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TOM TAT

Hién nay, cac b loc siéu cao tan duwoc ung dung rong rdi trong nhiéu linh vuee khac nhau.
Trong cdc hé thong ra da, bg loc déng vai tro quan trong trong tuyén thu-phdt, tuy nhién dé dam
bado bé loc lam viéc trong ddi tan sé réng va ton hao thap la mét van dé phire tap. Trong bai bdo
nay, nhém tac gia trinh bdy cdc két qua nghién ciru, thiét ké bg loc thong dai ong dan séng lam
viéc ¢ ddi tan so 8 dén 12 GHz (bang tan X). Két qud phan tich nguyén 1y hoat déng, tinh todn va
mé phong trén phan mém CST 2019 cho thdy bé loc théng ddi hoat déng trén ddi tan sé rong, dap
ikng yéu cau trong cdc dai ra da thu dong.

Tir khoa: Ra da thy dong; B9 loc thong dai; Bang tan X.
1. MO PAU

Hién nay, cac bd loc si€u cao tan duoc thiét ké rat da dang, voi nhiéu cu trac va phuong phap
khac nhau [1, 2]. Cac bd loc ¢6 thé duoc chia ra lam céac loai khac nhau tuy thudc vao muc dich st
dung nhu: bg loc thong the‘ip, bd loc thong cao, bd loc dai thong. Trong cac hé théng ra da thuong
st dung cac thiét ké bo loc vi dai, b loc 6ng dan song, bo loc dang cai rang luoc,... B loc
interdigital c6 hé s6 suy hao trong dai thap, tuy nhién rat kho hiéu chinh cac tham s0, ddc biét tai
tan sb cao [3]. Su dung mach vi dai, kich thu6e nho gon, tuy nhién hé s6 suy hao trong dai lon [4].
B6 loc 6ng din song thé chiu dung duoc mirc cong suat 16n vé6i ton that thap Tuy nhién, bang
thong cua b loc ong dan song hep khi so sanh vdi mot s6 loai duong truyen khac va cdu tric vat
1y 16n, dic biét & tan sb thip. Tir d6 co thé thay rang, dé dap ung cac yéu cau trong cac dai ra da
thu dong, 1a dai thong siéu rong, thi cac thiét ké bo loc dai thong 6 6ng dan song thong thuong rat
kho dap ung. Chinh vi vay, trong bai bao, nhom tac gia dé xuat ' phuong phap tich hop bd loc thong
thap véi bo loc thong cao, dé mé rong dai thong siéu rong va van dap tmg duoc hé s6 ton hao thap.

2. NOI DUNG CAN GIAI QUYET
2.1. Nguyén 1y tong quan vé bd loc 6ng din séng hinh chir nhit
B6 lgc ong dan song 1a bg loc dién tur duoc ché tao bang cong nghé 6 éng dan song. Ong dan

song 1a dng dan kim loai rong bén trong d6 song dién tir c6 thé dugce truyén di. Ong dan séng hinh
chir nhat c6 chiéu rong a va chiéu cao b nhu hinh 1.
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Hinh 1. Cdu triic ong dan séng hinh chit nht.
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Dién tir — Vit Iy ky thudt

Céc ché do truyén qua 6ng dan song tuong tmg véi nghiém cua phuong trinh Maxwell khi ap
dung céc diéu kién bién phii hop. Néi mot cach khac, ba phuong thirc truyén song c6 thé ton tai
trong mot dudng truyén theo m6 hinh dién truong va tir truong khi giai cac phuwong trinh Maxwell:
TEM, TE va TM. Ché d6 TE tuong tng véi truong hop khong cé truong E theo hudng truyen va
che do T™ tuong tmg voi truong hop khong c6 truong H theo hudng truyén. Tuy nhién, dbi voi
ong dan song hinh chir nhat rdng bén trong thi ché d song chinh 1a TE1o.
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Hinh 2. Céc dang ché dg ciia éng dan séng Hinh 3. Trinh tw cdc ché dp lan truyén song
hinh chir nhat. trong ong dan song hinh chit nhdt.

Céc thanh phan truong H trong ché d¢ TE (E,=0) dugc biéu dién dudi cac cong thirc sau:
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Céc thanh phan truong E trong ché d(_) TM (H,=0) dugc biéu din duéi cac cong thirc sau:
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Trong do, Amn, Bmn — Bién d6 song truyén; m, n — so bien thién; €, p — hang s6 dién moi va do
tr tham cua vat li¢u lap day trong ong dan song.

