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MO DAU

Véi thoi dai cong nghé ngay maot phét trién, dac biét 13 trong linh vuc truyén thdng
khong day, khi s6 lugng san pham dich vy céng nghé tang 1én mot cach nhanh chéng trong
moi mit linh vuc x4 hoi, va nhu mot diéu tat yéu, hé qua cua su phat trién do 1a su can kiét
vé tai nguyén phd tan. Tai nguyén pho tan 1a hiru han, véi mac s dung hiéu qua chi tir 5-
10% phé tan & nhu & nudc ta hién hay din dén sy 1ang phi tai nguyén rat 16n. Hon nira, nhitng
dich vu duoc cap phép lai thuong sir dung khdng hiéu qua ngudn tai nguyén nay, dan dén
nhiéu dich vu dang phai “chen 14n” nhau trong dai tan con lai gdy ra nhitng tré ngai rat 16n
cho sy phat trién cua hé thdng truyén théng ndi chung va hé théng truyén thong khong day
noi riéng trong twong lai. Nhan thiy duoc nhitng ton tai trén, hé thong vé tuyén kha tri (CR)
ra doi déng mot vai trd nhu mot giai phap hiru hiéu dé khac phuc tinh trang sir dung tan sé
mot cach lang phi va kém hiéu qua.

Hién nay, hé thong vo tuyén kha tri da va dang dugc cong ddng cac nha nghién cau, cac
nha cdng nghiép vién thdng, cac vién va cac trudng trén thé gisi quan tam nghién ctu, thuc
nghiém va trién khai, ddng thoi 12 mot trong nhitng cong nghé cha dao tiém ning cho cac
mang v tuyén thé hé sau nhu thong tin di dong 5G...

Trong hé thong vo tuyén kha tri, hiéu ning ctia nd phu thudc rat 16n vao viéc cam nhan
chinh x&c tai nguyén pho tan. Hay noi cach khac van dé cam nhan phé tan dong vai tro quyét
dinh trong viéc chiém dung tai nguy@n mot cach téi uu. Dé dat duge diéu nay, hé thong ang
ten can thiét ké doi hoi vo cing cao nham muc dich c6 thé cam nhan va tai cau hinh tan sb
mot cach linh hoat va hiéu qua nhat. Trudc day, mot sé6 mau ang ten da dugc trinh bay voi
muc dich st dung cho vo tuyén kha tri véi cac phuong phap tai cau hinh khac nhau. Trong
noi dung Ludn van, mau ang ten st dung tu dién kha dung cho hé thong CR s& duoc thiét ké,
mo phong va danh gia két qua.

Trong khudn kho Luan van, su ra doi cia hé théng vo tuyén kha tri, ly thuyét tom luoc
va md hinh kién trlc va viéc danh gia hiéu ning vé viéc cam nhan phd tan da duoc trinh bay.
Va quan trong hon ca la thiét ké mau ang ten sir dung tu dién cho hé thdng vo tuyén kha tri
da duoc trinh bay. Luan van véi dé tai: “Nghién ciu, Thiét ké sing ten cho hé thong vo
tuyén kha tri” ngoai phan mé dau va két luan, két cau co ban gém c6 3 chuong:

Chuwong I: Tong quan vé vo tuyén kha tri
Chuwong II: Ang-ten sir dung trong vo tuyén kha tri

Chuong III: Thiét ké va mo phéng fing ten trong vé tuyén kha tri
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CHUONG 1: TONG QUAN VE VO TUYEN KHA TRI

Tan s6 1a mot ngudn tai nguyén vo clng quy gia trong thdng tin vo tuyén. Hién nay, tan
s6 van con 1a mot ngudn tai nguyén han ché. Sw gia ting nhu cau caa thdng tin khdng day kéo
theo nhu cau cai thién chat lwong vé luu lugng, tinh tin cdy, dich vu... C6 rat nhiéu ¢ng dung
v tuyén cuing sir dung ngudn tai nguyén han ché nay.
1.1. Khai niém vo tuyén kha tri

Pinh nghia “V6 tuyén kha tri” duoc nhin nhan theo rat nhiéu cach khac nhau, va cac
dinh nghia nay van dang duoc phat trién trong cac Vién nghién cau va céc t6 chirc chuan, nhur
IEEE-1900 va dién dan SDR. V& tuyén kha tri hoan toan cd thé duoc dinh nghia nhu 14 ...mgt
vO tuyén c6 thé nhdn biét diroc méi truwong xung quanh va thich izng mét cach kha tri”, nghia
la vo tuyén kha tri 1a mot thiét bi Vo tuyén linh hoat va kha tri, c6 thé thich ang véi su thay
ddi ciia moi trudng, V4i yeu cau cua nguoi dung dé va cac yéu cau cua nhitng nguoi ding vo
tuyén khac cuing chia sé méi treong pho.

