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Substrate Integrated Waveguide filters have been a subject of extensive
research. Substrate Integrated Waveguide filters utilizing Complementary
Split Ring Resonators achieve compact size and low loss by operating
below the cutoff frequency of the transmission line. This paper presents the
research and design of a bandpass filter operating in the Ku-band. The
chosen resonant ring configuration allows for miniaturization by exploiting
the propagation mode of evanescent waves. Additionally, a slotted
transition structure is employed to further reduce the filter's size. The
fabricated filter boasts a compact size equivalent to 0.78X°. The
Complementary Split Ring Resonators were also optimized for high quality
factor to achieve low insertion loss. Measured results of the fabricated filter
show an insertion loss better than -1.62 dB and a return loss better than -25
dB at the center frequency of 14.13 GHz. With these specifications and the
advantage of being fabricated on low-cost materials, the designed could be a
replacement for the output filter of the block upconverter used in Ku-band
satellite communication applications.
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TU KHOA

Ong dan song tich hgp chit nén
Vong chia cong huong bd sung
Mach lgc thong dai bang Ku
Thong tin vé tinh

Tiéu hao chen

B6 loc cong nghé dng dan song tich hop chat nén da va dang duoc nghién
ctru rOng rai. Bo loc cong nghé ong dan song tich hop chat nén st dung cac
vong chia cong hudng b6 sung cho phep dat dugc kich thudce nho gon cung
ton hao thap nhd hoat dong dudi ving tan s cat. Bai bao trinh bay nghién
ctru, thiét ké mach loc théng dai lam viée trén bang tin Ku. Lya chon cdu
hinh vong chia cong hudng bo sung cho phép thu nhé kich thude do tan
dung ché d¢ truyén lan ctia séng suy bién. Bén canh d6, cau tric chuyén doi
x¢é khe duoc sir dung gitp thu gon kich thudc bd loc hon nita. B loc ¢6 kich
thude nho gon tuong dwong vai 0,784y°. Cac vong chia cong hudng bd sung
cling da duoc t6t wu vé hé ) phém chét nhim dat duoc ton hao thép. Két
qua do kiém b loc di ché tao cho tiéu hao chén tét hon -1,62 dB va tiéu hao
phéan xa t6t hon -25 dB tai tan sb trung tim 14,13 GHz. Vi céc chi tiéu trén
ciing nhu wu diém ché tao trén nén vat liéu gia thanh thip, bo loc di thiét ké
c6 thé hudng dén thay thé cho b loc dau ra cta khoi bién doi duong lén
trong hé thong thong tin vé tinh bang tan Ku.
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1. Gigi thiéu

Théng tin Vé tinh hién tai dang dugc phat trién manh mé, bang tan lam viéc dan dugc chuyén dbi
sang bang Ku nham dap tmg duoc yéu cau thuc té. Trong do, bd loc co khi dugc sir dung rét rong rii
va phé bién trong cac hé théng thong tin v€ tinh bang Ku do ¢6 do chon lgc cao, tiéu hao chén thép va
cong suét chiu dugce lon. Tuy nhién, nhuoc diém kho khéc phuc cua cac bo loc co khi do 1a co kich
thude cong kénh, kho tich hop voi cau trac mach dai, chi phi san xuét cao va diéu chinh phirc tap.
Gan day, cong nghé 6ng dan song tich hop chat nén (Substrate Integrated Waveguide - SIW) ra doi va
duoc nghién ctru rong rdi nhd cac uu diém ndi bat nhu: d& dang tich hop véi cac ciu triic mach dai, d&
dang ché tao bang cong nghé mach in thong thuong, dam bao cong suit chiu dugc tot.

Trong nghién ctru nay, nhom tac gia thiét ké cac bo loc théng dai SIW sir dung vong chia cong
huong bd sung (Complementary Split-Ring Resonator — CSRR) véi chi tiéu nham thay thé bo loc dau
ra khoi bién dbi duong 1én (BUC) cho thong tin vé tinh. Nén tang 1y thuyét vé cac bo loc SIW da
dugc trinh bay [1] - [4]. Mot s6 bd loc duge cong bd 1am viée trén bang C [5] va bang X [6]. Bé dat
duoc dic tinh loc theo yéu cAu, cc cau hinh khac nhau cta ciu tric CSRR duoc khao sat k¥ ludng,
két hop véi thue hién diéu chinh cac kich thudc quan trong lién quan dén tan sé cong huong va hé sb
phém chét cta chiing dé dam bao dai tan 1am viéc cling nhu tén hao chén nho. Két qua dat dugc cho
thay bo loc ciia nhom tac gia hoan toan c6 tiém ning trong tmg dung thong tin vé tinh bang Ku qua
cac khao sat so sanh voi cac cong bd khoa hoc cting bang tan duoc thé hién trong [7] - [9].

