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(57) Sang ché dé xuit bd loc cao tan thong dai c6 dai chin rong sir dung duong cong
huodng vi dai cit khe chit L, c6 tan sd nhiéu loc cta bd loc nam & vi tri xép xi 3,5 lan
tan s6 loc f0, bao gdm cac bo phan: tam dién mbi; 16p dong; duong cong huong vi dai
cit khe dang chit L; dudng vi dai trd khang 50 Ohm va gidc két ndi cao tan. Bo loc vi
dai thuc hién trén mach in hai 16p, duoc thiét ké bang cach ghép cong hudng cac dudng
vi dai cat khe chit L; ¢6 kich thudc nhé gon, co dai chin rong st dung mo hinh cong
hudng hoan toan méi 1a dudng vi dai ct khe chit L tao ra b loc c6 dai chin rong ~
2,5 10, véi kich thude nhd hon nhiéu so véi bo loc thong thudng & ciing tan sd ma cé
dai chén hep hon; gifc cao tan dau vao du ra duogc két ndi truc tiép t6i dudng cong
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hudng bang cach ghép dién cam hodc dién dung thong qua duong tré khang 500hm.
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Linh vuc k§y thuit duoc dé cip.

Sang ché @& cap tdi b loc cao tan thong dai c¢6 dai chan rong s dung dudng
cong hudng vi dai cét khe chit L, c6 dic tinh tan s nhiéu loc ctia bd loc nam & vi tri
xép xi 3,5 1an tan sd loc 0. Cu thé, b6 loc vi dai thuc hién trén mach in hai 16p, dugc
thiét ké bang cach ghép cong hudng cac dudng vi dai cit khe chit L.

Tinh trang k§ thuit cia sang ché

B loc 1a mdt bo phan khong thé thiéu trong tat ca cac thiét bi thu phat tin hiéu,
n6 ¢6 nhiém vu cho qua va khong cho qua cac thanh phan tin hiéu cu thé nao d6. B6 loc
¢6 nhiéu loai: b loc b, bd loc tuong tu, bd loc cao tan... Bo loc ¢6 thé duoc dung trong
may phat dé loai bé hai (harmonic), nhiéu tu sinh trong tin hiéu phat, ding trong hé
thong ngudn dé loai bo cac nhiéu dién tir, hodc dung trong may thu dé loai bd cac thanh
phén tin hiéu khéng mong mudn tir bén ngoai sau khi dugc hap thu boi dng-ten giy
nhidu cho viéc xit Iy tin hiéu thu hodc ding dé giam 4anh huéng gy bio hoa bo khuéch

dai dau vao cta may thu do cac may phat gay nhiéu.

B loc cao tan co thé dat & tuyén thu hodc phat, bd loc cao tan thu thudng duge
dat & vi tri dau tién & phia dau vao may thu ngay sau ang-ten, hodc bd loc cao tan phat
thudong dat & dau ra cua bo khuéch dai cong suat ngay trude ing-ten, thong thuong 1a
loc théng dai hodc thong thap nhu mo ta trong hinh 1. Cac bo loc siéu cao tan thong dai
thong thudng duoc thiét ké bang cac phan tir phan bd co tan s6 loc f0 thuong xuat hién
dic tinh nhiéu loc cua bo loc tai khu vic tan s6 2f0, 310,... nf0 nhu mé ta trong hinh 2
va hinh 3. Vi thé ma bd loc thong thuong khong thé loai bo céac hai, va nhiéu néu no
xudt hién & dai tin s6 nay. Ngoai ra, mot van dé dbi véi bo loc d6 1a kich thuéce, véi tan
s6 cang thap thi kich thudc bo loc cang cao ciing 1a véan d& 16n khi tich hop bd loc siéu
cao tan & tin sb thdp (nhu bang L, S) vio cac hé thong thu phat da bang. Cac bd loc nbi
nhiéu ting nhim mo rong dai chin cling 1a mot giai phap hién nay, tuy nhién phuong
phap nay sé& lam tang kich thudc cua bg loc ciing nhu 1am tdng suy hao tin hi€u cao tan.
Do d6 viéc tim ra dudng cong hudng hop 1y kich thude nho, dai chan khi ghép cong

