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DESIGN OF A DIPOLE ANTENNA INTEGRATED WITH
A SPLIT-COAXIAL BALUN FOR HIGH-POWER L-BAND APPLICATIONS

Tran Xuan Luong®’, Nguyen Tien Tai?, Nguyen Van Kiem?
LAir Defense — Air Force Academy, 2Military Technical Academy, *Factory 7119

ARTICLE INFO ABSTRACT

Received:  19/01/2026 This paper presents the design and simulation of a dipole antenna
) integrated with a split-coaxial balun for high-power L-band applications.
Revised:  28/02/2026 The proposed balun performs unbalanced-to-balanced conversion to
Published:  28/02/2026 suppress parasitic currents on the coaxial outer conductor, while
simultaneously providing impedance transformation based on the quarter-

KEYWORDS wavelength (A/4) principle, matching the 73Q half-wave dipole to a 50Q

feed line. The balun operation is analyzed using even—odd mode coupled
Dipole antenna transmission line theory, ensuring current balance and stable phase and
Split-coaxial balun amplitude under high-power operation. The antenna is directly integrated

with a standard N-type connector using a monolithic metallic structure,
without dielectric materials or ferrite cores, resulting in high mechanical
L-band robustness and excellent power-handling capability. Ansys HFSS
Return loss simulation results show a reflection coefficient of S11 = —33.01dB at
1.497GHz, a —10dB bandwidth of 14.1%, and a maximum realized gain
of 3.51dBi. The radiation characteristics confirm stable and well-
balanced performance, demonstrating suitability for L-band antenna
arrays in secondary radar, interrogator, and high-power transmitters for
communication and electronic warfare applications.
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THONG TIN BAIBAO  TOM TAT
Ngay nhan bai: 19/01/2026 Bai béo trinh bay thiét‘ ké, phén tich va mé phong mot anten chan tir ddi
. o xung tich hgp balun dong truc xé khe, hudng téi cac ing dung phat cong
Ngay hoan thign: 28/02/2026 ¢4, bang L. Balun dé& xuat thuc hién dong thoi hai chic ning quan
Ngay ding: 28/02/2026 trong: (i) chuyén doi tin hiéu bat d6i xang—ddi xtng nham triét tiéu dong
ky sinh trén vo cap dong truc, va (ii) bién doi tro' khang theo nguyén ly

TU KHOA bién 4p A/4, dua tré khang chan tir nira song x4p Xi 73 Q vé gan gid tri 50

- - Q cua duong truyén tiep dién. Cau truc balun dugc mo hinh hoa dya trén
Anten chan tir d6i xtng ly thuyet duong truyen ghép ché d6 chian/lé. Anten d& xuét dugc tich hop
Balun dong tryc xé khe truc tiép trén dau ndi chuin N véi than kim loai nguyén khéi, khong st

dung vat liéu dién méi hay 15i ferrite, dam bao do bén co khi va kha ning
BN chiu cong suat cao. Két qua mo phong bang Ansys HFSS cho thay anten
Bang tan L dat hé sé phan xa S11 = 33,01 dB tai 1,497 GHz, bing thong S11 <10
Hé s6 phan xa dB dat khoang 14,1% va d¢ lgi cuc dai 3,51 dBi. Phan bd dong dién va d6
thi birc xa cho thay dang birc xa 6n dinh, can bang, phu hop dé st dung
nhu phan tir co ban trong cic mang anten bang tan L cho rada thir cap,
méy hoi va cac hé thong phat cong suét cao trong thong tin va tac chién
dién tur.
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1. Gi6i thiéu

Bing tan L (xdp xi 1-2 GHz) c6 vai tro then chdt trong nhiéu hé théng vo tuyén hién dai, bao
gom rada thir cip, hé thong may hoi—tra 10, thong tin vé tinh bang tin L va cac hé thong tac
chién dién tir. Trong cac ung dung nay, anten khong chi thyc hién chirc ning thu phat tin hi¢u ma
con quyét dinh truc tiép dén kha ning phat cong suat, hiéu suit birc xa, d6 6n dinh pha ciing nhu
d9 tin cay cia toan hé théng khi lam viéc trong cac diéu kién moi truong khic nghiét. bdi véi cac
hé thong phét cong suat trung binh va cao, yéu cau ddi voi anten ngay cang khat khe, thé hién ¢
kha ning chiu dong 16n, han ché phat xa ky sinh va duy tri dic tinh birc xa 6n dinh khi trién khai
trong céu hinh mang anten nhiéu phén ta [17, [2].

