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LOI CAM POAN

T6i xin cam doan luan van tot nghiép: “Nghién ctru va phat trién mang anten vi dai
cAu tric 14 cAy véi bap song dai quat, d§ loi cao va mic bip phu thip cho ting
dung Wi-Fi dinh hwéng” 13 cong trinh nghién ciru cua riéng tac gia. Cac sd lidu, két
qua trinh bay trong luan van 1a hoan toan trung thyc, chua ting dugc cong bd trong

cac bat ky cong trinh nao khéc.

Trong luan vin c6 dung mot s6 tai lidu tham khao nhu da néu trong phan tai liéu tham
khao.

Tac gia luan van

Nguyé&n Minh Tran
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LOI CAM ON

Pé hoan thanh luan van tot nghiép nay, trudc tién, toi xin gui 161 cam on chan thanh va
sau sac nhat t6i nguoi Thay caa téi PGS. TS. Truong Vi Bang Giang. Thay 1a nguoi
da ludn theo sat toi, tan tinh chi bao, gép ¥ va huéng dan, dinh huéng cho tbi trong
sudt qua trinh 1am luan vin nay tai Khoa Dién tir Vién thong, Truong Pai hoc Cong
nghé. Toi khong chi duoc hoc & Thay phuong phap luan nghién ciu khoa hoc, ti con
tich lity duoc rat nhiéu bai hoc quy bau vé cach 1am viéc chuyén nghiép, 16i tu duy
danh gia sy viéc, nhitng kinh nghiém lam viéc rat quan trong cho tdi trong cong viéc
sau nay. Em cam on Thay réat nhiéu!

Tiép theo, t6i cling xin giri 10i cam on SAu Sic téi cac Thay, cac CO va cac anh chi em
trong Khoa, Bo mon va phong thi nghiém Mo hinh hda va mo phéng da ludn san sang
gitip d& tao diéu kién tt nhat cho tdi trong qua trinh 1am luan vin.

Cudi cung, tdi xin gui nhitng 1oi cam on chan thanh nhét téi bé me cua t6i, nhiing
ngudi ludn ludn ung ho, dong vién toi ca vé vat chat Ian tinh than dé t6i co thé hoan
thanh luan van tot nhat. Con cam on bd me that nhiéu!

Luén van nay duoc thyc hién trong khudn khé dé tai Khoa hoc Céng nghé cp Pai hoc
Qudc gia Ha Noi, ma sé QG. 16.27.

Mic du ¢6 nhiéu cé ging, song thoi gian thuc hién luan vin c6 han, nén luan van con
nhiéu han ché. Tdi rat mong nhan duoc nhiéu sy gop V, chi bao cua céc thay, co dé
hoan thién hon luan van cua minh.

T6i xin chan thanh cam on!

Ha Noi, ngay 25 thang 07 nam 2016

Hoc vién

Nguyén Minh Tran



3
TOM TAT

Ngay nay, con ngudi ¢6 nhu cau str dung va truy cap Internet toc d6 cao moi ltc moi
noi. Wi-Fi (Wireless — Fidelity) hay mang IEEE 802.11 la mét trong nhitng hé thong
truyén thong vo tuyén phé bién nhat hién nay. IEEE 802.11ac Ia chuan thé hé thir nim
méi nhat caa mang nay, hira hen s& dap tmg duoc nhitng nhu cau dang ting cao cua
ngudi diing véi nhiing cai thién dang ké vé toe do dir liéu, do on dinh va tin cay mang
cling nhu hiéu suat phé rat cao.

Trong noi dung luan vin nay, mot mau anten mang vi dai c6 blp séng dai quat véi ciu
trdc hinh 14 cay ung dung cho cac diém truy cap Wi-Fi ngoai troi dai tin sé 5 GHz
duoc nghién ctu dé xuat, thiét ké va ché tao.

Mang anten duoc cau thanh tir 10 phan tir anten don va duoc sdp xép tuyén tinh dé tao
blp séng dai quat. Mau anten nay duogc thiét ké trén nén vat lidu chat luong cao
Rogers RT/Duroid 5870 tm véi hang sé dién mdi €, = 2.33 va do day 1.575 mm. Dé
tang tinh dinh hudng cua anten, mot tim phan xa lam bang chat liéu FR4-epoxy duoc
dat & phia sau mang anten. Mau anten dé xuat cho két qua moé phong rat tot véi bang
thong kha rong, khoang 10.5% tan s6 trung tdm (tinh tai -10 dB suy hao phan hoi) va
d6 loi khoang 17.2 dBi (tai tan s6 5.6 GHz). Ngoai ra, mic bdp phu ctia mang anten
nay kha thap vao khoang -15.4 dB. MAu anten di duoc tién hanh ché tao va do dac tai
phong thi nghiém. Céc két qua do dac thu dugc kha phi hop véi cac sé lidu tir két qua
mo phong, dap (mg di cac yéu cau dat ra cua ung dung. Kiém nghiém thyc té cho thay
rang mang anten co thé hoat dong tbt véi cac router Wi-Fi 5 GHz trong nha cling nhu

ngoai troi.
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MO DPAU

Trong thoi dai cdng nghé hién nay, ching ta dang c6 thé truy cap internet moi ltc moi
noi, khéng chi trong cac toa nha ma ngay ca cac khu thuong mai, giai tri ngoai troi [1].
Google, mot “6ng 16n” trong lang cong nghé cua thé gidi, dang dau tu hang ty d6 la
vao du an c6 tén goi “Loon” dé cung cap hang ngan diém truy cap Internet mién phi
trén toan thé giéi [3]. Hon thé nita, voi su ra doi cua vo sb cac tng dung va céng nghé
méi nhu thuc té a0, hoi nghi truc tuyén, phim anh 3D, data streaming thi nhu cau vé
tbc do dir liéu, bang thong kénh truyén, ciing nhu do 6n dinh va tin cay cua mang
truyén théng vo tuyén dang ngay mot ting cao. Piéu nay doi hoi cac chuan mang vo
tuyén méi can ra doi dé dap tmg duoc cac yéu cau do.

Wi-Fi (Wireless — Fidelity) hay mang IEEE 802.11 la hé théng mang vé tuyén phd
bién nhat hién nay. Chuan céng nghé nay duoc tich hop trong hau hét cac thiét bj di
dong nhu dién thoai thdng minh, may tinh bang, laptop hay dong hd thong minh. IEEE
802.11ac la chuan thé hé thtr nim méi nhét caa chuan mang nay, htra hen sé dap ung
duoc nhitng nhu cau dang ting cao cua nguoi dung véi nhirng cai thién dang ké vé toc
d6 dir liéu, d6 6n dinh va tin cay mang ciing nhu hiéu suit phé rat cao. Cing véi do,
cac bo phéat Wi-Fi ngoai troi da dugc dua ra nham dap tng duoc nhu cau truy cap
Internet cua nguoi dung ngay ca khi dang & cac khu hoi chg, khu thuong mai hay giai
tri ngoai troi. Tuy vay, dé co dugc mot ving phu rong 16n, anten can c6 do loi va hiéu
Suat birc xa cao, thuong tir 12-15 dBi nhu céc thiét bi phat Wi-Fi dang c6 mat trén thi
truong. Nhung can chi y rang, do rong bap song (hay ving phi) thuong ty 1é nghich
v6i do loi cia anten. Vi thé dé giai quyét van dé nay, loai anten c6 blp song dai quat
c6 thé duoc sir dung dé cung lic dat dugce do loi cao va ving pha rong trén mot mat
phang [5].

Véi cac uu diém noi bat nhu gon nhe, dé tich hop bé mat, gia thanh thap, dé dang ché
tao, anten vi dai dang dan thay thé cac anten dipole trong hau hét cac thiét bi. Hon nita,
loai anten nay ciing d& dang cung cap duoc do loi cao bang viéc ghép céac phan tir don
thanh mot mang anten.

Trong nhirng nam gan day, c6 mot sé mau anten bap dai quat véi do loi cao da duoc
nghién cuu, thiét ké va cong bd [5-13]. Cac mang anten blp dai quat c6 bd sung thém
tam phan xa phia sau dugc dé xuat trong [5-9]. Anten dai tan V trong [5] gom c6 9
phan tir hinh lyc giac déu va co kich thude 1a 4.65 mm x 31 mm x 2.63 mm bao gom
ca tim phan xa. Anten nay c6 thé hoat dong tot trong dai tan 60 GHz cho ¢ng dung
WLAN véi bing thong xap xi 2 GHz va d6 loi 1a 15.2 dBi. Tuy nhién, mac bap phu
con khéa cao khoang -11 dB. Trong [6], mau anten twong tu bao gdm 11 phan tir hinh
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luc gidc déu dugc dua ra. Két qua mo phong kha tét véi khoang 4% bang théng va
khoang 16 dBi d6 lgi, tuy vay mac bp phu van cao gidng nhu cong trinh truge. VAn
dé nay da duoc giai quyét trong [7] v6i mau anten dai rong va mac bap phu thap cho
c4c tng dung DECT, 3G va v0 tuyén bang siéu rong. Mang tiép dién duoc thiét ké va
phdi hop tré khang rét tét da giup cho mang anten ndy c6 dugc mot bing thong siéu
rong (40% biang thong) va mac bup phu thiap khoang -22 dB. Tuy vay, do mang chi
duogc thiét ké vai 6 phan tir, nén n6 chi dat duoc 7 dBi d6 loi, khong dap tmg duoc yéu
Cau cua cac tng dung ngoai troi. Mau anten dé xuat trong [8] cho cac tng dung GSM,
3G va DECT bao gém 12 phan tir don, véi mdi phan tir don 13 mot anten don cuc
(monopole) hinh tam gidc mach dai. Anten nay c6 thé hoat dong ¢ hai bang tan 820 —
1050 MHz va 1700 — 2200 MHz véi do lgi dinh vao khoang 18 dBi. Cac mang anten
V6i cau trac Vivaldi dd dugc nghién ciu [10-11] dé dat duoc bang thong siéu rong cho
cac tng dung khac nhau. [10] trinh bay hai mau anten (8x1 va 16x1 phan ta). Trong
d6, bo chia cong suat Wilkinson dwgc st dung 1dm mang tiép tiép cho cac mau anten
nay. Tuy dat duogc bing thong siéu rong, nhung cadc mau anten nay chi c6 do lgi vao
khoang 14-15 dBi. Hon nira, con c6 2 mau anten khac véi 4x1 phan ta dugc gidi thiéu
trong [12-13]. M6 hinh trong [12] c6 d6 loi la 14 dBi so vai chi 11 dBi ¢ trong [13].
M6t s6 mang anten cho @ng dung Wi-Fi ngoai troi cling dugc gidi thiéu trong [14-16].
Trong [14], mang anten dipole vé&i do loi cao dugc thiét ké cho tng dung WLAN tai
dai tin 5 GHz. MAu anten nay c6 thé hoat dong tét trong dai tan tir 5.1 GHz t6i 5.8
GHz, véi d6 loi dinh 1a 12 dB. Mang anten 2x4 phan tir cho ang dung IEEE 802.11a
dugc trinh bay ¢ [15]. Mang anten c6 thé hoat dong tot trong dai tan tir 5.2 GHz — 5.8
GHz, c¢6 do loi 1a 13 dB trong dai tan ngoai troi 5.4-5.8 GHz, va 10 dB cho dai tan
trong nha 5.2 — 5.4 GHz. Anten ngoai troi trong [16] 1a san pham thwong mai cua
cong ty L-Com Global Connectivity. Do loi anten cua san pham nay 1a 14 dBi va n6
c6 thé hd tro hai dai tan 2.4 GHz va 5.8 GHz ca trong nha va ngoai troi.