hudng rong sé to1 wu dugce cac van dé néu trén.
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Do d6, nhom tac gia dd dé xudt mot bd loc théng dai st dung cac dudng cong
hudng cét khe chit L ¢6 dai chan khi ghép cong huéng rong. Kich thudce cia bo loc loai
nay nho gon, ¢ thé thiét ké riéng thanh ting mo-dun loc hodc thanh cum bd loc st dung

nhu linh kién han 1dp truc tiép 1én mach in khi tich hop vio cac hé théng thu phat.
Ban chit ky thuit ciia sdng ché

Muc dich ctia sang ché 1 dé xuit bo loc thong dai c¢6 kich thudc nho gon, c¢6 dai
chén rong sit dung mé hinh cong hudng hoan toan méi 1a duong vi dai cat khe chit L
tao ra bd loc c6 dai chin rong =~ 2,5 10, véi kich thuéc nho hon nhiéu so véi bd loc

thong thuong & cung tan s6 ma c6 dai chian hep hon.

Theo khia canh thit nhét, tan s6 cong hudng thir nhét ctia cac dudng vi dai thong
thuong c6 budc séng bang 4 1an kich thudc cta duong vi dai. Vi thé khi tan s6 cong
hudng (ti 1€ nghich voi bude song) giam thi kich thude vat ly ciia dudng vi dai cling
tang 1én theo d6. Vi thé nhom tac gia dé xuat phuong phap cét khe dudng vi dai theo
dang chir L v6i muc dich 1am tang kich thudc vé dién nhung van giit nguyén kich thuéc

vat Iy ciia duong cong hudng.

Theo khia canh thit hai, v&i ciu triic b loc thong thuong mdi phan tir cong huéng
ghép thanh b loc thi tin s6 cong hudng ciia moi phan tir d6 s& cAu thanh dai thong ctia
chinh bd loc, dé ¢ bd loc dai thong thi s6 tan sb cong huong gop vao giai thong cang
nhiéu hay né6i cach khac s6 bac caa bd loc cang cao twong tng véi s6 lugng phan tir
cong hudng ting 1én. Cac tan sd cong huéng chinh va cong hudng thir cap (nhiéu loc)
cta cac dudng cong hudng khi ghép vdinhau s€ tao thanh dai thong cta bo loc va cung
vé6i d6 12 cac dai thong nhifu loc. Vi vy dé tao ra bd loc c6 dai chan rong, nhom tac gia
d3 dé xuét y tudng nghién ciru ra loai dudng cong hudng c6 khoang cach tir tan s6 cong
hudng chinh dén tan s6 cong hudng thi cap sau d6 12 rat xa so véi thong thuong. Nho
d6, khi b6 loc duoc tong hop bang cach ghép cac dudng cong hudng niy véi nhau, sé

thu duoc bd loc ¢ dai chin rong.
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Mo ta van tat cac hinh vé

Hinh 1 13 hinh v& mb t4 so d6 khdi co ban cta tuyén phat may thu phat co ban,

trong d6 bo loc cao tan duoc sit dung dé loai bé hai va tap ctia tin hiéu phat;

Hinh 2 1a hinh v& mo6 ta bd loc vi dai don co ban hay dugc goi b?mg tén bo loc

ghép suon (edge coupling filter);

Hinh 3 14 hinh v& mo ta d4p tuyén tAn sb ciia bd loc trén hinh vé 2 trong d6 thé

hién 18 céc tan sO nhiéu loc ctia bd loc xuat hién gan véi dai thong cua bo loc;

Hinh 4 13 hinh 4nh mé ta c4c tAn sb cong hudng xuat hién sat nhau theo khoang

cach f0 d6i v6i dudmg cong huéng don thuan 14 dudng vi dai don gian;

Hinh 5 1a hinh anh md ta cac tan so cong hudng xuat hién cach xa nhau do1 véi

duodng cong hudng sir dung loai dudng vi déi cat khe chit L;

Hinh 6 12 hinh v& mé ta cAu triic ciia dudng cong huéng duong vi dai cit khe chir
L;