2. Ong din song tich hop chit nén va khung céng hwéng vong chia bd sung
2.1. Ong din séng tich hop chit nén

Céu tric SIW mang dén nhiéu wu diém: gia thanh thap, hé s pham chat cao va dé tich hop
véi cac mach cao tan khac. Mot cau triic duong truyén SIW dugc thé hién trén Hinh 1. Cac tham

s6 chinh cta cau trac 6ng din song tich hop chit nén ¢ thé dugc xac dinh chi tiét tai [5] nham
dam bao chi tiéu dit ra ban dau.

v

L—TL:IW... Agg L@

Hinh 1. Poan dwong truyén SIW co ban va cdu triic dwong truyén xé khe

Do dai budc song cao tan dugc xac dinh bang cong thuc:
c

, =5 L <1>
Trong d6 ¢ la van toc ctia anh sang trong khong gian tu do, f. 1a tan so cat. Budc song cua
doan dudng truyén SIW c6 quan hé v6i hang sb dién moéi &, théng qua cong thirc:

Ac
2y =2 @)
Khoang cach giira hai hang via dugc xac dinh:
C
‘ RN (3)
Do rong cua doan duong truyén SIW:
d2
a=as+ 095 P 4)
Ban kinh ctia 16 via d duoc gidi han boi diéu kién:
d< 2 (5)
Khoang céch giita hai 15 via p la:
p<2.d (6)
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2.2. Khung cong hwong vong chia bo sung

Céc khung cong huong vong phan chia b sung CSRR d& dang khéc vao cac mach SIW nhd cong
nghé mach in PCB. Cac tham s6 hinh hoc ctia CSRR duoc chi ra trén Hinh 1. Mdi khung CSRR bao
g0m hai vong kim loai hinh chiéc nhan dat song song v&i nhau va cach nhau mot khoang cach nho.
So d6 tuong duong ciia mot khung CSRR dwoc mé ta bang mot mach cong huong LC [5]. Hinh 2a
thé hién cho cac tham s6 kich thudc ctia mot phan tir vong cong huéng CSRR. Trong d6 Lesrr 1a
chiéu dai khung cong huong, W 1a do rong duong dién moi, F 1a do rong dudong kim loai va G 1a
khoang cach gitta cac vong trong khung cong hudng.

Tan sb cong hudng ciia khung c6 thé thay doi bang cach thay ddi théng qua thay dbi kich thudc
hinh hoc ctia khung CSRR, diéu nay dugc minh chimg thong qua khao sat mé phong Hinh 2b. Tir két
qua khéo sat trén, ta xac dinh dugc chiéu dai khung cong hudng can thiét ké nam & gia tri khoang 1,8
mm dé c¢6 gia tri 1am viéc tai 14 GHz.

Lesrr 18 290 0 0 — y
|'G—‘| 14 -+ 280 z 5 3 & S"“ N - F
1 1 - i
T = 13.5 L 270 S40 gdp
w fli Q i g 60 i
F 1 5 (GHz) 13 260 factor E'ﬁ E a0 |l —a
ot b4 H | —E -
NN B 125 250 s £.1m
12 25 S s ‘
- i 1.6 1.65 17 175 18 0 12 14 16 18 2 0 12 14 16 18 2
Lesrr (mm) ﬁn;«?(ﬁm} ﬁns:}(sllxl
(a) (b) 0 = s
2y A , a ~ , o 1 7 z 11
Hinh 2. a) Cau tric mét khung cong huong CSRR 1;-1“;‘ . )
b) Quan hé giita tan s6 cong tdac, hé s6 pham chat Q va do dai fusl r : alg
A~ » H | 1830 4
khung céng huong ‘f: Sn =] | =t
» { 5

0 12 W 1%

Tansé (6ka)
U]

8 20 0 12 4 16

Tan 55 (GHz)
d

8 2

Hinh 4 Dac trung tham 56 S11va Sy cua
cdc cau hinh: (a) cdu hinh quay lung, (b)
cdu hinh canh - canh nguoc, (c) cau hinh
mat - mat, (d) cau hinh canh - canh thudn

