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TOM TAT

Nham dép vmg nhu cau thuce tién 1a tao ra cdc bé loc trén ong dan séng chit nhdt c¢é kich
thuée gon nhe véi do pham chdt cao iimg dung trong cdc hé thong vé tuyén néi chung va hé
thong ra da ndi riéng. Bai bao tién hanh nghién cieu kha ndang thwc hién cdc bo loc ghép chéo
Véi cdc diém khong truyén dan trong éng dan séng chit nhdt bang cdch dung cac tam chén dat
trong mdt phang E. Xac dinh cac logi mach cong hwong va cdc so do ghép noi c6 thé duwoc thuc
thi trong ong dan song co tinh dén cdc rang budc vé mat cong nghé, tir @6, xdy dung va phdt
trién mot quy trinh thiét ké phi hop dé thue hién bo loc ghép chéo. Bai bao ciing trinh bay tinh
todn va mé phong mét vi dy thiét ké bé loc ghép chéo ding tam chén mdt phang E trong ong dan
song chit nhdt duwa trén sw két hop giita vach ngan va cdc mach céng hieong Stripline dé kiém
chitng tinh diing dan cia y thuyét va phwong phdp thiét ké.

Tir khod: Ham t(uyég b9 loc; Da thirc Chebyshev tdng quat; Ghép chéo; Ma tran ghép; Hé s6 ghép; Hé s6 phdm chét;
biém khong truyén dan; Tam chén mat phang E.

1. MO PAU

Vi su phat trién nhanh cta mang vo tuyén, cac hé thong thong tin lién lac, may thu da kénh
trong ra da hién dai,... doi hoi cac bd lgc siéu cao tan duoc thiét ké co do chon loc cao, suy hao
nho va dai chin rong dé sir dung hiéu qua tai nguyén phd dién tir, ddng thoi cling dit ra yéu cau
kich thuéc nho gon va gid thanh ré.

Cac b6 loc phﬁng trén mach dai c6 wu diém gon nhe, chi phi ché tao ré va dé dang tich hop
v6i cac phan tir khac. Tuy nhién, bo loc loai ndy c¢6 hé s6 pham chét thap nén ton hao kha 16n va
cong suat chiu dung bi han ché. Nguoc lai bd loc thuc hién trén 6ng dan song c6 hé ) phém chét
Q rét cao (Ién t6i 30000) va chiu duoc cong suat 1on. Nhuge diém cua loai nay 1a kich thudc
tuong d6i 16n, doi hoi qua trinh ché tao tén nhiéu thoi gian, phtc tap va chi phi dat. Muc dich
ctia nghién ciru nham dap g nhu cau thyc tién 1a tao ra bd loc trén ong dan song c6 kich thudc
gon nhe, do phim chat cao dua trén vu diém cia hai loai bo loc néu trén.

Céc bd lgc trén ong song chir nhat dung tam chén mat phing E tiéu chuan duoc sap xép bang
céu hinh ghép truc tiép, chi c6 mot duong truyén don giita nguon va tai nén c6 dap Ung tin s6
toan diém cuc. Su tuong tac gitta cac mach cong hudng ké nhau dugc thuc hién boi cac vach
ngan kim loai, két hop v6i nhau trén tim chén dit & mat phang E bén trong dng song. TAm chén
nay c6 thé 1a mot tim mach dai véi vach ngan dwoc dn mon & 16p kim loai trén (16p top), con 16p
kim loai dudi (16p bottom) dwoc loai bo. Tuy nhién, 16p bottom c6 thé thyc hién cac ghép chéo
trong cac bd loc dng song mit phing E bang cach tao ra cic mach cong hudng trén né. Su két
hop gilta vach ngén va mot mach cong huong tao thanh mot mé dun loc don c6 ghép chéo voi
mot diém khong truyén din duoc tao ra, méd dun loc don nay dwoc gidi thiéu o [1].

