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(57) Sang ché trinh bay vé bd chia nbi tlep bang siéu rong dya trén nguyén ly cap dong
truc. BO chia duoc thiét ké c6 ba cong dau ra, mdi cong dugc cau tao boi vo cap va 16i cap
dugc ngan cach nhau boi 16p dién moi, cac cap duge 16ng ghép ddng truc vao nhau, tao
thanh céc ting chia cong sudt va cac cong dau ra. Trong do, vo cua cap dong tryc nay dong
vai tro 13 161 cta cap dong truc ké tiép; 16i cac cap dong truc nay co thiét ké 1ién mach,
nhung c6 duong kinh khac nhau ¢ cac cap. Ngoai ra, bién do ¢ cac cong ra nay bang nhau,
con pha tai mot cong dau ra ngugc pha 180 d6 véi hai cong con lai. Sang ché ciing dé xuat
mang ang ten cong tuyén bang siéu rong, phan cuyc ding, vo hudng trong mat phang
phuong vi st dung bo chia ndi tiép bang siéu rong.
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Linh vue k¥ thuét ciia sang cheé

Séang ché nay dé cip dén bd chia ndi tiép lam viée & dai tan sd cao bang siéu
rdng, Gng dung trong thiét ke, ché tao cic loai dng ten cdng tuyén c6 dai tin siéu rong,
phén cuc dung, vd huéng trong méit phang phuong vi, huéng bup chinh 6n dinh trong

mit phang goc ta.

Tinh trang k§ thuit eiia sang ché
Ang ten vd hudng sir dung nhiéu trong cac hé théng thong tin lién lac khéng
day nhu: &ng ten wi-fi, tram BTS, hodc trong cac dai rada. Dé sir dung cho nhiéu muc
dich khac nhau, cé nhiing thiét bi 1am viéc trong dai tan s rong hodc da bang tan dan
dén nhitng yéu ciu chung cho ang ten tai cac thiét bi nay nhu sau: hoat dong trong dai
tan rong hodc siéu rdng, tinh ddng déu khuéch dai (gain variation) trong toan dai tan
trong mit phang phuong vi phai nho, hé s khuéch dai 16n (gain > 3dBi, hoic hon).
Dé giai quyét cac van d& néu ra & trén, cac giai phép thuong dugce sir dung do 1a:
- St dung dng ten ludng cuc tron xoay nhu dng ten nén (biconical antenna),
hay nén — try (conic-biconical antenna)..., vi loai ang ten nay c6 phén cuc
ding, c6 tinh dong déu khuéch dai trong mit phang phirong vi 14 rit nho (vé
Iy thuyét 12 bang 0 dB), va c6 thé phdi hop tro khang trong dai tan rong
hodc siéu rong. Tuy nhién han ché cua céc loai ing ten nay 12 hé s khuéch

dai nho (1 —2 dBi);

- St dung méng ang ten cdng tuyén (sap x€p cic phan tr clia mang theo

7
A

phuong thing dung) tir nhitng phén t dng ten trén dé tang hé sb khuéch dai.
Céc phuong phap tiép dién cho cc phan tur cua mang phd bién d6 1a: mdi
ang ten duoc tiép dién bing mot cap dong truc, hodc sur dung b6 chia dong
truc dé tiép dién ndi tiép cho cac phan tir cla mang.

1
A

Céac phuong phap nay c6 han ché d6 1a mang chi dong pha trong dai tan s6 rat
hep, con trong ddi tan rng pha tai cac phan t cila mang 1a khac nhau dan dén huéng

buip song s& quét theo tan sd trong mit phing géc ta.
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Dé khic phuc cc han ché clia céc giai phap k§ thuét trén, séng ché dua ra gidi
phéap xay dung mang dng ten cong tuyén phén cuc dimg, 1am viée trong dai tAn siéu
rong vO hudng trong mit phang phuong vi, huéng bip chinh 6n dinh trong mat phing
goc ta. Trung tAm ciia sang ché nay 12 s dung b chia ndi tiép, bang siéu rong, cb ba
cong dau ra, bién db tai cac cong diu ra ndy bang nhau dé tiép dién song song cho cac
phén tir cia mang. Nguyén 1y ctia bd chia 14 céc cap ddng truc 10ng ghép vao nhau tao
thanh céc ting chia cong sut va cac cdng dau ra, khi d6 vo cua cap dong truc nay
déng vai trd 12 161 cho cap ddng truc ké tiép trong tang chia cong suft tiép theo. Vi su
16ng ghép nay nén pha tai mdt cong dau ra nguoe pha 180 d6 véi hai cng con lai coa