Anten chan tir d6i xtmg 1a mot trong nhimg ciu trac co ban va dugc st dung rong rii trong
rada va thong tin vo tuyén nho dic tinh birc xa on dinh, hiéu suit cao va kha nang lam viéc véi
cong suit 16n. Bén canh vai tro 13 anten doc lap, chén tir ddi xtng con la phén tlr bue xa nén tang
trong nhiéu ciu tric anten phirc tap hon nhu anten Yagi—Uda, anten phan xa va cac anten mang
pha [3]. Tuy nhién, déc trung ky thuat cét 161 cua loai anten nay la yéu ciu tiép dién can bang,
trong khi phan 16n cac hé thong vo tuyen hién dai lai st dung cap dong truc — mot dang dudng
truyen bat can bang. Viéc két ndi truc tlep cap dong truc voi anten chin tir d6i xtmg gy ra sy mét
can bang dong dién glua hai nhanh, dan dén xuét hién dong ky sinh trén vo cap, lam méo dang
gian dd birc xa, suy giam hi¢u sudt va dic biét bat loi trong cdc ung dung phat cong sudt cao [4].

Dé khic phuc van dé tiép dién cho anten chan tu dbi xung, bo bién d6i can bang—bAt can bang
(balun) 1a thanh phan khong thé thiéu. Trén thyc té, nhiéu ciu trac balun di dugc nghién ctu va
mg dung nham thyc hién hai nhiém vu: chuyén d6i bat cdn bang—can béng dé han ché dong ky
sinh trén vo cap va thyc hién bién ddi tro khang de phéi hop voi duong truyén. Co thé phan nhom
cac balun pho bién nhu sau: (a) balun duong truyen (split-coaxial, bazooka, folded balun) tao mat
phang dong dbi xtmg va chin dong vo theo co ché A/4; (b) balun kiéu “choke” dung 15i ferrite tao
tré khang & ché do chung va triét dong trén vo cap; (c) balun vi dai (tapered, hybrid coupler) dua
trén 1y thuyet duong truyen ghép. Mdi nhom balun dugc lya chon cho timg muyc dich khac nhau
lién quan dén dai tan sb lam viéc, bang théng, kich thudc, ton hao va déc biét 1a kha nang chiu
cong suat [5] [9]. Tuy nhién, céc két qua nghién ciru gan day cho thdy rang trong cac tng dung
phat cong suat cao & tan sb cao, balun ferrite dé xay ra hién tugng bdo hoa tir, trong khi balun vi
dai va cac cau trac dua trén nén dién moi thudng bi gidi han boi kha nang chiu cong suét, ton hao
tang va do bén co hoc khong cao [10]. Nhiing han ché nay tré nén dic biét nghiém trong khi
anten duoc sir dung nhu phén tir ciia anten mang nhiéu kénh, yéu cau vé tinh d6i xtmg va 6n dinh
pha, bién do giira cac phan tir 1a rat chit chg.

Trong bdi canh d6, balun dong truc xé khe dugc xem 1a mot giai phap phu hop cho cac ung
dung phat cong suit trung binh va cao nho cdu triic hoan toan bang kim loai, khong str dung vét
lidu dién moi hodc 15i ferrite. Bang cach tao cac khe doc trén 6ng din ngoai cua cap dong truc,
c4u tric nay hinh thanh hai nhanh dan dién d6i xtmg, cho phép chuyén ddi tin higu bat can bang
tir cap dong truc sang tin hiéu can bang cdp cho anten chan tir. Cac nghién ciru 1y thuyét va mo
phong da chi ra ring balun dong truc xé khe khong chi triét tiéu hiéu qua dong ky sinh trén vo
cap ma con c6 kha nang thuc hién chirc nang bién doi tro khang tuong tu mot bién ap A/4 khi
dugc thiét ké v6i chiéu dai thich hop [5], [1 1]. Nho cac dac tinh nay, balun dong truc xé khe dac
biét phu hop cho cac hé théng phat cong suét cao va cac cdu hinh anten mang doi héi mirc d6 6n
dinh dién tir cao.