Trén co sé mé dun loc don da dugc nghién ctru, bai bao da khao sat mé rong mo dun loc bac
cao hon bang cach dit thém cac mach cong huong trén dudng truyén mach dai. Sw mé rong ting
béac bd loc s& tao ra thém cac diém khong truyén dan va do d6 cai thién hon dic tinh dai chan cua
n6. Bai bao ciing da trinh bay quy trinh thiét ké bo loc c6 thuc hién ghép chéo trén dng dén song
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chit nhat ding cac tim chén mit phang E dua trén tinh todn va mé phong boi cac phan mém hd
trg Matlab, CST Microwave Studio [2].

2. KHAO SAT CAC DANG MO PUN LQC SU DUNG GHEP CHEO

Trong muc nay khao sat, phan tich cac dang mé dun loc (bao gébm vach ngin va cac mach
cong huong) dung cho cac bd loc ghép chéo mat phang E, néu ra cau truc, tinh chat chinh cling
nhu cach thyc hién chiing trén tam chén mach dai.

2.1. M6 dun loc don

La mo dun loc don gian nhat chi gom mot khung cong huong don va nd tao ra mot cip diém
cuc — diém khong do ghép vong ngudn — tai.

2.1.1. M6 hinh cua mé dun loc don va phdn tich

Mach cong huong

Ngudn Tai
Hinh 1. Biéu dién so do6 ghép cia mét mé dun loc don.

So d6 ghép cua mot mé dun don dugc md ta ¢ hinh 1. N6 bao gom ba ndit 1a ngudn, tai va
mot mach cong huorng Céc duong noi lién gitra cac nat bicu dien cac ghép noi giua chang; hai
trong s6 ghép ndi nay tao thanh dwong truyén chlnh (ngudn — mach cong hudng va mach cong
huong — tai); duong thi ba 1a ghép vong giita nguon véi tai. Theo Amari va Bornemann [5], so
dd ghép nay tao ra mot diém khong truyen dan vi chi c6 mét mach cong huong dugc vong qua.
Ma tran ghép tuong tng véi so 6 ghép cé dang sau:

0 Jg Jg
M=lJy B Jy| )
g J, 0

trong do, J;; la nghich ddo dan nap giira cac ghép ndi, B, 1a tong dién nap ctia mach cong hudng.
V6i cdc mé dun loc don dbi xang, ma tran duge don gian hoa boi Jg, = J,, .
Biéu thuc cho cac tham sé tan xa S khai trién tir ma tran ghép nhan duoc nhu sau:
S, :_(1— 3 )@+ Bl)+2-JS,J1LJSL +j(34-30) | 2
(1+38)(Q+B)-j(3%+ 35 )23, Ig

‘JSL (Q+ Bl)_ J51‘]1|_

Sy =-2] - . 3
(1+ Jsﬁ_ )(Q + Bl) - (‘]521 + J12|_ ) - 2‘]81‘]1L‘]SL
trong d6, Q 1a bién tan sb thong thap.
M5 hinh md dun loc don c6 mot diém khong tai ©, va mot diém cuc tai Q. :
0 = Jsdu . (4)
’ ‘]SL
ZJSl‘]lL‘]SL +1] (‘]521 - ‘]12|_)
Q- 2 . (5)
1-35
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Vj tri diém khong va diém cuc duoc xac dinh bai ba ghép ndi kha dung theo so dd ghép cua
n6. Piém khong truyén dan ludn xuat hign & mot tan s6 thuc nao d6. Néu gi tri cua tat ca céc
ghép nbi 1a duong, diém khdng truyén dan s& nam ¢ dai chan trén, con néu sé Ié ghép ndi gia tri
am thi né nam & dai chan duéi. Tir céng thic (5) ta thay rang, mo dun don c6 mot diém cuc &

mot tan s6 phirc. Tuy nhién, n6 c6 thé chuyén thanh tan so thuc véi [Jg,|=[J, |-

Sai léch gitra cac vi tri cyc diém va khong diém cua mot md dun don & tan sé thuc cé thé
duoc tinh toan nhu sau:
J.J., 1+J2
_Ys1vduL 82L . (6)
JSL 1- ‘]SL
Diéu nay minh chang cho su linh dong trong viéc thiét lap cac diém khong truyén dan voi

bang thong dua ra, d6 1a dic diém quan trong trong viéc thiét ké bo loc theo mé dun dwa trén md
dun loc don cho cac tng dung khac nhau.

