Ky thudt siéu cao tin & Ra da

THIET KE BQ LQC THONG DAI ONG DAN SONG UNG DUNG CHO
HE THONG THU/PHAT RA PA BANG X

Trinh Xuan Tho*

Tém tit: Bai bdo trinh bay két qua nghién ciru thiét ké, ché tao bg loc thong dai ong
dan song chit nhdt umg dung trong h¢ thong thu/phat cua ra da bang X. B¢ loc thong dai
ong dan song sir dung cdc héc cong hiwong ong song chit nhat chzeu dai nuia budc song
ghép noi tiép nhau. Do vy, céng sudt chiu dung, ton hao va do map mo trong dai thong
cua bg loc dwoc cai thién. Trén co so ung dung Iy thuyet siéu cao tan va cdc céng cu phan
mém tinh todn mé phong, tdc gia da tinh todn thiét ké ché tao bé loc thong ddi dat chi tiéu
ky thudt irng dung trong hé thong ra da bang tan X.

Tiwr khoa: B9 loc thong dai 6ng dén séng; B9 loc thong dai; Ra da bang X.
1. MO PAU

Sy phat trién manh mé& cia cac hé théng vo tuyén di dit ra cac yéu cau ngiy cang cao cho cac
phén tr siéu cao tan. B loc la phﬁn ttr chon loc tan s, doéng vai tro quan trong trong cac hé
thng nay. Cac bo loc thong dai 1a mot trong nhitng thanh phan quan trong cta hé thong ra da thé
hé méi hién nay [5]. Hinh 1 miéu ta so db khéi khéi cao tin ddu cudi ctia mot hé thong ra da. Tir
so dd hinh 1 chung ta co thé thfiy réng, mdi bo loc duge sir dung dé thuc hién cac chuc nang
khéc nhau. Trong d6, bd loc BPF 1a bd loc thong dai vdi yéu cAu ton hao nho va chiu duoc cong
sudt cua tuyén phat; bo loc triét hai 1a bo loc thong thap co dai thong bao trum toan bd dai thong
ctia bd loc BPF va c6 dai chin bao trim toan bo tir hai bac 2 dén hai bac 5 cua tin hiéu phat trong

hé théng.
| | May th
ay thu
| .IjQC‘. —» Limiter
| triét hai
Antenna | BPF

I

| N
| Loc l_I\/Iay phat
I

triéthai | |

Hinh 1. So do khoi khéi cao tan dau cudi ciia hé thong ra da bang X.

Ngay nay, co rat nhiéu loai bd loc khac nhau dugc dung cho céac ung dung ra da, nhu cac bo
loc vi dai, bo héc cong hudng déng truc, bd loc 6ng dan séng. B loc vi dai co uu diém kich
thudce nho, gia thanh thap, d& ché tao. Nhuoc diém chinh cua b loc nay 1a tén hao chén cao, béi
vi h¢ s pham chét Q cua no thap hon dang ké so v6i cac loai khac [5]. B loc hdc cong huong
dong truc co nhiéu uu diém nhu tén hao thap, kich thude nho gon, mdc du vay né c6 nhuge diém
14 cong sut chiu dung trung binh va rit kho ché tao & tan sb cao [3]. B6 loc dng din séng c6 uu
diém ton hao tha‘ip, cong suat chiu dung cao, tuy nhién, kich thudc ctia b loc éng song 16n hon
nhiéu so véi cac loai bo loc khac. Mot sd san pham bo loc dai thong trén 6ng dan séng trén thi
truong c6 cac tham sb chwa dap (g v6i yéu cau dit ra, vi du san pham bo loc thong dai éng dan
song bang X cua A-info tén hao trong dai tir 0.6 = 1.2 dB, hé s6 song dimg cyc dai 1.3 = 1.5,
cong suat chiu dung trung binh 200 W [7]. Dé chii dong trong viéc thiét ke hé thong dai ra da,
viéc lam chu qua trinh thiét ké ché tao bo loc thong dai dap tmg cac yéu cau ctia hé thong l1a rat
can thiét.
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Bai bao nay nghién ctru giai phap thiét ké, ché tao bo loc dng din song vi nd ¢ wu diém la
cong suét chiu dung cao, ton hao thép, d6 chon loc tan s cao. Dya trén cac ly thuyét vé siéu cao
tan va phan mém mo phong, bai bao s& trinh bay giai phap thiét ké bo loc 6ng dan song dai thong
8.9 -9.6 GHz.