Hinh 3. Cdc cdy hinh ciia cdp khung CSRR va phan bo dién
trwong: (a) cau hinh quay hing, (b) cau hinh canh - canh
nguoc, (c) cau hinh mat - mat, (d) cau hinh canh - canh thugn
‘Ngoai ra, nho céc cong cy md phong hién nay, ta con co thé xac dinh dugc twong 6101 gia tri hé sb
pham chit Q cta cAu triic dang thlet ké, diéu nay co mbi ‘quan h¢ chat ché vai chi tiéu ton hao cia bo
loc. Nhu ta thdy trén Hinh 2b, hé s6 pham chét Q cta ciu truc khoang 280, thé hién cho chi tiéu ton
hao cua b loc twong doi tot, diy la ket qua khao sat trén cong cu khao sat E-solver cua phan mem
CST. Hinh 3 the hién cac cau hinh cta cap khung CSRR va cac dac trung tham sO ma trén tan xa Syy
va Sy cta céac cau hinh duoc thé hién trén Hinh 4. Trong cac cau hinh trén, cau hinh mat - mat c6 vu
diém ti€u hao chén nho trong dai thong, thich hgp dé thiét ké cac bd loc thong dai co ton hao thap.
3. Thiét ké bd loc thong dai biang Ku véi khung cong hwdng vong chia bd sung CSRR
3.1. Qua trinh thiét ké
B6 loc bang Ku trong nghién ctru nay sir dung tim nén PTFE ZYF255DA c6 hing sé dién
mdi 2,55, d6 day d€ dién moi la 0,508 mm, ton hao dién moi 0,0018, d6 day 16p dong 1-0z. Vat
lidu dugc str dung cho cau trac c6 gia thanh twong doi thap tuy nhién cac két qua nghién ctru va
md phong hoan toan dap tmg t6t cac chi tiéu so vdi cac két qua bd loc st dung cac vt lidu co gia
thanh cao. Puong truyén SIW co ban hoat dong giong nhu mét bd loc thong cao voi dic tuyén
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dugc chi ra trén Hinh 5. Cac tham s kich thudce nay duoc tinh toan theo cac cong thirc tir (1) dén
(6) va the hién chi ti€t tai Bang 1.

0 Bang 1. Tham s6 kich thude co ban cua doan dwong
5101 truyén xé khe
220 - P
2 a0 | Tham so p Aes d Wins
e Kichthuoe g6 g 06 165
q 50 ] (mm)
0 .60
-70 . ’ . .
10 12 14 16 18 20

Tan s6 (GHz)

Hinh 5. Bdc tuyén doan dwong truyén SIW co ban

Céc bo loc théng dai dugc hinh thanh bang cach sip xép cac mit loc don vi cach nhau khoang
cach KC trén dudng truyén SIW co ban. Dai thong ctia bd loc c6 thé diéu chinh biang cach thay
d6i khoang cach giita hai cip khung CSRR. Trong khi d6 tan s trung tdm ctia bo loc duogc diéu
chinh dya vao chiéu dai Lesrr cua khung CSRR, diéu nay di dwoc trinh bay dwa trén két qua
khao sat phan 2. Ngoai ra, d6i v6i cdu tric chuyén doi tir dudng truyén 50 Ohm sang duong
truyén SIW, nhom tac gia sir dung cdu triac xé khe (Slot Transition) thay cho cau tric dang con
(Taper Transition) da dugc st dung ¢ cac cong bd trude [5], [6], cho phép thu _gon dang ké kich
thudc b loc ma hau nhu khong lam thay dbi cac chi tiéu cua bo loc. Bang 1 thé hién cac tham sb
kich thudc ciia cau trac doan dudong truyén xé khe slot da duoc chi tiét tai Hinh 1. Trong d6 p la
khoang cach cac 18 via, a 1a do rong khoang SIW, d la duong kinh via va Wy 12 d0 rong duong
truyén dau vao.

