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TOM TAT

Bai bdo phdn tich va tong hop dng ten ong dan séng khe doc dé mo réng géc quét theo tan sé
bang viéc d‘ong thoi khdc phuc hién twong cong huong phan xa (f = 17.3 GHz) va tao sw phan bo
bién d¢ déu doc 6 ong dan song (f = 19.6 GHz). Ang ten 6ng dan séng cé dang hinh hdp chir nht,
bén trong chira chat dién méi tir vat liéu Rogers RO4003 (¢ = 3.55), trén canh dai cua hinh hop
chit nhat co cdc cap khe doc dwgc phan bé doc theo ong dan séng. Két qua tinh todn cho thdy
rang, cé the cung lic khdc phuc dwoc hién tuong cong huong phan xa khi bip song chinh vuéng
goc voi ong dan song va tong hop dwoc s phdn bé bién d déu doc theo ong dan song ¢ hai tan
80 khac nhau. Viéc tong hop da giup tang hé so khuéch dai ciia ang ten lén 0.8 dB tqi tan s6 1 7.3
GHz va tang 2.8 dB ¢ tan s6 21.5 GHz. Pong thoi, goc quét theo tan sé cia ang ten sau khi tong
hop (58 do) ciing dwoc mo rong hon so voi trudc khi tong hop (50 do).

Tir khoa: Ang ten dng din song; Khe doc; Sy phan bd bién do; Phuong phap phan tir hiru han.
1. MO PAU

Trong nhimng nam gan day, rat nh1eu nha khoa hoc trén thé gidi d nghién ctru dng ten ong
dan song nham nang cao cac thong s6 ki thuat va giam gia thanh cua ching. Nhimg nghién ctru
co ban vé dng ten 6ng dan song di dugc trinh bay trong rat nhiéu tai liéu khac nhau [1-4].

Dé nang cao cac thong sd ki thudt ciia dng ten, mot trong nhitng hudng nghién ctru chinh do
la mo rong goc quét cua ang ten theo tan s6. Hién nay, da c6 rat nhi€u bai bao véi nhiéu phuong
phép khac nhau duoc dua ra @& mo rong goc quét theo tan so, vi du nhu: Bai bao [5] da tong hop
chiéu dai cua 4 khe doc; Bai bdo [6] dd bo sung thém 4 16 nam xung quanh khe doc; Bai bao [7]
da str dung khe doc két hop véi khe ngang; Bai bao [8] da thay doi hang s6 dién moi tai céc vi tri
c6 khe doc; Bai bao [9] da sir dung 2 16p dién moi két hgp vdi céc khe trong 16p dié€n moi.

Tuy nhién, tat ca cac nghién ctru trén déu chua dé cap dén van dé téng hop ang ten ng dan
song dé cing lac co thé khic phuc dugc hién twong cong huong phan xa khi bup song chinh
vudng goc voi dng dan séng, va tao duge su phén bd bién do déu doc 6 ong dan song tai 2 tan sb
khac nhau, nhim mé rong goc quét theo tan sb. Bai vi, néu chi thay déi chidu dai cua khe doc
hodc chi thay doi hang s6 dién mdi doc theo ong dan song thi ta chi ¢ thé khac phuc duge mot
trong hai van dé trén.

Vi vay, dé déng thoi giai quyét hai vin dé nay, bai bao s& tong hop lai cac tham sd cua 16p
dién moi dé thay d(")i hang s6 dién m@i doc theo ong dénﬂ song nham khac phug hién tuong cong
hudng phan xa va tong hop lai chi€u dai cac khe doc d€ tong hop su phéan bo bién do deu doc
theo ong dan song.

Céu truc cua bai bao nhu sau: Phan 2 — Déi twong nghién ctru; Phan 3 — Tinh toan cac tham
sO cua ang ten; Phan 4 — Két qua tong hop ang ten; Phan 5 — K&t luan.