Q,-Q,

2.1.2. Céu triic mé dun loc don

@) voi mach cong hudng chit O (b) véi rﬁééh cong hudng chir [
Hinh 2. Cac cdu hinh mé dun loc don trong 6ng ddan séng chir nhat.

Hai cau hinh mé dun loc don dugc mo ta & hinh 2. Ca hai md dun loc nay c6 cau tric gom
mot tam chén bang mach dai dat trong mat phang E ciaa mot ong dan song chix nhat théng
thuong. C4c tam chén nay c6 dang chir nhat véi mach cong hudng duge an mon & mot mat, con
vach ngan kim loai dat & mat con lai. Vach ngan déng vai tro nhu mot bé nghich dao va thuc
hién ghép tryuc ti€p gitta nguon véi tai. Ghép noi gitra nguon, tai va mach cong hudéng dugc thuc
hién boi su twong tac gitta ché do cong huong trong mach cong hudng va ché do truyén séng
trong ong song chir nhat.
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Frequency, GHz
Hinh 3. Pdp iing tan s6 md phong Ciia cdc mé dun loc don d@é xuat.

Dap tng tan s6 cua cac md dun loc don dé xuét, thu dwoc boi bo phan tich EM Ansoft
HFSS™ dugc md ta ¢ hinh 3. Cac tham s6 S chi ra rang mé dun loc don tao ra mét diem khong
truyén dan nam ¢ mot tan so cao hon tan so diem cyc. Cac mé dun loc dugc thiét ké vai tan so
diém cuc giong nhau cung d¢ rong vach ngan nhu nhau nhdm muc dich so sanh. Tir d6 thi mo
phong c6 thé két luan rang diém khong truyen dan ctia mé dun loc v&i mach cong husng chir O
nam & xa hon trong ddi chén trén so voi diém khong truyén dan cua md dun loc v&i mach cong
huong chit 1. Két qua nay cé thé duoc giai thich mot cach thuce té rang véi kiéu suy giam phan ra
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nhanh, séng truyén trong 6ng dan song qua mién vach ngin tuong tac véi mach cong huong chir
O manh hon mach cong huong chit I, do mach cong huang chix O gan véi dau cudi vach hon loai
chir I. Bé b trg cho phat biéu nay, cong thic (6) chi ra rang vaoi cac md dun loc don c6 ghép
vONng nguon — tai khong doi thi khoang cach diém khong va diém cuc cang lon khi ghép ngoai
cang tang.

2.2. M6 dun lgc bac cao

Mb dun loc don khao sat & trén c6 thé duge mo rong thanh cdc mo dun loc bac cao hon béng
cach dit thém cac mach cong huong trén mach dai. Theo cach nay ) lugng cac mach cong
hudng trén dudng truyén chinh s& tang 1én va do d6 tang sd bac clia bd loc thu dugc. Déng thoi
ghép vong dugc thyc hién bang mot vach ngan, n6 tao ra mét dudong truyen khac va c6 thé sinh
ra cac diém khong truyen dan. O ché do truong suy giam song truyén gitra vach ngin va cac
thanh bén cua ong dan song, n6 tuong tac voi tat ca cac mach cong hudng trong duong truyen
chinh trudc khi tat. Két qua lam xudt hién thém cac ghep nbi va tao ra cac diém khong truyén
dan khong thé diéu khién, thinh thoang nam ¢ trong dai thong.