2. NOI DUNG CAN GIAI QUYET
2.1. Tong quan héc cong hwéng dng din séng chir nhit

Nguyén 1y hoat dong cia bd loc siéu cao tan hoat dong o tan s6 cao hoan toan giéng Vol
nguyén ly hoat dong cta bd loc cong huong RLC song song hodc nbi tiép trong 1y thuyét mach
[1, 2]. Hoc cong huong ong dan song siéu cao tan dugc hinh thanh bang cach bit kin (ngin
mach) ca hai dau cua ciu triic 6ng din séng chir nhat nhu trong hinh 2a bang cac vach kim loai.
Vi dy, hinh 2b cho thiy hinh dang ctia mét héc cong hudng éng din song hinh chir nhat (a> b)
v6i chiéu dai d, ngin mach & ca hai dau tai vi tri z =0 va z = d. Cuong do dién tir truong trong
héc cong huong thé hién trén hinh 3.
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Hinh 2. (a) Ong dan séng hinh chit nhdt a>b; (b) Hoc cong huong ong dan séng hinh chit nhdt.

Hinh 3. Cuong do dién tu truong trong hoc cong hwéng chiv nhdt
& tan s6 cong hwong 9.25 GHz.

Béng cach ap dung vecto Poynting P = E x H trong mot khoang trong d6 ap dung cac didu
kién ctia cac mode, cong suit s& hoan toan 1a ao va mat do cong suét trung binh theo thoi gian
(phan thyc) s& bang khong. Diéu nay co nghia 1a khong c6 nguon dién thyc sy di vao va di ra
khoang. Tuy nhién, phan 4o ¢ nghia la c6 mot nang lugng tich iy cua truong dién tir bén trong
khoang [1]. Trong khi do6, h¢ s6 pham chit Q 1a mot thong sb quan trong va can dugc xem xét
khi thiét k& bo loc siéu cao tan. Hé s6 phdm chat do ludong cudng do hé sb ghép theo dién truong
hodc tir truong giita cac hoc cong hudng; noi cach khac, n6 do luong ton hao trong bo cong
hudng. Q duoc dinh nghia theo cach khéc 1a ty sb giira tin sb trung tim ctia bo cong hudng véi
bang thong 3dB cua no6 va dugc tinh theo cong thirc cong thic Q = f,BW345 [1].

Trong diéu kién ma mot héc 1a khong tén hao, cudong do dién trudng ngang c6 thé dugc suy
rala[l]:

E(x,y,2)=e(x,y)(Ate /BmnZ 4 A=¢=JBmn? (1)
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Trong do6: e (x,y) la bién thién theo phuong ngang; A* va A~ lan luot 1a bién do cua song
truyén téi va truyén nguoc; 8 mn 12 hing s6 pha cua séng. Viéc ap dung cac diéu kién bién trén
cac thanh bén (x =0, a) va (y = 0, b) cua khoang dua ra:

Brn= 2= (55 - (5T 2)

Trong d6: k = /e, p va g 1a 4o tr thim va hang s dién moi cua vat liéu duoc lap day ong
dan séng; m va n 1a sé bién thién nira sin (hodc cosin) theo huong tryc x va tryc y; 11a s6 bién
thi€n ntra sin (hoac cosin) theo hudng truc z. Viéc ap dung cac diéu kién bién ¢ mat trudc va mat
sau ciia khoang 6ng dan song kin tai (z = 0, d), thi tan s6 cong hudng f,, duge xac dinh nhur sau:

1 mm\2  mm\2  lm\?
= - - g 3
fCh(mnl)_Zn\/ue (a) +(b) +(d> ®
Hinh 4a 1a két qua md phong tham s S,; ctia hdc cong hudng trén hinh 3 va ta thay rang tan

s6 cong hudng ciia hoc cong huong 1a & tan s6 9.25 GHz. Hinh 4b cho thiy tré khang tham chiéu
thuc voi cung mot bo cong huong Zs = 534 Ohm & tan s6 9.25 GHz.
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Hinh 4. Két qud mé phong tham sé S,q va tré khang tham chiéu ciia
hoc cong hwong chir nhdt hinh 3.
2.2. Ciu triic b lgc 6ng din séng va so' dd twong dwong
Céu trac vat 1y ctia bo loc thong dai dng dan song chit nhat dugc thé hién nhu hinh 5a. B§ loc
bao gdm céc hc cong hudong dng din song chit nhat chiéu dai nira budc song ndi tiép nhau va
cac hdc cong huong duoc ghép véi nhau bang cira s6 ghép dién cam. So dd tuong dwong duoc
thé hién nhu hinh 5b.
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Hinh 5. Cdu tric vit Iy va so do tiong dwong bo loc théng ddi éng dan séng.