2. POI TUQNG NGHIEN CUU

Dbi tuong nghién ctru cta bai bao 1a ang ten dng dan song khe doc v6i mot chu ki duoc thé
hién ¢ hinh 1. Trong d6: a = 6.6 mm — Chicu rong cua dng ten; p = 12.8 mm — Chiéu dai 1 chu ki
cua ang ten; W — Chiéu rong ctia khe doc; s — Chiéu dai ctia khe doc. B day cua ang ten 1a 0.813
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mm. Ang ten dugc lam tir déng véi do day 0.035 mm. Bén trong chira chét dién mdi tir vat lidu

Rogers RO4003 (g = 3.55).

Nham moé rng goc quét cua ang ten theo tan so, bai bao sé di giai quyét hai van dé do la:

- Khic phyc dugc su cong huong phan xa ¢ tan so thir nhét khi bap séng chinh vudng goc véi

ong dan song.

- Tao dugc sy phan bd bién d6 déu doc theo 6ng dan 6 tan sb thi hai.

Dé giai quyét van dé thir nhat: Bai bao di thay ddi cau triic 16p dién moi nham thay doi hing sd
dién méi doc theo dng dan séng, bang viéc thay doi chiéu cao phan bi cat cta 16p dién méi (hinh 2
- h 1a chiéu cao phén bj cét ctia 16p dién méi, k 13 chiéu rong phan bj cét cua 16p dién méi).

Dé giai quyét van dé thu hai: Thong qua viée tinh toan hé sb truyén song, bai bao da thay doi
chiéu dai khe doc ctia khe doc (s) va co dinh chi€u rong cia khe doc.

p/2 p/4

a2
a/4

Hinh 1. Mt chu ki ciia dng ten ong dan séng

voi khe doc.

3. TINH TOAN CAC THAM SO CUA ANG TEN

p/2 pl/2

g
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3.1. Tong hop chiu cao phin bi cit cia 16p dién méi.

p

Hinh 2. Cdu triic 16p dién méi.

bé khic phuc hién tugng cong hudng phan xa, bai bao da chpn 4 gia t{i chiéu dz‘li‘ khe dgc lan
luot 1a s; = 4.3 mm, s, = 4.6 mm, S3 = 4.9 mm, s; = 5.1 mm, cO dinh chi‘éu rQng phéan bi cat cﬁz}
16p dién moi k = 0.9 mm va thay do6i chiéu cao phan bi cat, sao cho tai tan s6 = 17.3 GHz, hé so

phan xa cia mot chu ki 1 nho nhét.

Bing phuong phap phan tir hitu han, bai
bao di tim ra dugc 4 gia tri ciia h dé hé sb
phan xa (S11) dat gi tri nho nhat, d6 1a: hy =
0.99 mm, h, =1.15 mm, hy = 1.28 mm, h, =
1.36 mm, tuong Umg voi chiéu dai khe doc
bén trén. Hinh 3 the hién sy phu thudc hé
s0 phan xa vao tan sb voi tung gia tri chiéu
dai cta khe doc, trong d6: 1 —s; = 4.3 mm,
2-5=46mm,3-5=49mm, 4 -5, =
5.1 mm.
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Hinh 3. Su phu thudc ciia hé sé phan xa

vao chiéu dai cua khe doc.

Bing phuong phap gan duang, ta co phuong trinh thé hién sy phu thudc ctia chiéu cao phan ct
16p dién méi vao chiéu dai khe doc, nham khic phuc hién twong cong hudng phan xa, nhu sau:

h(s) = 0.125s53 — 1.8917s2 + 9.9404s — 16.715

3.2. Téng hop chiéu dai ciia khe doc.

@)

Dé tinh toan hé sb truyén song tai tin sé 19.6 GHz, bai bao iy 4 gi4 tri chiéu dai khe doc 1an
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luot la s; = 4.3 mm, s, = 4.6 mm, s3 = 4.9 mm, s, = 5.1 mm, c¢b dinh chiéu rong cua khe doc w =
0.4 mm, tinh toan d6 léch pha (A@) va hé s6 pham (Q) ctia mét chu ki, théng qua phuong phap
ElgenMode [10], voi cac cong thirc (2), (3), (4), (5). Trong do: A — Bude song ¢ — Thc @6 anh
sang; f — Tan sb tinh toan; k — Sb lugng céc bude séng; B — Phén 4o cua hé sb truyen song; Ag —
Bo 1éch pha trong 1 chu ki; p - Chiéu dai ctia 1 chu ki; o.— Phan thyc ciia hé s6 truyén song; Q —
Hé s pham chat. Sau khi tinh toén, ta c6 bang 1:

Bdng 1. Su phu thuéc hé 56 truyén song vao chiéu dai ciia khe doc.