Diéu kién ton tai song trong 6ng din song hinh chit nhat 1a tin s6 lam viéc phai 16n hon tan s6
cat, trong do, tan so cat dugc xac dinh bang cong thuec:
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2.2. Thiét ké b loc thong dai dng din séng

Céu triic bo loc thong thip duoc thé hién trén hinh 4. Hai yéu t6 quyét dinh dai thong ctia bd
loc thong thip d6 1a s6 luong hoc cong huong (phan cao hon cua bo loc) va chiéu cao ctia bo loc
(phan thap hon). Suy hao ciia cu tric 6ng dan song ty 18 nghich voi chiéu cao ctia né, do do, diéu
quan trong 1a phai duy tri b loc thong thap cang cao cang t6t, tuy nhién n6 ham y mot cau tric
hinh hoc phtre tap va 16n hon, kém theo ton that nhiéu hon. Tur d6, kich thude duy nhét anh hudng
dén tan so cat 1a chiéu cao, con chiéu rong s& duoc gitt khong thay ddi trong toan bo cau tric.
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Hinh 4. Bé loc théng thdp éng dan song.

Céu trac bd loc thong cao dugce thé hién trén hinh 5. Y tudng co ban 1a str dung mot phan éng
dan séng co kich thude phu hop dé cho phép ché do co ban truyén trén tin so mong mubn. Nhu da
dé cap, khi lam viéc TEy lam ché d6 chu yéu, chidu duy nhat anh huong dén tan sb cat 1a chleu rong,
do d6 no s¢ la tham s6 chinh trong khi chiéu cao s& duoc gitt khéng thay dbi trong toan bd ciu truc.
Ngoai ra, s& cin phai c6 do ddc theo timg bac dé phu hop véi cac cong dau vao va dau ra.
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Hinh 5. Bé loc théng cao éng dan séng.

Bai toan dit ra 1a thiét ké bo loc thong dai dng din song hoat dong trén dai tan sd rong ma van
dam bao dugc hé so suy hao va ton hao phan hoi, dap ing cac yéu cau cia hé thong ra da thu dong.
Chinh vi viy, nhom tac gia dé xuat cau tric bd loc tich hgp gitia bd loc thong thap va bg loc thong
cao, nhadm muc dich mo rong dai thong. Cau triac b loc thong dai ong dan song sau khi tich hop
nhu trén hinh 6.
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Hinh 6. Cdu triic b loc théng dai dwgce dé xudt.
3. MO PHONG, TiNH TOAN, THAO LUAN
3.1. S liéu dau vao

Viéc xay dung cac tham sb bo loc théng dai dugc dua trén co so tinh toan, thiét ké hé théng
cua dai ra da thy dong bang tan X. Bai toan thict k& b loc thong dai ong dan song dugc thyc hién
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v6i cac tham sb k¥ thuat theo bang 1.
Bing 1. Tham s6 ky thudt bé loc théng dai 6ng dan song.

TT Tén tham s6 ky thuit Don vi do Gia tri yéu ciu
1 | Dai tan s6 lam viéc GHz 8+ 12
2 | Suy hao trong dai dB <03
3 | Ton hao phan hoi dB > 10

T

X

Hinh 7. M6 hinh 3D ciia bé loc théng dai ong dan séng trén phan mém CST.

X4y dung mé hinh 3D cia b loc thong dai dng dan song véi cac tham sb kich thude co ban
sau khi toi uvu nhu sau:
Bing 2. Tham s6 kich thuéc co ban ciia bé loc théng ddi.

TT Kich thwéc Gia tri TT Kich thuéc Gia tri
(mm) (mm)
1 a 22.86 8 12 8.2
2 b 10.16 9 13 6.57
3 h1l 18.25 10 L4 2.15
) h2 17.84 11 cl 28.33
5 h3 19.3 12 c2 10.38
6 h4 18.14 13 al 19.9
7 i1 6.8 14 a2 215

3.2. Két qua tinh toin
Sau khi thiét ké va téi uu cac tham s trén phan mém mé phong CST, két qua tinh toan dugc

the hién trén hinh 8 va 9. Trén hinh 8 thé hién sy phan b dién tir truong trong 6ng dan song tai
tan s6 8 GHz, 10 GHz va 12 GHz.

116 L. D. Tho, L. V. Trinh, N. C. Oai, “Nghién ciru gidi phdp ... trng dung trong ra da thu dong.”



Nghién ctru khoa hoc cong nghé

efield (f=8) [1] a
Component it Abs.

