md hinh dé kiém chung thuc té. Budc dau da dat duoc cac két qua kha quan va
hop 1y.

3.6.2. Han ché va hwéng phat trién

Do thoi gian ¢ han, luan vin van chua thiét ké duoc mo hinh hoan chinh va tbi
wu duge cac thanh phan:

+ Phdi hop tré khang cho mach chinh luu chua dat nhu yéu cau

+ Chua c6 céac bod loc dau vao nham han ché hai va céac spur anh hudng dén hién
tuong bao hoa cua diode, lam giam hiéu suét chinh luu

Qua trinh gia cong ché tao ciing chua dugc kiém soat triét dé, thanh phan vat
liéu FR4 ¢6 mat do phan bd khong dong nhat, day 1a nguyén nhan gy ra sy mat phdi
hop tré khang trén toan bd mach rectenna. Bén canh d6 mach dugc thiét ké st dung
cac thanh phan phan tir tap trung nhu ty va cam do d6 dic tinh trd khang ciing bi thay
d6i nhiéu khi moi truong xung quanh thay d6i.

Trong thoi gian t6i, toi dé xuat hudng phét trién nhu sau:

+ Hoan thién, ti vu thiét ké cho cac mach module: Mach chinh luu, Mach loc

dau vao va mach mang ang ten.
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+ Lya chon loai vat liéu va kiém soat gia cong k¥ hon.

+ Nghién ctru thiét ké céc loai dng ten c6 nhiéu chim tia — Antennas for multiple
spot beam

+ Nghién ctru cac giai php khac cho bai toan truyén ning luong khong day
cong suét 16n.
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