Mic du balun dong truc xé khe di duoc dé cip trong mot sb cong trinh trude day, phan 16n
cac nghién ctru m6i chi dimg lai & phan tich ly thuyét va chwa thuc hién cho bang tin L. Céc
cong trinh gan day Ve anten phuc vu rada, mdy hoi-tra 101 va tac chién dién tir bang L cho thiy xu
huéng wu tién cac cdu tric cap nguon c6 do bén co-dién cao, dic biét 1a cac giai phap kim loai
nguyén khdi tich hop truc tlep v6i dau n01 dong truc hodc balun dong truc. Xu hudng nay xuit
phat tir cac yéu ciu thuc té nham giam tdi da vat lidu dién mdi trong ving dién trudng manh dé
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han ché danh thing va suy hao dién moi. Ngoai ra con hd trg tan nhiét t6t hon nho tiét dién kim
loai 16n va don gian hoa lap rap, ting do tin cdy co khi khi 1am viéc ngoai troi. Do dé, cac cu
truc balun déng truc xé khe duge quan tim nhu mot hudng tiép can phi hop cho cic hé théng
phat cong sut cao & bang L [11]-[15].

Xuat phat tir cac yéu cau thuc tién va khoang trong nghién ctru néu trén, bai bao nay dé xuét
mot cau tric anten chéan tir d6i xtg tich hop balun dong truc x¢ khe, duge thiét ké va t6i wu cho
bang tan L. Thiét ké hudng ti vai trd anten phat cong suét cao cing nhu phan tir birc xa co ban
cho anten mang, véi trong tdm la dam bao can béng dong dién, 6n dinh pha va hiéu suét birc xa.
Phén 2 trinh bay mé hinh va phan tich ciu tric anten chan tir d6i xtng tich hop balun ddng truc
xé khe. Céac két qua mo phong va dénh gia dic tinh dién tir cia anten bang phian mém Ansys
HFSS duoc trinh bay trong Phan 3, qua d6 lam rd tiém nang ing dung clia cu trac dé xuit trong
cac hé thong rada thir cp, may hoi va cac hé théng phat cong suat cao bang tan L. Cudi cung, két
luan cta bai bdo dugc dua ra trong Phén 4.

2. M6 hinh anten chén tir d6i xirng tich hop balun dong truc xé khe

Phan nay trinh bay co s¢ 1y thuyét, mé hinh héa va phuong phap phan tich ciu trac balun
ddng truc xé khe tich hop trén anten chan tir d6i xung lam viéc bang tan L. Cac phén tich duoc
thuc hién dua trén 1y thuyét duong truyén, 1y thuyét ché do va mé hinh ghép dién tir cta hai nia
dng dan khi xuat hién khe x¢é doc. Muc tiéu cta phan nay 1 ching minh duogc: co ché tao ra tin
hiéu can bang tir ngudn bit cin bang, kha ning triét dong ky sinh trén vo cap dong truc, co ché
bién d6i tro khang A/4, va cac tham s6 hinh hoc quyét dinh tinh ning cua anten.

2.1. Céu tritc balun déong truc xé khe va nguyén Iy tao cén bing

Balun dﬁ)ng truc xé khe duoc hinh thanh bang cach xé mot khe hep chay doc theo than dng dan cua
dau nbi dong truc. Khe xé chia vo dan bén ngoai thanh hai ban 6 ong kim loai, dong vai tro nhu hai day
dan song hanh co6 twong tac dién tir manh. Khi tin hiéu truyen tir dau nbi dong truc vao doan balun,
truong dién tir trong céu triic dugce phén tach thanh hai thanh phéan: mode chin va mode I¢.

Mode chén: Hai ban éng mang dién ap cung pha, tir d6 dién truong gitra hai nira 6ng hau nhu
khong dang ké. Mode nay lan truyén 6n dinh va 1 mode cung cip tin hiéu dén hai nhanh ctia anten.

Mode 1¢: Hai ban ong c6 dién ap nguogc pha, tao ra dién trudng manh trong khe x¢é doc. Do khe c6
chiéu réng nhé, mode 1¢ bi suy giam nhanh chéng theo phuong truyén ning luong. Két qua 1a chi co
mode chén ton tai tai dAu ra balun, tao ra tin hiéu can b;‘ing cép cho hai nhanh cua anten.

Co ché triét mode 1¢ ctia balun dong truc xé khe dam bao dong dién cip cho hai nhanh chan tir
c6 bién do béng nhau va ngugc pha, la diéu kién can dé duy tri on dinh pha khi anten dugc su
dung nhu phén tir trong anten mang phat cong suét cao.