Trong luan vin nay, mang anten vi dai véi bup dai quat cho cac diém truy cap, bo phat
Wi-Fi ngoai troi dugc nghién ctu, thiét ké, mo phong va ché tao. Mang anten duoc
cau thanh tir 10 phan tir don véi cau tric 14 cay va duoc sap xép tuyén tinh dé tao duoc
blp dai quat. Mau anten duoc thiét ké trén tim vat liéu chat lwong cao Rogers
RT/Duroid 5870tm, hang s6 dién méi e, = 2.33 va do day h = 1.575 mm. Bé ting do
loi ciing nhu d6 dinh hudng cua anten, mot tam phan xa duoc dit phia sau mang anten.
Céc két qua md phong thu duoc 1a rat tot véi bang thong khoang 10.5% va do loi xap
xi 17.2 dBi. Céc két qua nay thoa man cac yéu cau dit ra caa tng dung. Mau anten da
dugc ché tao, do dac va kiém thir tai phong thi nghiém Bé mén Théng tin V6 tuyén.
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Céc két qua do dac twong thich vai dit liéu tir phan mém md phong. Anten da duoc
kiém thtr va c6 thé hoat dong tét véi router Wi-Fi chuan n va ac.
Luan van duoc chia thanh 3 chuong nhu sau:
Chuwong 1: Téng quan vé mang Wi-Fi
Chuong nay s& tom lugc lich sir hinh thanh va phat trién chuan mang Wi-Fi, dic diém
chinh cua cac chuan mang d c6 va sap ban hanh. Cac yéu cau ki thuét cua anten cho
mang Wi-Fi ngoai troi cling dugc dua ra & chuong nay.
Chwong 2: Anten mang vi dai d9g lgi cao
Quy trinh thiét ké mang anten, hé théng tiép dién cho anten s& dugc thao luan va phan
tich tai chuong 2.
Chuwong 3: Thiét ké, md phéng, ché tao va do dac cac mau anten
Trinh bay quy trinh thiét ké chi tiét cua cdc mau anten dugc dé xuét trong luan vin.
Cac két qua md phong ciing nhu do dac va kiém thir s& dugc trinh bay & noi dung

chuong nay.
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Chuong 1

TONG QUAN VE CHUAN MANG WI-FI

1.1. Giéi thigu

Trong vai thap nién tro lai ddy, su phat trién ciia khoa hoc va cong nghé da
hoan toan thay doi cudc sdng cua loai nguoi. Cac phat kién, sang ché lam cho
cudc séng sinh hoat, 1am viéc va giai tri ciia con nguoi trd nén dé dang, thuan
tién va hién dai hon. Mot trong s6 d6 1a cong nghé truyén thong vo tuyén, dang
tré nén pho bién hon bao gio hét. Vi su ra doi ctia cong nghé nay, ngudi ding
c6 thé gitr két ndi mang ma khong can tdi bat ki soi ddy nao, hay mat khac né
c¢6 thé hd tro cho céac thiét bi di dong, diéu khién tir xa va chuyén phat dit liéu

trd nén hi¢u qua hon, nhanh hon va chuan xac hon.

Wi-Fi 12 mot trong nhitng hé thong mang vo tuyén pho bién nhat cia thé ky 21.
Wi-Fi viét tit ctia tir Wireless Fidelity 13 chuan céng nghé IEEE 802.11 (viét
ngan gon la 802.11) cling chinh 13 nhém cac tiéu chuan k§y thuat ciia cong nghé
két ndi nay do lién minh Wi-Fi (Wi-Fi Alliance) phét trién va chuan hoa [18].
Trong khi nhitng giao thirc vo tuyén khac 1am viéc tot trong nhiing trudng hop
nhét dinh, thi cong ngh¢ Wi-Fi hoat dong tdt v6i hau hét mang trong nha, cac

mang cuc bd trong doanh nghiép va cac mang cong cong.
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1.2. Lich sir phat trién chuan Wi-Fi

Niam 1985, Uy ban Truyén thong lién bang da chuyén pho tan tir 2.4 GHz dén
2.5 GHz d str dung cho cong dong cong nghiép, khoa hoc va y té (hay 1a ISM
band). C6 nghia 13 ngudi dung c6 thé sir dung ty do dai tin nay ma khong can
cap phép. Tin nay da lam kich dong tit ca cac nha phat trién cong nghé truyén
thong vo tuyén, bai vi ho co thé phat trién cac ing dung trén bang tan ndy ma
khong phai lo ngai vé mit tai chinh cho viéc mua gidy phép pho tan. Nhung that
khong may, diéu nay din dén cd rat nhidu cac tmg dung va thiét bi hoat dong

trén cung dai tan nay [18].

Pau nam 1990, IEEE nhén ra rang can c6 mot tiéu chuan co so ha tang truyén
thong vo tuyén dé dap tmg duogc cac yéu cau cua thi trudng. IEEE d3 thanh lap
mot hoi ddng quan tri chuyén trach tip trung phét trién chuan mang LAN khéng
day. Hoi dong 802.11 tép trung xem xét xay dung nhitng giai phap vo tuyén 6n
dinh, gia thanh ré, nhanh va do tin cy cao dé co6 thé hinh thanh mot chuan c6

thé duoc chap nhan rong rii sir dung dai tan ISM [18].

Nam 1997, IEEE (Institute of Electrical and Electronics Engineers) da gidi
thiéu chuan dau tién cho WLAN. Chuan nay duoc goi 1a 802.11 sau khi tén cua
nhém duogc thiét 14p nhdm gidm sat sy phat trién cta noé. Toc do t6i da ma
chuan nay hd tro 1a 2 Mbps. N6 dugc tich hop cac phuong phap nhu chuyén
tiép khac phuc 13i, trai pho truc tiép va trai phd nhay tan dé tranh nhidu. N6
cling c6 tich hop hd trg truyén thong vo tuyén hong ngoai, tuy nhién toc do tbi
da ciing chi 1a 2 Mbps [18]. Tuy nhién, 802.11 chi hd tro téc do cuc dai 1én dén
2 Mbps, sir dung bang tan 2,4 GHz cua séng radio hoic hong ngoai — qua cham
d6i voi hau hét cac tng dung. Véi 1y do d6, cac san pham thiét bj vo tuyén thiét
ké theo chuan 802.11 ban dau dan khong dugc san xuat.

Hinh 1-1: Wi-Fi moi lGc mei noi
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1.2.1. 802.11b — Wi-Fi thé hé thir hai

Vao thang 7 nam 1999, IEEE d4 phat trién va mé rong dwa trén chuan 802.11
gbc va dua ra mot chuan méi, d6 chinh 13 chuan IEEE 802.11b. Chuan nay hd
trg toc do toi da 1én dén 11Mbps sir dung cong nghé phét trai pho truc tiép
(DSSS), twong dwong voi mang Ethernet truyén thong. Tuy vy, toc do trén thuc
té ctia chuén nay vao khoang 4 — 6 Mbps. Dudi diéu kién 1y twéng (tAm nhin
thoang, khong c6 nhidu), 802.11b c6 thé truyén véi khoang cach 1én dén hang
trim mét. Nhung trong diéu kién thyuc t& voi nhidu vat can nhu tudng, cac toa
nha va can nhiéu tir cac thiét bi vo tuyén khac s& lam giam khoang cach truyén
ctia n6. Chuan 802.11b ciing thiic day cho sy hinh thanh cta Lién minh tuong
thich Ethernet khong day (WECA); mét to chirc phi loi nhuan cho viéc chuan
hda va nang cap cong nghé Wi-Fi. Vao thang 10 nim 2002, WECA da tu doi
tén hi€p hoi thanh lién minh Wi-Fi (Wi-Fi Alliance) [18].

IEEE 802.11b sir dung tan s6 vo tuyén 2.4 GHz giong nhu chuan ban dau IEEE
802.11. Cé4c hiang mudn sir dung cic tan sd nay dé giam nho chi phi trong san
xudt ctia ho. Cac thiét bi 802.11b c6 thé bi xuyén nhiéu tir cac thiét bi dién thoai
khong day (kéo dai), 10 vi song hodc cac thiét bj khac sir dung cung dai tan 2.4
GHz. Mic du viy, bang cach cai dat cac thiét bi 802.11b cach xa cac thiét bi

nhu vy ¢ thé giam duoc hién tuong xuyén nhiéu nay.

e Uu diém cua 802.11b: gia thanh thap nhét, pham vi tin hiéu tot va khong

dé bi can tro.

e Nhuoc diém cua 802.11b: toc do tdi da thap nhat, cac ung dung gia dinh

¢6 thé xuyén nhiéu.
1.2.2. 802.11a — Wi-Fi thé hé thi hai

Trong khi 802.11b van dang dugc phét trién béi nhom phat trién 802.11b
(TGb), thi nhém phat trién 802.11a ciing tao mot mé rong thir cap twong tu cho
chuan 802.11 ¢6 tén goi 802.11a. Chuén nay hoat dong tai phé tan 5 GHz, luc
d6 tai rat nhiéu quéc gia da cho str dung pho tan nay ty do khong can cap phép
(nhung van bi quan 1y). Hién nhién, pho tan nay khong qua “dong dic” nhu véi
phd tan 2.4 GHz da dugc dung cho rat nhiéu tng dung nhu mé ctra gara, 10 vi
song va giam sat tré em. Vi it can nhidu tir cac thiét bi khic va bang thong
rong hon, dung ning cao hon c6 thé duoc xdy dung v6i chuan méi ndy. Nhung

vi 802.11b duoc str dung rong rii qua nhanh so voi 802.11a, nén mot sé nguoi
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cho rang 802.11a dugc tao sau 802.11b. Tuy nhién trong thuc té, 802.11a va
802.11b duoc tao mot cach déng tho1. Do gid thanh cao hon nén 802.11a chi
dugc stir dung trong cdc mang doanh nghi¢p con 802.11b thich hop hon véi thi
trrong cho mang gia dinh [18].

802.11a hd trg bang thong 1én dén 54 Mbps va sir dung k¥ thuat hop kénh phan
chia theo thoi gian phuc tap hon, hoat dong trén dai tan 5 GHz. Tan s6 cia
802.11a cao hon so v&i 802.11b chinh vi vy da lam cho pham vi ctia hé théng
nay hep hon so voi cac mang 802.11b. Véi tan sb nay, cac tin hiéu 802.11a

cling kho xuyén qua cac vach tuong va cac vat can khac hon.

Do 802.11a va 802.11b st dung céc tin sé khac nhau, nén hai cong nghé nay
khong thé twong thich v6i nhau. Chinh vi vy mot sé hing di cung cip céc thiét
bj mang hybrid cho 802.11a/b nhung cac san pham ndy chi don thuin 13 b

sung thém hai chuan nay.

e Uu diém cua 802.11a: téc do cao, tan sé 5 GHz tranh duoc su xuyén

nhiéu tir cac thiét bi khac.
e Nhuoc diém cta 802.11a: gia thanh dat, pham vi hep va dé bi che khuét.
1.2.3. 802.11g — Wi-Fi thé hé thix ba

Khong lau sau khi 802.11a dugc goi v dé xuat, IEEE da ngay lap tirc nhan ra loi
ich ciia dang song OFDM c6 thé mang lai cho chuan 802.11b. Vao thang 7
nam 2000, luc luong dac nhiém G da duoc giao nhiém vu dwa dang song
OFDM vao phd tan 2.4 GHz va di dwa ra mot chuan méi c6 kha ning tuong
thich nguoc voi chuan 802.11b. Pay khong phai 1a mot nhiém vy dé dang,
nhung sau 3 ndm chuin méi ,802.11¢g, da duoc hoan thanh. Piém mau chbt &
day 1a cac thiét bi 802.11g co str dung k¥ thuat diéu ché ma bu (CCK) dé dam
bao viéc hd trg tuong thich véi cac thiét bi chuan b. Chinh diéu nay c6 anh
huong khong nho t6i toe d6 dit liéu ciia mang, nhung cho phép két hop dugc ca
2 chuéan va cho phép thiét bi mang 802.11 b/g cling ton tai trén mot topo mang
[17-18].

Vao nam 2003, cac san phrflm WLAN hd tro mot chuan méi hon d6 1a 802.1 lg,
dugce danh gia cao trén thi truong. 802.11g thuc hién sy két hop t6t nhat giira
802.11a va 802.11b. N6 hd tro bang thong 1én dén 54Mbps va sit dung tan sb
2.4 Ghz dé c6 pham vi rong. 802.11g c6 kha ning twong thich véi cac chuén



17

802.11b, diéu d6 co nghia 1a cac diém truy cap 802.11g s& lam viéc vdi céc

adapter mang khong day 802.11b va ngugc lai.

e Uu diém cua 802.11 g: tdc do cao, pham vi tin hi¢u tdt va it bi che khuét.

e Nhuoc diém cua 802.11g: gia thanh dit hon 802.11b, cac thiét bi ¢ thé

bi xuyén nhiéu tir nhiéu thiét bj khac sir dung cing bing tan.
1.2.4. 802.11n — Wi-Fi thé hé thi tw

IEEE di ap dung rat nhiéu k¥ thuat va phuong phap dé ting duoc toc d6 mang
v tuyén. Nhan thay su chua thoa man véi toe do hién tai cia nguoi ding, IEEE
da tao ra mot nhém ddc nhiém mdi (TGn) vao thang 9 nam 2003 dé dua ra
chuan c6 tdc d6 vuot trén 54 Mbps. Nam 2009 chuan méi Wi-Fi — 802.11n
dugc ra mat chinh. Pay 1a chuin duogc thiét ké dé cai thién cho 802.11g trong
tong sd bang thong duge hd tro bang cach tan dung nhiéu tin hiéu khong day va
cac anten. Bang viéc sir dung cong nghé phat da anten phat va da anten thu
(MIMO), 802.11n — chuan méi duoc dé xuat cho phép truyén thong véi da
ludng dit liéu, phan tach khong gian, dé ting toc do tong. Ciing nhu véi 802.11g
thi chuan nay c6 kha ning twong thich nguoc lai voi cac chuan thyc thi trude dé
trén 2.4 GHz ciing nhu véi 802.11a trén bang tan 5 GHz va pho tan 3.7 GHz
(802.11a dugc md rong dén 3.7 GHz boi chuan 802.11y dua ra vao thang 11
nam 2008) [18].