i)

bo chia. P& ddm bao cho mang 1am viéc ddng pha thi cin xoay pha 180 d6 cho phan ti
c¢6 pha nguoc ndy, khi d6 ba phan tir cia mang s& 1am viéc ddng pha, c6 gian dd 13 vo
hudng trong mit phang phuong vi, va hudng bip séng s& 6n dinh trong mat phing gbc
ta tai bat ky tAn sb nao. B9 chia dugc goi 12 ndi tiép vi tdng tré khang céc cong dau ra
bang v&i tro khang dau vao cua bo chia.

Ban chit k§ thuit ciia sang ché

Muc dich ctia sang ché 1a dé xuit phuong an xay dung bd chia ¢ ba cong dau
ra, mg dung trong thiét ké, ché tao cic mang ang ten cong tuyén 1am viée trong dai tin
sidu rong, vo huéng trong mat phing phuong vi, hudéng bup séng 6n dinh trong mat
phang géc ta.

B chia dé cap ¢ trén c6 ba cong dau ra, bién d6 tai cac chng nay 14 bang nhau,
con pha tai mot cong dﬁu.ra ngugc pha véi hai cong con lai. Bo chia duge goi 14 ndi
tiép vi tong tré khang céc cong dau ra bang tré khang dau vao, va trd khang tai cac
cong ra ndy 1a bing nhau.

B6 chia dua trén nguyén 1y cap dong truc, cac cap ddng truc 16ng ghép vao
nhau tao thanh céc ting chia cng suét, trong dé vé cla cap dong truc ndy déng vai trd
13 161 ctia cap ddng truc ké tiép.

Sang ché con trinh bay tmg dung bd chia ndi trén dé thiét ké mang ang ten cOng
tuyén, bang siéu rong, phan cuc ding, v6 hudng trong mat phang phuong vi. Mang
bao gém ba phan tir ludng cuc c6 ciu tric tron xoay 13 dng ten nén - tru. Maing dng ten
duge thiét ké nho gon, 1am viéc trong dai tin tir 3 — 6 GHz, ¢6 hé s khuéch dai > 4

dBi.
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M5 ta vin tit cac hinh vé

Hinh 1 13 hinh v& b chia ndi tiép va mang cong tuyén ba phan ti;

Hinh 2 12 hinh v& pha tai cic cong dau ra bo chia;

Hinh 3 14 hinh v& hé s séng diing mang dng ten;

Hinh 4 13 hinh v& gian dd hudng mang ang ten trong mat phang phuong vi;

Hinh 5 12 hinh v& gian dd huéng mang ang ten trong mat phing gbc t3;

Hinh 6 13 hinh v& hé s6 khuéch dai mang ang ten.

Mb ta chi tiét sang ché

Phén sau day mé ta chi tiét bo chia ndi tiép bang siéu rong sir dung nguyén 1y
cap dong truc, hinh v& va vi du minh hoa.

Theo tham chiéu Hinh 1, bd chia ni tiép bang siéu rong theo sang ché dé xuét
cb cAu tao gdm ba cap ddng truc A, B va C dugc 1dng ghép vio nhau, cap B 1dng vio
cap A, va cap C 1ong vao cap B. Su 16ng ghép nay tao thanh céc diém chia cong sudt 4
gilta cap A va cap B, diém chia 13 gitta cap B va cap C, va cic cbng déu ra 15, cong
dau ra 16, cong daura 17 .

Cap ddng truc A c¢6 vai trd 12 cap tiép dién dau vao, c6 cbng vio 14, clu tao
nhu sau: 161 cap thir nhét 1 va vo cap thi nhit 3 cach dién véi nhau boi 16p dién moi
thir nhét 2. Vo cap thir nhét 3 va 16p dién moi thir nhit 2 kéo dai dén diém chia cong
sudt 4 va dugc cat bo tai diém nay. Trong khi d6, 161 cap thir nhat 1 tiép ndi v6i 161 cap
thi hai 7 cta cap dong truc B. Loi cap tht nhét 1 ¢6 dudng kinh D1, 16p dién méi tha
nhét 2 c6 dudng kinh bao ngoai D2. Trd khang dau vio Zo ciia cap A dugc tinh bang
cong thuc sau:

Z, = ——}3—8—In(l—)2-) (E.1)