S 49 Q p a
A=clf ) 43| 2685 | 13341 | 366.11 | 2.156
k =21/ ©) 46 | 2673 | 97.27 | 364.47 | 2971
B = A4¢lp (4) 49 | 2649 | 68.87 | 361.2 | 4.234
a=k2/2*Q*p)  (5) 5.1 | 262.1 | 53.63 | 357.38 | 5.495

Pé tong hop su phén bd bién do déu doc theo 6ng dan song, ta s& téng hop thong qua phan
thuc cua hé so truyen song [5]. Bing phuong phap gan ding, ta c6 thé viét lai sy phu thudc ciia
phan thuc cia hé s6 truyén song vao chiéu dai cta khe doc theo cong thirc:

a(s) = 0.014 x 119 (6)
3.3. Tong hop cac tham sb cia dng ten.

Bing vie tich phan phan thyc cta hé sb truyén song doc theo dng din séng cua dng ten, ta co
cong thic theé hién sy phu thudc ctia phan thyc hé so truyén song vao toa dd y véi sy phan bo
bién do déu doc theo ong dan séng la [1]:

103
L Py L
Jyay+p 25 o ay

Trong d6: Py = 1 — cong suét & dau vao cua dng ten, P_ = 0.1 — cong suét & dau ra cua dng ten,

L — chicu dai ctia ang ten, y — vi tri trung tam cta chu ki.

aly) = )

T cong thuc (6) va (7), ta co6 cong thirc thé hién sy phu thudc cia chiéu dai khe doc vao toa
doyla:
__In(0.5%a(y))-1n(0.014)
s(y) = 0 ®)
Gia st ang ten co 1 6 chu ki,‘ tir cong ghl'rc 6, 7, 8, ta tinh dugc chieu dai cia khe doc, sau d6
thay vao cong thirc 5 d€ tim chi€u cao phan bi cat cia 16p dién mdéi. Tu do, ta c6 bang 2.

Bing 2. Chiéu dai ciia khe doc va chiéu cao phan bi cdt cia I6p dién méi theo chu ki.
STT 1 2 3 4 5 6 7 8
s(mm) | 4.273 | 4323 | 4.376 | 4.433 | 4.494 4.56 4.631 | 4.709
h (mm) | 0.973 1.003 | 1.034 | 1.065 | 1.097 1.13 1.164 | 1.199
STT 9 10 11 12 13 14 15 16
s(mm) | 4795 | 4.891 | 4999 | 5123 | 5.269 | 5446 | 5.669 | 5.975
h(mm) | 1.236 1.276 | 1.319 | 1.369 1428 | 1505 | 1.616 1.808

4. KET QUA TONG HQP

D¢ so sanh két qua tinh toan, ta sir dung mot dng ten khac ciing c6 16 chu ki véi tong chiéu

»
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dai bang véi dng ten da tong hop, do dai cua khe doc va chiéu cao phin bi cét cua 16p dién moi
khong d6i, va lan luot bang s = 5.1 mm, h = 1.3 mm. Cac gié tri nay dam bao cho ang ten cé thé
khic phuc duoc hién tugng cong huong phan xa tai tan s 17.3 GHz khi blp séng chinh vuéng
goc voi dng din song.

Hinh 4 thé hién sy phan b bién d6 tai tan s f = 19.6 GHz cua ang ten trudc (nét dut) va sau
khi tong hop (nét lién) chiéu dai khe doc. Hinh 5 thé hién hé s6 phan xa ciia ng ten trude (nét
dut) va sau khi tong hop (nét lién).