8 GHz
1584~

8

Cutplene at¥ 0000 mm
Maximum (Plane) 400004 V/m
Maximum 40043 Vfm

a) Tan s6 f= 8 GHz

e-field (f=10) [1] “
Component b
Frequency 10 GHz

Phas 15847

Cro B

Cutpt 0.000 mm
Maxi (Plane) 2525.34V/m
Masimum 4584.86 V/m

b) Tan s6 f= 10 GHz

efield (f=12) [1] &
Component Abs
Frequency 12 GHz
Phase 1584
Crosssection B

CutplaneatY 0000 mm
Maximum (Plane) 2779.48 V/m
Maximum 7336.8 Vim

¢) Tan s6 f=12 GHz
Hinh 8. Sw phdn bé dién tir truong trong ong dan séng tai tan sé f= 12 GHz.

T hinh 8, c6 thé thay kha ning lan truyén song rat tot trong dai tin lam viéc va ché do song
lan truyén 13 séng TE1o, phit hop véi 1y thuyét di dua ra.
Trén hinh 9 thé hién két qua tinh toan dac tuyén tham s6 S cua bd loc thong dai.
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Hinh 9. Bgc tuyén tham sé S ciia bé loc thong ddi.

Tir hinh 9, ¢6 thé thay rang ton hao trong dai nhé hon 0.2 dB va ton hao phan hdi 16n hon 11.8 dB.
Trong bang 3 va bang 4 trinh bay két qua tinh toan bd loc théng dai va so sanh két qua voi mot

0 bai bdo da duogc cong bo trén cac tap chi uy tin.

Bing 3. Két qua tinh todn bé loc thong ddi ong dan song.

TT | Tén tham s6 ky thuit | Pon vi do Gia tri yéu ciu Két qua md phong
1 | Dai tan sb lam viée GHz 8+12 8+12
2 | Suy hao trong dai dB <0.3 <0.2
3 | Ton hao phan hoi dB > 10 >11.8

Bing 4. So sanh két qua bé loc thong ddi dé xudt véi mét sé bai bao da cong bo.

TT Tan s6 trung tdm, | Dai thong, | Suy hao trong dai, | Tén hao phan hai,
GHz % dB dB

[4] 9.5 105 <3 >15
(Bing tan X)

5] 10.24 6.8 <105 -
(Bing tan X)

[6] 10 122 - -
(Bing tan X)

[7] 9.25 757 <0.15 > 26
(Bing tan X)

8] 12 1.67 - >20
(Bing tan X)

Bai bao 10 40 <0.2 >11.8

(Biing tan X)

3.3. Phan tich két qua tinh toan

Két qua tinh toan cho thdy, cac tham s6 k§ thuat dap (mg duoc c4c yéu chu da dé ra. D¢ danh
gla mot cach khach quan, nhom tac gia da so sanh két qua tinh toan cua bg loc thong dai da dugc
dé xuat v6i mot s két qua da cong bo. Tir két qua so sanh co thé thay rang, bo loc thdng dai duoc
dé xuat ¢a mo rong dai théng mot cach déng ké so véi cac két qua da cong bd, ma van dap ang

dugc hé sé suy hao va ton hao phan hoi trong dai tot.
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4. KET LUAN

Trén day, nhom tac gia da trinh bay mot cach tong quan vé tinh toan, thiét ké bo loc théng dai

6ng dan song voi cAu truc tich hop gitra b loc thong thép vdi bo loc thong cao, nham muc dich
mo rong dai thong. Béng viéc phan tich co so 1y thuyét cac dang bd loc va thuc hién trén ph?m
mém mo phong CST, nham danh gia kha ning lam viée ciia bo loc thong dai so véi cac thiét ké da
cong bd. Két qua tinh toan cho thay, bo loc thong dai dugc dé xuat dép tng tot cac yéu cau vé
tham s6 k¥ thuat trong cac dai ra da thu dong. Nhitng két qua nay 1a tién dé cho viéc nghién ciru

va

thiét ké cac loai bo loc thong dai dng dan song Gmg dung trong ra da thu dong, dam bao hoat

dong ¢ dai tan so rong ma van dap trng dugc hé so6 suy hao va ton hao phan hoi trong dai tot.
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ABSTRACT

Research on solution to expand the bandwidth
of X-band waveguide bandpass filter applied in passive radar

Currently, ultra-high frequency filters are widely used in many different fields. In radar
systems, filters play an important role in the transmit-receive line, but ensuring that the
filter works in a wide frequency range and has low loss is a complex problem. In this paper,
the authors present the results of research and design of a waveguide bandpass filter
working in the frequency range of 8 to 12 GHz (X-band). The results of the analysis of the
operating principle, calculation and simulation on CST 2019 software show that the
bandpass filter operates in a wide frequency range, meeting the requirements of passive
radar stations.

Keywords: Passive radar; Bandpass filter; X-band.
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