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At present, there are many technologies used to design RF bandpass
filters such as rectangular waveguide, cavity resonant, microstrip
technologies, etc. In this paper, we present the design of an X-band
pass filter using SIW (Substrate Integrated Waveguide) technology.
The filter is designed on a Roger 5880 substrate with a microstrip line -
SIW converter, increasing on-board integration, reducing cost and
equipment complexity. Using HFSS software to simulate the filter
parameters: the central working frequency is 9.2 GHz, the bandwidth is
400 MHz, the attenuation factor is low -1.16 dB, the reflection
coefficient is less than -20 dB. The simulation results in the paper are
also compared and evaluated with the results published in recent years.
The filter is designed, with the size of 18x76 mm?, to be suitable for
use in the receiver/transmitter modules of radar systems,
communications, etc., working in the X band.
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Hién nay, c6 nhi€u cong nghé dugc s dung dé thiét ké bo loc thong dai
cao tan nhu: cong nghé éng song hinh chit nhat, héc cong hudng, cong
nghé mach dai v.v. Trong bai bdo ndy, chung toi trinh bay thiét ké mot
bo loc thong dai bang tan X sir dung cong nghé dng séng tich hop chat
nén SIW (Substrate Integrated Waveguide). B loc duoc thiét ké trén
chat nén 1a Roger 5880 véi bo chuyén doi gitra mach dai va SIW, giup
tang kha nang tich hop trén mot bo mach, giam chi phi va do phuc tap
cua thiét bi. Str dung phan mém HFSS mé phong cac tham s6 cua b
loc: tan sb lam viéc trung tim 14 9,2 GHz, bang thong 400 MHz, hé sb
suy hao thap -1,16 dB, hé sé phan xa nho hon -20 dB. Két qua mo
phong trong bai bao ciing duoc so sanh, danh gia v6i cac két qua da
dugc cong bd nhitng nam gan day. Bo loc duoc thiét ké, vai kich thudc
18x76 mm?, phu hop st dung trong cic méd dun thu/phét cua cac hé
thdng ra da, thong tin... 1am viéc & bang tan X.
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1. Gigi thigu

Céc bo loc thong dai cao tin trong cic md dun thu, phat ciia cac hé thdng vo tuyén dién tir
hién dai (ra-da, thong tin vé tinh, truyén thong khong ddy, v.v.) dong vai tro rat quan trong va
khong thé thiéu. Chung c6 nhiém Vu phan tach, loc ldy cac tin hiéu c6 ich va loai bo cac tin hiéu
(hai, nhiéu, v.v.) khong mong mubn ngoai dai thong [1]. Trong cac thiét bi hién dai yéu cau vé do
chinh xdc cao, cac bg loc can dam bao co bang thong hep, hé s6 suy hao (S21) thap, hé sb pham
chét (Q) cao, ciu trac téi uu, chi phi thap va dé tich hop. Tuy nhién, dé hai hoa tat ca cac yéu cau
d6 1a mot thir thach khong nhé d6i vai cac nha thiét ké bo loc thong dai cao tan [2].

Hién nay, c6 nhiéu céng nghé duoc sir dung dé thiét ké bo loc théng dai cao tan nhu: cong
nghé 6ng song hinh chir nhat (rectangular waveguide filter), hdc cong hudng (cavity filter), cong
nghé mach dai (microstrip filter) v.v. Trong [2]-[5] cho thiy, cac bo loc dang éng song hay héc
cong huong dugc dac trung boi hé s6 pham chat cao, suy hao nho, tuy nhién, viéc ché tao lai rat
tén kém va viéc két ndi voi mach in tuong d6i khé khan do céu triic phuc tap. Cong nghé mach
dai tuy da khac phuc duoc nhugc dlem trén, nhung suy hao duong truyén kha 16n, kho dat dugc
bang thong hep. Trong nhiing ndm gan day, cac bod loc cao tin con dugc thiét ké trén cong nghé
dng song tich hop chat nén (SIW - Substrate Integrated Waveguide). So v¢i viéc thuc hién trén
cong nghé mach dai, cac bd loc SIW ¢6 nhiéu wu diém nhu hé s6 pham chat Q cao, ton hao nho
v.v. Ngoai ra, bd loc SIW c¢6 kich thuéc nho hon, dé tich hgp véi cac mach cao tén khac trén
cung chit nén so véi bo loc dang dng song hinh chit nhat va héc cong hudng [6]. Cac bo loc SIW
da duoc cong bd gan day, dugc thiét ké cho cac tng dung lam viéc khong chi ¢ dai tin siéu cao
dén hang chuc GHz (dai song millimeter) [7], ma con & cac dai tan thap hon [8], nhu bing C,
bang S, bang X.