Trong khi MIMO c6 thé cung cip toc do dit liéu cao hon va kha ning khang
nhiéu cao hon, nhung né van c6 nhung gidi han luong dir liéu truyén di trong
phé tan tic nghén nhu 2.4 GHz. Cac két ndi 802.11n s& hd tro toc do tdi da
600Mb/s (trén thi truong phd bién c6 cac thiét bi 150Mb/s, 300Mb/s va
450Mb/s), tbe do ti da hd tro cho pho tan 2.4 GHz 1a 104 Mbps. 802.11n ciing
cung cip pham vi bao phu tot hon so véi cac chuan Wi-Fi truéc né nho cudng
d6 tin hiéu manh ciia n6. Chuan nay cé thé hoat dong trén ca hai bang tan
2,4GHz 1an 5GHz va néu router hd tro thi hai bang tin nay c6 thé cing dugc
phat séng song song nhau. Thiét bi 802.11n s& twong thich véi cac thiét bi
802.11g.

e Uu diém cua 802.11n: tdc d6 nhanh va pham vi tin hi¢u tdt nhat, kha

ning chiu dung tot hon tir viéc xuyén nhiéu tir cdc ngudn bén ngoai.
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e Nhuoc diém ciia 802.11n: gia thanh dat hon 802.11g, sir dung nhiéu tin

hiéu c6 thé gay nhiéu véi cac mang 802.11b/g & gan.
1.2.5. 802.11ac — Wi-Fi thé hé thir nim

Chuan Wi-Fi thé hé ther 5, 802.11ac ra doi trong nim 2013. So véi cac chuin
trude d6, 802.11ac hd tro tée do t6i da hién 1a 1730 Mb/s (s& con ting tiép) va
chi chay ¢ bing tin 5 GHz. M6t s mirc tbe do thdp hon (img véi sb ludng
truyén dir liéu thip hon) bao gdm 450 Mb/s va 900 Mb/s.

Vé mit 1y thuyét, Wi-Fi 802.11ac s& cho toc do cao gap ba lan so véi Wi-Fi
802.11n & cung s ludng truyén. Vi du khi dung ang-ten 1x1 thi Wi-Fi ac cho
tbc do 450Mb/s, trong khi Wi-Fi n chi 1a 150 Mb/s. Con néu ting lén dng-ten
3%3 véi ba ludong, Wi-Fi ac ¢6 thé cung cap 1300 Mb/s, trong khi Wi-Fi n chi 1a
450Mb/s. Tuy nhién, nhitng con s noi trén chi 1a tbc d6 tdi da trén 1y thuyét,
con trén thuc té thi téc do nay sé giam xudng tuy theo thiét bi thu phat, moi

trudng, vat can, nhiéu tin hiéu [1, 2, 18].

802.11 802.11b 802.11A 802.11g 802.11n 802.11ac

Hinh 1-2: L$ trinh phat trién caa IEEE 802.11

Hi¢n nay, hau hét cac router Wi-Fi trén thi trudng co ho tro chuan 802.11ac s&
hd trg thém céc chuan cii, bao gdm b/g/n. Ching ciing s& c6 hai bang tan 2.4
GHz 1an 5 GHz. Déi v6i nhimng router c6 kha niang chay hai bang tan cung lc
bang tan 2.4 GHz s& duoc st dung dé phat Wi-Fi n, con 5 GHz s& dung dé phat
Wi-Fi ac.

1.2.6. Cac dic diém noi bat ciia IEEE 802.11ac

La chuan mang Wi-Fi mé&i nhat con duoc biét dén véi cai tén Gigabit Wi-Fi [2],
Wi-Fi ac hira hen chtra dung rat nhiéu vu diém nhu duoc ké dén trong [25] nhu
Sau:

e Bdng thong kénh truyén rong hon
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Bing thong rong hon gitp viéc truyén dir liéu gitra hai thiét bi dugc nhanh hon.
Vi viéc hoat dong chi trén bang tan 5 GHz, IEEE 802.11ac hd tro cac kénh véi
do rong bang thong 20MHz, 40MHz, 80MHz va tuy chon thém 160MHz.
Trong khi @6, 802.11n chi hd trg kénh 20MHz va 40MHz ma thoi. Nhu da néi &
trén, kénh 80MHz thi tat nhién chira dugc nhiéu dit liéu hon 1a kénh 40MHz.
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Hinh 1-3: Cac kénh bang thong cua 802.11ac

e Nhiéu luong dir liéu hon

Ludng khéng gian (Spatial stream) 1a mot ludng dir liéu dwgc truyén di bang
cdng nghé da anten MIMO. N6 cho phép mét thiét bi c6 thé phat di cung luc
nhiéu ludng tin hiéu bang cach sir dung nhiéu hon 1 ang-ten. 802.11n c6 thé
cung cap téi da 4 luong khong gian, con vai IEEE 802.11ac thi con s6 nay duoc
day 1én dén 8 ludng. Twong tng véi d6 s& 1a 8 ang-ten, con gin trong hay ngoai
troi thi tdy nha san xuat nhung thuong ho sé chon giai phap gan trong dé dam
bao tinh tham my.

e Ho tro Multi-User MIMO

O chuan IEEE 802.11n, mot thiét bi c6 thé truyén nhiéu spatial stream nhung
chi nham dén 1 dia chi duy nhat. Piéu nay c6 nghia 1a chi mét thiét bi (hoac
mot ngudi dung) c6 thé nhan dit liéu & mot thoi diém. Nguoi ta goi day 1a ky
thuat MIMO don nguoi ding (SU-MIMO). Con véi chuan 802.11ac, mot ki
thuat mai duoc bd sung vao véi tén goi MIMO da nguoi ding (MU-MIMO).
N6 cho phép mot access point sir dung nhiéu ang-ten dé truyén tin hiéu dén
nhiéu thiét bi (hoic nhiéu ngudi ding) cuing Gc va trén cling mot bang tan. Cac
thiét bi nhan s& khong phai cho doi dén lugt minh nhu SU-MIMO, tir d6 d6 tré
s& dugc giam xudng dang ké.

Tuy nhién, MIMO da ngudi ding 12 mot ki thuat khé va o thoi diém hién tai, n6
chua cd mat trén céc access point va router Wi-Fi 802.11ac. Phai dén dot thu
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hai (wave 2) thi MU-MIMO méi ¢6 mit, nhung su hién dién ciing sé& rat han
ché.

Single-User MIMO (11n)

5§ »

g = =

Hinh 1-4: Pa ludng dir liéu trong 802.11ac

Trong MIMO, anten phat duoc ki hiéu 1a Tx va anten thu 12 Rx. Trén mot sé
thiét bi mang nhu router, card mang, chip Wi-Fi, ban sé théy nhitng con sd nhu
2x2, 2x3, 3x3 thi s6 dau tién truéc dau nhan 1a s6 anten phat (Tx), con phia sau
1a s6 anten thu (Rx). Vi dy, thiét bi 2x2 1a c¢6 2 anten thu va 2 anten phat.

o Tich hop cong nghé Beam-forming

Wi-Fi 12 mot mang da huéng, tac tin hiéu tir router phét ra sé toa ra khap moi
huéng. Tuy nhién, cac thiét bj 802.11ac cd thé sir dung mot cong nghé dung dé
dinh hudng tin hiéu truyén nhan goi 14 beamforming, hay c6 nghia 1a "dinh
dang blp s6ng". Router s& c6 kha ning xac dinh vi tri cua thiét bi nhan, vi du
nhu laptop, smartphone, tablet, dé roi tap trung day nang lwong tin hiéu 1én mirc
manh hon huéng vé phia thiét bi d6. Myc dich ciia beamforming d6 13 giam
nhiéu, ting dugc chat luong tin hiéu va ting toc do dir lidu toi ting thiét bi.
Mic di séng Wi-Fi van toa ra khap moi hudng, tuy nhién véi cong nghé
beamforming thi chim tin hiéu cé thé duoc dinh huéng tét hon dén mot thiét bi
xac dinh trong vung pha song.
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Cac chuan 802.11 khac Cong nghé beamforming trong
802.11ac

Hinh 1-5: Cong nghé beamforming

Theo giai thich cua Cisco, thuc chat bat ki tram phat Wi-Fi ndo c6 nhiéu ing-
ten déu co thé dinh dang bup. Thong thuong, dé cd thé biét chinh xac céc thiét
bi trong mang ¢ dau, thiét bi can dung dén bo xac dinh huéng séng dén (DOA).
Tuy nhién, Wi-Fi 802.11ac dung ki thuét goi 1 "sounding" dé gilip router xac
dinh vi tri cua thiét bi nhan mot cach chinh xac hon.

e Tam phii séng réng hon

Hinh 1-6 bén dudi do Netgear cung cap, theo d6 chiing ta co thé thay rang véi
cung 3 ang-ten, router ding chuan 802.11ac sé& cho tam phua song rong dén 90
mét, trong khi router sir dung chuan mang 802.11n ¢ tam phu song chi khoang
80 mét 1a t6i da. Téc d6 cua mang 802.11ac ¢ ting muc khoang céch ciing
nhanh hon 802.11n, biéu thi bang ving mau xanh dwong luén nim cao hon
ving mau xanh la. Vi nhitng nha, van phong rong, ching ta c6 thé giam sé
luong repeater can dung dé khuéch dai va lap tin hiéu, tiét kiém dugc mot phan
chi phi [25].

e Kha nang twong thich nguoc

Hién nay, hau hét cac router Wi-Fi trén thi truong c6 hd trg chuan 802.11ac s&
hd trg thém cac chuan cii, bao gdm b/g/n. Ching ciing s& c¢6 hai bang tan 2.4
GHz 1an 5GHz. Béi véi nhitng router c6 kha ning chay hai bang tan cting ldc,
bang tan 2,4GHz s& duoc st dung dé phat Wi-Fi n, con 5GHz s& dung dé phat
Wi- Fi ac.

Ciing chinh vi kha ning phat song song nhu trén ma téc d6 toi da do nha san
XUit quang céo s& la phép cong cua toc d6 téi da trén dai 2.4 GHz va 5 GHz. Vi
du, router RT-AC66U cua Asus c6 "max speed” 1a 1.75 Gbps, bao gém 1.3
Gbps cho chuan 802.11ac ¢ bang tan 5 GHz va 450 Mbps cho chuan n ¢ bing
tan 2.4 GHz [25].
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Hinh 1-6: So sanh tam phi song giira 802.11n va 802.11ac

1.3. Két luén chwong 1

Chuong nay da trinh bay tom tit vé lich sir phat trién cia chuan mang Wi-Fi. Céc
thong tin ki thuat cua ting chuan mang da duoc trinh bay cu thé. Nhu c6 thé thay,
céc chuan mang mai nhat hién nay dang chuyén dan sang dung bang tan 5 GHz voi
cac wu diém dugc chi rd. Do d6, trong ndi dung luan van nay, anten 1am viéc & dai

tan s6 5 GHz cho cac chuan Wi-Fi méi nhat duoc chi trong thiét ké.
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Chuong 2

ANTEN TRONG HE THONG WI-FI
DINH HUONG NGOAI TROT

2.1. Gi6i thiéu vé anten

Anten 13 bo phan quan trong khong thé thiéu duoc cua bat ky hé thong vé tuyén
dién nao, day chinh 1a dau cudi thu phét séng (thdng tin) cia cac hé thong vo
tuyén.

Mot hé thng lién lac vo tuyén don gian ludn bao gom may phat, may thu,
anten phat va anten thu. May phat c6 nhiém vu tao ra dao dong dién cao tan,
dao dong dién s& truyén qua fide (thiét bi ndi gitta may phat/may thu véi anten)
t6i anten dudi dang séng dién tir rang budc. Anten phéat c6 nhiém vu bién doi
song dién tir rang budc trong fide thanh song dién tur tu do bwac xa ra khong
gian. Cau tao cua anten s& quyét dinh kha nang bién d6i va birc xa ning luong
dién tir noi trén. Anten thu c6 nhiém vu nguoc Voi anten phat, nghia 1a tiép
nhan song dién tir tu do tir khdng gian bén ngoai va bién doi ching thanh song
dién tu rang budc [24].

