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ABSTRACT

Bai bdo phdn tich va tong hop dng ten ong dan song co khe ngang vdi su phdn bo bién do
theo hinh Sin khi bup song chinh vuong goc voi ong dan séng, trong khi van dam bdo dwoc hé sé
phan xa ciia dng ten. Ang ten éng dan séng cé dang hinh hop chit nhdt, bén lrong chita chdt dién
moi ly tuong (€=2.25), trén canh dai ciia hinh hop chit nhdt co cdc cap ranh nam ngang dugc
phdn bé doc theo ong dan séng. Bang phuong phap phan tir hitu han, bai bdo da tong hop chiéu
dai, khoang cach giita hai khe ngang va chiéu dai chu ki ciia tirmg cdp khe ngang. Két qua tinh
toan cho thdy rang, tai tan s6 f = 10 Ghz khi bip séng chinh vuéng goc véi ong dan séng, c6 thé
tong hop dwoc sy phdn bé bién do ciua dng ten theo hinh Sin véi gid tri bip song phu lém nhat
lGc nay = -16.6dB. Géc quét theo tan sé ciia dng ten sau khi dwoc tong hop = 35° khi tan so
thay doi tir 9 Ghz dén 10.5 Ghz.

Tir khéa: Ang ten dng din song; Khe ngang; Su phan bd bién do; Phuong phap phan tir hitu han.
1. GIOT THIEU

Véi wu thé vé gia thanh, trong khi van dam bao duoc cac thong sb ky thuét, nhiing nam gan
day, viéc nghién clru ang ten 6ng dan song tro thanh mot trong cac xu thé ctia cac nha khoa hoc
trén thé giéi. Cac ddc diém cta ang ten ong dan song, cling nhu cac phuong phap ding dé phan
tich chiing di dwoc nghién ciru trong nhiéu tai liéu khac nhau [1-4].

Hau hét cac nghién clru nay déu nghién clru dng ten dng dan song vai ranh doc, vi du nhu: bai
bao [5] di phan tich va tong hop ang ten ong dan séng co rinh doc vé6i su phan bd bién d theo
hinh Sin, bai bao [6] da nghién ctru dng ten ong dan song ¢6 4 ranh doc voi dai quét tan s6 rong.

Ngoai ra, ciing c6 rat nhiéu nghién ciru vé ang ten ong dan song c6 khe ngang da dugc cong
b nhu: bai bao [7] dé nghién ciru v€ ang ten phang 2 chiéu dugc lam tr cac 6ng dan séng xép lai
v6i nhau, bén trong ong dan song chira chat dién moi va bén trén dng dan song co cac cap khe
ngang dugc xap xe€p theo chu ki khong dbi, bai bao [8] di nghién ctru vé dng ten ong dan song
v6i s6 lugng khe ngang khac nhau trong 1 chu ki, bai bao [9] d& nghién clru vé dng ten dng dan
song véi ba khe ngang hoat dong trong 2 ché d6 birc xa khéc nhau.

Tuy nhién, tit ca cac nghién clru vé ang ten 6ng dan song déu chua dé cap den van dé tong
hop su phan b bién bd doc theo 6 dng dan song khi bup song chinh vudng goc vdi ong dan song.
Boi vi, voi ang ten dng dan song, khi ‘bup séng chinh vudng goc vdi dng dan song, do hién tuong
cong hudng phan xa cua séng vo tuyen toan bd song dién tur s bi phan xa lai het dan dén khong
¢6 hién twong truyen song [1]. Dé giai quyét van dé nay, co thé sir dung, 3 ang ten 4ng dan song co
cap khe ngang, va didu chinh khoang cach cta 2 khe ngang dé song co thé truyén duoc trong ong
dan song [2]. Tuy nhién, khi s dung cap khe ngang, néu thay dbi chiéu dai cua ching dé tong
hop su phan bd bién dé thi goc chiéu xa ting chu ki ctia dng ten s& b thay ddi din dén khong tao
duoc song phing phia trén bé mit cua ang ten. Vi vy, dé giai quyét dong thoi 2 van dé trén, bai
bao nay sé& phan tich va tong hop ang ten ong dan song c6 khe ngang voi su phén b6 bién do theo
hinh Sin khi bup séng chinh vudng goc voi 6ng dan song, trong khi vin dam bao dugc hé sb
phan xa cuia dng ten tai tan s6 f = 10 Ghz.
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Céu trac ctia bai bao nhu sau: phan 2 — nghién ctru hinh déang bén ngoai ciia dng ten, phan 3 —
tim hiéu su phu thudc cac tham so cta ang ten vao chicu dai cua khe ngang, phan 4 — tong hop
cac tham so cua ang ten theo yéu cau, phan 5 — danh gia két qua nhan dugc, va phan 6 — két luan.