Hinh 1. Cdu tric va tham sé ciia anten chdn tir déi xirng tich hop balun dong truc xé khe
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2.2. M6 hinh dwong truyén ghép va cdc tham sé dién dung twong hé

Balun dong truc xé khe c6 thé duge moé hinh hoa nhu hai dudong truyén dbi ximg ghép (TL1
va TL2) sau khi 6ng ngoai bi x¢é thanh hai nira, trong d6 15i trung tim déng vai tro méoc dién ap
tham chiéu dé duy tri tinh d6i xtmg hinh hoc (Hinh 1). Khi khe xé hep va cau trac duoc thiét ké
dbi xtmg, mé hinh hai duong truyén ghép cho phép tach bai toan thanh hai mode doc lap: mode
chan va mode 1¢ [5].

Clirr—20  Cooap—20
In(b/a) In(b/a) W
19w 9 f0(C=D) 52D
d b,

trong d6 &,1a hang sb dién moi cia chan khong, a 1a ban kinh 15i trong, b 1a ban kinh trong
ctia dng ngoai, ¢ 1a ban kinh ngoai cta dng ngoai. Thyc té thuong chon kich thude ban kinh trong
ctia dng ngoai hi¢u dung 1a b, =0,5b.

Gia thiét dé mé hinh chin-1¢ don gidn hoa nhu sau: Coi khe xé c6 bé rong rat nho so véi ban
kinh 6ng ngoai va cau truc doi xung theo mat phang di qua khe.
L1 TL2

Q-

+

@ @ O

Hinh 2. Phia trén: tich dwong dong truc xé thanh hai dwong truyén déi ximg ghép song song;
phia dudi: cac dién dung tinh nhanh 1 (C11) va nhanh 2 (C22), cung dién dung twong ho C12
Hinh 2 trinh bay qua trinh phan tach ciu tric dong truc co khe xé thanh hai duong truyén
tuong duong TL1 va TL2. Phan dién dung phan bd trén thanh dng dugce quy ddi thanh cac dién
dung twong duong C11, C22 va C12, trong d6 C11 va C22 biéu dién dién dung tinh cia ting
nhanh con C12 biéu dién dién twong hd giita hai nira qua khe xé. M6 hinh nay 1a co so dé thiét
1ap cac tham sb trd khang dic trung riéng cho mode chén va mode 1é trong phan phan tich tiép
theo. Dua trén 1y thuyét dudng truyén ghép ddi ximg, hai mode lan truyén doc 14p mode chin va
mode 1é dugc xac dinh boi cac trd khang déc trung riéng biét:

Zeven = ﬂ ' Zodd = ﬂ (2)
\} C+C12 \I Cc-C12

v6i C 1a dién dung tinh mdi nhanh, L, M 1an luot 1a cam khang tinh va cam khang tuong hd.
Dé mo td mirc ghép gitra hai nhanh, c6 thé dung hé so:

K = —j 22 cot(kl) @)
Zodd
Mach tuong dwong hai cng ciia balun dugc mé ta bang ma tran cho mdi mode truyén. Khi
anten c6 trd khang vao Z,, balun xé khe co chiéu dai | va dugce ndi véi doan cap déng truc bo
sung dai L, tong tré nhin tir ddu vao duge xac dinh boi [5]:

_ (2+K)JZ,4,sinkl +Z, cosk
" (2+K)2coskl+2Z,j/Z,,,sinkl

(4)

even
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& day Zir 1a tré khang dau vao tai dau cap nguon Ze\,en va Zoyq 1n lugt tré khang dac trung ctia
mode chin/mode 1¢ ctia doan balun x¢ khe, k 12 hang s0 séng. i
Trong truong hop dic biét khi chiéu dai balun x4p xi bang mot phan tur bude song (1 = A/4), md

. T
hinh tr& thanh bién ap A/4 (Quarter-Wave Transformer) véi Kl = E,Sln kl ~1, coskl ~0, K =0

v6i cong thic bién doi tré khang, ta co:
Z 2
Z, =" ©)
ZA
& day, v6i anten chan tir nira song c6 Z, ~ 73 Q. Dé phéi hop voi duong truyén tiéu chuan Z;,
~ 50Q, dicu ki¢n thiet ke dugc xac dinh boi:

Zeven ~ ’\/ ZinZA (6)

Nhu vay, bang cach Iya chon chiéu dai balun bang mot phan tu bude song va tré khang dic
trung ché do chin Zeyen phu hop, balun déng truc xé khe déng thoi thye hién ba chirc nang chinh:
triét dong trén vo dong truc; dam bao dong cdp can bang cho chan tir di xtimg va phdi hop trd
khang hiéu qua véi dudng cip 50 Q.