Pé tranh van dé phat sinh nay, cdc mach cong hudng cod thé dugc che chan béng mot vach
ngan khac dat song song vdi vach ngan hién tai. Sy dua thém vach ngan bd sung lam giam dién
cam cua hé¢ thong vach ngan song song va thay d6i thugc tinh ctia n6 nhu mét bo nghich dao.
Tuy nhién, vé mit dinh tinh, nhimg vach ngan nay van cung cap ghép ndi truc tlep giita nguon

v6i tadi. Vach ngan maéi cé thé dugc thuc hién bang mot tim chén kim loai hodc tim chén dién
moi — kim loai, c6 thé két hop v6i vach ngan hién tai hodc tach riéng ra. Néu tim chén két hop
thi can cdu trac nhiéu 16p, voi ba 16p kim loai: 16p trén va dudi 1a vach ngan, trong khi 16p giira
la cac mach cong huong, dugc goi la cac mach cong hudng stripline.

Céu hinh ctia mot mé dun loc v6i tim chén mat phang E nhiéu 16p trong éng dan séng chir nhat
duge mé ta ¢ hinh 4. M6 dun loc bac 3 chi ra trong hinh gdm mot mach cong hudng chit I dit gitta
hai mach cong huong rang lugc. Mach cong huong nay twong tac v6i mach bén canh bang ghép
dién ¢ cac dau cudi hd mach cta nd. Tuong tac nay duoc dic tinh hoa bang hé s6 ghép am.

Hinh 4. Cdu hinh mét mé dun loc bdc 3 véi tam chén mdt phang E nhiéu I6p.
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Hinh 5. Bdp itng tan s6 mé phéng ciia mé dun loc béc 3.
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bap ting tan s6 mod phong ctia md dun loc bac 3 duge biéu dién ¢ hinh 5, n6 c6 ba diém cuc
va mot diém khong & dai chin trén. Két qua nay c6 thé duoc lam o bé’mg cach phan tich sy dich
pha giy ra boi chudi cac mach cong hudng ghép trén duong truyen chinh. Phuong phap nay
dugc gioi thi€u boi Thomas vao ndm 2003 [6], nd ¢6 thé xac dinh sé diém khong truyen dan cua
mot so d0 ghép bat ky tao ra. Ngoai ra, n6 ciing ¢6 thé xac dinh cic diém khong truyén dan nam
& dai chan trén hay dudi.

So d6 ghép ciia mo dun loc bac 3 de xuét véi sy dich pha twong tmg gdy ra do cac phan tr cua
n6 dugc miéu ta ¢ hinh 6. Ta thay rang, sy dich pha trén duong truyén chinh véi tan s6 dudi
cong huong 1a 270, véi tan sd trén cong huong 1a —270° . Su dich pha dua ra do ghép truc tiép
ngudn — tai la 90", rd rang cdc tin hi¢u tir hai duong di dén tai cang pha ¢ tan s6 dui cong
huong, nhung 1€ch pha voi tan sb cao hon cong huong (thuc té diéu kién nay thoa man & mot tan
s0 nao d6 xuét hién diém khong truyén dan). Do d6, mo dun loc bac 3 nay chi tao ra mot diém
khong & dai chén trén.

+90° +90° +90°
+90° +90°

DPudng truyén chinh

-90°

Ngudn Ghép vong Tai
Hinh 6. So @6 ghép ciia mé dun loc béc 3.

Néu bd sung thém mot mach cong huong chir I khac vao dudng truyén chinh, su dich pha ¢
tan s6 thap hon cong huong s& ting thém 180", ¢ tan sb cao hon khong bi anh huéng. Do d6, md
dun loc bac 4 s€ tao ra hai di€ém khong truyén dan. Vi du thiét ké mo6 dun loc bac 4 nay s€ duoc
trinh bay ¢ muc 3. Noi chung v6i mé dun loc ¢6 ciu trac ghép boi cac mach cong huong dang
chir I va rang luoc dang khao sat, néu sb bac 1 chén s& tao ra mot diém khong truyén din & mdi
dai chén, con vai sb bac 1é chi tao ra mot diém khong truyen din & dai chén trén.