2. POI TUQNG NGHIEN CUU

Dbi tugng nghién ctru ctia bai bao 14 ang ten dng dan song c6 khe ngang véi mot chu ki dugce
thé hién & hinh 1, trong do: a — Chiéu rong cua ang ten, b — Chiéu dai chu ki cua mot cap khe
ngang, W — Chiéu rong ciia khe ngang, s — Chiéu dai ciia khe ngang, d — Khoang cach giira hai
khe ngang. Bén trong ang ten chira chat dién méi 1y twong voi e=2.25. Chidu day clia dng ten = 5
mm. Ang ten dugce lam tur kim loai 1y tuéng (pec) voi do day = 0.5mm.

Dé téng hop su phan bd bién do6 cia dng ten, bai bao cb dinh gid tri chiéu rong cua ang ten a
= 15 mm, va chiéu rong ciia khe ngang w = 2 mm.

Viéc tong hop ang ten 6ng dan song duoc thuc hién bang phuwong phap phan tir hitu han, trén
phan mém Ansys Electronics Suite.

P

- >

Hinh 1. Mét chu ki ciia dng ten ong dan séng véi khe ngang.

3. SU'PHU THUQC CAC THAM SO CUA ANG TEN
VAO CHIEU DAI CUA KHE NGANG

bé nghién cfry su phu thudc cép tham s cua ang ten vao chiéu dai cua khe ngang, bai bao
chon 4 gia tri chiéu dai khe ngang lan luogt 1a s; = 8mm, s, = 9mm, s3 = 10mm, s, = 11mm.

C6 hai van dé khi tong hop su phan bd bién do theo hinh Sin bing cach thay doi chiéu dai cua
khe ngang do la:

- Chiéu dai ciia khe ngang thay d6i lam cho ang ten khong dam bao dugc hé sO phan xa ctia
minh khi bép séng chinh vudng goc v6i éng dan song.

- Chiéu dai cta khe ngang thay d6i, ddn dén tai cing mot tan s, goc chiéu xa cua ing ten s&
bi thay doi [7].
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Hinh 2. Sw phu thudc ciia hé s6 phan xa vao tan sé véi timg gid tri cia chiéu dai khe ngang.
D¢ giai quyét van dé thir nhat, bai bao da thay ddi khoang cach giira hai khe ngang véi d; =
3.97 mm, d, = 3.36 mm, d; = 2.39 mm, d4 = 0.97 mm tuong ng véi ting gia tri chiéu dai khe
ngang s; =8 mm, s, =9 mm, s3 = 10 mm, s, = 11 mm, sao cho tai tan s6 f = 10 Ghz, hé s6 phan
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xa cua mot chu ki véi p = 26 mm 1a nho nhét. Hinh 2 thé hién sy phuy thudc ctuia h¢ ) phan xa
(S11) vao tan sb voi tirng gia tri cua chiéu dai khe ngang, trong d6: 1 - $; = 8mm, 2 - s, = 9mm, 3
-S53=10mm, 4 -s, =11 mm.

Dé giai quyét van dé thir hai, bai bao da thay ddi chiéu dai chu ki p twong tng voi timg gié tri
chiéu dai va khoang cach giira hai khe ngang, sao cho tai tan sb f = 10 Ghz, blp séng chinh cua
ing ten vudng goc voi dng dan song. Ang ten duoc sir dung dé tinh toan trong truong hop nay 1a
ang ten c6 16 chu ki gidng nhau (twong tmg v&i chiéu dai ang ten khoang 400 mm) (hinh 3).

Hinh 3. Ang ten 6ng dan song véi 16 chu ki giong nhau.

Heé s6 phét xa ciia ang ten dugc tinh bang cong thirc [2]:
pr: 1- (511)2 - (512)2 (1)

Trong do6: Spx — Hé $6 phat xa, S;; — Hé ) phéan xa, Sy, — Hé ) truyén song.
Tir két qua giai quyét 2 van dé trén va cong thire (1), ta nhan dugc bang 1.
Bing 1. Sy phu thudc cdc tham sé dng ten vao chiéu dai cia khe ngang.
S Su Si2 d p Spx
8 | 0.00198 | 0.98511 | 3.97 | 25.42 | 0.02955
9 10.023 0.95296 | 3.36 | 24.43 | 0.09134
10 | 0.05723 | 0.87567 | 2.39 | 22.7 | 0.22993
11 ] 0.11931 | 0.70583 | 0.97 | 20.2 | 0.48757