Trong linh vuc quén sy, bang tan X dwoc sir dung rong rii, vi vay, van dé 1am chi cong nghé,
tu thiét ké 1a rat can thiét. DSi vi cac bo loc bing tan X, cong nghé duoc sir dung phd bién 1a
mach dai va héc cong hudng. Tuy nhién, voi cac han ché, kho khin néu & trén, can giai phap thuc
thi mai.

Muc tiéu cua bai bao nay la trinh bay thiét ké, md phong mot bg loc SIW lam viéc ¢ bang tan
X, st dung trong m6 dun thu/phat cao tan cua cac hé thong ra da, thong tin va cac ung dung
truyén thong khong day khac. Tan s6 lam viéc trung tm duoc lya chon ¢ nghién ctru nay 1a 9,2
GHz, bang thong khoang 400 MHz. Thong thuong, yéu cau dbi véi hé sb phan xa [S11| 1a khong
nho hon 10 dB, hé s6 suy hao [S21| cang bé cang tdt (Iy tudng 1a bang 0), nhung khong nén 16n
hon 5 dB.

2. Phwong phap nghién ciru

Phuong phap nghién ctiu dya trén cac 1y thuyét co ban vé bo loc va cong nghé SIW, két hop
phan tich tai liéu, cong bd vé bo loc sir dung cong nghé SIW nhimg nim gan day. Tir 4o, lua
chon ciu tric bo loc thich hop véi yéu cau bai toan dat ra. Két hop st dung phan mém mé phong
truong dién tir HFSS dé thiét ké, mo phong va khao sat cac tham s ciia bo loc dé xuat.

2.1. Lwa chen cdu tricc dwong truyén SIW

Qua phan tich, tong hop céc tai lidu vé cac cong nghé thlet ké bo loc cao tan nhu da trinh bay
¢ trén, cho thiy cong ngh¢ SIW hoan toan phu hop yéu cau ddi véi cac tham s6 bo loc bang X
(tan sb, bang thong, hé s6 phan xa t6t, hé s suy hao thap).

Dé thiét ké mot dudng truyén SIW, nhom tac gia bai bao nay Iya chon c4u triic co ban (Hinh
1), v6i chét nén dién moi 1a Roger 5880 c6 hang s6 dién moi & = 2,2, 46 day h = 0,508 mm, &
trén va dudi chat nén 1a 16p din dién bang dong c6 do day t = 0,035 mm, hai day 16 via dugc b
tri & hai canh bén doc theo duong truyén (khoang cach giira hai via canh nhau dugc ky hiéu 1a p,
khoang cach giita hai ddy via 13 w). Cac buédc tinh toan cac kich thuéc caa mot dudng truyén
SIW dugc trinh bay trong [9] — [11].
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Kich thuéc duong kinh cua 16 via dugc lya chon thoa man diéu kién [9]:
d<ly/5vap<2d (1)
trong do, Ay — budc song trong duong truyén SIW, duoc tinh theo cong thuc:

c
T Jer )

trong do: ¢ = 3.10° (m/s) — van tdc anh sang; f, — tan s6 hoat dong cua thiét ké.
Kich thudc Wepy, Lsiw dugce tinh toan theo cong thirc [10]:

d2 42
Wepny =W—1,08— +0,1— 3
SIwW = 0 w (3)
2 2
d d

Dé duong truyén SIW c6 thé tich hop trén mach in, nhom tac gia st dung chuyén dbi dang
Taper (phan dudng mach dai c6 dang hinh thang) giita duong truyén SIW va duong mach dai
50Q (d6 rong Wy) (Hinh 2).