1.2 Kién tric mang vé tuyén kha tri

Mang v tuyén kha tri dang duoc phét trién dé giai quyét cac van dé cia mang khdng
day hién nay, lién quan t6i su han hep cua phé tan va thiéu hiéu qua trong st dung phé tan.
CRN dem lai kha ning nhan biét pho tan trong méi truong vo tuyén. Céc kién trdc mang
khong day dang ton tai sit dung hdn hop nhiéu chinh sach phé va cong nghé truyén théng
khac nhau.
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Hinh 1.1: Kién tric mang vo tuyén kha tri.
1.3. Chu trinh hoat ddng cia vo tuyén kha tri

Kha niang nhan thirc cho phép vo tuyén kha tri twong thich véi cac thay d6i ciia moi

truong dé xac dinh céc théng sé truyén thich hop va thich ang véi méi truong vo tuyén dong.
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Hinh 1.2. Chu trinh nhan thirc trong vo tuyén kha tri
1.4.  Kién tric vat ly cia hé thong vo tuyén kha tri
Kién tric chung caa mot hé théng thu phét vo tuyén kha tri dugc minh hoa nhu hinh
dudi day. Trong d6 cac bo phan chinh cia hé thong 1a phan dau cubi -RF (FrontEnd) va phan
xtr 1y bang gbc. Mdi bo phan déu co thé dugc tai cau hinh théng qua dudng didu khién nham
thich @ng voi cac diéu Kién thay doi lién tuc ciia moi truong.
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Hinh 1.3: Kién trac chung cia mét hé théng thu phat

Néu nhu phan xt 1y bang gdc twong tu nhu cac hé théng thu phat binh thuong thi phan
dau cudi RF (Front — End) tao nén sy khéc biét va tién bo cua CR. Kién trdc cua phan dau
cudi RF (Front — End) duoc md ta & hinh 1.4 duéi day

Uu diém cua phan RF trong hé thong CR 1a kha ning cam nhan bang rong, ¢ thé diéu
chinh dén bat ct phan nao trong dai tan s6 rong Ién. Hon nita né ¢é thé do luong cac thdng

tin phd tir méi trudong dé phuc vu cho chire nang cam nhan phd. Céc bo phan chinh cua khoi
dau cudi RF gom co:
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Hinh 1.4. Kién trdc phan dau cudi RF (Front-End)

Chike niing va hoat dong ciia hé théng vo tuyén kha tri

1.5.1. Chirc nang
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Quy&t dinh chuyén giao, théng in v& phé tn hién tai va trong fai
Hinh 1.5: Cac chire niing truyén thong trong mang vo tuyén kha tri.

1.5.2. Hoat ddng trong mang vé tuyén kha tri

Céac mang vo tuyén kha tri 6 thé duoc str dung dé khai thac cac hb phd nay théng qua
cac cdng nghé kha tri.
1.6. V0 tuyén dinh nghia bang phan mém
1.6.1. Gigi thigu

V6 tuyén dinh nghia bang phan mém — Software Defined Radio (SDR) la k¥ thuat
quan trong dé thuc hién vo tuyén kha tri. Trudc khi vo tuyén kha tri ra doi, SDR chu yéu phuc
vu cho ché do da nhiém va thiét bj khong day da chuan. Tuy nhién, vai tro caa SDR trong vo
tuyén kha tri 12 vo cling quan trong, né thuc hién cac chirc nang (nhan thic, cam nhan, ... ),

tu dong thich tng nhanh véi su thay ddi cuia méi trudng vo tuyén.
Pé trién khai vo tuyén kha tri tir SDR, chi can thém vao SDR cac khéi xtr 1i théng minh

nhu chia sé pho tan dong (DFS), diéu khién cong suat (TPC), va khoi cam bién méi truong
(IPD).
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Hinh 1.9 & dudi m6 ta sy khac nhau giira cac hé thong vo tuyén thong thuong, vo tuyén

dinh nghia bang phan mém va vo tuyén kha tri
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Hinh 1.9. So sanh vo tuyén kha tri véi vo tuyén thong thwong, vo tuyén duge dinh
nghia bang phan mém SDR
1.6.2. M@ hinh vé tuyén kha tri dwa trén SDR

M6 hinh ciia mot hé théng vo tuyén kha tri dya trén SDR dugc md ta trong hinh 1.10.
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Hinh 1.10. M6 hinh v6 tuyén kha tri dwa trén SDR
1.7.  Ung dung caa vo tuyén kha tri
V6 tuyén kha tri duoc tng dung rong rai trong viéc cai thién nang cao chit luong hoat
dong hé thong thong tin khéng day, hién tai ciing nhu thiét 1ap céc hé théng thong tin khong
day méi. Hinh 1.11 Minh hoa vé sy thay ddi cua hé théng vo tuyén trudc va sau khi trién khai

cong nghé vo tuyén kha tri.
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Hinh 1.11. Sw thay déi caa hé théng thong tin khong day khi sir dung vo tuyén kha tri