Hinh 7 13 hinh so d6 mach dién tuong duong ciia dudng vi dai cit khe chir L
trong d6 viéc cit khe chit L s& tao ra cdc dién dung ghép va dién cam ghép bén trong

duong vi da;

Hinh 8 13 hinh v& mé ta cach ghép dién dung suon ctia hai duong vi dai cat khe
chir L;

Hinh 9 14 hinh v& mé ta dap ting tan s6 clia viéc ghép 1ong theo cach ghép hai
duong vi dai cat khe chit L mo ta trén hinh 8;

Hinh 10 13 hinh v& md ta ciu tric bo loc co dai thong rong st dung 4 duong vi
dai cat khe chit L;

Hinh 11 12 hinh v& mo ta két qua thuc hién cua bd loc, ddm bao dai chin ctia bo

loc rong hon nhiéu so véi véi bo loc thong thudng.
MO ta chi tiét sang ché

Sang ché dugc mo ta chi tiet dudi day cé dua vao cac hinh v€ kém theo, cac

3/14



53764

hinh v& nay nhim muc dich minh hoa cic phuong 4n cua sang ché ma khong 1am gi6i
han pham vi bao ho sang che.

Pé dat dugc muc dich cua sang ché, bo loc cao tan thong dai c6 dai chin rong su
dung duong cong huong vi dai cat khe chit L bao g61n cac bo phan nhu sau: TAm dién
moi 1003; 16p dong 1004; dudong cong hwong vi dai cat khe dang chit L 1002; dwdng vi
dai tré khang 50 Ohm 1005; gific két ndi cao tin 1001. Trong d6: 16p ddng 1004 duoc
ndi dit vé dién, tAm dién moi 1003 dit & gitra, phia trén 13 cac dudng cong hudng vi dai
cit khe dang chit L 1002.

- Tam dién méi 1003 dugc lam bﬁng vat li€u Roger 5880 hodc Roger 4003C
v6i hé s suy hao dién méi rat nhé. Vat liéu Roger 5880 thuong duogc sir dung
khi bd loc c6 yéu cau ton hao thép tuy nhién vat liéu Roger 5880 c6 gia thanh
dit hon nhidu so véi Roger 4003C. Tam dién mdi déng vai trd 1am moi trudng
truyén song vi thé véi cac vét liéu c6 suy hao dién mdi cang nho thi suy hao
cua bd loc cang thép.

- Bu‘(‘)hg cong hudng vi dai cit khe dang chit L 1002 1a nhiing tam kim loai
bing ddng c6 d6 day mong, d6 day tiéu chuan thong thuong 13 0.017 mm,
0.035 mm,...duong cong hudng vi dai nay két hop véi 16p dién moi va 16p
dong tao thanh dudng truyén séng cé tré khang 50 Ohm.

- Duong cong hudng vi dai cat khe dang chir L 1002 nho cAu trac dic biét ma
ving tan s6 nhiéu loc cta bo loc ciing dugc day ra xa. Quan sat hinh 4 va
hinh 5, tan s6 cong hudng ciia duong cong hudng vi dai thong thuong 405 va
dudng cong hudng vi dai cit khe chit L riéng 1é 503 v6i muc dich thiét ké
bang loc tai dai tin 3.9 GHz. Hinh 4 m6 ta tin s6 cong hudng ctia dudng cong
hudng 1a duwong vi dai thong thuong, ngoai cong hudng tai tan s6 co ban 3.9
GHz 401, thi con xuat hién cic tan s6 cong huong & 6.6 GHz 402, 9.8GHz
403, 12.9 GHz 404... x4p xi n 1an cta tan sd co ban (n =2, 3, 4...). Chinh
cac tin sb cong hudng nay khi tong hop bd loc dai thong 301 s& tao thanh cac
dac tinh nhiéu loc 302 cta bo loc nhu md ta & hinh 3. Trong khi d6, quan sat
hinh 5, dwdng cong hudng cit khe chit L ngoai cong hudng tai tan sb co ban
3.9Ghz 501 thi tan s6 cong hudng nhiéu loc ctia n6 chi xuit hién & 11Ghz
502, xép xi 3 14n tan s6 co ban. Nho dic tinh nay ma khi thuc hién thiét ké
b6 loc bang cach ghép cac dudng cong hudng cit khe chir L thi khoang cach

4
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gitta dai thong loc va ving tan sd nhiéu loc cia bod loc duoc mé rong ra xa,
hay n6i cach khac dai chin dugc mo& rong ra.