Dé dam bao tinh d6i xtmg dién tir, khe xé can c¢6 bé rong nho (< 2 mm) va duge gia cong chinh
xéc theo chiéu dai | xdp xi \/4 tai tan s trung tdm. Khi | = A/4, doan balun & ché d6 chin dong vai
trd nhu mot bién ap M4 voi tro khang dac trung Zeyen, thuc hién bién ddi tro khang theo (5), dong
thoi co ché triét ché do chung lam giam manh dong ky sinh trén v6 cap. Nho do, cAu trac vira cai
thién phdi hop tro khang vdi duong cap 50 €, vira duy tri dong cap can bang cho hai nhanh chan
tir, gitip nang hiéu suit birc xa va ting d6 on dinh dic trung hudng trong dai tin 1am viéc.

3. M6 phoéng, danh gia

Phéan nay trinh bay quy trinh thiét ké, xay dung mé hinh 3D, téi vu héa tham s6 va md phong
anten chin tir ddi Xxutmg tich hop balun dong truc xé khe lam viéc trong bang tan L. Cac mo phong
dugc thyc hién bang phian mém Ansys HFSS 2020 R2, trong d6 anten dwoc dit trong mot mién
khong gian mé mo phong moéi trudng buc xa tu do, thong qua viéc bao quanh anten bdi hop
khong khi va ap dung diéu kién bién (Radiation) nham triét tiéu song phan xa tir bién. Cac dai
lugng dugc phan tich bao gé)m hé s phan xa, bang thong lam viéc, phan bd dong dién bé mit,
phan bd truong dién, ciing cac gian do birc xa 2D va 3D trén cic mét phang chinh.

3.1. M6 hinh hinh hoc va tham sé thiét ké

Than balun sir dung dng kim loai c6 kich thude phu horp voi duong kinh ngoai cua dau nbi N.
Mot khe doc dugc xé theo chiéu dai 6 6ng ddng truc ngoai vai chiéu rong nho (khoang 2 mm trong
thiét ké tham chiéu). Cac tham s6 nay dugc lya chon dya trén phan tich ly thuyét & phan trudc
nham dam bao trd khang can bang dau ra, cho phép phdi hop tét véi tro 'khang anten 73 Q. Moi
nhanh anten c6 chidu dai xap xi \/4 tai bang tan L. Nhanh anten dugc gan tryc tlep vao hai mép
ctia khe & cudi balun, dam bao tinh d6i xtmg va két ndi dién t6t. M6 hinh 3D diy di dugc minh
hoa trong Hinh 1. Anten chan tir d01 xung tich hop balun dong truc xé khe dugc md phong bang
phan mém Ansys HFSS trong dai tan tir 1,2 GHz dén 1,8 GHz, bao phu toan b ving tan s6 quan
tam cua bang tan L. Toan bo anten duogc gia thiét lam viée trong moi trudng khong gian tu do.

Vat liéu kim loai cua anten dugc md hinh hoda b?mg déng dan hiru han (Copper, ¢ =
5,8% 107S/m) dé phéan anh ding voi diéu kién vat liéu thuc té khi ché tao anten. Céng kich thich
dugc khai bao dudi dang wave port 50 Q tai dau ndi dong truc, dam bao mé phong chinh xac
diéu kién tiép dién trong cac h¢ théng phat thuc té. Qua trinh chia ludi thich nghi dugc thuc hién
tu dong cho dén khi hoi tu tham s tan xa véi sai sé nho hon AS < 0,02, sb 1an lap tdi thiéu 6 pass
dam bao do tin cdy cua két qua mo phong.
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3.2. Két qud mé phéng

Bang 1. Tham s6 thiét ké ciia anten chdn tir d6i xing tich hop balun dong truc xé khe

Théng sb Ky hiéu Gia tri
Tan s6 trung tdm fo 1,5 GHz
Chiéu dai khe balun ! 53,5 mm
Chiéu dai thanh chan tir D 47 mm
Ban kinh 16i trong a 1,5 mm
Ban kinh trong ctia dng ngoai b 3,0 mm
Ban kinh ngoai clia dng ngoai c 7,0 mm
Chiéu rong khe xé d 2 mm
Khoang céach tir dau khe t6i thanh chan tir A 2 mm
Chiéu dai doan déng truc dén khe xé L 32 mm