1.8. Tong két chwong I

Chuong I di cung cap céc thong tin khai quat vé hé thong vo tuyén kha tri (CR). He
thdng vo tuyén kha tri 1a mot cong nghé méi nham giai quyét van dé stir dung pho tan khéng
hiéu qua c6 kién tric dua trén SDR. Hé théng gom 4 chtic nang chinh 13 cam nhan phd, quan
ly phé, dich chuyén pho va chia sé pho. Trong d6 kha nang kha tri va ty cau hinh dong vai tro
chinh trong su hoat dong cua hé thong vo tuyén kha tri. Bé cé thé thuc hién dugc cac chic
nang dac biét trén, hé théng vo tuyén kha tri da co su thay doi va nang cao trong kién trdc cua
minh so véi cac hé thong thong tin vo tuyén trude day. Cu thé 1a & bo phan dau cudi RF, dugc
tao nén tir c4c phan tir dic trung nhu dng ten bang rong, khuéch dai cong suat, bo loc thich
g, d cho phép CR diéu chinh trong cic bing cua mot dai pho rong dap (ing cac yéu cau
hoat dong cua hé théng. V&i kha nang cam nhan méi trudng va ty thich nghi, vo tuyén kha tri
d3 mang lai nhiéu co hoi str dung pho tan hon cho cac dich vu va ngudi dung chua duoc cap
phép, déng vai trd quan trong trong cac hé thong thdng tin ngay cang hién dai.
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CHUONG II: ANG-TEN CHO VO TUYEN KHA TRI

2.1. M@t s6 tham sé co ban cia ding ten
2.1.1. Ham tinh hwong

La théng sb dic ta hudng tinh cua dng ten, cho biét dng ten c6 buc xa vo hudng hay co
huéng va hudng nao bic xa cuc dai, huéng nao khong buc xa, tir d6 xac dinh dwoc vi tri can
dit cua dng ten. Ham tinh huéng 1a ham s6 biéu thi sy phu thudc cua cudng do truong bic xa
cua Ang ten theo cac huéng khac nhau trong khong gian véi khoang cach khéng d6i, ky hiéu
1a (0,0):

fle.0)=f(0.0)i,+ f,(6.0)is 2.1)

Trong do, 0 va ¢ 13 cac goc birc Xa cla ang ten (goc ngang va goc phuong vi).
Ham tinh hudng bién do 12 ham sb biéu thi quan hé twong d6i cta bién do, cuong do
truong bic xa theo cac hudng khao sét véi cu ly khao sat khong doi:

2

‘f{ﬁ‘@}‘=\/|fa'{9-¢°}|z+‘fa{9.¢ri

(2.2)

Ham bién d6 tuong d6i hay ham bién do chuan héa 1a ham sé biéu thi bién do, cudng
d6 truong ¢ hudng khao sat trén bién d trudng ¢ hudng cuc dai. Ham c6 gia tri cuc dai bang
1

F(B.0) =1
) 23
2.1.2. Pé thi birc Xa va dé réng blp song

Db thi btic xa hay d6 thi phuong hudéng s& cho céi nhin tryc quan vé tinh huéng caa
mot ang ten. DO thi dwoc V& tir ham tinh hudng, md ta quan hé gitta cudng do trudng bic xa
hoac cong suat buc xa ciia dng ten trong cac huéng khac nhau voi mot khoang cach khao sat
co dinh (tinh tir ang ten). B¢ don gian do thi phuong huéng thudong dugc vé tir ham tinh hudng
bién do chuan hoa va duogc goi 1 d6 thi phuong hudng chuan hda cua ang ten, cho phép so
sanh db thi cua cac ang ten khac nhau.
2.1.3. CONg sudt birc Xa, dién tré birc Xa va higu sudt dng ten

Cong sut dat vao ang ten do may phat dua truc tiép dén ang ten hoic thong qua phi
do. Trong qua trinh chuyén doi niang lwong cao tan thanh buc xa song dién tir khéng tranh
khoi c4c ton hao.

P, = P, + Py, (2.4)

2.1.4 H¢ sé tinh hweng va hé sé khuéch dai ciia dng ten
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Hé sb tinh hudng la ti sé gitta mat do céng suat birc xa cua ang ten tai mot huéng xéac
dinh trén mat d6 cong suat birc xa cua dng ten chuan (thudng goi 14 dng ten vo hudng) khi hai
ang ten cuing vi tri va cling cong suat birc xa.

Diﬁ.QI:Sig_'{'” DI:‘:?.;*]=T"
% © 27
E(6.9)|=|Emsl||F(6.0)] < D(6.0)=D,, F(6.0]

(2.8)

E(6,0) 1a gi& tri bién d6 cuong do dién treong cua ang ten khao sat & hudng (0,0) tai
khoang cach r.

E, 12 gia tri bién d6 cuong do dién truong cia dng ten vo hudng tai cung diém xét.

Hé sb khuéch dai 1 khai niém day du hon, dic trung cho dng ten ca vé dac tinh bic xa
va kha nang lam viéc cla ang ten:

_ S(E.0)
G(6.0)=n

; =1,-D|(6.¢)
% (2.9)
2.1.5Tr¢ khdng vao dng ten
Ang ten 1a tai cia may phat, tri s6 tai dugc dic trung bang tré khang vao cua ang ten.
Pién tro R dic trung cho thanh phan ning luong buc Xa thanh song dién tir, va phan
t6n hao nhiét. Bién khang X 1a do phan truong gan, bi rang budc véi ang ten (v6 cong).
DT
Er'n = Iﬂ = R:'n +ij
a (2.10)