Jue, D
Trong do, Zo — dién trd céng vao, p, — do tir thdm tuong dbi, e — hing s dién moi.
Cap déng truc B ¢6 cAu triic hinh bac thang, chia lam hai phén: phén mot tir
diém chia cong suét 4 trd vé phia cap C goi 12 cép B1, phén hai tir diém chia cong suét
4 vé phia cap A goi 1a cap B2. Cap B céu tao tir 16i cap thir hai 7 ¢6 dudng kinh D3,

vo cap thtr hai 8, dugc cach di€n véi nhau bang 16p dién mdi thir hai 9 ¢6 duong kinh
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bao ngoai D4. Vo cap thir hai 8 ctia cap B1 kéo dai dén diém chia cong suat 13 va v
nay dugc cit bo sao cho khoang cach tir vo cap thi hai 8 dén 15i cap thlr ba 12 cia cap
ddng truc C 14 G, con 16p dién mdi thi hai 9 kéo dai dén 16i cap tha ba 12 cia cap
ddng truc C. Tro khang Zi clia cap Bl duogc tinh nhu sau:

138 2
Z, = m2y-2z7 (E2)
/urgr D3 3

Céap B2 gdm c6 161 cap 12 vo cap thi nhét 3 cha cép dong truc A c6 dudng kinh
bao ngoai D5, vd cap thir ba 6 dugce céch dién vdi nhau boi [6p dién moi thd ba 5 cb
dudng kinh 14 D6. Cép B2 tao thanh mét cong dau ra 15, ¢6 trd khang Zow bing v6i tro

khéng Z, cta cap dong truc B2, va dugc tinh bing cong thirc sau:

138
oul = hl(D ) - (

JHE

i

Tl
Lu)
Neme”’

L5i tht hai 7 cta cap dong truc Bl tiép tuc dén diém chia cong suat 13, va ndi
v6i 161 cap tha ba 12 ctia cap dong truc C. V& mit 1 thuyét, cap C ¢6 hai 16i: 151 cap
tht ba 12 va vo cap thi hai 8 ctia cap dong truc B1 déng vai trd nhu 18i thit hai, hai 16i
nay déu cé dudng kinh bao ngoai 1a D7. Cap C bao gdm vo cap thir tw 11 cach dién
v6i 161 cap thu ba 12 va 161 cap th hai 8 boi 16p dién mdéi thir tu 10, c6 dudng kinh
bao ngoai D8. Céap C tao thanh hai cong dau ra 14 cong dau ra 16 va cong dau ra 17.

Trd khang céc cong dau ra ndy Zow 13 tré khang Zs ctia cép C.

138
Zy=Z,,= in(—ﬁ) = (E.4)

\] /g'l/ gl

Cong suat dau vao tai cong vao 14 cua cap dong truc A 13 Po. Tai diém chia
cOng suat 4, cong suat chia vao cac cap dong truc Bl va B2 1an lugt 1a Py va Pow. Tai
diém chia cong suat 13, cong sudt Py dugce chia d€u ra cac cong dau ra 16 va cong dau

ra 17, va c6 gia tri Pow. Trong do:
(E.5)

Tu cac cong thic (E.3) va (E.4) cé the thay riang, tong trd khang cac cong dau

ra bd chia bang véi tr¢ khéng cua cap dau vao, nén b chia noi trén duge goi la bo chia
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nbi tiép. Tlr cong thirc (E.5) ta cb cong sudt tai cac cong dau ra 14 bing nhau, va bing
1/3 tong cong suat dau vio.

Khoang cach gitta vo cap thir nhit 3 clia cap dong truc A véi phan ndi gitta hai
vo cap thir hai 8 va vo cép thi ba 6 clia cap dong truc B 13 G. Pay ciing chinh 1a
khoang cach giita vo cap thir hai 8 clia cap dong truc B1 va 13i cap thir ba 12 cia cap
dong truc C, va khoang cach gifta vo cap thit ba 6 clia cap ddng truc B2 va vé cap thir
tu 11 cta cap dong truc C.

Vi bd chia & Hinh 1 ¢6 céc cap dong truc A, B va C c6 két cAu 1ong ghép vao
nhau, trong d6 vo cap ciia cap dong truc ndy lai déng vai trd 12 161 cap ciia cap dong
truc ké tiép trong tang chia tiép theo, nén pha tai cong dau ra 17 nguoc phé 180 do so
v6i cong déu ra 15 va cong dau ra 16. Diéu nay thé hién r6 & do thi Hinh 2.