Kich thudc chiéu dai cua phan chuyén déi Taper Ly va cta phan mach dai Ly duoc lya chon
1a boi cia mot phan tu bude song. Kich thudc chidu rong Taper Wy duoc tinh toan theo cong
thie [11]:

WT = 0:4'(WSIW — d) (5)
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Hinh 1. Cdu tric dwong truyén SIW (a) hinh chiéu dimg, (b) hinh chiéu dang 3D
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Hinh 2. Cdu triic chuyén doi giita dwong truyén SIW va dwong mach ddi
2.2. Dé xudt bé loc SIW bing X

Dé thiét ké bo loc bang X trén dudng truyén SIW, c6 nhiéu giai phap da dugc thyuc hién, trong
d6 da phan st dung cac bo cong hudng. Trong [11], [12], dé xuét kiéu cong hudng vong chia cat
bd sung (CSRR - Complementary Split Ring Resonator). Pho bién hon 1a cac bo cong huong
dang mong mit (Iris Resonator), nhu trong [13], [14] da duoc su dung. Co thé két hop ca hai kiéu
cong hudng trén nhu trong [15]. Ngoai ra, con mét s6 kiéu cong huong khac nhu cau tric ghép
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(Coupling Structure) [16], cdu trac SIW-EBG [17]. D4i véi cac bd loc & tan sb sidu cao (song
mm), ngudi ta con str dung cac bo cong hudng dang 15 try tron (Circular-post) nhu trong [18].
Nhom tac gia bai bao nay lua chon giai phap sir dung cac 10 tru tron dé thiét ké mot bo loc
thong dai bang X, tan s6 lam viéc trung tim 1a 9,2 GHz. Céu trac bd loc dé xuat dugc thé hién
trén Hinh 3. L3 tru tron duoc dit trén dudng truyén SIW ¢6 mach dién twong dwong, gdm cac
thanh phan dung khang ndi tiép (-jXs) va thanh phan cam khang song song (jXp) nhu mo ta trén
Hinh 4.
00 000000000000 000000000006060000
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Hinh 3. Cdu triic b loc théng ddi bang X d@é xuat
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Hinh 4. Mach dién twong dwong ciia mét |6 tru tron ddt trén dwong truyen SIW

Bo loc SIW thong dai bang X, tan s6 trung tim 9,2 GHz gém 4 1 try tron (twong Gng 4 mét
lo) dat mot cach ddi xung, o chinh giira doc theo duong truyén SIW (theo truc Y). Do tinh ddi
xung cta bd loc, nén kich thude cua 2 16 tru tron gin nhau & gitta 1 bang nhau, ky hiéu 1a dy,
cach nhau doan Lg;, 2 15 tru tron & 2 dau bo loc cling bang nhau, ky hiéu 1a d,, cach 16 tru gan
nhat doan Lg,.

Gia tri cac kich thudc duong truyén SIW dugce tinh toan theo cac cong thic (1-5). Gia tri cua
d;, di, Lg1, Lz Nhan dugce thong qua phuong phap hoc kich thude va tinh chinh, thuc hién trén
phan mém thiét ké HFSS. Bang 1 thé hién gia tri cac kich thuéc bo loc d& xuat sau khi tinh toan
va tinh chinh.

Bang 1. Gia tri kich thuoc cua b loc dé xudt
(Pon vi tinh: mm)
Kihiéu Wgw Lgw d p w Wi Wwu Ly Lv La Lep di
Giatri 180 600 10 20 1577 3,58 1,56 4,9 31 155 1425 20 05

3. Két qua mé phong va danh gia
3.1. Két qud mé phéng

_ Str dung phan mém HFSS, nhom téc gia da thyc hién md phong khao sat thong s6-S, gom hé
s0 phan xa (S11) va hé so suy hao (S21) cua bd loc dé xuat. Két qua moé phong dugc thé hién trén
Hinh 5.
3.2. Pdnh gid két qua

Két qua m6 phong thong s6 - S (Hinh 5) cho thiy:
- Tén s6 trung tam cua bo loc 14 9,2 GHz;
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- Bing thong bo loc (BW) dat khoang 400 MHz (tir 9,0 GHz dén 9,4 GHz);

- Heé s6 phan xa |S11| cao hon 20 dB;

- Heé s suy hao |S21| dat khoang 1,1 dB;

- Hé s6 chat luong bo loc 13 Q = fy/BW = 23, thé hién do dbc tét va tinh chon loc tin hiéu cao.