Tro khang vao cia dng ten ngoai ra con phu thudc vao kich thude ang ten, diém va

phuong tiép dién cua ang ten. Tré khang vao anh hudng dén ché do 1am viéc cua cac thanh
phan ndi véi dng ten va ca hé théng.
2.1.6. Chi sé song dirng (VSWR)
Chi sb séng dirng (VSWR): La ti s6 cia bién do song ding (hay ti sé song ding) tai
diém bung va diém nat trén mot duong truyén song.
\-"S‘»‘v’R:& = 1+—|1—| =1
Ve 1-0] 211
Trong d6, T (hoic S;,) 1a hé s phan xa, duoc dinh nghia bang ti s6 s6ng phan xa trén
s6ng téi. Ti s6 cong suat séng phan xa trén song tai:

P (VSWR-1Y
P, | VSWR+1 )
f (2.12)
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2.1.7 Bing théng (ddi tan hoat dgng)
2.2.  Heé théng anten cho CR
2.2.1. Pdc diém

Hién nay, c6 rat nhiéu céch thiét ké mot anten c6 kha nang tu cau hinh, tuy nhién viéc
tich hop 2 mach anten bing siéu rong va bing hep c6 kha ning ty cu hinh trong mot thiét ké
anten 1a vo cing phuc tap. Vi viéc tich hgp mach anten cé kha niang bién thién c6 thé s& gay
anh huong dén cac tham sd cua anten bing rong va nguoc lai. Tawk va Christodoulou d st
dung mot co ché quay dic biét cho mau anten ctia minh dé bién di tan s hoat dong cua anten
tir 3,5 GHz sang 5,5 GHz, 7.5 GHz va 10,5GHz. Tuy nhién, toc do chuyén doi cua anten Ia
rat cham (do ban chét cua hé théng co hoc) va su phirc tap cua hé théng khién cho mau anten
nay tro nén phi thuc té.

Ang ten cé kha
nang tdi ciu hinh

Kénh khong da o y
g aay Ang ten cam bién

l

Piéu ché 1: Cam
bién phd tan (phan
tich dit liéu)

l

Piéu ché 2:

Quyét dinh phé tan
(khoang tréng phé
tan)

|

Diéu ché 3 : biéu
khién chuyén mach
(kich hoat mach
chuyén déi)

Hinh 2.1. So d6 khéi anten CR.

2.2.2 Y8u cau doi Vi dng ten bing siéu réng.

Ang ten bing siéu rong theo dinh nghia 1a mot dng ten c6 d6 rong bang tan I6n hon
20% so Véi tan s trung tam hozc do rong bang tan 1én hon hoic bang 500 MHz. Trong pham
vi ctia Luan vin, bang théng dugc nghién ctiu theo tiéu chuan caa FCC véi dai tan tir 3 GHz
dén 10 GHz nén ang ten thiét ké phai c6 bang thong bao trum dai tan nay.
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2.2.3 Mach ang ten bang siéu rong.

Déi v6i mot mach dng ten bing siéu rong chinh 12 viéc dat duoc bing théng vo cling
rong trong khi van phai dam bao duoc yéu cau vé cong suit birc xa, tinh twong hd va mét kich
thude dng ten mot cach tdi wu nhat cd thé. Mot dng ten bang siéu rong c6 dai tan bao phu tur
3-10 GHz, m¢ rong Ién toi 7 GHz.

2.2.4 Mach dng ten khe bdang hep tw cdu hinh i#ng dung trong CR

Déi vai hé théng CR, kha ning linh hoat cua dng ten ludn duoc dit 16n hang dau. Dé dat
duoc diéu d6, mau dng ten thu phat bing hep phai c6 kha ning tai cau hinh dé hoat dong &
cac dai tan sé khac nhau tai mdi thoi diém. Céc dai tan sb nay c6 duoc 1a do 4ng ten bang siéu
rong cam nhan phé va hé théng st Iy tin hiéu phat hién ra dai pho trong.

C6 rat nhiéu ky thuat duoc sir dung dé thiét ké dng ten bang hep c6 kha ning tai cau hinh
nhu st dung tu dién bién thién, cau tric MEMS hoic sir dung céc vat lidu c6 kha niang thay
ddi tinh chat dién tr.

2.2.5. Khd nang tich heop 2 dang ten

V& mat ciu trac, hai dng ten duoc dit trén cing mot mach, nhung vé ban chét thi day
13 hai dng ten riéng biét loi dung mot sé thanh phan caa dng ten con lai dé hoat dong nhu mot
ang ten day du cac thanh phan.

2.3 Mt s6 kién trac anten UWB trong cac ng dung CR.

Substrate Substrate
Patch Patch
'
ot
Grronmid Grownd | Jl
Port Port
Top View Side View Top View Side View
(a) (b)

Hinh 2.6. Anten UWB va anten UWB filtering.
(a) Anten UWB. (b) Anten UWB filtering.
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Hinh 2.7. P6 thi dic tinh:
(a) Bac tinh cua anten UWB; (b) Dac tinh cua bg loc anten UWB.

Bang viéc tich hop DMS thi mot khe duoc sinh ra trong bang UWB, khe nay c6 thé
loai bo nhiéu tir WIMAX 3.5GHz. Dong thoi, chiéu dai va bang thong khe c6 thé dugc diéu
chinh bang cach thay d6i kich thudc cia duong gap khiic DMS. Do dugc tich hop nén giam
duoc kich thudc anten.