Sau khi tién hanh t6i wu cic tham so hinh hoc chu yéu cua anten, bao gdm chiéu dai khe
balun, chiu rong khe xé balun va kich thuéc chin tir, thong qua qua trinh mé phong tham sd
trong Ansys HFSS, tap hop céc gia tri tdi wu thu duoc da duge lua chon va téng hop nham dat
dugc phdi hop tro khang tot nhat tai tan sd 1am viéc bing tan L, dong thoi dam bao cin bang
dong dién hai nhanh chén tir va triét tiéu dong dién ky sinh trén vo cap. Cac tham sé kich thudc
t6i uru cua anten chin tr d6i ximg tich hop balun dong truc xé khe dwoc trinh bay chi tiét trong
Bang 1. Bé danh gia hi¢u qua cua cAu trac balun ddng truc xé khe tich hop, anten dé xuét dugc so
sanh truc tiép v6i anten chan tir dbi ximg thong thuong (conventional dipole) c6 cung kich thude
hinh hoc va dugc md phong trong cung diéu kién. Viéc so sanh nay nham lam rd vai trd ciia
balun khong chi trong viéc cin bang dong ma con trong cai thién dic tinh bang thong va do sau
diém cong huong. Hinh 3 trinh bay két qua mo phong S11 cua hai céu hinh anten trong dai tan
1,2-1,8 GHz. Két qua mo phong cho thdy anten chén tir thong thuong dat cong hudng t6t nhat tai
1,492 GHz véi gia tri hé s6 phan xa cuc tiéu x4p xi —17 dB. Mic du anten van 1am viéc tai tin sb
cong hudng, mirc phéi hop tro khang chi dat mure trung binh va bang thong tai ngudng S11 <-10
dB twong dbi hep. Nguyén nhén chu yéu xut phat tir viéc tiép dién truc tiép bang cap dong truc
khéng can bang, dan dén xuét hién dong ky sinh trén vo cap va lam suy giam hi€u qua truyén
nang lugng tir nguon dén anten. Nguoc lai, anten chan tir d6i xtng tich hop balun dong truc xé
khe dé xuat thé hién su cai thién o rét vé dic tinh phéan xa. Anten dat hé s6 phan xa sau —33,01
dB tai 1,497 GHz, t6t hon khoang 17 dB so véi anten chan tir thong thuong, dong thoi bing
thong S11 <—10 dB dugc mé rong dang ké. Két qua nay ching to balun dong truc xé khe khong
chi triét tiéu hiéu qua dong ky sinh va dam bao can bang dong dién, ma con thyc hién t6t chic
ning bién dbi tré khang A/4 giira anten va dudng tiép dién 50 Q.

Conventional Dipole CONV_DIPOLE ANsYs S Parameter ATCTDX ANSYS
0.00 0.00

m1 1.4154/-10.0626|
m2 1.6000| -9.8253
m3_1.4923-17.1178)

S11[dB]

Mame | Detapq) | Dotal) | Siepsty) | ievSlopecr)

d(m1m2) 0.1846 0.2372 1.2849| 0.7783

-17.50 T T T T -35.00 e T T T ——
120 1.30 1.40 1.50 160 1.70 1.80 1 20 1.30 1.40 1.50 160 1.70 1.80

Freq [GHz) . Freq [GHz)
(@) (b)
Hinh 3. D6 thi hé séphdn xg S11: (a) anten chan tir déri‘xt'mg thong thwong
va (b) anten chan tir doi xung khi tich hop balun dong truc xé khe
Bang thong lam viée cua anten, duge xac dinh tai mac S11 <-10 dB, dat khoang 224 MHz,
tuong ng véi 14,1% so voi tan sb trung tdm. Bang thong rong nay khong chi dap tng yéu ciu
hoat dong cua cac hé thong bang tin L ma con dic biét c6 y nghia ddi voi cac tmg dung phat
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cong suit cao. Nho biang thong rong, anten van duy tri phdi hop tré khang t6t ngay ca khi diéu
kién lam viéc thay d6i, gop phan nang cao d6 tin cay cua h¢ thong phat.
E Field [Vim]