3. TONG HQP BQ LQC, MO PHONG VA THAO LUAN

3.1. Chi tiéu k§ thuat va tong hop bd loc
3.1.1. Chi tiéu ky thudt ciia bé loc thiét ké

bé ’minhNhQa viéc thiét ké bd loc theo md dun sir dung ghg’:p chéo dung tAm chén mat phéng E
trong 6ng dan séng chir nhét, bai bao trinh bay vi dy thiét ké mot bo loc thong dai bac 4 nhu da
gidi thi€u o trén, day 1a mot mo dun lgc tao ra hai diém khong truyén dan trong dai chan.

Dic tinh k¥ thuét ctia b loc thiét ké théa man mot sb yéu ciu sau:
Tan s6 trung tim: 10.4 GHz;
D'f“li thong: 10.1 - 10.7 GHz;
Ton hap phan xa trong dé~i thong: -15 dB;
Céc diem khong tru}{én dan: 9.6 GHz va 11.9 GHz;
Do suy hao ¢ dai chan: 25 dB min @ 8-9.5 GHz, @ 12-13 GHz.
3.1.2. Tong hop bé loc thiét ké
Quy trinh thiét ké b loc gdm nhiéu budc xuét phit tir yéu cau va dic tinh ky thut cia bd loc
thiét k. Bai bao trinh bay co ban theo cac budc thiét ké mot bo Ioc.

a. Chon da thtrc tiém can cia dang déac trung ham truyén

Dang Qéc trung ham ‘gruyén C}ia bd loc dugce chon tiém can theo da th}'rc Chebyshev tf)ng ’quét
v6i hai di€ém khong truyén dan lan lugt ¢ -2.7622 va 4.6975 (gia tri chuan hoéa cua hai tan s6 9.6
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GHz va 11.9 GHz tuong tmg). Viéc chon tiém cén theo da thire Chebyshev tong quat 6 thé thyc
hién duoc bo loc voi do dong déu trong dai thong va co cac diém khong truyén dan tly y trong
dai chin. Ap dung phuong phap tong hop cho da thirc Chebyshev tong quat tir cac dic tinh k¥
thuat da cho, béng cach stir dung chuong trinh Matlab ta tim dugc cac da thuc dac trung cia bo
loc nhu sau:

P(s) =% — j1.907s+13.0149 F(s)=s*+ j0.0783s* +1.0085s> + j0.0591s + 0.1293

£.E(s) =3.1471(s* + (3.1764+ j0.0783)s’ + (6.0532 + j0.3312)s>
+(6.8307 + j0.7164)s + (4.0611+ j0.7917))

Céc tham sb tan xa S cta bd loc duge tinh theo biéu thire sau:

11( )=—— F() 21(5) = PE)
E(s)’ £-E(s)

b. Xay dung bd loc mau dap ung dang ham truyén

B0 loc thiét ké 1a mot mé dun loc sir dung ghép chéo thyc thi trén tam chén mat phéng E dat
trong 6ng dan song chit nhat véi sd bac bang 4. Phan tich cdu tric vat 1y cling nhu céc tinh chét
cua n6 da dugc néu ra & muc trude. Céu hinh ciia b loc mﬁu xay dung gdm 4 nat cong hudng
méc giita nguon voi tai. So do ghép ciia bo loc véi cac hé sd ghép tuong tmg duoc mo ta ¢ hinh
7. N6 bao gom: nam ghép n01 chinh gilta cac mach cong huong ké nhau tir ngudn toi tai; mot
ghép vong truc tiép gilta ngudn vai tai; hai ghép ndi ky sinh giita mach cong huong dau va cubi
vG&i ngudn va tai.