Tiép dén, DMS thir 2 duoc tich hop tao khe thir 2 loai bo nhiéu dai hep. Hinh 2.8 cho
ta thay su doc 1ap va cau hinh cua 2 khe nay. Céc khe nay duoc tich hop theo ngay sau duong
tin hiéu nguon nuoi va duoc diéu khién boi DMS. Ta di biét thi anten UWB ¢4 thé loai bo
nhiéu dai hep khdng mong mudn. Tuy nhién, mot anten UWB mai nén duoc thiét ké néu su
truyén thong bang hep 1a can thiét. Do vay, anten kha tai ciu hinh s& hitu ich dé chuyén dbi
gitta hé théng truyén théng UWB va hé théng truyén thong UWB band-notched.

Substrate

Patch

S11(dB)

Ground iy

—_——

Port
Top View Side View

Frequency (GHz)

(a) (b)
Hinh 2.8. Anten UWB hai biing (a) va d6 thi bing théng (b).
o Ang ten tdi cdu hinh Reconfigurable UWB antenna



14
Vi anten CR-UWB c¢6 thé thay dbi cac mode giira hé thong UWB va hé thong UWB
band-notched, mot anten c6 niang kha tai cau hinh véi bang thong 2.38 — 7 GHz dugc st dung
dé dap tmg cac dic tinh mong muén. Ba chuyén mach 1a SW1, SW2, SW3 dugc tich hop
trong anten band-notched dé tao thanh anten kha tai cau hinh.

Substrate

Patch

_‘
|
I

-
C -
e

SW1 'SW2
Ground

| S
Top View Side View
Hinh 2.9. Anten téi cAu hinh UWB.

Bang viéc tich hop 3 chuyén mach vao DMS ma ta c6 thé diéu khién duoc sy cong
huéng cia ching. O md phong thi su ¢ mat cia cau kim loai dic trung cho trang thai ON va
nguoc lai. Anten 12 anten band-notched khi tat ca ¢ trang thai ON. Ngoai ra, anten ciing 13
mot anten ludng bang (dual-band). Khi tat ca ¢ trang thai OFF, anten dwoc chuyén dbi thanh
anten UWB.

e Anten CR-UWB

Bao gdm nhiéu mode hoat dong nhat, 3 DMS duoc sir dung, chung duoc in trén dudng
tin hiéu truyén dan microstrip. Tiép d6, cac chuyén mach dugc tich hop trong cac duong gap
khac DMS dé diéu khién su cong huong ciaa ching.

Dé tao anten da mode CR-UWB, bd loc 3 dai chan DMS duoc thiét ké, chung dugc in
bai 3 6 DMS trong duong dudng dan microstrip 50 Ohm c6 kich thuéc khac nhau. Ngoai ra,
cac 6 DMS nay ciing c6 thé bao gom khe cam, cac khe hinh T, hoac két hop gitra ching.

-—AK—-.
xs g h = E!i :]h,u - 5 >

1 vod
Hod

Geometry of the tri-band stop-band hlter.
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Hinh 2.10. Hinh dang ciaa b loc ba bang.

Substrate

i 18+ . p P

12

=10

-15

VSWR

- N W s U1 O N O ©

-20

= s 9 1 L L) > 1 b Ll b 1 ¥ L) v T v T v T T T Y T T 'w
Side View 15 20 25 30 35 40 45 50 55 60 65 7.0
Frequency (GHz)

() (b)
Hinh 2.11. Anten ba bing UWB (a) va dé thi dic tinh (b).

Top View

Substrate

i

Top View Side View

Hinh 2.12. C4u hinh caa anten CR-UWB.

—— Al switches OFF ]—sG1 ON and 5G2, 3G3 OF
- - -$G1, SG3 OFF and SG2 ON - - ~SG1, $G2 ON and SG3 OF
----- $G1, G2 OFF and SG3 ON . ....8G1, SG3 ON and SG2 OF

o |2:=- SG1 OFF and SG2, SG3 ON ! 1+ - - All switches ON

S11(dB3)

AT CILIE S (N PRSI SR CRL A IR ] ] ST, FSRa ) ] SR, -40 S [T {00 FE SO [ AN I/ o G KA MD S [ AR ol Yoct e |
16 20 25 30 35 40 45 50 55 60D 65 70 75 15 20 25 30 35 40 45 S0 55 8D 65 70 75
Frequency (GHz) Frequency (GHz)

Hinh 2.13. Cac ché d6 (mode) hoat déng cia anten CR-UWB.
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Cac mode hoat dong thé hién & bang 2.2.

Modes 5G1 5G2 5G3 Highest notch Middle notch Lowest notch
1 OFF OFF OFF - - -

2 OFF on OFF - 4 GHz -

3 OFF OFF ON - - 3.3 GHz

31 OFF ON ON - 4 GHz 3.3 GHz

5 ON OFF OFF 55 GH=z - -

] ON ON OFF 6 GHz 4.5 GHz -

7 ON OFF ON 5.5 GHz - 3 GHz

8 ON ON ON 24 GH=z 4 GHz 5.5 GHz

Bang 2.2. C4c ché d cia anten CR-UWB.