32 Trinh Xudn Tho, “Thiét ké bj lpc thong dii éng din séng ... hé thong thu/phdt ra da bing X.”



Nghién ciru khoa hoc cong nghé

So db mach tuong duong nay dugc xay dung trén co s¢ sir dung bd nghich dao tré khang [3].
Céac tham so0 tré khang dac tinh ctia bd nghich ddo trong so d6 hinh 5b dugc tinh toan theo cong
thirc nhu sau:

ZOA 2 9091
Koq nw,h 1 5)
VZoiZoir1 2 19911
Kn,n+1 _ E WiB (6)
Zop 29.9,:1
A
Wit = ( g“’) o ™)

Trong d6, go, g1, Jzs - » Gn+1 12 cic phéan tir ciia bd loc thong thap. Gia tri ctia cac phén tir nay
duoc lay tir viéc tra bang trong tai liéu [3].
2.3. Cira sb ghép trong b loc dng din séng

Cira s6 ghép trong bo loc thong dai dng dan song duoc thé hién nhu hinh 6. Trong dé, t 1a do
day cua ctra s6 ghép va w 1a chi€u rdng cta cura s6 ghép.

Hinh 6. Cdu triic cira s6 ghép trong bé loc ong dan song.
Nhu trong tai liéu [6], bang cach str dung cac cong thic bién d6i mang 4 cuc, thi bién d6 tham

sO tén xa |521”+ . | ¢6 thé dugc tinh toan theo tham s trd khang ciia bo nghich ddo theo cong thirc

Sau:

s _ 27,
| 21i,i+1| - Zy 2 (8)
Kl i+1 + K l+1
0
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Hinh 7. Méi quan hé giita chiéu réng cira s6 ghép va bién do tham sé tan xa Syy.
Do thi hinh 7 1a két qua md phong cau tric cira s6 ghép trong bd loc 6 dng din song véi do day
clra sO ghép 1a 1 mm. D6 thi thé hién mdi quan hé giita d6 rong cira s6 ghép véi bién do tham so
tan xa S, & tan sb trung tdm 9.25 GHz.
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2.4. Phuong phip thiét ké b loc thong dai ong din séng

Trén co so phan tich tinh toan tai muc 2.2 va tai li¢u tham khdo [3] chi ra rr:ing cac gia tri tro
khang cua bg nghich déo K; ;14 trong so d6 b loc thong dai 6ng dan song s€ duoc tinh toan theo
cac tham s6 y€u cau cta b loc can thiet ké. Ngoai ra, gia tri K; ;41 con c6 moi quan h¢ voi bién
do tham sb tan xa | Sz, ., | nhu cong thitc (8).

Tir @6, nhom nghién ciru da dé xuat giai phap tinh toan thiét ké bo loc thong dai 6ng dan
song gdm cac budce sau:

- Luya chon kich thudc dng song phut hop voi dai théng va d6 day ctra s6 ghép. Kich thude
ong song thuong dugc chon theo kich thudc ong dan song ti€u chuan, do day ctra s6 ghép dugc
chon sao cho phu hop véi viéc gia cong;

- Trén co s cac tham sd yéu cAu cua bd loc can thiét ké, tinh toan céc gia tri tré khang cia bo
nghich dao; sau d6 tinh toan céc gia tri bién d6 tham sb tan xa |521”+ . |;

- Sir dung phan mém CST mo phong cira s6 ghép nhu hinh 6, bién d6 S,; dugc tinh tai tan s6
trung tdm cua bd loc va kich thudc chicu rong cira s6 ghép thay doi sao cho gia bién d¢ S,; mé
phong bang véi gia tri tinh toan.

- Str dung thong tin pha S;; ctia mdi cira s6 ghép dé xac dinh chiéu dai hdc cong huong theo
cong thirc sau:

Ago
= ﬁ (@, + D7) ()
Trong d6, @4 la pha S;; cua clra s6 ghép bén trai héc cong hudng, @, 1a pha S, cua cira sd
ghép bén phai hoc cong hudng.
- X4y dung mé hinh tong thé bd loc théng dai dng dan song va md phong tdi uu.
3. THIET KE CHE TAO, KET QUA

3.1. Cac tham s0 yéu cau ciia bo loc

Viée x@y dung cac tham s6 bo loc thong dai ong dan séng dugc dua trén co s tinh toan thlet
ké hé thdng va cac thanh phan cua dai ra da bang tan X. Bai toan thiét ké bo loc thong dai dng
dan séng duoc thuc hién véi cac tham ) k¥ thuat theo bang 1.