Nauin O 2 @ —— @
sS4

I(SL| |k23

Tai O o ® - ®

Hinh 7. So do ghép ciia bé loc bic 4 véi hai diém khéng truyén dan & ca hai ddi chan.

Ung dung ky thuét tong hop truc tiép ma tran ghép (N+2)%(N+2) bao gdm ca hai nit ngudn
va tai [3, 4]. Pau tién ta tong hop ma trén cho bd loc mau ngang chuan tic, sau do, ap dung quy
trinh gian luge ma trén dé Iuoc bo bt cac ghép ndi khong co bang mot chudi cac phép xoay ma
tran. Két qua ta thu dugc ma tran ghép tuong (mg vai cau hinh c6 so do ghép biéu dién & hinh 7
nhu sau:

0 1.2727 0 0 0.0311 0.0247]
1.2727 0 -1.1952 0 0 0.0311
M = 0 -1.1952 0 —0.8746 0 0
0 0 —0.8746 0 -1.1952 0
0.0311 0 0 -1.1952 0 1.2727
10.0247  0.0311 0 0 1.2727 0

c. Tinh toan cac hé sb ghép
_ Cac phan tir cia ma tran ghep tinh toan ¢ trén tng voi bang théng don vi 6 tan sd trung tam
bang khong. Do do, ta can dung phép bién doi tan s6 dé chuyén doi vé bang thong yéu cau, tinh
toan dugc cac hé s6 ghép nhu sau:
Bing thong tuong dbi: FBW = BW/ f, =(10700—-10100) /10400 = 0.0577
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e Céc h¢ s6 ghép ngoai: Qs =Q,,, =10.701

e Hé sb ghép giita cac mach cong huong: k, =k;, =—0.069, k,; =—-0.05

e Heé s6 ghép tryc tiép giita ngudn — tai: ky, =0.0014

e Heé s6 ghép ky sinh: kg, =k, =0.0018
3.2. Xay dung mo hinh va mé phéng

Bo loc thiét ké dugc thyuc thi trén tdm chén mat phang E dit trong 6ng dan song chit nhat. Cau
tric vat Iy cia n6 gom 2 phan nhu sau:

e Phan (f)ng dan sér}g: Str dung mot doan 6ng dan song chir nhat tiéu chuin WR90 béng chét

liéu dong, ¢ dai tan bang X voi kich thude 22.86x10.16mm.

e Phan tim chén mit phe‘ing E: St dyng vat liéu mach in cao tan Rogers RT5880 véi céac

tham s0 co ban nhu hang s6 dién mo6i &, =22, h¢ so ton hao tano =0.0009, do day vat
liéu h = 1.5 mm, d6 day 16p phu dong T = 0.1 mm.

B0 loc thiét ké dl}’QC thue hién ba"mg cach: hai mach cong hudng dang rang luoc yé chir I duoc
an mon ¢ 16p gitra tam vat liéu mach in Rogers RT5880, 16p trén va 16p dudi cua tam cling dugc
an mon tao thanh vach ngan kép doi xung; sau d6 tam chen duoc dat & mat phang E cua ong dan
song chit nhat. Cau hinh cia n6é dugc mo ta ¢ hinh 8 véi ki hi¢u cac kich thudc vt 1y cia cac
phan tir tuong ung.

L L

i G,

[

dlz dza
I_diel

Hinh 8. Cdu hinh ciia mé dun loc bdc 4 thiét ké.

Hinh 9. M6 hinh mé phong EM ciia bé loc thiét ké trén phan mém CST.