Tir hinh 4 thiy ring: Truge khi tong hop, su phan b bién d6 cuia dng ten doc theo 6ng dan
song c6 ham mi, con khi khi tong hop thi sy phan bd bién d6 cia dng ten di 1a sy phan’ b6 deu
Tir hinh 5 thay rang: Viéc tong hop chiéu dai cua khe doc hau nhu khong anh hudng dén hé s6
phan xa cta dng ten. Tir hinh 4 va hinh 5 thiy ring c6 thé cing mét lac khic phuc hién twong
cong huong phan xa va tong hop su phan bd bién do déu tai 2 tan sé khac nhau ctia ang ten.
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Hinh 4. Sy phdn bo bién dé cua ang ten trudc Hinh 5. H¢ s phan xa cua ang ten trudc va
va sau khi tong hop chiéu dai cua khe doc tai sau khi tong hop chiéu dai cua khe doc.
tan s6 19.6 GHz.
Hinh 6 the hién gian do hudng cua ang ten .00
trude (nét dut) va sau khi tong hop (nét lién) tai e

cac tan s6 khac nhau (1 — 15.5 GHz, 2 — 16,5
GHz, 3 - 17.3 GHz, 4 — 185 GHz, 5 - 19.6
GHz, 6 — 20.5 GHz, 7 — 21.5 GHz, 8 — 22.5 i
GHz). Tur hinh 6 thdy rang, viéc tong hop su % o
phan bé bién do déu da giup ting hé s6 khuéch

dai cta ang ten 1én 0.8 dB tai tan s6 17.3 GHz :

va tang 2.8 dB & tan s6 21.5 GHz. Pong thoi, ool AL 2 ﬁﬂ

goc quét theo tan sd cua ang ten sau khi tong e

hop (58 d9) ciing dwoc m& rong hon so V&I Hinh 6. Gidn do hiéng ciia dang ten trieée va

trude khi tong hop (50 d9). sau khi tong hop chiéu dai cia khe doc.
5.KET LUAN

Tir két qua nhan dugc c6 thé dua ra duge nhitng két luan nhu sau:

-Co the cung luc khic phuc duoc hién tuong cong hudng phan xa khi bup song chinh vudng
goc Vol 6ng din song va téng hop duge sy phan bd bién d6 déu doc theo 6ng dan song o hai tan
s0 khac nhau.

- Viéc tong hop da gitp tang hé sO khuéch dai cua ang ten 1én 0.8 dB tai tan s6 17.3 GHz va
tang 2.8 dB ¢ tan s6 21.5 GHz.

- Goc quét theo tan sb cua ang ten sau khi tong hop (58 d6) dugc mé rong hon so véi trude
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khi tong hop (50 do).

Viéc nghién ctu ang ten 6ng dan séng khe doc voi goc quét theo tan s6 rdng la co so de tiep

tuc nghién ciru mang ang ten phiang voi goc quét rong.
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ABSTRACT
Longitudinal slotted waveguide antenna with a wide frequency sweep angle

The article analyzes and synthesizes slotted longitudinal-waveguide antennas so that,
at the same time, it is possible to overcome the phenomenon of reflected resonance, when
the main beam is perpendicular to the waveguide (f = 17.3 GHz), and create a uniform
distribution of amplitudes along the antenna at two different frequencies, to expand the
sectors of frequency scanning (f = 19.6 GHz). The waveguide antenna has a rectangular
shape, contains a dielectric material made of Rogers RO4003 (¢ = 3.55), on the long side
of the rectangular box, there are pairs of longitudinal slots distributed along the
waveguide. The calculation results show that it is possible to simultaneously overcome the
reflected resonance when the main beam is perpendicular to the waveguide and synthesize
a uniform amplitude distribution along the waveguide at two different frequencies. The
synthesis increased the gain of the antenna by 0.8 dB at 17.3 GHz and by 2.8 dB at 21.5
GHz. At the same time, the sectors of frequency scanning after synthesis (58 degrees) are
also wider than before synthesis (50 degrees).

Keywords: Waveguide antenna; Vertical slot; Amplitude distribution; Extended finite element method.
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