2.2. Yéu cau ciia anten trong hé thong Wi-Fi ngoai troi

Nhu di dé cap o trén, anten la mot phan khéng thé thiéu trong cac hé thong
truyén théng vé tuyén. Di véi tirng (ng dung va hé thong riéng biét, yéu cau
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d6i voi anten 12 hoan toan khac nhau. Vi hé théng truyén Wi-Fi dinh hudng
ngoai troi, anten ciing c6 nhitng yéu cau nhat dinh, s& duoc trinh bay dudi day.

2.2.1. Biing tan hoat dong va biing thong

Y&u cau toi thiéu dau tién cua mot anten do 1a phai hoat dong tai dai tan sé cua
hé théng cua nd. Nhu da noi & muc 1, Wi-Fi dugc cap phat va thiét ké hoat
dong trén hai bang tan chinh d6 1a 2.4 GHz va 5 GHz, day 1a cac bang tan trong
dai ISM cho céng nghiép, khoa hoc va y té. Tuy vao ting chuan mang, ma
anten can phai dap ang cac tan sb hoat dong khéc nhau.

MJi dai tan c6 mot dic tinh khac nhau. Nhitng tan sé thap cho ving phi rong
hon nhung bing thong s& hep hon nén toc do dir liéu thap hon. Nhiing tan sé

cao thi c6 do phu hep hon do bi suy hao khi ddm xuyén qua cac vat ran.

Chuan Wi-Fi do IEEE thiét ké tan dung toan bo bang théng khong can cap phép
dé cung cap toc do t6i da cho ngudi dung. C6 nghia 13, véi tan s6 2.4 GHz thi
bang thong c6 thé dung 1a tir 2.4 dén 2.4835 GHz (cac chuan IEEE b/g/n hoat
dong trong dai tan nay). Vi dai tan nay, Uy ban truyén thong lién bang (FCC)
ciia My cho phép 11 kénh Wi-Fi dugc ding, Vién Tiéu chuan Vién théng Chau
Au (ETSI) cho phép téi 13 kénh truyén. Trong khi d6, Nhat Ban cho phép 14
kénh truyén hoat dong, nhung c6 yéu cau gidy phép dac biét khi hoat dong &
kénh 14 [22].

Channels
3 4 5 6 7 8 9 10 11 12 13 14

2.402 GHz }<722 MHz;;‘ 2.483 GHz

Hinh 2-1: Cac kénh bing théng trén bing tin 2.4 GHz

Tuy vay, cac thiét bi hoat dong & dai tan 2.4 GHz dé& dang bi nhidu tir c4c thiét
bi khac nhu 10 vi song, dién thoai khdng day, Bluetooh, vi thé IEEE da dua ra
cac chuan méi hoat dong ¢ dai tin 5 GHz. Céac chuan nhu 802.11 a/n hay moi
nhat 1a 802.11ac déu hoat dong trén dai tan ndy. Biang thong trén dai nay tir
5170 MHz dén 5835 MHz [22].



a0 i 200 i i 200 : 1 80011000
mW mW mW mW

5170 ‘ 5330 5490 5710 5735 5835
MHz ) MHz MHz MHz MHz MI_-Iz

'O <+ © N ©w © =T © COC)' N2 M~

: : P lo o -
IEEEChannel#-m.¢.¢<m&%8§5 JE S e e s P TR P e Pl e P e ]

ow: AAAAAAAA AAAAAAAAAAA AAAAA
™7 T 7V o vV vV V7T BT W
owi: SN SN N NN 000 s
cowk: DU AN

Kénh bing théng cap phét & Chau Au va Nhat Ban

v

"
<

M Kénh biing théng cap phat & My

< >

Hinh 2-2: Cac kénh bing thong cAp phat trén dai tan 5 GHz
Cac chuan Wi-Fi méi da chuyén dan sang dung dai tan 5 GHz va dac biét 1a
IEEE 802.11ac chi dung duy nhat ¢ tan s6 5 GHz. Vay nhitng uu diém khi hoat
dong o dai tan nay la gi.
Mot s6 ru diém cua viéc dung tan sé 5 GHz nhu sau:

e Tranh can nhiéu: hoat dong tai 5 GHz s& gilp céc thiét bi tranh dugc
nhiéu tir nhiing thiét bi gia dung nhu 16 vi séng, dién thoai, camara quan
sét, giam sat tré, Bluetooth, hay tham chi 1a tir chinh cac san pham su dung
Wi-Fi truyén thong ¢ tan s6 2.4 GHz.

e Bing thong rong: Bén canh d6, dai tin 5 GHz cho phép cac kénh bing
thong rong hon c6 thé duoc s dung. Vi du, trong khi 802.11n sir dung
kénh tan véi do rong 20 MHz dbi véi tan s6 2.4 GHz, nhung 40 MHz d6i
V6i tan 5 GHz. Hay dbi voi 802.11ac (chi hoat dong ¢ tan s6 5 GHz) sir
dung mic 80 MHz hoic 160 MHz (gop 2 kénh 80 MHz) cho phép truyén
dit liéu cao hon (it nhat 1a vé mat ly thuyét).

Do d6, luan vin nay s& tap trung thiét ké dé& xuét anten c6 thé hoat dong trong
dai tin 5 GHz (sir dung trong IEEE 802.11n/ac, cac chuan méi nhat hién nay).

2.2.2. Dp lgi

Tuy viéc st dung dai tan 5 GHz c6 nhitng wu diém khong thé chéi bo, nhung nd
cling ton tai nhirng nhuoc diém nhat dinh. Nhu ching ta di biét, trong hau hét
cac trudng hop, tin hiéu séng vo tuyén co tan s cao hon s& c6 ving phu 1a ngan
hon, hay dit liéu s& dugc truyén trong pham vi hep hon. Béi vi, tin hiéu cé tan
s6 cao hon it c¢6 kha ning di qua cac vat ran nhu tudng, toa nha nhu 14 cac tin
hiéu tan sb thap. Hon thé nira, theo Iy thuyét [4, 5], thi suy hao duong truyén &
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bang tin nay cao hon 8 dB so vai ¢ tan s6 2.4 GHz. Do d6, véi cac chuan st
dung dai tan 5 GHz, dic biét vai cac thiét bi ngoai troi, anten can phai c6 do loi
cao tir 12-15 dBi nhu cac san pham thuong mai [23].

Dé dap tng cac yéu cau cua anten cho tng dung Wi-Fi dinh hudng ngoai troi,
ly thuyét vé anten c6 d6 loi cao duoc nghién ctu, tim hiéu va trinh bay chi tiét
& phan tiép theo.

2.3. Anten c6 do lgi cao
2.3.1. Giéi thiéu

Ra doi vao cudi thé ky 19 dau thé ky 20, truyén thong vo tuyén da mang lai rat
nhiéu tién ich cho cudc séng con ngudi. Nham dap ung nhitng nhu cau dat ra
ngay cang cao cua nguoi dung, cac nha khoa hoc luén tim cac phuong phap, k¥
thuat méi dé truyén thong tin di hon va nhanh hon véi hiéu suat cao nhat. Mot
trong nhitng phuong phap dé nang cao hiéu suat hé thong Ia thiét ké anten c6 do
loi cao, phan tir khong thé thiéu trong cac hé thong truyén théng vo tuyén.

Anten c¢6 d¢ lgi cao (High Gain Antenna — HGA) la anten dinh hudng co bup
song hep va tap trung, cho phép hudng tin hiéu téi noi thu hoac muc tiéu véi do
chinh x&c hon. Véi cing mot cong suat phat, anten do loi cao cho phép hé
thong co thé truyén duoc nhiéu ning lugng hon va di xa hon, dén huéng cho
trudc, so Voi anten dang hudng; ciing nhu khi thu tin hiéu, loai anten nay cho
phép hé théng thu nhan dugc tin hiéu véi cuong d6 16n hon. Do dé, hé thong
thu phét tin hiéu s& 1am viéc hiéu qua hon, cong suat phat cé thé giam, vi thé
giam duoc chi phi duy tri, nang cao hiéu ning hé théng. Hon thé nita, HGA c¢6
d6 dinh hudng cao, chi phat va thu tai cac hudng nhat dinh tly theo hudng cua
blp séng chinh nén sir dung anten loai nay c6 thé giam can nhiéu. C6 rét loai
anten c6 d6 loi cao di duoc nghién ctu, ché tao phd bién nhu: anten chao
parabol, anten helix, anten yagi, anten hinh nén, mang anten vi dai.



27

Hinh 2-3: Cac loai anten ¢é d9 lgi cao a) anten parabol, b) anten loa, c)
mang anten vi dai, d) anten xoin (Helix), e) anten Yagi

Dua vao dic tinh caa db thi bic xa va hudng tinh, anten c6 do loi cao duoc chia
thanh 2 loai chinh la:

e Anten bup nhon (hep) (Narrow beam antenna or pencil beam antenna)

e Anten bup dai quat (Fan-beam antenna)

Anten biip nhon: 13 anten dinh hudng c6 biip séng chinh nhon va hep tai tat ca
cac chiéu. Cac anten v6i bip loai nay kha pho bién va quen thudc ching han
nhu anten Yagi, anten xodn (Helix), anten loa, anten parabol hay anten mang vi
dai vuong. Pac diém cua anten loai nay la c6 do loi rit cao va tap trung vao
huéng nhat dinh. Céc anten loai nay thuong duoc st dung trong cac hé thong
truyén thong diém diém, truyén thong vé tinh, trong d6 d6 manh tin hiéu bi suy
hao nhiéu do quing dudng truyén kha 16n.

Hinh 2-4: Gian d6 hwéng tinh dic trung cia anten blp nhen
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Anten bup dai quat: la loai anten dinh hudng c6 bup song chinh c6 do rong
blp séng hep tai mot chiéu va rong hon & chiéu con lai. Anten loai nay vira
cung cap duoc dd loi cao lai co dugc ving pha rong Ion trong mot mat phang.

a8l asi
2.9 19.3
8.86 13.3
6.45 .68
503 6.03
1.61 4 2.m
-1.69 -1.29
-6.78 -5.18
-1.90 18 9.8
~16.9 -12.9
22 -16.8
-27.1 -20.7
N = 20

Hinh 2-5: Gian d6 hwéng tinh dic trung cia mang khe cé bap dai quat

aBi
23.6

16.2
1.8
.97
2.95
~1.03
N1
-7.18
-10.3
-13.3
-16.4

N=6 N = 50

2.3.2. Anten mang vi dai

Maiéng anten vi dai 12 mot trong nhiing loai anten c6 d0 loi cao. Ngay nay, véi
nhimg vu diém ndi bat, mang anten vi dai dang duoc str dung rat phd bién. Tuy
vao cac k¥ thuat thiét ké, mang anten vi dai s& cho bup dai quat hodc bup nhon

pht hop véi timg yéu cau tmg dung cy thé.

Mang anten vi dai d§ l¢i cao dugc st dung rdng rai trong rat nhiéu ung dung
khac nhau. Anten bup dai quat c6 thé quét mot ving rong voi mot hudng cho
trude, dugc dung trong hé thong Wi-Fi, phat thanh truyén hinh. Anten bup nhon
c¢6 thé chiéu bup song chinh tip trung ning luwong tai mot diém, thudong duoc
dung trong cac hé thong truyén thong diém diém nhu: radar, vé tinh, vién tham.

Anten mach dai don thong thuong dugc xép vao loai anten c6 d¢ loi trung binh
tur 5-8 dBi. Tuy vay, dé c6 dugce d6 1gi cao hon, loai anten nay co uu diém rat
dé xdy dyng va tich hop dé tao thanh mang anten. Tir anten don dén mang anten
déu duoc ché tao dya trén cong nghé mach in, vi vy viéc ché tao hét sic don

gian va ré.
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Mbi phﬁn tir anten mach dai c6 thé duoc st dung nhu mét anten ddc 1ap hodc
chung c6 thé két hop voi nhau thanh hé anten, hay con goi 1a mang anten vi dai.
Mang anten vi dai c6 thé duoc tiép dién déng pha nhim ting tinh dinh hudng
cho hé anten, hoic tiép dién voi goc pha bién d6i dé c6 thé quét bup song trong
khong gian, tao ra hé anten c6 xur ly tin hi¢u hay anten thong minh [24]. Trong
ndi dung luan vin nay, cac phan tir anten don duoc tiép dién dong pha s& duogc

chi trong nghién ctru va thiét ké.