0,00 1

= - R— . il
Lyt Ghichi

—__S11(di3)

/ — S21(dB)

-10,00

Tham sb S (dB)

1
]
1
]
1
20,00 1
!
I
i
1
]

-30,00

-40,00

-43,73 | | I—
7,75 8,00 8,50 9,00 9,50 10,00 10,50 10,69
Tan so (GHz)

Hinh 5. Hé s6 phan xa S11 va hé sé suy hao S21 cua bg loc dé xuat

Dé c6 cai nhin twong quan véi mot s thiét ké bo loc théng dai dua trén cong nghé SIW da
dugc cong b trong nhitng nim gan ddy, nhom tac gia bai bao dua ra bang so sanh cac tham sb
bo loc (Bang 2).

Tir bang 2 cho thay, so véi cac thiét ké da cong bd trong nhitng ndm gan day, bd loc dé xuat
trong bai bao nay co dai thong hep hon, hé s6 chat luong cao, hé s phan xa [S11] va suy hao |S21]
déu t6t, thé hién sy phéi hop tré khang trén dudng truyén duoc dam bao. Ngoai ra, kich thudc bo
loc dé xuat & mirc trung binh so véi cac thiét ké khac, ¢6 thé tich hop trén mach in hodc d& lap dat
trong hé thdng.

Bang 2. S0 sdnh cdc tham sé Ciia cdc phwong dn ang-ten khéc nhau

Cong Kich Vit Iica Tan so Bing Hé¢ 36 Hg ) Hé s Nim
bé th1r0'2c dién méi trung tim  thong chat phan xa suy hao cong b
(mm°) ) (GHz) (MHz) lwong Q |S11|(dB) |S21](dB)
[2] 3x12  Roger 5870 10 1000 10 >15 <2 2014
[9] 22 x22 - 10,5 2000 5,3 >20 0,1 2018
[12] 16x90 Roger 5880 8,17 >2000 4,4 >15 0,57 2014
[13] 30x75 Roger 5870 9,27 500 18,5 >20 0,84 2016
[14] 20x30 Roger4003C 10,2 7000 1,5 >10 3,8 2018
[15] 30x50 Roger 5880 9,0 500 18 >12 2,1 2018
[16] 24x70 Roger 5880 10,06 400 25,2 >10 3,8 2010
Dé xuit
trong
bai bdo 18x76  Roger 5880 9,2 400 23 >20 1,1 2023
nay

4. Két luan

Trong khuén kh bai bao, cac ndi dung da dwoc thuc hién gdm: Nghién ctru, phén tich tai liéu
vé bo loc thong dai dya trén cong nghé SIW; Lya chon cau trac va dé& xuat b loc SIW thong dai
bang X v6i cac mit loc 14 cac 16 try tron; Thuc hién mo phong, khao sat tham s6 - S. Bo loc d& xuat
¢6 tan s trung tdm 13 9,2 GHz, bang thong dat khoang 400 MHz, hé sé phiam chit dat 23, hé sb
phan xa [S11] > 20 dB, hé sb suy hao |[S21| dat khoang 1,1 dB. Kich thudc bg loc 1a 18x76 mm®.
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Nhu vay, cu trac bd loc SIW thong dai bang X co thé sir dung trong cdc md dun thu/phat cao
tan ciia cac hé thong ra da, thong tin va cac hé thong truyen thong khong day khac. Tuy nhién,
trong cac nghién cau tiép theo, nhom tac gia bai bao can tlep tuc t6i wu hoa cau tric, nang cao hé
s pham chat, thu hep bang thong cua bo loc, nham thay thé hoan toan cac bd loc hoc cong husong
bang hep hién nay van dang can st dung rat nhiéu.
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