Véi mode 1 thi anten c6 thé sir dung & mode underlay véi cong suat rat thap, cong
nghé IR-UWB c6 thé dung dé truyén va thu tin hiéu mong muén. Ngoai ra né ciing duoc ding
nhu mét anten cam bién cho hé théng CR. Véi cac mode tir 2 dén 8, anten tré thanh anten
band-notch véi cac notch khac nhau, trudng hop nay, ki thuat OFDM-UWB dugc dung dé
thue hién cac chuyén mach ON/OFF dé tao ra anten c6 thé loai bo tin hiéu dai hep. Do d6
anten duoc thiét ké c6 thé dung cho nhiéu hé thong dé cam bién hay chan nhiéu. Ngoai ra,
anten CR-UWB c6 thé duing cho ché do UWB, ché d6 band-notched va hé théng da bang.

2.4 Két luan chwong

Chuong Il nay d3 cung cap kién thic co ban vé tu dién dua trén 16p dién moi bién thién
va cac tham sd co ban ciia mot ang ten. Ngoai ra, hai mach ang ten bang hep va bang rong
ciing dugc phan tich va trinh bay ¢ chuong.

NOi dung chuong da trinh bay duoc kich thudc cua ang ten cung stir dung trong qué
trinh mé phong. Kha nang tich hop va lam viéc cta 2 ang ten trén cung mot mach ang ten
cling da duogc ban luan. Quan trong hon ca la mach ang ten bang hep tich hop tu dién kha
dung BST nhiam tai c4u hinh tan sé da tng dung cho hé théng CR da duoc trinh bay.
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CHUONG 3: THIET KE VA MO PHONG ANTEN CHO VO
TUYEN KHA TRI

3.1 Co sé thiét ké anten
3.2 Thiét ké anten
3.2.1 Dé xuit anten thiét ké

Thiét ké dugc sir dung dé mé phong 1a mot anten tich hop UWB/Reconfigurable. Anten
nay duogc st dung dé xac dinh phd tring va dong thoi dung cho giao tiép trong hé thng CR.
Kién triic cua anten nay gém 2 thanh ph;ﬁn: Mot birc xa UWB nhu mét cam bién phé va mot
bd cong huong dai hep kha tai cdu hinh dé két ni trao doi thong tin. Ching duoc két hop
trong cung chit nén. Do d6, mot monopole dia hinh elip da dugc lya chon nhu mot bo bic xa
UWB v6 huéng, bao phu toan bo dai tin 3.1 — 10.6 GHz, va mot khe cong hudng dai hep
duogc dung dé tai cAu hinh tan sd giao tiép trong dai mong muén. Bang nhitng kiém dinh chinh
Xac, tai trung tdm cua dia c6 d0 nhay dong dién thép. Bo&i1 vay, anten dai hep co thé duoc két
hop trong dia cong huéng ma khong lam giam kha niang cam bién cua anten.

40 mm

n
o
-~

36 mm

Hinh 3.1. Kién truc anten tich hgp UWB/Reconfigurable.
3.2.2 Thaec hién thiét ké va méd phéng bang phan mém HFSS
Str dung chit nén RO4350 (¢ = 3.48) v6i do day 0.662 mm.

Tao hinh elipse va bd birc xa UWB bang chét liéu dong (cupper) véi elipse & mit phiang
day c6 kich thudc ban truc chinh bang 17 mm, ban truc nhé bang 9.5 mm. Hinh elipse & mat
trén c6 ban truc 16n 1a 20 mm, ban tryc nho 1a 22.95 mm, duoc cdp ngudn qua port 1 thong
qua hai doan vi dai, mét doan dai 5.5 mm va rdng 2 mm, doan con lai rong 1.214 mm. Khoang
cach giira 2 elipse 1 0.5 mm. Khe cong hudng v6i diode bién dung cé dién dung duogc thay
d6i tir gia tri 0.5 pF dén 3 pF, dién tro ¢6 gia tri 6.7 kOhm. Cap ngudn cho anten nay ciing 1a
mot duong vi dai cé chiéu dai 18.5 mm, rong 1.514 mm thong qua port 2.

Mot sé hinh anh anten duoc vé tir phan mém md phong va cac thiét dit tham sé:
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15 30 (mm)

Hinh 3.2. Anten nhin tir trén xuéng theo truc z.

Hinh 3.3. Cau trdc phan anten déng vai tré ti cau hinh tan sé.
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I
0 15 30 (mm)

Hinh 3.4. Anten quan sat theo gdc nghiéng.

0 40 80 (mm)

Hinh 3.5. Hinh anh day di gém hop bién hap thu bic xa bao quanh anten.

Solution Setup

General |Optior15 I Advanced I Expression Cache I Dervatives I Defaults I

Setup Name: Setup

[V Enabled [” Saolve Ports Only

Solution Frequency: IT.E IGH: ;I

Hinh 3.6. Thiét lap tan s6 hoat déng.
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Sweep Mame:  |Sweep]
Sweep Type:  |Fast |
~ Frequency Setup
Type: | LinearCount Bl
Start |2 [GHz  ~] Display >> |
Stop 12 ||3|-|2 |
Court 100

¥ Save Fields

¥ Enabled

Count Frequency

2GHz

21N Mo mMOoGHz

2. 2020202020202GHz

2.3030303020303GHz

2.4040404040404GHz

25050505050505GHz

e = I & I R T R SR

2 BOBOBNEOE0E0ET GHz

Hinh 3.7. Thiét 1ap dai tAin md phéng.