10630.48'
9567 44

Jsurf [Alm]
83412
l 425090
38.6749

338418

29.0086
850439
744134
637829
531524
425219

3189.15
212610
1063.05

0.00

241755
193423

14,5092

96761
I 48429
0.0098

(@) (b)
Hinh 4. (a) Phdn b6 mdt d¢ dong trén anten va (b) Phdn bé truong dién tai tan sé 1,5 GHz

Phan bd truong dién va mat do dong bé mit cua anten tich hop balun déng truc xé khe duoc
danh gia thong qua mo phong dién tir trong diéu kién cong sudt chuan hoa 1 W. Két qua cho thay
gia tri truong dién cuc dai [E|max tap trung chu yéu tai ving khe xé va khu vuc tiép giap giira
balun va chin tir, v6i gia tri cuc dai xap xi 1,6x10* V/m, trong khi phan 16n cau trac kim loai con
lai duy tri mirc truong dién thip va phan bd dong déu. Pdng thoi, mat do dong bé mat |Jwr dat
gi4 tri 16n nhit doc theo thanh trong cua balun va ving khe, phan anh co ché dan dong lién tuc va
khong xuat hién hién tugng tap trung dong cuc bo tai cac mép hodc vét liéu dién moi.

Kha ning chiu cong sudt cua anten dugc udc lugng dwa trén quy ludt ty 1& cua cudng do
truong dién theo cong suét kich thich, duoc biéu dién béi cong thic (7):

2

E

- 22 1 0
0

trong d6 Prax 1a cong suit cuc dai ma mot phﬁn ttr anten c6 thé chiu duoc, Epg 12 cuong do
dién truong danh thung cia mdi truong xung quanh (khong khi, chan khéng hodc khi), Eq la gia
tri dién trudong cuc dai thu duoc tr mé phdéng dién tir ciia anten khi dugc kich thich voi cong suat
vao Py (duoc chuin héa), tai ddy Py = 1 W. Dura trén két qua trong Hinh 4b cta anten dé xuat, gia
tri truong dién cuc dai dat dugc la Ep = 1,6%10* V/m vai cong suat kich thich Po = 1 W, tap trung
chu yéu tai ving khe xé va khu vuc tiép giap giira balun dong truc va chén tir. Véi gia thiét trong
diéu kién tiéu chuén cua khong khi cuong do dién truong danh thung Epg = 3 MV/m, do d6 theo
biéu thirc (7) thi cong sudt cuc dai ctia mot phan tir anten duoc wdc luong 1a xap xi 35 kW. Két
qua nay cung cap co s& dinh lugng ban dau cho thay anten tich hop balun dong truc xé khe c6
tiém nang ung dung trong cac hé thong phat cong suat cao. Viéc xac dinh chinh xdac gi6i han
cong suét cuc dai van can dugc tiép tuc nghién ctru thong qua md phong t6n hao nhiét va cac thir
nghiém thuc nghi¢m trong dleu kién 1am viéc thuc té.

Céc két qua nay cung cap co s dinh luong ban dau dé udc lugng gidi han cong suat cuc dai
theo cac tiéu chi dién truong va tén hao dan, hudng téi img dung trong cic hé thdng anten bing
tan L yéu cau cong sudt phat 16n va do tin cdy cao. Dong thoi, dong dién déi xung trén hai nhanh
chan tir dam bao pha va bién do cua tin hiéu buc xa duoc duy tri 6n dinh, 1a diéu kién can dé anten
¢6 thé hoat dong hi¢u qua nhu phan tir bire xa trong anten mang nhiéu phan tir.

Ngoai ra, do ciu tric anten va balun hoan toan bang kim loai, khong str dung vét liéu dién moi hay
16i ferrite, anten dé xuét khong chiu cac gidi han vé bao hoa tir hodc t6n hao dién moi thuong gap o
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cac cau trac balun khac. Dicu ndy cho phép anten lam viée 6n dinh & murc cong suat cao hon, phu hop
v6i cac hé théng phét cong suit cao trong rada, hé thong may héi va tac chién dién tir bang tan L.