B 1}
(R

ZO=7OQ ] Z()=l 002

Hinh 2-6: Dan anten 4 phan tir tiép dién dong pha

Hinh 2-6 1a mot vi du minh hoa vé dan anten mang 4 phan tir, tiép dién dong
pha bang duong truyén vi dai. Viéc tiép dién dong pha dugc dam bao voéi
khoang cach bang nhau tir diém tiép dién chung dén mdi phan tir. Viéc phdi hop
tré khang dugc thyc hién bang cach cac doan dudng truyén mach dai co do dai
bang Agq/4 , c6 trd khang song thich hop nho thay d6i bé rong ctia dudng day vi
dai. Cac doan dudng truyén nay duoc goi 1a cac bd bién dbi tré khang mot phan

tu budc song.

Z. A/4
E § ¥ Zy,
Z Transmission line _é_._:lj

Hinh 2-7: Phéi hop tré khang bing doan phan tw bwéc song

Néu ky hiéu Z, 13 trd khang dic trung ctia dudng truyén mot phan tu budc song

(bd chuyén ddi mot phan tu budc séng) thi quan hé giita trd khang Z, voi cac
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tré khang vao Z;, va tré khang tai Z; (trong d6, mot trong 2 dai luong da biét

con dai lugng con lai can duoc tinh todn), s€ theo cong thirc sau:
ZinZy, = Z§ (2.1)

Gia str néu ta co tré khang tai 1a 100 Q va tré khang 16i vao 1a 50 Q thi tré
khang dic trung cua bd chuyén dbi phan tu budce song s& 1a 70 Q. Tic 1,
dudng truyén mot phan tu bude song véi tré khang dic trung 1a 70 Q da chuyén
tré khang 161 vao 50 Q thanh tré khang 100 Q [24].

2.3.3. Hé thong tiép dién ciia mang anten vi dai

Trong mdt mang anten, cac phan tir trong mang duoc cip ngudn boi cac bd chia
tin hiéu cao tin hay hé théng tiép dién. Dé cac dic tinh cia phan tir anten don
khong bi suy giam khi ghép thanh mang, hé thong tiép dién ctia mang d6 can
duoc tdi wu dé phéi hop tr¢ khang tot nhat, tranh duge cac mat mat toi da trén
duong truyén. Ngoai ra, voi mdi loai mang khac nhau, véi cac yéu cau vé bip
song khac nhau (blp nhon hay dai quat) thi cling yéu cau cé cac duong tiép
dién hay hé thong tiép dién ciing hoan toan khac nhau. Thirc té, cac hé thong
tiép dién trong mang anten kich thich mot ngudn 13 t6 hop cac bo chia cong suat
cao tan duogc phdi hop tré khang véi cong vao. Trong cac anten mang pha, cic
k¥ thuat vé duong truyén ciing nhu ding cac phan tir thu dong tap trung c6 thé
gitip ta diéu khién duoc bup song theo hudng cb dinh hodc giam muc bup phu
dén mot mirc cho phép. Vi thé, viéc thiét ké mot hé théng tiép dién hoan hao la

vO cung quan trong can dugc xem xét.

Céc phuong phap tiép dién cho mot mang anten vi dai dién hinh duoc phan loai
dua trén ciu trac hinh hoc c6 thé ké dén nhu hé thdng tiép dién song song, nbi
tiép. Hé thong tiép dién song song hay két hop c6 mot cong cap ngudn va co rét
nhiéu cac dudng tiép dién song song va din dén cac cong ra. Mdi duong tiép
dién duogc két ndi dén mot phan tir birc xa don. Hé thdng tiép dién thi hai d6 1a
mang tiép dién ndi tiép. N6 bao gom cac duong truyén vi dai lién tuc ma cac
phan nho ning luong duogc tuong hd t6i cac phan tir don 1é doc theo dudng
truyén boi nhiéu cach nhu tuwong gan, twong hd tryc tiép, twong hd khe. Hé
thong tiép dién ndi tiép s& tao ra mot song chay néu dudng truyén két thuc boi
mot tai phéi hop, hodac mdt mang cdng huong néu két thuc 1a mot nga‘in mach
hay ho mach. Hai loai tiép dién nay c6 thé dong phang véi cac phan tir buc xa

hodc nam & mot 16p riéng biét danh cho duong truyén.
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Heé thdng tiép dién n6i chung c6 cac dic tinh khong mong mudn can phai can
than theo ddi dé t6i thiéu cac anh hudng xdu dén hiéu sut ciia mang. Cac dic
tinh nay c6 thé 1a cac suy hao tur vat dan dién, suy hao cua chit dién mdi, suy
hao séng mit, birc xa ngugce do cac duong khong lién tuc nhu gip khic, chia
nhanh, hay chuyén d6i. Cac suy hao ndy s& tao nén suy hao chén cua dudng
truyén anh huong dén do loi toi da cia mang [20].

a) Hé thong tiép dién néi tiép
Loai anten mang vi dai duogc thiét ké dau tién d6 1a mang anten tiép dién ndi

tiép (Series Fed Array). Mdi phan tir don ctia loai mang anten nay duoc nbi tiép

dién ndi tiép nhau thong qua dudng truyén vi dai.

Hinh 2-8: Mang anten tiép dién ndi tiép 8 phan tir

Uu diém cta mang anten vi dai st dung cdu trac tiép dién ndi tiép 1a c6 cau tao
don gian, mang tiép dién nhod gon va c6 d6 suy hao dudng truyén thip hon so
v6i cac loai mang anten khac. Tuy vy loai mang anten ndy ciing c6 mot sb
nhuoc diém nhat dinh. Khuyét diém chu yéu nhét cta loai mang kiéu nay do 1a
bang thong hep, thudng da hep hon rat nhiu so voi bang théng cua nhitng phan
ttr anten don. D3 ¢6 rat nhiéu cac bai béo, bao céo dé xuat nhirng loai anten kiéu
nay va bang thong tdi da dat duoc chua dén 1%. Vi anten mach dai don c6 hé
s6 pham chat cao, néu chiing duoc dit ndi tiép nhau thi mdi phan tir nay s& anh
huong truc tiép dén cac phan tr khac. Va do d6, néu c6 bat cir so xuat hay 16i
nao trong qua trinh san xuat hay nhimg yéu t6 chua duoc xem xét can than
trong viéc thiét ké s& lam cho hiéu suat ciia mang giam xubng déng ké. Vi cong
suat cung cap cho mdi phan tir phai dugc chuyén tdi tir phan tir trudc d6 nhu
hinh trén, do vay viéc tré khang thay d6i qué nhanh tr phan tir anten dau tién
can tré qua trinh phan phdi cong suat tdi cac phan tir khac. Mic du da c6 rat
nhiéu k¥ thuat cai thién bang thong cia cac phan tir don nhu k¥ thuat ghép gan,
ky thuat ghép khe, tich hop cac k¥ thut ndy vao mang anten tiép dién ndi tiép
s€ loai bo cac day chém ho va ngén mach lam giam sb lugng hé sb tu do cua
cac phuong phap tiép dién va tinh linh dong cta no.

b) Hé théng tiép dién song song mét Chiéu
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Mang vi dai tiép dién song song la loai mang vi dai pho bién nhat. Khéng giong
nhu mang anen tiép dién ndi tiép, mdi phan tir cia mang nay duoc cap nguon
kich thich bai duong truyén riéng, doc lap véi cac phan tir khac trong mang.

Céu triic co ban cia mot hé thng tiép dién song song mét chiéu bao gom hé
thdng cac bo chia hai nhu Hinh 2-9 bén dudi. Hé thdng tiép dién corporate feed
la kiéu tiép dién phd bién trong cau trdc tiép dién song song. Vi phan bd dong
déu, nang luong dugc chia déu tai mdi ndt giao, tuy nhién, c6 thé lya chon ty 18
chia cong suat khac nhau dé tao ra phan bd khong déu trén toan mang. Néu
khoang céch tir cong 15i vao t6i ting phan tir don 1a nhu nhau, vi tri caa bup
so6ng s& doc 1ap vai tan s va tiép dién 1a bang rong. Bing viéc tich hop cac bo
dich pha hay mé rong duong truyén, hudng caa blp song chinh cé thé duogc
diéu khién. Nhuoc diém cua tiép dién loai nay d6 1a né yéu cau dudng truyén vi
dai rat dai dé ndi giira cac phan tir don véi cong vao. Do @0, suy hao chén cua
mang tiép dién rat 16n va lam giam hiéu suat chung caa mang [20].

Hinh 2-9: Mang anten vi dai véi hé théng tiép dién song song mét chiéu

Hinh 2-9 thé hién so d6 cau trdc cia mot mang anten voi kiéu tiép dién song
song vé6i 8 phan tir. Nhu c6 thé thdy, mdi phan tir don dugc kich thich boi
duong truyén vi dai riéng cua nd. Mdi duong truyén nay lai duoc két néi voi
nhau qua b t6 hop cong suat 2 cong, néu sb luong phan tir trong mang 1a 1¢ thi
bo chia 2 cong nay sé dugc thay thé bang bo chia 3 cong. Bo t6 hop cong suat
c6 thé nhu hinh trén hodc c6 thé st dung bo chia Wilkinson. Bo chia Wilkinson
c6 thé phan tach gitra cac phan tir tot nhung 1am ting d6 phtc tap va suy hao.
Chu y rang hau hét cac anten vi dai c6 bang thong nho hon bing thong cta bo
chia cong suat.
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Trong tat ca cac kiéu mang vi dai, cdu trac song song c6 bang thong rong nhat,
trong mot vai truong hop con 16n hon ca cac phan tir don cua mang. Hién tuong
nay cé thé 1a do mang tiép dién loai bo dugc coéng suat phan xa khdng mong
muén. Viéc cach ly tbt gitta cac duong tiép dién don cho phép phdi hop thém
cac bo dich pha dé co thé lai blp séng ctia mang ciing nhu diéu chinh bién do
dong dé giam muc blp phu ctia mang anten [20].

c) Hé thang tiép dién song song hai chiéu

Hé thdng tiép dién song song mot chiéu c6 thé duoc sap xép mot cach hop 1y dé
tao ra hé théng tiép dién song song hai chiéu nhu Hinh 2-10. C4c mang con ¢
thé duoc dung dé tao ra anten Ién hon véi sb phan tir 12 2" & mot bén dé duy tri
tinh ddi xtng. Néu mét trong hai bén c6 sb phan tir 1a 1¢ thi sy ddi xung s&
khéng con. Do vay, trong cac mang bat ddi xing, bo chia cong suét ty 1¢ khac
nhau duoc sir dung dé c6 duoc phan bb dong déu.

Hinh 2-10: Mang anten vi dai véi hé thong tiép dién song song hai chiéu

Hé thdng tiép dién song song mot chiéu c6 thé duoc sap xép mot cach hop 1y dé
tao ra hé thong tiép dién song song hai chiéu nhu hinh dudi. Cac mang con co
thé duoc dung dé tao ra anten 16n hon véi s6 phan ti 1 2™ & mot bén dé duy tri
tinh ddi xtng. Néu mét trong hai bén c6 sb phan tir 1a 1¢ thi sy ddi xung s&
khong con. Do vay, trong cac mang bat ddi xiing, bo chia cong suét ty 1& khac
nhau dugc sir dung dé c6 duoc phan bd dong déu [20].
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2.3.4. B§ chia cong suat

Nhu d3 néi, thuc chat hé thdng tiép dién cua anten mang 1a tap hop céc bo chia
cdng suat déu hoic khong déu ti cac phan tir anten trong mang. Hau hét cac hé
thdng tiép dién tir ndi tiép dén song song thudng st dung bd chia cong suit ba
cong kiéu khop néi T (T-Junction). Trong phan nay, dic tinh cua cac bo chia T-
junction, Wilkinson sé& dugc trinh bay.

a) B§ chia céng sudt T-Junction

Bo chia cong suat don gian nhat va ciing phd bién nhat 1a bo chia kiéu T-
junction véi hai cong ra va mot cong vao. Ma tran tan xa cua mot mang ba cong
bat ky ¢6 9 phan tir doc lap nhu sau [19]:

Sll 512 513
(2.2)

[5]=[Sz1 522 523
S31 S32 Sz

Néu thiét bi 1a thu dong va khdng chira chat lidu di huéng, thi n6 phai la thuan
nghich va ma tran tan xa cta nd s& doi xung hay 1a S; = S;;. Thong thuong, dé
tranh mat mat vé mat cong suat, chdng ta can thiét ké mot khop ndi 1a khong
suy hao va phai phdi hop vai tit ca cac cong. Tuy vay, xay dung mot mang 3
cong thuan nghich khéng suy hao va phéi hop tré khang voi tat ca cac cong la
khong thé.