Bing 1. Cdc tham sé k) thudt ciia bé loc théng ddi ong dan séng.

TT | Tham so ky thuat Pon vi do | Cin dat

1 Dai tan lam viéc GHz 8.9+9.6

2 Suy hao trong dai dB <0.3

3 Ton hao phan hoi dB >21

4 D6 chin ngoai dai (6 tan s 8.7 GHz) dB >25

5 Kich thudc mit cat ong din song WR90 mm 22.86x10.16

3.2. Tinh toan, md phéng toi wu
Can ctr vao cac tham so yéu cau cua bo loc: dai tan lam viéc, ton hao phan hoi, do chan ngoai
dai; ta tinh dugc s0 mat loc n > 6.4 theo cong thic sau [4]:

\/W
y arccosh(||Tgotas =1 (10)
arccosh( lfa — AT fo|)

n

Trong d6, L(fy) 1a do chin ngoai dai tai tan s6 f,, 745 d6 map mo trong dai thong, Af 1a dai
thdng, f, 1a tin s6 trung tam.
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Bo loc thong dai 6ng dan song dugc thiét ké gdm 7 hc cong huong, vat licu lap day dng dan
song 1a khong khi v61 md hinh nhu trén hinh 4. Bang 2 da dua ra cac tham s6 dién va tham sb co
khi cho bg loc thong dai o ong dan song 7 hoc cong hudng trén co so ly thuyét va tinh toan két hop
v6i md phong khao sat mbi quan hé giita chiéu rong ctra s6 ghép va bién do tham sd tan xa Sy;.

Bing 2. Gid tri cic tham sé da dwoc tinh todn cho bé loc théng ddi ong ddin song.

TT | Thamsd | Giatri | TT Tham s Giatri | TT Tham s Gié tri
1 9o 1 10 | S$p,,(dB) |-1.393 18 | wy(mm) 14.28
2 g1 1.804 11 | $p,,(dB) | -6.956 19 | wy(mm) 10.28
3 9> 1.3968 12 | $5,,(dB) |-10.10 20 | wyz(mm) 8.99
4 Js3 1.7579 13 | $3,,(dB) |-10.75 21 | wsu(mm) 8.76
5 Ja 1.6344 14 | Sp,,.(dB) |-10.75 22 | wyg(mm) 8.76
6 Js 1.7579 15 | Sp;..(dB) |-10.10 23 | wsgg(mm) 8.99
7 e 1.3968 16 | S,;.,(dB) | -6.956 24 | wgy(mm) 10.28
8 g7 0.804 17 | Sp,,(dB) |-1.393 25 | wyg(mm) 14.28
9 Js 1 26 t(mm) 1.00

Dua vio bang tham sb chiéu rong cac cira so ghép di duoc tinh toan trong bang 2, tién hanh
md phong va tinh toan chidu dai 7 hbc cong huong theo cong thuc (9). Cac két qua tinh toan
dugc dua vao phan mém CST (8] dé mo phong dic tuyen ctia bg loc. Trong qua trinh m6 phong
da diéu chinh t6i wu cac tham s0 dé dat dugc két qua toi wu. Bang 3 dua ra cac tham s6 co khi
ctia b loc sau khi mé phong tdi wu. M6 hinh 3D va két qua mo phong sau khi t6i wu thé hién

nhu hinh 8.
Bing 3. Gid tri cdc tham s6 sau mé phong t6i wu ciia bg loc thong ddi dng dan séng.

TT | Thamsd | Gidtri | TT [ Tham sb Gidtri | TT | Thamso | Gia tri
1 | wy(mm) 14.2 6 Wse(mm) 9.14 11 l;(mm) 20.05

2 | wi,(mm) 10.32 7 Wgz (mm) 10.32 12 l4,(mm) 20.17

3 | wyz(mm) 9.14 8 wog(mm) 14.2 13 ls(mm) 20.05

4 | wau(mm) 8.84 9 l{(mm) 16.68 14 lg(mm) 19.36

5 [ wys(mm) 8.84 10 l,(mm) 19.36 15 l;(mm) 16.68
16 t(mm) 1.00

Trong d6, t 1a d6 day ctra s6 ghép, w; j1a chidu rong cira s6 ghép giira hoc cong huong i va j,
I; 14 chiéu dai héc cong hudng thi i.
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Hinh 8. M6 hinh 3D va két qua mé phong.
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Tir két qua m6 phong, ta thay tét ca cac tham s ton hao trong dai, do chén ngoai dai va tén
hao phan hoi cia bo loc thong dai & ong dan song déu dat chi tiéu ky thuat yéu cau cua bg loc. Két
qua mo phong dién tir trudng ta thay rang, véi cong suat dau vao 5 KW ¢ tan s6 9.25 GHz thi
cuong do dién truong cuc dai la 2.289 MV/m, gia tri nay nhé hon gidi han cuong do truong cia
khéng khi (E; = 3 MV/m). Nhu vy, bo loc ¢6 kha nang chiu cong suat 16n hon 5 KW.