Gain 2D ATCTDX ANSYS ) ANsYS
Curve Info

— dB(GainTotal)

Setup1 : LastAdaptive

Freq='1.5GHz' Phi="0deg’
dB(GainTotal)

(@) (b)
Hinh 5. D6 thi birc xa ciia anten chdn tir doi xitng tich hop balun dong truc xé khe: (a) 2D va (b)3D

Do thi birc xa cia anten tai tin sb cong hudng dugc trinh bay trong Hinh 5a dudi dang cac
mit ct 2D theo cdc mat phﬁng chinh. Anten thé hién dang buc xa dién hinh cta chin ta d6i
xtng, voi bup séng chinh rong va gan ding hudng trong mit phing ngang. Do loi cuc dai dat
khoéang 3,51 dBi, phu hop véi vai trd phan tir birc xa co ban trong anten mang.

Dang birc xa d6i xtng va 6n dinh cta anten 1a mot wu diém quan trong khi trién khai trong cac
anten mang. Cac két qua mo phong cho thdy anten chin tir di xing tich hop balun dong truc x¢
khe dap tng dong thoi cac yéu cau quan trong cua mot anten phat cong sut cao va phan tir anten
mang bang tan L, bao gom: phdi hop tro khang tt, bang thong rong, phan bd dong dién can
bang, triét tiéu dong ky sinh va dang birc xa 6n dinh. Nhiing dac tinh ndy 1a co s¢ dé khang dinh
anten d& xuat khong chi phu hop cho s dung don 1¢ ma con ¢6 tiém nang cao khi dugc trién khai
trong cac anten mang nhiéu phan tir phuc vu cac hé thong rada, may hoi va tac chién dién tur.

Céc két qua trinh bay trong bai bao hién tai dwoc thu dugc tir mo phong trong didu kién ly
tudng. Mac du md phong da lam rd céc co ché vét ly va uu diém cua cu truc anten dé xuét, viée
ché tao nguyén miu vado kiém thuc nghiém 1a can thlet dé danh gia diy du hiéu nang trong diéu
kién lam viéc thuc té, ddc biét & ché do phat cong suat cao. Trong cac nghién ctru tiép theo, anten
s& dugc ché tao va do cac tham s6 S11, d6 thi birc xa, ciing nhu danh gia kha nang phat cong sudt
cao. Pong thoi, cAu trac anten s& duoc mo rong theo hudng ghép nhiéu phan tor nham khao sat
dic tinh ghép mang, 6n dinh pha bién d6 va kha ning diéu khién bup song.

4. Két luan

Bai bao da trinh bay mot thiét ké anten chin tir d6i ximg bang rong tich hop balun dong truc
x¢é khe, hudng t6i cac ing dung phat cong suat cao va lam phan tir birc xa cho anten mang bang
tan L. Dya trén mo hinh 1y thuyét ché d6 chin/lé va mé hinh dudng truyén ghép, ciu triic balun
da duoc phan tich chi tiét, lam 1 co ché chuyén ddi tin hiéu bét can br?mg thanh tin hiéu can bé“mg,
ddng thoi triét tiéu hiéu qua dong ky sinh trén vo cap dong truc. Poan balun c¢6 chidu dai xap xi
A4 con thyc hién chire nang bién doi tro khang, dua trd khang chan tir nira song xap xi 73 Q vé
gin 50 Q cia cong tiép dién, giup cai thién dang ké ph01 hop tré khang va mé rong bang thong.

Két qua mo phong toan song cho thiy anten dat hé s6 phan xa —33,01 dB tai 1,497 GHz, bang
thong 14,1% tai mirc S11 <—10 dB va do loi cuc dai 3,51 dBi. Phin bd dong dién ddi ximg va do
thi birc xa 6n dinh chirng minh hiéu qua cta balun déng truc xé khe trong viéc duy tri déc tinh
blrc xa khi 1am viéc & ché do phat, déng thoi tao nén tang dé anten duogc st dung nhu phén tor
trong cac anten mang nhiéu phan tir.

Nho cdu trac kim loai nguyén khéi, khong st dung vat li€u dién moi hay 16i ferrite, anten deé
xuét c6 kha nang chiu cong suét cao, d0 bén co khi tbt va it nhay véi diéu kién moi truong.
Nhitng dic diém nay khién anten dic biét phii hop cho cac hé thong rada thir cip, may hoi, cic hé
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théng phat cong suit cao va cac tng dung tac chién dién tir trong bing tdn L. Trong cic nghién
ctru tiép theo, thiét ké s& duoc mo rong theo hudng ghép nhicu phan tir, danh gia phan bd pha
bién do trong mang va tién hanh ché tao, do kiém thuc nghiém dé kiém chung déy du hiéu nang
trong diéu kién 1am viéc thuc té.
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