Bang phuong phap gan ding, ta co thé Viét lai sy phu thudc cua cua hé s6 phat xa, chiéu dai
chu ki, khoang céch giita 2 khe ngang vao chiéu dai ciia khe ngang lan lugt theo cong thuc:

pr(S) - 2*105e0.9333s (2)
p(s) = -0.005s%-0.2355%+4.09s+10.3 (3)
d(s) = -0.0155°+0.2255-1.185+6.69 (4)

4. TONG HQP CAC THAM SO CUA ANG TEN
Su phan b bién d6 doc theo dng dén soéng clia dng ten theo hinh Sin dugc thé hién bang cong
thire:
E(y) = sin(ny/L) )
Trong do: E(y) — Su phan bd bién do theo truc y, L— Chiéu dai cua ang ten, y — Toa d0 y dugc
tinh tir dau cua ang ten.
7B§ng vi¢c tich phén sy phan b bién do doc theo éng dan song cua ang ten, ta ¢6 cong thure
the hién sy phu thudc cia hé s6 phat xa vao toa do y khi su phan bo bién d¢ theo hinh Sin la [1]:
Spx(¥)=(10°E(y)/2)/(2L(Po/(Po-PL)/m+L(cos(my/L)-1)/m) (6)
Trong do: Po =1 - Cong sudt & ddu vao cia ang ten, P_ = 0.1 — COng sut & ddu ra cta ing ten
(phat xa 90% cong suat).
Tir cong thic (2), (5) va (6), ta c6 cong thirc thé hién su phu thudc cta chidu dai khe ngang
vao toa do vy la:
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s(y) = (In(Spx(¥))-In(2*10°))/0.9333 (7)

T cong thic (7), ta nhan duoc chiéu dai cua khe
ngang, sau do thay gia tri nay vao cong thirc (3) va (4), ta
nhan duoc khoang cach giita hai khe ngang va chiéu dai
chu ki cua tung cdp khe ngang.

Gia sur chiéu dai cua ang ten khoang 400mm, lac nay
ta can c6 16 cap khe ngang dé tong hop su phan b bién
d6 theo hinh Sin (chiéu dai va sb luong chu ki c6 thé thay
d6i ma khong anh huéng dén két qua tong hop). Két qua
sau khi tong hop cac tham sd cua ang ten dugc thé hién &
bang 2.

5. KET QUA TONG HQP ANG TEN

Hinh dang mdi cua cua ang ten sau khi tong hop cac
tham s6 dugc thé hién & hinh 4.

Bing 2. Cdic tham s6 cuia ang ten
sau khi tong hop.

s(mm) | d(mm) | p(mm)
7.25 4.245 25.695
8.432 3.745 25.082
8.989 3.369 24.445
9.364 3.054 23.888
9.653 2.773 23.387
9.892 2.514 22.923
10.101 | 2.268 22.483
10.289 | 2.03 22.059
10.461 | 1.797 21.645
10.62 1.568 21.243
10.764 | 1.351 20.861
10.885 | 1.159 20.528
10.961 | 1.034 20.311
10.941 | 1.068 20.37
10.688 | 1.467 21.064
9.692 2.733 23.314

Hinh 4. Hinh ddng m&i ciia dng ten sau khi tong hop cdc tham so.

Pé so sanh két qua nhan dugc, bai bao st dung mdt ang ten éng dan song voi cdp khe ngang
khéc c6 16 chu ki giéng nhau véi cac tham s6 1an lugt 1a: a = 15 mm, b — 21.6 mm, w — 2 mm, s —
10.5 mm, d-17 mm, sao cho Py va P cta dng ten nay lan luot bang 1 va 0. L. Ang ten nay co thé
giai quyét van dé vé hé sé phan xa khi phu bup song chinh vuéng goc voi ong dan song, nhung
khong dam bao duoc goc chiéu xa cua timg chu ki khi thay ddi chidu dai cua cip khe ngang.

Hinh 5 thé hién su phan b bién d9 tai tan s6 f = 10 Ghz cua ang ten trudc va sau khi tong hop
cac tham so (nét lién - sau khi tong hop, nét it — trudc khi tong hgp). T hinh 5 thay rang: trude
khi tong hop, su phan bo bién do cua ang ten doc theo ong dan séng c6 ham mil, con khi khi tong

hop thi sy phan bd bién d6 cua ang ten da theo hinh Sin.
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Hinh 5. Su phdn bé bién dé doc theo dng dan séng cia dng ten

tai tan so T = 10 Ghz (nét lién - sau khi tong hop, nét dirt — trieée khi tong hop).
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Hinh 6 thé hién sy phu thu¢c cua hé s6 phan xa cua ang ten vao tan s6 (nét lién - sau khi tong
hop, nét dut — trude khi tong hop). Tt hinh 6 thiy rang: tai tan s6 f = 10 Ghz, khi bp séng chinh
vuong goc v6i dng dan song, hé sé phan xa cla ang ten trude va sau khi tong hop su phan bd
bién d6 twong dwong nhau. Tuy nhién, tai cac tan s6 khac dng ten sau khi tong hop c6 hé s phan
xa t6t hon ang ten trude khi téng hop.