Tham chiéu Hinh 1 trinh bay vé mang dng ten cdng tuyén sit dung bd chia nbi
tiép duoc ciu tao tlr ba phan tir ludng cuc ndn — try tron xoay. Tiép dién cho phan ti
ludng cuc thir nhit c6 hai chin tir ang ten 18 va 19 14 cong dau ra 15, tiép dién cho
phén tir ludng cuc thir hai c6 hai chin tir ang ten 20 va 21 13 cong dAu ra 16, cho phan
t0r ludng cuc thir ba cé chin tir dng ten 22 va 23 13 cong dau ra 17. Chéan tir ang ten 18
dugc han vio vo cp thir nhat 3 ctia cap dong truc A, chén tir dng ten 19 duoc han vao
vo cap thir ba 6 ciia cép dong truc B2. Chén tir ng ten 20 duoc han vao vé cap thir ba
6 clia cap dong truc B2, chéan tir ang ten 21 dugc han vio vo cap thir tu 11 cha cép
déng truc C. Dé xoay pha 180 do cho ludng cuc thir ba thi chén tur ang ten 22 duogc
han vao vo cép thir tu 11 ctia cap ddng truc C, con chan tir dng ten 23 duoc han vao 15
cap thlr ba 12 clia cap ddng truc C. Khi d6 pha tai ludng cuc thit ba niy sé& cong thém
180 d6 va mang s& 1am viéc dong pha trong toan dai tan. Khoang cach gifta cic chén
tor ang ten la G.

V4t lidu dan dién cho bo chia va mang ing ten c6 thé chon tir cac vat liéu khac
nhau nhu d’éng, nhém, nhém ma bac, hodc cac kim loai ¢6 tinh din dién khac. Tuong
tu dbi véi vét liéu cach dién c6 thé chon 13 foam, Teflon, PTFE, hoic cao su...Su lua
chon cac vat li€u nay la khong han ché.

Mang cong tuyén néi trén duogc thiét ké dé 1am viée trong dai tan tir 3 — 6 GHz.
Thanh phan dan dién cta bd chia va ang ten: gdm céc 161 cap, vo cap, chan tir ing ten

lam tor vat liéu déng, con cac 16p céach dién tr vat liéu Teflon (=1, &=2.1,). Cap A
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dau vao c¢o tro khang 50 Ohms, con cac cong dau ra 50/3 Chms. Mang dugc thiét ke
ngoai yéu cau dam bao veé méat cao tan, con phai cé kich thude nho gon. Thong so6 dau
vao cua bd chia va mang ang ten nhu sau.

Bang 1: bang thong s6 bd chia va mang ang ten

STT | Kihiéu ' M6 ta Donvi | Giatri
1 D1 Dudng kinh 151 cap thir nhat 1 cap A mm 1.5
Puong kinh bao ngoai dién méi tho nhit 2
2 D2 mm 5
cép A
3 D3 Dudng kinh 161 cap thi hai 7 cap Bl mm 2,24

Duong kinh bao ngoai 16p dién mé1 thtr hai 9

cua cap Bl

Pudng kinh bao ngoai vé thi nhat 3 cap A,

v0 cap thi hai 8 ciia cap dong truc Bl

Buong kinh bao ngoai 16p dién méi thir nhat

6 D6 mm 7,48
5 cép B2
Puong kinh 161 cap tha ba 12 cép C, dudng

7 D7 kinh bao ngodi vo cép thit hai 8 clia cap déng | mm 5
truc B1
Puong kinh bao ngoai 16p dién méi thi tu 10

8 D8 mm 7,48
cap C

Pudng kinh bao ngoai vé cdp tht ba 6 cta
9 D9 mm 8,48
cap B2 vavd cap thirtu 11 ctiacdp C

Khoang céch cac diém chia cong suat va giita

10 ¢ céc chin tir ang ten e ’
11 6 Go6c m6 hinh nén (do) dé 70
12 D Pudng kinh hinh try mm 28
13 L Chiéu dai mét ludng cuc mm 30
14 P Chu ky cac phan tir ludng cuc trong mang mm 35

Hé s séng ding (VSWR — voltage standing wave ratio) ctia mang & Hinh 3,
gian dd hudng trong mit phang phuong vi & Hinh 4 va trong mit phang géc ta & Hinh