Trong phan tiép theo trinh bay cac ciu triic bd loc SIW véi sb lugng cip phan tir cong hudng
CSRR khac nhau va hé sb khoang cach KC duoc diéu chinh nham dat dugc tiéu hao phan xa
thip, bang thong rong va chat luong chon loc tan sd cao. Bang 2 1a két qua ciia qua trinh tinh
chinh qua cac cong thirc ¢6 lién quan cung viée st dung két hop cong cu tinh chinh tw dong
Sparameter Sweep va Optimizer ( ham Trust Region Framework) trén phan mém CST d6i v6i hai
tham s kich thude trén nham dat duoc bang théng yéu cau va tiéu hao phan xa dat duoc t6t nhat
¢ thé ma van gilr dugc cac chi tiéu ki thuat da dat con lai. Trong do L, 1a chiéu dai doan duong
truyén diu vao, 1y 1a chiéu sau doan xé khe.
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Hinh 6. Ddc tuyén tan sé va phén 135 dién truong bo
loc SIW suwr dung hai cap phan tir CSRR

'l’bn s8 (GHz)

Hinh 7. Ddc tuyén tan sé va phan bo dién truong
bo loc SIW sur dung ba cap phan tur CSRR

Bang 2. Cdc tham $6 kich thuéc tinh chinh chinh tai cac cdu tric bo loc

Tham s
I—in Wms le KC
Chu B3 loc bac 2 3,4 1,65 0,55 6,425
autue B Toc bac 3 36 164 0,65 7,892

Két ‘qua md phong cua cau truc b loc thong dai SIW bac 3 the hién ro wu di€m cua bd loc st

dung cau hinh cap phan tir CSRR mat —

mat két hop vdi cac bude diéu chinh tham sb kich thudc.

Véi tan sb trung tam dat duoc la 14,2 GHz, t6n hao chén va t6n hao phan xa lan luot 14 0,87 dB va
19dB. Tir diy nhom téc gia quyét dinh lya chon ciu triic nay dé ché tao do kiém.
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Dé thuan tién cho qué trinh do kiém, chiing t6i sir dung loai connecter khong han dé két ndi véi
cac duong 50 Ohm cua b6 loc. Loai connector nay c6 uu diém giam cdc anh huong ky sinh trong
qua trinh do kiém, phu hop cho do kiém cac ciu tric siéu cao tan & bang Ku, chi tiét thong tin vé
loai Connector niy co thé tim thiy tai trang chu ctia hang “Southwest Microwave”. Céac diéu chinh
clia cdu tric cho viée két ndi Connector thé hién trén Hinh 8. Phan diu ctia cac duong 50 Ohm ciing
duogc cit vat nhdm ngin cac dudng tin hidu khong tiép xtic véi mét dat ciia Connector, cac tham sb
kich thudc bd sung ctia thiét ké diéu chinh trén Hinh 8 dugc thé hién tai Bang 3.

Bang 3. Tham s6 kich thuée chi tiét chinh sira
cua bé loc
] Laoc Tham sb loc Ingang a
\v Kich thuée 07 1 178
\ (mm)

\A
\A
\1
Hinh 8. Thay doéi tai Layout mat trudc va mat sau
ctia bo loc trén pha”‘n mém Altium

Viéc diéu chinh thiét ké s& 1am thay ddi cac diéu kién truyén trén mach, hinh thanh nén su
thay doi & dac tuyén bo loc, diéu nay duogc thé hién chi tiét trén két qua mo6 phdng cua bod loc
Hinh 8 dugc chi ra trén Hinh 9. Nhu ¢6 thé thay, d6 chon loc & sudn bén phai ¢ kém di khi diéu
chinh thiét ké. Tuy nhién cac chi tiéu khac van co ban bao dam, két qua do kiém bo loc thuc té
du'qcotrinh bay cu thé tai muc 4.

-20

-30

S-Parameters (dB)

:
7 B TR TR

Hinh 10. Hinh anh

-50
10 11 12 13 14 15 16 17 18
Tan sé (GHz)

Hinh 9. Béc tyén bj loc thong dai SIW bdc 3 sau khi thiét ké
cdc chi tiét két noi
3.2. Két qui

Bo loc thiét ké trén Hinh 8 di dwoc ché tao st dung vat liéu c6 gia thanh thdp PTFE
ZYF255DA. Hinh anh cua b loc d3 ché tao duge thé hién trén Hinh 10, bd loc thuc té khi chua 1§p
connector ¢o kich thudc kha nhd gon 28 x 13 mm? twong duong véi 0,784y, trong d6 Ao 1a budce
song trong ché\n khong.
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—
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N
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S-Parameters (dB)
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Hinh 11. Trién khai do kiém mach qua hé thong
mady phadn tich mang Vector — N5242A b6 loc SIW bdc 3