Néu tat ca cac cong duoc phoi hop thi, S;; = 0 va néu mang la thuan nghich thi
ma tran tan xa lac nay trg thanh.

0 Sz Sis
[S]=|512 0 Sz (2.3)
513 523 0

Néu mang d6 lai khong ton hao, thi theo luat bao toan ning luong, ma tran tan
Xa phai thoa man tinh chat caa ma tran don vi, hay thoa méan cac diéu kién sau:

1S121% + [S1512 =1 (2.4)
1S121% + [S,51> =1 (2.5)

1S131% + 1S51% =1 (2.6)
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5;3523 - 0 (27)
523512 = 0 (2.8)
S128513 =10 (2.9)

Nhitng phuong trinh (2.6) va (2.7) ¢ trén thé hién rang it nhat 2 trong 3 tham s6
(S12, S13, So3) phai bang 0. Tuy nhién, diéu kién nay s& mau thuan véi mét trong
hai phuong trinh & trén, hay c6 nghia 1a mot mang 3 céng khdng thé dng thoi
khdng suy hao, thuan nghich va phdi hop tré khang véi tat ca cac cong. Vi vay,
mot thiét bi thuc té chi ¢ thé dap tmg duoc 2 trong 3 diéu kién néu trén.

Néu mot mang 3 cong khong thuan nghich, thi S;; # S;; va nhiing diéu kién vé
bao toan niang lwong va phdi hop tré khang 1i vao co thé duoc dap tng.

B6 chia cong suat T-junction 1a mét mang ba cong don gian c6 thé dung dé chia
hoic to hop cdng suat va nd c6 thé duoc thyc thi trén bat ky méi truong duong
truyén nao. Hinh duéi thé hién mot vai kiéu T-junction sir dung phd bién trong
ong dan song va dudng truyén vi dai [19].

IH\\‘“"’//TT; z;

</

Hinh 2-11: B§ chia T-junction

Cac bo chia T-junction khéng suy hao c6 thé duoc md hinh héa 1a mot khap néi
3 duong truyén nhu hinh sau déy.
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[

in

Hinh 2-12: So d6 twong dwong ciia bd chia T-junction

Hau hét trong cac bo chia s& ton tai cac hiéu ung vién va cac ché do bac cao
hon giy ra tir cAc phan khong lién tuc & cac khop ndi, dan dén luu trir ning
luong boi mot dién nap B. Bé bo chia c6 thé phdi hop véi tré khang dic trung
Z0 cua duong truyén 16i vao, can co
v, — Bt (2.10)
in — .] Z1 Zz - ZO *
Néu gia sir cac duong truyén la khong suy hao (hoic suy hao rét it), thi tro
khang dic trung lac nay 1a thuan tro hay c6 gia tri thuc. Néu lai gia sit B = 0 thi
ta co:
2 (2.11)
Z, I, Z, '
Thuc té, dé loai bo thanh phan dan nap B, ta c6 thé sir dung céc phan tir bu
khong lién tuc hodc cac phan ti diéu chinh phan khang.

Tré khang 16i ra Z; va Z, duoc lua chon dé cd cac cong suat 16i ra phu hop. Do
d6, véi duong truyén 50 Q, bo chia cdng suat 3 dB (chia déu) c6 thé dugc tao ra
bang 2 duong truyén 100 Q. Néu can thiét, ta c6 thé dung bo chuyén dbi phan
tu budc song dé dua cac tro khang dau ra bang voi tré khang dau vao dé tao ra
cac mang vai nhiéu 16i ra. Néu duong truyén 16i ra da phdi hop, thi duong
truyén 16i vao s& dugc phdi hop [19].

b) B¢ chia Wilkison

Bo chia khdng suy hao T- Junction con ton tai mat han ché 1a khéng thé phéi
hop tro khang tai tit ca cac cong va céc cong 16i ra khéng céch ly nhau. Bo chia
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tré khang c6 thé phdi hop tai tat ca cac cong nhung nd bi suy hao va su céch Iy
giira cac cong van khong tét. Tuy vay, mang 3 cong khong suy hao cé thé phdi
hop ¢ tit ca cic cong, véi su cach ly cac cong ra tét. Bo chia cong suat
Wilkinson 1a mét trong cac mang 3 cong nhu thé, véi nhitng dic tinh hitu ich
khi tat ca cac cong ra dugc phdi hop, chi co cong suat phan xa tir cac cong ra bi
suy giam. Bo chia Wilkinson cd thé tao ra cac cong suat dau ra bat ky, nhung ¢
day chi truong hop bo chia déu (3 dB) dugc xem xét va trinh bay. Bo chia nay
thuong duoc thiét ké véi duong vi dai va so do twong duong ciia né nhu Hinh
2-13[19].

Hinh 2-13: C4u tao b chia Wilkinson va so dd mach dién twong dwong

Dé don gian hoa, ta c6 thé chuan hoa tat ca cac tro khang vé tré khang dac
trung Zo nhu ¢ Hinh 2-13. Mang nay 1a mot mang d6i xang qua mat phang
giita, voi mot dién tré bang 2 gia tri tro khang dac trung. Cac doan mot phan tu
budc s6ng véi trg khang bang can bac 2 gid tri tro khang dic trung Z,

Hinh 2-14: Mach chia cong suit Wilkinson dién hinh
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2.4. Mang anten bup song dai quat

V& co ban, ca&c mang anten bUp song dai quat chinh 1a c&c mang anten tuyén
tinh, hay cac phan tir dugc sap xép trén mot duong thang nhu Hinh 2-15. Céc
phan tir don cua mang dugc dat cach nhau khoang cach 1a d. Dé hiéu rd hon vé
dic tinh birc xa cia anten mang tuyén tinh, ta xét trudng hop don gian nhat do
la mang anten véi hai phan tir & phan tiép theo [19].

(fcos a

= ‘G

= ¥

deos @
Hinh 2-15: C4u tric cia mang anten tuyén tinh

a) Mdng anten hai phan tir

Xét mOt mang g6m c6 hai chan tir ludng cuc dat trén truc z nhu Hinh 2-16 dudi
day. Truong birc xa tong cta hai chin tir ndy bang téng trudng bl xa ciia moi

chén ttr, v&i gia sir cac phan tir doc 1ap v6i nhau [19].

kil e_j[krl_(g)] cos 0, N e_j[krﬁ(g)] cos 0,

E.=E . +E, = j
t 1 2 agjM A " r,

Trong d6, S 1a pha kich thich vao mdi phan tir, v&i cuong do kich thich 1a nhu
nhau.
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a) b)
Hinh 2-16: a) Mang anten hai chan tir b) Quan sat tai trudong xa
Tuy vay, néu quan sat & truong xa, ta c6 thé gia sit nhu sau:

=1 ——cos6
(véi sw thay doi vé pha) (2.13b)
=1+ > cos 0

R, RT (véi su thay do6i vé bién do) (2.13c)

Khi d6, phuong trinh 2.12 s& tro thanh

klyle=/kr _j(kd cos 6+p) j(kd cos 8+p)
Et:agjnTcose[eT 2 +e 2 ]
I

_ (2.14)
E =i kl,le k" 9{2 [1 (kd cos 6 + )]}
t = agjn - cos cos > cos B

RO rang co thé thay rang, trudng tong cua mang ndy bang trudng buc xa cua
mot chan ti tai vi tri ban ddu nhan véi mot hé sb, hé sé nay duoc goi 1a hé s6
mang. Do d6, vi mang c6 bién do khong doi, thi hé sé mang dugc cho boi
phuong trinh 2.15 sau.

1
AF = 2 cos > (kd cos 6 + [)’)] (2.15)

Hay v&i mang gdm n chan tir thi dang chuan héa cua hé sé mang sé& duoc viét

nhu sau:
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1
(AF),, = cos [E (kd cos0 + B) (2.16)
b) Mang tuyén tinh N phan tir

O trén, truong bic xa ciia mang anten gdm 2 phan tir di duoc tim hiéu va
chang minh. Tir tredng hop co ban ndy, ta ¢d thé dé dang téng quat hoa dua ra
truong bic xa tong cia mang anten véi N phan tir. Gia sir cau tric mang tuyén
tinh véi N phan tir duoc dua ra nhu Hinh 2-15. Cac phan ti trong anten s& duoc
kich thich véi cing cuong d6 tin hiéu, nhung mdi phan tir 1éch pha nhau la p.
Loai mang vai cac phan tir don nhu nhau, cing duoc kich thich cudng do tin
hiéu nhu nhau véi mot do léch pha nhat dinh duoc goi 14 mang dong nhat. Hé
s6 mang AF c6 thé thu duoc bang viéc xem cac phan tir nhu nhitng nguén diém.
Néu céac phan tir thuc té khong 1a nguén vo hudng, truong buc xa tong co thé
hinh thanh bang viéc nhan hé sé6 mang AF caa cac ngudn vo hudng Véi truong
birc xa caa mot phan tir don [19].

Hé s6 mang duoc cho béi phuong trinh 2.18 nhu sau:

N
AF = Z o) (n=1)(kdcos6+p) (2.17)

n=1

Hay ¢ thé viét lai nhu sau:

N
AF = z e/ (=¥
— (2.18)

Trong d6 ¥ = kdcos6 + [

2.5. Két luan chwong 2

Nhu vay, chuong hai di dua ra cac yéu cau ky thuat cua anten (vé bang thong, do
loi, kich thudc) cho hé théng Wi-Fi ngoai troi cling nhu nhitng Iy thuyét co ban vé
anten cho cac ung dung nay. C&c loai anten c6 d6 lgi cao cling dugc gidi thiéu va
cac ky thuat thiét ké lién quan dén cac loai mang anten vi dai, cac bo chia cong suit
da duoc trinh bay khai quat. Ngoai ra, dac tinh bic xa, hé s6 mang ciia mang anten

tuyén tinh bap song dai quat ciing duoc dwa ra rd rang va day du.
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Chuong 3

THIET KE, MO PHONG, CHE TAO
VA DO DAC ANTEN

3.1. Thiét ké va md phéng anten
3.1.1. Quy trinh thiét ké

Quy trinh thiét k& mot mang anten duoc tudn theo cac budc nhu Hinh 3-1.
Budc dau tién ciia quy trinh thiét ké mang anten d6 13 phai xac dinh dugc
nhimng yéu cau cia hé théng ddi v6i anten. Nhu da dé cap ¢ phan trudc, yéu cau

cta anten cho ung dung Wi-Fi ngoai troi nhu sau:
e Dai tan hoat ¢ong (tinh tai Sy; < -10 dB): phu dugc phd tan cap phat cho
Wi-Fi 5 GHz.
e Do loi: >15 dBi
e Kich thudc: nho gon
e Muc bap phu: <-14 dB
e Bup song dai quat

Céc budc tiép theo cuia quy trinh s& duoc trinh bay chi tiét & cac muc dudi day.
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Bwoc 1

* Xac dinh yéu cau cua anten

Bwoc 2

« Lua chon céu trac ph?m tir anten don
va mang phu hop

Bwoc 3

« Tinh toén, thiét ké va t6i wu phan tir
anten don

Bwoc 4

« Thiét ké mang tiép dién cho mang
anten

Bwoc 5

« Ghép mang anten, mé phong va tdi vu
mang

Bwoc 6

« Ché tao, do dac va kiém ching két qua

Hinh 3-1: Quy trinh thiét ké mang anten
3.1.2. Phin tir don
a) Luwa chon cdu tric phan ti don

Pé co duoc mang anten, trudc tién, phan tir don can duoc tinh todn mé phong
dé dap tmg dugc cac yéu cau nhat dinh. Phan tir don trong luan vin nay lay y
tuong ban dau tir anten dipole hai mit trong tai liéu [20]. Dipole Ia loai anten co
ban va ra doi cach day 1au nhat. Tuy vay, dipole mach in lai dugc dua ra sau su
ra doi cua anten mach dai hinh vuoéng. Du ra doi sau, nhung anten dipole mach
in dugc sir dung rong réi nhat trong cac mang anten bai vi né chiém it dién tich
hon rat nhiéu so voi c4c anten mach dai khac [20]. Hon thé nita, anten dipole
mach in thuong cho bang thong kha rong vao khoang 10% - 30%. Theo nguyén
ly thiét ké, anten dipole mach in duoc xem nhu 1a mot mach anten hinh chi
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nhat hep. Véi hai canh bic xa chinh dugc dat ddi xtng nhau qua dudng tiép
dién ¢ giira va di dién nhau qua tim chat nén.