S Parameter Plot 1 Chial0_mu2 ANSYS XY Plot 3 Chia10_muz ANSYS
0.00 0.00 [ cmemo ]
I R e e e e S R A e e —— dBi0normalize(GainTotal)
] 10: Lastadaptive
— Freq="{0GHZ Phi=90deg"
-10.00 7—'-_ . 12.50 ““ umenurmanze(sgamma\u
7 - Imported
: -25 00 7 Fregq="10GHZ Phi=80deg"
2 -20.00 g 25
~ 4 £ 1
b= — urve Info © 1
w T —C dB(;ﬂ' ) O -37.50 ]
-30.00 10 Sweep 1
] - aB(s(_1 -50.00 | Name | X Y
_40.00 ] Imported ] m1 |950000|-11.3185
’ ] 1 m2 |81.0000] 166384
— — 82.50 i o ! : . —
8.50 9.50 10.50 11.50 0.00 50.00 100.00 150.00  180.00
Freq [GHz] Theta [deg]
Hinh 6. Su phu thudc cia hé soé phdn xa vao Hinh 7. Gid tri chudn hoa do thi birc xa cia
tan so (nét lien - sau khi tong hop, nét dut — ang ten tai tan so t = 10 Ghz (nét lién - sau
trudc khi tong hop). khi tong hop, nét dut — trudc khi tong hop).

Hinh 7 thé hién gi4 tri chuén hoa d6 thi birc xa cia Ang ten tai tin sé f = 10 Ghz (nét lién - sau
khi tong hop, nét dut — trudc khi tong hop). Tir hinh 7 thdy rang: gia tri 1on nhat bup song phu
ctia ang ten sau khi tong hop (-16.6 dB) nho hon gia tri 16n nhéat bip song phu cta dng ten trudc
tong hop (-11.3 dB).
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Hinh 8. Buip séng chinh ciia dng ten tai cdc tan sé khdc nhau.

Hinh 8 thé hién bup song chinh ciia dng ten tai cac tan sd khac nhau (1 —10.5Ghz, 2-10.3
Ghz, 3-10 Ghz, 4 - 9.7 Ghz, 5 - 9.5 Ghz, 6 — 9.3 Ghz, 7 — 9 Ghz), hinh 9 th€ hién do thi buc xa
cua ang ten dang 3D tai tan so f = 10 Ghz.
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Hinh 9. D6 thi bitc xa ciia dng ten dang 3D tqi tan s6 f = 10 Ghz.
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6. KET LUAN

Tur két qua nhan dugc co thé dua ra duoc nhiing két luan nhu sau:

- Bing viéc thay ddi cac tham s cua dng ten dng dan song co khe ngang nhu: chiéu dai khe
ngang, khoang cach gitta hai khe ngang, va chiéu dai chu ki cua mét cap khe ngang, c6 thé tong
hop dugc sy phéan bo bién do theo hinh Sin doc theo 6ng dan séng.

- Tai tan s6 f = 10 Ghz, gia tri 16n nhét’bﬁp song phu cua ang ten éng dﬁnqséng sau khi tong hop
nho hon (-16.6 dB) nhé hon gia tri 16n nhat bap séong phu ctia dng ten trudc tong hop (-11.3 dB).

- Goc quét theo tan s6 ciia ang ten sau khi duogc tong hop = 35° khi tan sb thay dbi tir 9 Ghz
dén 10.5 Ghz.
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ABSTRACT
Transverse slotted waveguide antenna with sinusoidal amplitude distribution

In this paper, a transverse slotted waveguide antenna with sinusoidal amplitude
distribution is investigated when the main lobe is located perpendicular to the waveguide,
while ensuring the reflectivity of the antenna. The waveguide antenna is made in the form
of a rectangular box with an ideal dielectric inside (¢ = 2.25). On the long side of the
rectangular box, there are pairs of transverse slots distributed along the waveguide. In the
article, the lengths of slots, the distance between two transverse slots and the length of the
period of each pair of transverse slots are synthesized by the finite element method. The
calculation results show that at a frequency of f = 10 Ghz, when the main lobe is located
perpendicular to the waveguide, it is possible to synthesize the amplitude distribution of
the antenna in a sinusoidal form with the largest sidelobe value = -16.6 dB. The frequency
sweep angle of the antenna after summing = 35°, when the frequency changes from 9 Ghz
to 10.5 Ghz.

Keywords: Electronic radio; High frequency equipment; Waveguide antenna with transverse-slot.
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