Hinh 12. So sdnh két qua mé phong va do kiém ciia
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Bo loc duoc ché tao dd dwoc tién hanh do kiém hoat dong sir dung may phén tich mang
Vector N5242A cla hang Keysight, h¢ théng do kiém dugc bd tri nhu Hinh 11. Két qua do kiém
tham sO ma tran tan xa ctia bd loc duoc thé hién trén Hinh 12. Hinh 12 cho thay co su tuong dong
tot giita két qua do klem s0 v6i két qua md phong. Tt day ta c6 thé nhan thdy rang két qua mo
phong c6 do tin cdy tot, minh chimg cho céc thiét ké mach loc thong dai SIW sir dung vong cong
huéng CSRR di dé cip & cac phan trén cia bai bao.

Két qua do kiém chi ra tiéu hao chén tai tin s6 trung tam 1a -1,62 dB, sai léch nho so vai -0,87
dB ctia két qua md phong. Nguyén nhan cua sai khac nay co thé do suy hao trén connector va diy
cap. Tiéu hao chén tai tin s6 trung tim ctng cho két qua tét & mic -25 dB. Bing thong 3 dB ¢
mirc 700 MHz ting véi bang thong tuong d6i 11,7%. Bang 3 dudi ddy so sanh chi tiét cac chi tiéu
ki thuat cia bo loc da ché tao véi mot sb bod loc SIW duoge cong bd trude day lam viéc trén cung
bang tan.

Qua Bang 4, c6 thé thdy tuy sir dung vat liéu chat nén gia thanh thap, bo loc da ché tao co kich
thude nhod gon, tiéu hao chén va ton hao phan xa tot hon hodc twong duong cic cau tric da cong bo.
D6 chon loc ciia bd loc da thiét ké chua thuc sy t6t, chi tiéu xdu di do anh huong cua connector va co
thé cai thién khi str dung thiét ké trén Hinh 7. Ngoai ra, bang cach tang so Iuong cap CSRR hodc st
dung mot s ki thuat nang cao nhu k¥ thuat tao diém truyén khong co thé gitip nang cao d6 chon loc.
Chiing t6i s& tap trung cai thién cac chi tiéu nay & cac nghién ctru tiép theo.

Bang 4. Tong hop chi tiéu b loc

Bang Tén Mikc loai bé tin hi¢u
‘ thong OV Ténhao Duéidai Tréndai .
0 J& ao . n n Kich £, A
(GH2) twong doi chen phén xa thong thong thuée Chat nén
t?i 3dB (dB) (dB) (fo (fo
, (%) — Afo%)  + Afo%)
Cutric 4493 117 162 >25 14,1 - 078  PTFE
bQ loc bac 3
Ciutrac[7] 12,5 9 13 >15 - - 0,72 ROGER 5880
Chutrac[8] 1334 58 18  >194 7.9 5,9 1,76 PTFE
Chutrac[9] 14,87 15 36  >143 23 2 21 ROGER 5880

4. Két luan

Bai bao dé xuat thiét ké bo loc théng dai SIW bang Ku st dung cac cip khung cong huong CSRR
v6i cau hinh mat — mat. Bo loc thong dai bac 3 cho dai thong rong 700 MHz, ti€u hao cheén va t6n hao
nguoc tai tan so trung tim 1an luot 1a -1,62 dB va nho hon -25 dB. Cac chi tiéu nay tét hon hoac
trong duong mdt s6 bd loc SIW di cong bd & cing bing tan. Bo loc ¢6 kich thude nhd gon tuong
duong véi 0,781 BO loc ¢6 kich thude nho gon 1a do két hop giita ciu trac CSRR va ciu tric
chuyén d6i dang sé khe. Ngoai ra, trong bai bao nay, cac hoc cong huéng CSRR di duge tdi wu nhim
dat duogc hé s6 phém chét 16n tir d6 cho phép dat dugc t6n hao nho. Bo loc da ché tao con nhuge diém
vé d6 chon loc do anh hudng cua connector st dung, chi ti€u nay co thé cai thién & cac nghién clru
tiép theo. Cac két qua dat dwoc cta bod loc cho thiy tiém ning hoan toan c6 thé thay thé cho bo loc
dAu ra khéi bién d6i dudng 1én trong hé théng thong tin vé tinh bang Ku.
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