3.3. Két qua ché tao, do dac

Sau khi cac tham s6 mo phong trén phin mém CST dugc danh gia dam bao yéu cau, nhom
tac gia da st dung cong nghé gia cong CNC dé ché tao bo loc trén vat liéu nhom va ma bac, dung
sai gia cong ché tao £0.01 mm nhu hinh 9, kich thuéc téng thé cua bo loc (dai x rong x cao) la:
223.04 x 41.4 x 4.4 mm,

Hinh 9. Hinh anh bé loc ché tao thuc té.
Céc két qua do thuc ’té dic tuyén cua bo loc thong dai éng dan song bang tan X duoc thé hién
trén hinh 10. So sanh két qua mo6 phong va két qua do thyc t€ dac tuyén bd loc dugc thé hién trén
hinh 11. Bang 4 1a bang so sanh két qua md phong va két qua do thuc té bd loc ong dan song.

0 0
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@ 40 @ -40
= 50 -50
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-60
85 %0 95 10.0 85 90 95 10.0
Tan so (GHz) Tan so (GHz)
(a) (b)
Hinh 10. (@) Két qua do suy hao trong dai va dg chan ngoai dai,
(b) Ket qud do ton hao phadn hoi.
0
-10
= -20
x
B 50
= -60 S21 (mo6 phong)
o 29 — — 21 (do thuc 1)
8 -90 S11 (mod phong)
:%&)8 ----- S11 (do thyc t&)
8 9  Tinsé(GHz) 10 11
Hinh 11. Két qua mé phong va két qua do thiee té ddc tuyén bé loc.
Bing 4. Bang so sanh cdc tham s6 ky thudt két qua mé phéng va két qua do thyc té.
TT Tham s k§y thuat Pon vi | Yéu cau Két qua Két qua
do mo phéng | do thue té
1 | Dai tan lam viéc GHz 89+96 | 888+9.62 | 8.88+9.62
2 | Suy hao trong dai, [S,4| dB <03 <0.15 <0.226
3 | Ton hao phan hoi, |Sq,]| dB >21 >26 >23
4 | Do chan ngoai dai (¢ tan so6 8.7 GHz) dB >25 >28.5 >30
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Tir két qua do dac tham sb bo loc sau ché tao cho thiy rang cac tham s do dwgc dap Gmg yéu
cau dat ra khi thiét ké. Két qua mo phong va két qua do thyc t€ tuong doi tuong dong véi nhau.

4. KET LUAN

Bai bao da trinh bay cac budc tinh toan thiét ké bo loc thong dai dng dan séng trén co so 1y
thuyét tinh toan cac tham s6 bo loc két hop v6i phin mém mo ' phong khao sat sy phu thude cua
tham s cira sd ghép voi cac tham sb dién. Bo loc thong dai éng dan song bang tan X da duoc
thiét ké ché tao va dua vao sur dung trong thuc té. Bo loc da dat dugc cac yéu cau cao vé ton hao
trong dai va ton hao phan hdi. Cac tham sé do kiém cuia bd loc dép tmg yéu ciu cua bo loc thong
dai bang tan X trong hé théng cao tin du cudi cua ra da bang X. Bo loc théng dai dng dan song
da duoc ung dung trong dai ra da bang tan X. Két qua nghién ctru va thyc nghiém nay 1a co s¢ dé
mo rong nghién ctru thiét ké ché tao cac bo loc trén dng dan song yéu cau do doc dai chan cao.
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ABSTRACT
DESIGN OF WAVEGUIDE BANDPASS FILTER FOR X-BAND RADAR TRANSCEIVER

In this paper, a design method of rectangular waveguide bandpass filter for the X-band
radar transceiver is presented. Waveguide bandpass filters use rectangular waveguide
resonators with half wavelengths that are directly coupled together. So, the power-
handling capability, insertion loss, and ripple of the filter become improved. Based on the
theory of Radiofrequency and microwave, using simulation software, we designed and
implemented a rectangular waveguide bandpass filter that meets all the requested
specifications of the bandpass filter for the X-band radar transceiver.

Keywords: Waveguide bandpass filter; Bandpass filter; X-band radar.
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