5, hé s6 khuéch dai & Hinh 6. Tt Hinh 4 dén Hinh 6 ta c6 thé thdy rang, gian d6 hudng
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ctia mang ang ten ndi trén la v6 hudng trong mit phang phuong vi, hudng bup chinh

5y

on dinh trong mat phang goc ta, va hé so khuéch clia mang > 4dBi trong toan dai tan.
Cac lgi ich ma sdng ché dat dwge

Sang ché dua ra giai phap vé cach xay dung bd chia ndi tiép lam viée trong dai
tan siéu rong. Nguyén 1y cia bd chia dua trén cAu tric don gian cia cap dong truc, tir
d6 bd chia c6 thé d& dang ché tao bang su 10ng ghép vo va 1ép cach dién cua cac cap
ddng truc voi nhau.

B6 chia dugc Gmg dung trong thiét ké cic mang ang ten cOng tuyén, vo hudng
trong mit phang phuong vi, ¢ yéu cau hé sb khuéch dai cao, dai tin lam viée siéu
rong. Néu st dung mot dng ten ludng cuc tron xoay thi hé sb khuéch dai khoéng cao,
con néu sir mang ing ten ¢ nhiéu phan tr ma mdi phan ti duoc tiép dién riéng thi
mang chi dong pha trong dai tan s6 hep.

MO ta chi tiét vé sang ché nay dd duoc trinh bay cu thé ¢ trén, tuy nhién cling
can hiéu rang cac md ta dugce trinh bay chi don thuan 13 hinh mau cua séng ché, né ¢é
thé duogc thé hién dudi nhiéu hinh thuc khac nhau. Vi thé, cac chi tiét vé& chuc nang cu
thé duoc trinh bay dudi day khong dugce hiéu mdt cach han ché, chiing ciing chi 12 co

s& cho nhiing dé xuét khac.
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Yéu cau bao ho

1. B6 chia ndi tiép bang sidu rong bao gbm ba cong dau ra, mdi cong duge ciu tao
bdi vo cap va 181 cap duge ngan cach nhau boi 16p dién mdi, cac cap duge 16ng ghép
dé)ng truc vao nhau, tao thanh cac ti“mg chia cong suét va céc céng dau ra; trong do, vo
clia cap dong truc nay déng vai trd 12 161 cua cap ddng truc ké tiép; 151 cac cap dong
truc nay c6 thiét ké lién mach, nhung c6 duong kinh khac nhau & cac cép; va

pha tai mot cong dau ra ngugc pha 180 d6 véi hai céng con lai;

tré khang tai cac cong d4u ra bing nhau, téng cac trd khang nay bang voi trd
khang dau vio.
2. B6 chia ndi tiép bang siéu rong theo diém 1, bao gdm ba cap dong truc trong d6
cap dong truc thi hai ndm & vi tri gitta hai cap con lai ¢6 cAu triic hinh bic thang, chia
lam hai phan va duoc ngin céch boi diém chia cong suit thi nhét; vé cap ddng truc
thtr hai nay duoc cit bo sao cho khoang cach tir vo cap nay dén 151 cap cia cap dong
truc ngoai cung bang khoang cach gifta vo cap clia cap ddng truc trong cung vaéi phan
ndi gitta hai vo cap clia hai nira cap ddng truc & giita;

16p dién moi tht hai kéo dai dén 151 cép thir ba cia cap ddng truc ngodi cling;
mot trong hai nira cap s€ tao thanh mot céng d&u ra ctia bo chia ndi tiép.
3. Mang ang ten cong tuyén bang siéu rong, phan cuc ding, vd hudng trong mit
phéang phuong vi str dung bd chia ndi tiép bang siéu rong theo diém 1, trong do:

mang c6 ba phan tir ludng cuc nén - try tron xoay; phan tir ludng cue thir nhat
duge han vao vo cap ddng truc thir nhat va vo cap ddng truc thi hai; phén tir ludng cuc
thir hai duoc han vao vo cdp dong truc thir hai va vé cap dong truc thtr ba; phan tr
ludng cuctht ba dugce han vao 161 va vo cta cap df”)ﬂg truc thir ba;

mang ké trén cb pha tai phan tir ludng cuc thr ba xoay pha 180 do;

phén tir ludng cuc thiét ké sao cho phdi hop tré khang gitta cong ra ciia bd chia
va phan tir ludng cuc nén — tru 1a nhod nhét trong dai tan 1am viéc;

mang duogc thiét ké nho gon, phan cuc ding, ¢ gian dd vo hudng trong mit

phéang phuong vi.
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