Variable |Cap

" Single value
& Linear step
7 Linear count
" Decade count
" Octave count

" Exponential count

Start: ID-5 I pF

Stop: |3

|eF

Step: IEI.E ||:|F

Warnahle

D ezcrption

Cap

Linear Step from 0.5pF to 3

Ipdate »»

Delete

Hinh 3.8. Thiét lap dai gia tri dién dung cho tu bién dung dé khao sat.
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3.3. Két qua mo phong va danh gia.
3.3.1. Két quad mé phéng.

He so phan xa HFSSDesignl &
Curve Info
— dB(S(L,1)
Setup : Sweepl
— dB(S(2.2))
Setup : Sweepl

o
o
S

o

o

S
IIIIIIIII

S
8
|

T T T T
2.00 4.00 6.00 8.00 10.00 12.00
Freq [GHZ]

Hinh 3.9. P thi hé sé phan xa tai dién dung 0.5 pF.

VSWR HFSSDesignl &,

Curve Info
—— abs(VSWR(1))
Setup : Sweepl

T —— abs(VSWR(2))
T Setup : Sweepl

T T T T
2.00 4.00 6.00 8.00 10.00 12.00
Freq [GHZ)

Hinh 3.10. Pd thi VSWR tai dién dung 0.5 pF.

Hinh 3.10 mo ta hé s6 phan xa ciia anten tich hgp gom 2 anten thanh phan. Dé thay 1a
hé s6 phan xa ctia anten UWB (S;; ) < -10 dB trong hau hét dai pho tir 2 GHz dén 12 GHz.
Con hé s6 phan xa cia anten tai cau hinh (S,, ) < -10 dB tai dai phd hep khoang 0.25 GHz tir
7.15 GHz dén 7.4 GHz.

Hinh 3.11 thé hién tham s6 VSWR. Tuong tmg nhu hé s6 phan xa, VSWR (1) <2 ciing
gan nhu bao phu dai tin s6 khao sat, va VSWR (2) < 2 tai khoang pho rat nhé tuong tng voi
tan s6 hoat dong cua anten khi dugc st dung cho vai tro truyén thong.
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dB{GainTotal)

4. 2312e+000

2. 6253e+080
.B195e+080
. 8631e-081
. 1921e+006
. 7980e+008
. 4838e+000
. BEa96e+08@
. B154e+000
.B221e+001
. 1827e+0@1
. 3433e+0@1
. 5839e+0@1
. B645e+@@1
. 5250e+0@1
. 9856e+0@1
J1462e+081

Hinh 3.11. Pé thi birc xa ciia anten UWB.
Do loi ciia anten UWB thé hién qua hinh 3.20. D6 loi cang ting twong tng véi mau sic
dam dan va dat 16n nhat khoang 4 dBi ing v6i mau do. Do thi trai déu ra ca ba truc dé co thé
thue hién nhiém vy cam bién mét cach hiéu quéa nhat.

dB(GainTotal)

5. 2845e+808

3. 2572e+000
. 3999e+006
. 3740e-0@1
. 5847e+B00
. 5320e+000
L 4793e+000
4267 e+B00
. B374e+001
. 2321e+801
L 4269e+801
.B216e+B801
. 8163e+801
.B111e+801
. 2858e+001
L 4Ba5e+B@1
. 5952e+8@1

Hinh 3.12. Pd thi birc xa ciia anten tai ciu hinh tan sé tai di¢n dung 0.5 pF.
Khi anten duoc dung trong vai trd truyén thong thi do thi birc xa ctia anten c¢6 hinh dang
bau duc trai doc theo truc z, d loi cla anten cling tdng dan ra hai dau tuong ung, dam bao
cho nhiém vu két ndi va truyén thong véi cac hé thong truyén thong khac.
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Hesophanxa

=
=
=]

T ———

Curve Info

— dB(3(2,2))
Setup : Sweep1
Cap=0.5pF

— dB(3(2,2))
~ | Setup : Sweep1
10.00 Cap=ipF’

| — dB(3(22))
Setup : Sweep1
= Cap="1.5pF"
21500 — dB(3(2,2))
v, n Setup : Sweep1
] Cap="2pF

_ — dB(5(2,2))
Setup : Sweep1
20.00 — Cap="2 5pF

B dB(S(2,2))
. Setup : Sweep1
Cap="3pF"

-5.00

-30.00 T T T T T T T . . . T T T T T T T
2.00 4.00 6.00 8.00 10.00
Freq [GHZ]

Hinh 3.13. Két qua md phéng véi gia tri tu thay ddi tir 0.5 pF dén 3 pF.
3.3.2 Danh gia

Tir két qua méd phong c6 duogc, ta nhan thiy kién trac anten UWB tich hop tai ciu hinh
tan s6 hoat dong vé co ban di dap tng duoc yéu cau dit ra.