Hinh 3-2: Céu tric co ban cia mdt anten dipole mach in
b) Tinh toan, thiét ké va téi wu phan tir anten don

Theo nguyén tic thiét ké, loai anten nay duoc tiép dién ¢ giita bang duong tiép
dién 50 Q. Puong tiép dién cua mau anten nay 1a dudng vi dai song song. Tuy
vay, theo [20] thi viéc thiét ké duong truyén vi dai song song don gian gidng
nhu duong truyén vi dai binh thuong va tré khang dic trung cta nd duoc tinh
theo cong tharc sau:

ZO(parallel—strips) = 2Zo(microstrip) (h=4d/2) (3.1)

€re(parallel-strips) — €re(microstrip) (h=4d/2) (3.2)

Hinh 3-3: M hinh dwong truyén vi dai

Do rong cua duong feed vi dai thong thuong duoc tinh toan theo cong thirc sau
day [20].
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e+1 g —1 12h\%° 4%
Ere = > + > (1 + W) + 0.04 (1 — 7) (3.3)
7 = ] (8h N O.ZSW)
c — 277: Sre n W h (34)
e +1 & —1 12h\%°
fre= "+ <1 +W) 1 49
w w -
Z, = d {— +1.393 + 0.677 In (— + 1.44)} (3.6)
N h

Trongdd &, : hang sb dién moi hiéu dung
Z.: tré khang dac trung
&, hang s dién moi
W: Do rong duong truyén vi dai
h: b6 day 16p dién moi
Do d6 tinh theo cong thirc trén, vai dudng truyén vi dai song song cé tré khang
dic trung 14 50 Q thi d6 rong duong truyén 1a 2 mm.
Thong thuong, chiéu dai dién hinh cua dipole vao khoang 0.5X,. Trong thiét ké

nay, chiéu dai cua phan birc xa chinh xap xi 13.2 mm (A/4) hay:

1 (3.7)

4f\/ €oto

Trong d6: f 1a tan s6 hoat dong

L =

g, = 8.85419 x 10712 (F/m) 1a hiang sé dién méi cua khong

gian ty do

Uo = 4m x 1077H /m 13 hang s tir tham cua khéng gian ty do
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Trong luan vin nay, phan tir don duogc thiét ké dé hoat dong & tan s6 5.6 GHz,
tan sb trung tdm cua dai tan 5 GHz cip phat cho cac chuan Wi-Fi méi nhat hién

nay.

Nhu d3 trinh bay & trén, cau tric cia mau don nay bao gdm 2 mit birc xa duoc
dat ddi xting qua hai mat cua tim chat nén Rogers RT/Duiroid 5870tm. Mdi
tam burc xa c6 hinh chir nhat va kich thudc 12 13.2 mm x 7 mm. Theo [15, 20],
dé mo rong bang thong ctia mat bic xa vudng, mdi tim nay duoc cat vat 2 goc
d6i dién nhau nham ting sy thay doi trd khang theo tan sb. Chinh viéc cat goc
nay da tao nén cau trac nhu 14 ciy cta phan tir anten don nay. Thém vao do, lay
y tuong tur anten Yagi mach in, mét thanh hinh chir nhat (goi la cross junction)
dugc thém vao dudng truyén dé ting do loi cua anten don nay 1én. Hinh déng

cudi cling cua anten don duoc trinh bay & Hinh 3-4.

<>

Hinh 3-4: Phan tir anten don dwoc dé xuat

Bang 3-1: Cac tham sé ciia phéan anten tir don (don vi: mm)

Tham s6 Gia tri Tham s6 Gia tri
W, 2 L, 12.5
W, 2.5 L, 10
W, 9.2 Ls 7
W, 13.2 Ly 4.28

Cc 3 Ls 4
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¢) Két qua md phéng

Két qua md phong cua phan tir anten don dugc chiét suat tr phan mém mo
phong CST [21]. Pau tién, két qua mé phong suy hao phan héi dugc dua ra &
Hinh 3-5. Trong d6, tham s6 S cua phan tir anten don véi thanh khép ngang va

khéng cé thanh ngang dugc dua ra so sanh.

0
-5
-10 4
3 15
n
-20 -
-25 + o : :
/)= - = ¢0 thanh ngang
—— khong cé thanh ngang
-30 Lsizzzzzze—, ' '
1 ' | '
6 7 8
Frequency (GHz)

Hinh 3-5: Két qua m6 phéng suy hao phan héi ciia anten don dé xuat
C6 thé d& dang nhan thiy rang do anh hwong cua thanh ngang tan sé cong
huong da bi dich xudng dudi mot chit. Piéu nay 1a do thanh ngang thém vao
mang tinh dung khang da kéo tan s6 hoat dong xubng phia dudi. Bang thong
tinh tai S11 < -10 dB cua phan tir anten khéng cé thanh chin ngang 1 rong hon.
Tuy vay, ca hai déu thoa man yéu cau biang thong cia hé théng.

Gian d6 buc xa cua phan tir anten don c¢6 va khong co thanh chin ngang ciing

duoc dua ra so sanh ¢ Hinh 3-6.
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Gain [dB]

© : i+ |l——Khong co thanh ngang 5
"""" ;M L~ C6 thanh ngang
-8 — T T T T T T T T T
0 60 120 180 240 300 360

Theta [degree]

Hinh 3-6: P lgi ciia phan tir don
Nhu c6 thé thiy, do loi caa phan tir don c6 thém thanh chan ngang cao hon so Vi
phan tr khéng co thanh ngang, dang véi gia dinh dit ra. Vi vay, phan tir don voi
thanh ngang duoc sir dung dé xay dung mang anten ¢ cac phan sau. Cac két qua
md phong dugc tong hop trong Bang 3-2 dudi day:

Bang 3-2: Tong hop céc két qua mo phéng

Két qua md phéng

Phan tir don
Bang thong Do loi

Cé thanh ngang 690 MHz (5.17 — 5.86 GHz) 6.35 dBi

Khong cé thanh ngang 1.24 GHz (5.08 — 6.32 GHz) 5.73 dBi

3.1.3. Mang anten vi dai 10x1

Nhu di dé cap o trén, mang anten c6 blp song dai quat thyc chat 1a mang anten
tuyén tinh. Bé dap ung céc yéu cau vé do loi cling nhu bip song dai quat, sd
lwgng phan tir don can dugc tinh toan hop ly. Theo dinh nghia, anten bip s6ng
dai quat 12 loai anten dinh hudng c6 d6 rong bup séng hep tai mot chiéu va rong
hon & chiéu con lai. Theo cac tai liéu tham khao, thi mot bup séng ntra cong
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suit cua anten nay téi thiéu phai phai I6n hon 70°. Dya vao cong thirc (3.8), dé
¢6 do loi 16n hon 17 dB, thi géc nira cong suat con lai phai nhé hon 8% Hon
nita, theo hé s6 mang ciia mang tuyén tinh dua ra ¢ phia trén, ta thiy rang mang
anten 10x1 phan tir dép tng duoc nhu cau dat ra.

4 (3.8)

D =101 > 17 dB
%910 [((HPBW)H (HPBW),

104
204
30 i -

-40 -

Normalized Power Radiation [dB]

L] l L] | L] I l I I I L]
-90 -60 -30 0 30 60 90
Theta [Degree]

Hinh 3-7: Cong suat birc xa chuan hoa cia mang 10 phan tir theo ly thuyét
a) Thiét ké mang tiép dién va mang anten

Mang anten nay dugc cau thanh tir 10 phan tir anten don va cac anten don nay
két ndi v6i nhau qua mot hé thdng tiép dién song song st dung bd chia cong
suit T-junction nhu ¢ Hinh 3-8 b. Bé dam bao cac anten don duoc tiép dién
dong bién do, bo chia cong suat T-junction duoc thiét ké chia dong déu cong
suat sang 10 cong ra.

Hon thé nira, xét hai diém trén cling mot phuong truyén, ta ¢d phuong trinh
song co ban nhu sau:

an) (3.9)

Uy = UgCcos|wt — ——
M 0 ( 1

Trong d6: d 1a khoang céch giira hai diém dang xét
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Do vay, dé pha giira hai diém 13 nhu nhau thi d phai bang A. Trong thiét ké nay,
c4c phan tir don nay s& duoc dit cach nhau khoang céach d 13 0.751, két hop voi
duong tiép dién vao phan tir don 1a 0.25 A, dé dam bao pha vao cac mat buc xa
1a nhu nhau. Khoang cach giira cac phan tir nay ciing duoc khao st va so sanh
trong phan két qua mé phong. Mudi phan tir don nay dwoc sap xép tuyén tinh
dé hinh thanh duoc bap séng dai quat nhu thé hién ¢ Hinh 3-8 a.

L |

99 9 L9 9 9 9 9w

d
Ws i
T—
Ws
a)

L L L L il 1 il i I

b)

Hinh 3-8: a) Mang anten @& xuat b) Hé thong tiép dién ciia mang anten
Hé théng tiép dién 1x10 duoc thiét ké dé phdi hop véi tré khang dau vao 1a 50
Q. Hon nira, mot tdm phan xa duoc dat ¢ phia duéi tim bac xa chinh céch
mang anten mot khoang g, nham tang tinh dinh huéng cua anten nhu Hinh 3-9
dudi day.
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Hinh 3-9: Khoang cach tir mang anten véi tim phan xa

Céc tham s6 cua mang anten 10x1 phan tir duoc trinh bay trong Bang 3-3.
Bang 3-3: Cac thdng s6 ciia mang anten 10x1 (don vi: mm)

Tham sb Gia tri Tham sb Gia tri
L 390 g 10
W 30 Ws 2
Wit 70 We 0.8

b) Mé phéng va téi wu mang

Anh huong ciia khoang cach phan tir don (d), tim chan phan xa dén tham s6 S
va d6 loi duoc khao sat va trinh bay & phan nay.

e Anh huong khoang cach phan tir
Dau tién, cac két qua suy hao phan hoi khac nhau tuong wng véi cac khoang
cach phan tir khac nhau duoc thé hién ¢ Hinh 3-10. Nhu c6 thé thay, voi
khoang céch d = 35 mm, mang anten dat dugc bang thong rong nhat khoang 1.2
GHz, cac trudong hop con lai biang thong hep hon, tuy vay van dap tmg duoc cac
yéu cau dit ra cua hé thong.
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Hinh 3-10: Két qua suy hao phan hai cia mang anten
Tuy dat dugc bang thong rong nhat (1.2 GHz) nhung d6 loi cua mang anten voi
truong hop khoang cach nay lai 1a thap nhat. Thay vao do, d6 loi cua trudng
hop ds, d; lai 14 tét nhat nhu thé hién ¢ Hinh 3-11.

20 . . T T d1=35mm |
i SO L L L S A L —4 -d2=37.5mm
: : : : : : ——d3=239.5mm

__________________________________________________________________

.................................................................................

Gain [dB]

40—
0 60 120 180 240 300 360
Theta [Degree]

a) mat phang E
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20

m 0 ;
S, E
c |
‘S
o L
A104.%7-. A S O AT
L ¥ A B I I I Py d1 =35 mm . :
—e—d2=37.5mm |
20 g —-=d3=39.5mm
T I L] I T I L I T I T
0 60 120 180 240 300 360

Theta [Degree]
b) mat phang H

Hinh 3-11: P9 lgi cia mang anten véi cac khoang cach phan tir khac nhau

Hon thé nira, mac blp phu thap nhét dat ¢ treong hop d; véi -15.4 dB. Hinh

anh 3D cua dd loi duoc thé hién ¢ Hinh 3-12.

Type Farfield

Approximation enabled (kR == 1)

Monitor farfield (f=5.6) [1]

Component Abs \

Output Gain

Freguency 56

Rad. effic. -0.3454 dB N

Tot. effic. -0.5378 B N

Gain 17.19d8 i S

Hinh 3-12: P9 lgi caa anten tai 5.6 GHz
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Bang 3-4: Bang tong hop két qua mo phéng

Biing thong b9 loi Mikc bup phu
Khoang cach d
(MHz) (dBi) (dB)
dq 1.13 GHz 12.2 -28.9
d, 600 MHz 16.1 -9.2
ds 590 MHz 17.2 -15.4
ds 500 MHz 17.2 -14.5

e Anh huéng cua tam phdn xa
Cac két qua md phong cua mang anten khong c6 tim phan xa va khi duoc thém
tam phan xa duoc thé hién ¢ Hinh 3-13 t&i Hinh 3-15 sau day.