Budc tiép theo 1a khai trién cac hé sb ghép theo cAu trac vat ly da chon, tirc 1a xac dinh cac kich
thudc vat 1y cua cac phan tir &é dat dugc cac hé sb ghép da tinh toan & trén. Cac kich thudc vat Iy
nay duoc xac dinh dua trén cac dap tng tn s6 va cac két qua mo phong trén phin mém hd tro tinh
toan, thiét ké va mo phong siéu cao tan CST Microwave Studio. Thit tu thuc hién nhu sau:
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Nghién ctru khoa hoc cong nghé

e Khai trief:n hé sé ghép truc tiép ngudn — tai.
e Khai triej:n hé s(? ghép ngoai.
e Khai trién hé so6 ghép gitta cdc mach cdng hudng stripline.
Két qua duoc liét ké ¢ bang dudi.
Bing 1. Kich thude vit Iy ciia cdc phan tir bé loc thiét ké.

S6 thir tu Tham s6 Gi4 tri, mm

1 L gie 20

2 Loent 12.8
3 H. =H, 5.4
4 L, 2.69
5 L, 3.72
6 d, 0.62
7 d,, 0.6

Sau khi xac dinh dugc kich thudce vat 1y cac phﬁn tir cﬁa_ bo loc, cudi cung ta xay dung md
hinh dugc mo ta ¢ hinh 9 va tién hanh mé phong EM tong thé cho bo loc thiét ké trén phan mém
CST Microwave Studio.

3.3. Két qua mé phong va thao luin

S-Parameters [Magnitude in dB]

8 é 1‘0 1‘1 1é lé 14
Frequency / GHz
Hinh 10. de ikng tan s6 mé phong ciia bo loc thiét ké.

Két qua md phong cac tham sd tan xa S cua b loc thlet ké dat dugc ¢ hinh 10. Ta thay rang,
dap ung tan s6 ham truyén ctia n6 ¢ hai diém khong truyen dan ndm & ca hai dai chan trén va
dudi, hai diém khong nay 1a bat di ximg & cac tan sd thoa mén theo yéu ciu bai toan dit ra.
Ngoai ra, d¢ suy hao ¢ dai chan dudi va dai chan trén cling dat dugc theo yéu cau. N6 kiém
chung tinh dung dan cua ly thuyét va phuong phap thict ke.

4. KET LUAN

Bai bao da di sau vao nghién ctru thiét ké bo loc ghep chéo véi dac tinh dai chén dugc cai tién
trong dng dan song chit nhat trén cong nghé mat phing E. Khao sat cac dang mé dun loc ding
cho bd loc ghép chéo mat phang E dya trén su ket hop gilra vach ngan va cac mach cong huong
stripline, ciing nhu cach khai trién chiing trén tim chén mach dai. Két qua mé phong trén phan
mém CST Microwave Studio da kiém chung duoc tinh ding din ciia phuong phap thiét ké.
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Dién tir — Vit Iy — Do lwong

Bai béo 14 tai liéu tham khao cho viéc nghién ciru sdu hon dé phat trién thém cac ciu tric loc
moi trong ong dan song. Pong thoi nod ciing 1a co s¢ de thuc hién gia cong, lap rap va hiéu chinh
cac bd loc hoan thién ung dung cho céac h¢ thong thu phat v tuyén ndi chung va ra da noi riéng.
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ABSTRACT
Development of cross-coupler filters in the rectangular waveguide by using E-plane inserts

In order to meet the practical requirements of creating filters on conventional
rectangular waveguides with compact size and high quality factor, applied in wireless and
radar systems. This paper studies the possibilities of the realization of cross-coupler filters
with transmission zeros in the rectangular waveguides using metal-dielectronic E-plane
inserts. Determining the types of resonators and potential coupling schemes, which can be
implemented in rectangular waveguides, taking into account the technological constraints,
then built and developed a suitable design procedure for the realization of the cross-coupler
filters. The paper also presents the calculation and simulation of an example of cross-
coupler filter design using E-plane inserts in rectangular waveguide based on a combination
of septa and stripline resonators, verified the accuracy of theory and design method.

Keywords: Transfer function of filter; Generalized Chebyshev polynomial; Cross-coupler; Coupling matrix; Coupling
coefficients; Quality factor; Transmission zeros; E-plane inserts.
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