Két qua md phong ciing cho thay anten UWB ¢6 kiéu btc xa gan nhu dang huéng véi
d6 loi toi da ti da 3,12 dB tai 6 GHz va hiéu suat birc xa cua no 1a gan 98%, day 1a gia tri rat
cao nhung c6 thé du doan dugc do muc suy hao rat thip cua chat nén sapphire.

Trong d6, anten UWB dong vai tro cam bién, vé bang thong da dat duoc du rong dé bao
phu dai tin 3 GHz — 10 GHz. Anten cam bién ciing c6 do loi kha thap, 16n nhét 13 4 dBi, so
v6i yéu cau vé d6 loi 0 dBi ciia anten UWB thi c6 thé tam chip nhan. Phéi hop tré khang cta
anten nhinh chung dat yéu ciu, tuy nhién néu c6 thém thoi gian thi ¢6 thé nghién ctiru thém
dé t6i wu hon nita trude khi dua vao ap dung trong thuc té.

béi vé6i anten phén ttr thr hai c6 nhiém vu tai cau hinh tan s6 hoat dong, tur két qua mo
phong cho thay anten da cho hiéu qua nhu mong doi, d6 1a khi thay d6i gia tri dién dung ting
tir 0.5 pF — 3 pF thi tan s6 hoat dong ciing bién thién giam dan trong dai tin 6.5 GHz — 7.5
GHz.

3.4 Két luan chwong

Chuong 3 da trinh bay mot kién triic ang ten cu thé tng dung trong hé thong CR. Ang
ten duoc thiét ké va mo phong bang phan mém HFSS cho két qua twong ddi tét véi biang
thong rong bao phi dai tan 3 GHz — 10 GHz, tan s6 hoat dong thay doi tir 6.5 GHz — 7.5 GHz
khi diéu chinh gid tri tu dién bién dung tir gia trj 0.5 pF — 3 pF. Nhu vay, hai dng ten bing
siéu rong va Reconfigurable duoc tich hop trong cing mét kién tric co thé vira dong vai tro
cam bién, vira ding dé truyén thdng trong hé thong CR sé& gilip giam thiéu dugc kich thudc,
tan dung duoc khdng gian cho céc thanh phan khac caa hé thdng, gop phan xay dung nén céc
hé thdng truyén thong ngay cang tién tién va hién dai.
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KET LUAN
Théng qua Luén vin, hoc vién da thuc hién nghién ciru, tong hop céc van dé ly thuyét
co ban, tir d6 hiéu duoc nguyén ly hoat dong caa hé théng vo tuyén kha tri. Sau do, luan van
di sau vao tim hiéu phan hé ang ten cho hé thng vo tuyén kha tri. Biém mau chét rat ra la
phan hé ing ten cho hé thdng v tuyén kha tri can sy phdi hop cua 2 phan tir dng ten: mot
phan tir dng ten bang siéu rong 1am nhiém vy cam nhan phd va mot phan tir ang ten c6 kha

nang tai cau hinh tan sb hoat dong dé thyuc hién thu phaét tai cac ving phé tréng.

Thiét ké @& xuat da duoc kiém ching qua phan mém mé phong dién tir HFSS. Dya theo

két qua md phong, dng ten hoat dong tot trong dai tan tir 6.5-7.5 GHz

Uu diém dat dwoc

- Mau ang ten ¢tng dung trong hé thong vo tuyén kha tri stir dung tu kha dung dap ng
duoc nhu cau st dung phd tan véi yéu cau hiéu qua cao théng qua kha ning tu cau
hinh.

- Nang cao kha ning linh hoat trong viéc sir dung tan sé mot cac téi wu.

- Tiét kiém dién tiét do thay vi phai str dung nhiéu dng ten hoat dong cho tirng dai tan
s6 khac nhau thi chi cin mot ang ten tu cau hinh lai 12 c6 thé dat duoc tan sé hoat dong
mong mudn.

Han ché

- Trong Luan van nay, viéc nghién ctru chi dirng lai ¢ qua trinh mé phong ang ten (rng
dung cho hé théng v tuyén kha tri st dung tu kha dung cho cac (g dung truyén dan
khong day

- Ngoai ra, mau ing ten ciing chua thé tién tai qua trinh ché tao va do dac thuc nghiém
do sy han ché vé mat cong nghé ciing nhu hé théng vo tuyén kha tri van dang trong
qué trinh nghién ctru va méi chi 1a budc khai dau cho hé théng vo tuyén tuong lai sau
nay.

Huwong nghién ciru:

- Luan van nghién ctiu 1a mot bude dém nhoé nhiam déng gop muc dich phat trién mot hé
thong kha tri trong twong lai sau nay.

- Luan vin cling hudng téi viéc sir dung vat liéu dac biét nham thay doi tham sb cua idng
ten thay vi str dung cac phuong phap khac.

- Nghién ctu tinh toan thiét ké va md phong mot ang ten vi dai bang siéu rong co bang
thong bao phua hét dai tan tir 3 — 10 GHz dé dap tng dugc yéu cau ciia ang ten cho cac
thiét bi di dong sir dung cong nghé bing thong siéu rong.