0
—.=- Khoéng tam phan xa
C6 tAm phan xa

104 e
oy -20
=
Z :: : ‘

30 el

ST T R

L] I 1 I 1 I L]
5.00 5.25 5.50 5.75 6.00

Frequency [GHZz]

Hinh 3-13: Két qua mo phéng suy hao phan hai ciia anten c6 va khdng co
tAm phan xa

D& dang c6 thé thay, tim phan xa ¢ anh huang khong nho dén su phdi hop tro
khang cua toan mang anten. TAm phan xa tao vai anten cac phan tir dung khang
song song, b sung vao tong tré khang tong cua toan mang. Hon thé nira, tim
phan xa nay gitip day toan bd phan tin hiéu buc xa xubng phia dudi cia mang
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duoc cong don 1én phia trén va lam giam bup sau (back-lobe) nhu thé hién ¢
Hinh 3-14.

~-=- Khéng c6 tim phan xa |
C6 tdm phan xa

—-=- Khéng c6 tdm phan xa
Co tam phan xa

Gain [dB]

180

a) mat phang E b) mat phang H

Hinh 3-14: So sanh gian do birc xa

Type. Farfield

Approximation  enabled (kR == 1)
Monitor . farfield (f=56)[1]
Companent Ay
Qutput Gain

Freguency 56

Rad. effic. -0.3519dB

Tot. effic. -0.4459 dB

Gain 14.11 dB

Hinh 3-15: Pé loi ciia mang anten khong cé tAm phan xa tai 5.6 GHz

Duya vao nhitng két qua mo phong thu dugc & trén, ta thiy trudng hop khoang
cach dj 12 tt nhit so vai tat ca cac trudng hop con lai. Do vdy, mau san pham
v6i khoang céch dz va cé tAm phan xa da dugc lya chon dua ra ché tao, do dac
dé kiém ching két qua mo phong. Cac qua trinh ché thir va do dac dugc dua ra

& phan tiép theo sau day.
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3.2. Ché tao va do dac

3.2.1. Po dac mang 10x1

Mang anten 10x1 thtr nghi¢m da duoc ché tao nhu & Hinh 3-16. Sau do, méiu
anten nay di dugc do dac sir dung cic hé thong do trong phong thi nghiém

thugc B6 moén Thong tin v6 tuyén nhu trong Hinh 3-17 va Hinh 3-18.

Hinh 3-17: Po tham s6 S véi VNA



Hinh 3-18: Po @ lgi cia anten véi hé théng NSI
Két qua do dac

Két qua do dac suy hao phan hdi cua mang anten dwoc dwa ra va so sanh voi
cac dir liéu tir md phong nhu thé hién & trong Hinh 3-19.

0 , .
. =-+=Po dac :
/=M phéng i
10_1 -
7 |
""" X 4y X777
204X / /
o : ’ :
o / /
®» 30 [/
404/
-50 L . :
5.0 5.2 5.4 5.6 5.8 6.0
Frequency[GHz]

Hinh 3-19: So sanh két qua md phéng va do dac cia S,
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D& dang c6 thé nhan thay riang, cac két qua kha twong thich voi nhau. Bang
thong tinh tir suy hao phan héi nhé hon -10 dB trong do dac vao khoang 740
MHz so véi 580 MHz trong mé phong.

==+ M6 phéng
Do dac

20

-20 -

70

-20

20 -

a) Mt phang E

Po dac
-.=- M6 phoéng

360

b) Mat phang H
Hinh 3-20: Két qua mo phéng va do dac gian dd bwc xa ciia anten
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Nhu c6 thé thay, cac két qua do dac kha phd hop vai két qua md phong. Do loi
do dac duoc vao khoang 17.7 dBi so vé6i 17.2 dBi & trong mé phong. Cac géc
nira cong suat (HPBW) cua két qua do dac dat dugc 1a 7.6° x 55°, cuing véi muc
bp phu 12 -15.48 dB. Do d0, tat ca cac két qua do dac kha phu hop vai dit liéu

tir m6 phong.

Bang 3-5: Bang so sanh két qua md phéng va do dac

Tham s6 Két qua do dac Két qua mé phong
Tan s6 hoat dong 5.6 GHz 5.6 GHz
Do loi 17.7 dBi 17.2 dBi
Bing thong 740 MHz 590 MHz
(5.12 GHz - 5.86 GHz) | (5.16 GHz - 5.75 GHz)
Mikc bup phu -15.48 dB -15.4dB

Hinh 3-21: B9 lgi 3D cua anten

R -56.25 deg

-67.50

Az -78.75 deg

Cac két qua cua mang anten nay duoc so sanh véi cac cdng bé trong tai liéu
tham khao nhu & Bang 3-6. Nhu c6 thé thay, du c6 it hodc nhiéu phan tir hon,
mang anten dé& xuit van co céc két qua vé biang thong, d6 loi ciing nhu méc bap
phu 12 tot hon so vé&i cac mau da cong b trude do.
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Bang 3-6: So sanh vei tai lieu tham khao

Biang

Mau Kich thwéc Chit nén n
thong

Do lgi Bup phu

4.65 mm x 31 Rogers
[4] mm X 2.64 mm RT/Duroid 3% 15.2dBi | -10.7 dB
(9 x 1 phan t) 5880

103.3 mm x 27.5

5] mm x 12 mm ?&gﬁsl o 45% | 16.6dBi |-10dB
(11x 1 phan tir)
390 mm % 30 Rogers

Pé xuit | mm x 10 mm RT/Duroid | 10.5% | 17.2dBi | -15.4 dB
(10x1 phan tir) | 5870

3.2.2. Kiém thir mau anten

Mau anten dd duoc kiém thir v6i router Wi-Fi trong diéu kién c6 nhiéu vat can.
Do phong thi nghiém khong c6 du nhiing thiét bi k¥ thuat can thiét, viéc kiém
chirng muc tin hiéu thu dugc cua anten ¢ phia thu duoc thuc hién stir dung dién
thoai thong minh. M6 hinh kiém chung chi tiét nhu sau:

e Bén phat
Router TP-Link Archer C2

- Chuan mang hd tro: IEEE 802.11ac/n/a (5 GHz), IEEE 802.11b/g/n
(2.4 GHz)

- Cong suit phat: < 20 dBm (2.4 GHz), < 23 dBm (5 GHz)
Anten phat:
- Anten dipole:
o Do loi: <5dBi
- Anten mang dé xuét:
o Do loi: 17.2 dBi
e Bénthu
bi¢n thoai Sony Z3:
- Chuan Wi-Fi hd tro: IEEE 802.11a/b/g/n/ac
- Tan s6 hd tro: 2.4 GHz, 5 GHz
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Chat lugng tin hi¢u nhan dugc tir anten mang dé xuat dugc so sanh voi cudong

dod tin hiéu nhan tir anten dipole di kém cung bd phat nhu & Bang 3-7 duoi day.

Bang 3-7: Két qua kiém thir miu anten

) Cuwong do tin hi¢u thu
Khoang cach -

Mang 10x1 Dipole
15m -47 dBm -71 dBm
35m -57 dBm -82 dBm
55m -70 dBm -85 dBm
75m -71dBm Khong tim thay
110 m -78 dBm
120 m -83 dBm
135m -86 dBm

TP-LINK_EC62_5G

a)15m b) 135m
Hinh 3-22: Cwong dd tin hi¢u nhan dwoc tir anten mang dé xuat
Do bd router str dung trong bai thir nghiém la bd router st dung trong nha nén cong
suat phat khd nho. Vi thé, khoang cach phat tin hiéu cia anten con kha ngin
khoang 150 m. Tuy vay, cuong do tin hi¢u thu duge tir méang anten cao hon han so

v6i anten dipole ciia bo dinh tuyén. Diéu nay chirg minh ring mang anten dé xuét
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c6 thé lam viéc tot véi cac bg phat Wi-Fi trong nha cling nhu ngoai troi voi hiéu

suat cao hon han so véi cac dipole thong thuong.

3.3. Két luan chwong 3

Chuong 3 trinh bay vé quy trinh thiét ké, mé phong ché tao va do kiém méng anten
dai quat. Mang anten d3 duoc mo phong va tdi wu cac tham sb. Cac két qua mod
phong ciing nhu do dac thu duoc cua anten rat tot. Kiém chimg thuc té di ching
minh ring méang anten dugc dé xuit c6 thé hoat dong tot v6i cac bd phat Wi-Fi
trong nha cling nhu ngoai trdi voi hiéu sudt cao hon han so voi céc anten dipole

thong thuong.
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KET LUAN

Trong sudt thai gian nghién cau thuc hién luan van, voi sy huéng dan tan tinh cua
PGS. TS. Truong Vii Bang Giang, cung véi nhitng ¢6 gang va nd luc caa ban than,
toan bo noi dung cua luan vin da hoan thién va dap tmg duoc cac yéu cau dit ra.
Luan van da dé xuat, thiét ké mot mang anten vi dai véi blp séng dai quat, do loi cao
cho wng dung Wi-Fi dinh huéng ngoai troi. Quy trinh thiét ké mang anten tir phan tir
anten don di duoc trinh bay chi tiét. Mang anten dé xuat c6 két qua mo phong tét voi
bang thong khoang 590 MHz (phii dugc cac kénh bang thong tai bing tan 5 GHz), do
loi tai 5.6 GHz la 17.2 dBi, mac bap phu la -15.4 dB.
Mot mau anten da dugc ché tao va do dac dé kiém chitng két qua mé phong. Cac phép
do duoc thuc hién str dung cac thiét bi do tai B6 mén Thong tin Vo tuyén. Céac két qua
do dac khé phu hop véi cac dit liéu tir md phong. Mang anten ciing da dugc kiém thir
trén bo dinh tuyén thuc. Két qua cho thay rang, anten c6 thé 1am viéc tét vai céc router
Wi-Fi (IEEE 802.11n/ac) chuan 5 GHz.
Trén co s& cac két qua da thu duoc, luan vian co thé duoc phat trién theo cac huéng
tiép theo nhu sau:

e Tbi uu phan tir don theo cac hinh dang nhu tam giac, canh cung dé c6 duoc

bang thong rdng hon.
e Nghién ctru, tdi vu duong tiép dién dé c6 duoc mire bip phu thap < -20 dB.

e Ché tao anten bang cac thiét bj chuyén dung nham giam thiéu t6i da sy sai khac
giita phan mém mo phong va thuc nghiém trude khi chuyén giao cho cac doanh

nghiép.
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PHU LUC I
CAC POAN PHAN MEM SU DUNG TRONG LUAN VAN

e Doagn Iénh vé trirong téng cua mang tuyén tinh theo hé so mang

D e Radiation Pattern of Linear Array Antenna ........... %%%
B e e Name: Nguyen Minh Tran
S Date: 26/04/2016

close all, clear all, clc;

beta = input ('Enter the phase excitation:');

m = input ('Enter the number of elements:');

d = input ('Enter the element spacing d (in wavelengths):');

i file = load('Pat.txt'); %....Import the radiation pattern of the
single element

ang = [];

G = [1;

ang = [1 file(:,1)]; %.... Matrix of the angle of pattern

G = [1 file(:,2)]; %.... The amplitude of the pattern or Gain in dB
G =10.7(G./10); %.... The normal Gain

G = G/max(G); % Normalized the Gain

Al = exp (j * 2*pi*d *[0: m-1]"'*(beta*pi/180));% array response
vector

thetas = ang';

tnew = thetas * pi/180;

am = exp (J*2*pi*d*[0: m-1]'"*(sin(tnew)));

AF = abs (A1l'* am);% ...... The Array Factor (AF)
AF = AF / max (AF); %.... Normalized the AF
AFl = AF.*G'; %.... The Radiation Pattern of the Array

figure, polar (tnew, AF1)

AFl = 20 * loglO (AFl);% log figure log plot

title ('Normalized magnitude response array polar diagram')
figure, plot (thetas, AFl);

title ('E-Plane Radiation Pattern');

xlabel ('angle|[degrees]');
ylabel ('Normalized Beam Power [dB]');
grid on

e Doan lénh tinh todan dwong truyén vi dai

e e Microstrip line calculation....... %
B Name: Nguyen Minh Tran........... %
I Date: 16/12/2014 ... ..., %

clc, clear all, close all;
W=input ('Enter the width of line:');

H=input ('Enter the thickness of substrate:');
e=input ('Enter the dielectric constant:');
r=W/H;

if (r<1l)

eff= (e+l)/2 + (e-1)/2* ((1+12*H/W)"(-1/2)+0.04* (1-r)"2);
7Z0=(60/sqrt (eff))*log (8*H/W + 0.25%*r)
else
eff= (e+l)/2 + (e-1)/2* (1L+12*H/W)"(-1/2);
7Z0= (120*pi)/ (sqrt(eff)* (r+1.393+(2/3)*(r+1.444)))
end