- Gidc kétnbi cao tan 1001 14 bd phan dau ndi gitta bd loc véi cac thiét bi khac.

Gidc dugc lua chon 12 loai ¢6 tan s6 lam viée trén 26.5GHz, theo chuén két
ndi SMP, ¢6 trd khang 50 Ohm dé phu hop véi chuin két néi 50 Ohm cua
céc thiét bi khac.

Tham chiéu hinh 4 va hinh 5, m6 phong tan s6 cong huéng duong vi dai thong
thuong va tan sb cong hudng dudng vi dai cit khe chit L; v6i viéc tao ra clng tan sd
cong hudng co ban f0. Chiéu dai vat ly cia dudng vi dai cat khe chit L nhé hon rat
nhiéu so véi dudng vi dai thong thudong. Vi tan sd cong hudng tai 3.9 GHz dudng vi
dai thong thuong 405 c6 kich thude 13 20,9 x2,54 mm, trong khi véi duomg vi dai cét

0,
khe chit L riéng 1é 503 c6 kich thudc chi bang 1 nira 10 x 2,54 mm.

Quan sat mot dudng cong hudng vi dai cat khe dang chit L khi dimg mot minh,
vé co ban 1a dudng cong hudng vi dai don 601, thuc hién cat cac khe chit L dé ting do
dai budc séng lam giam tan s6 cong hudng cia duong vi dai so véi tan s6 cong hudng
cta duong vi dai cung kich thudc, ngoai ra viée cat khe s& tao cac diém cuc-khong nhim
tang do ddc cna bd loc cling nhu loai bo cac tAn s6 nhiéu loc bac 2 cia bd loc. Tham
chiéu vao hinh 7, cac duong cong hudng nay két hop véi I6p tham chiéu ndi dat tao
thanh mang cac gia tri tu dién, dién cdm & tan sd cao tan két ndi v4i nhau tao thanh bd

loc siéu cao tan.

Viéc ghép cac dudng cong hudng cit khe chit L don 601 nay lai v6i nhau theo
cac cach ghép dién dung sudn, ghép dién dung mit hodc ghép dién cam truc tiép véi
cac hé sb ghép hop 1y s€ tao thanh cac b loc dai thong theo déc tinh tan s6 mong mudn.
Hinh 8, minh hoa cach ghép dién dung suon giita hai dudong cong huéng cit khe chit L
don 601. Vi hé s6 ghép 1ong, dic tinh ghép dugc thé hién trong hinh 9. Pap tuyén tan
s6 S21 thé hién 16 hai vung tan sb cong hudng dé tao thanh céac dai loc cach xa nhau
2.5f0. Bo loc dua trén dudong cong hudng cit khe chit L don 601 nay thudng duogc sir
dung dé thiét ké theo phwong phap ma tran hé s6 ghép (coupling matrix).

Trong sang ché nay viée thiét ké bd loc tir cac duong cong huéng vi déi chir L

dwoc st dung. Tham chiéu vao hinh 11, cac dudng cong hudng nay co tan so cong
5
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hudng nam trong bang thong cua bo loc, dugc diéu chinh ghép véi nhau sao cho bang
thong ghép giita chiing két hop véi nhau tao dugc dai théng phang véi d6 dong déu
trong bang nhé hon 1dB.

Vi du thuc hién sing ché

Pé hiéu 18 hon vé bd loc ¢6 dai chin rong st dung duomg vi dai cat khe chit L,
nhom tac gia d4 dua ra bd loc st dung 4 duong vi dai cit khe chit L don dugc ghép
cong hudng voi nhau nhu trén hinh 10. Tai day cac duong vi dai dugce ghép theo phuong
phap ghép dién dung theo dang ghép suon. Bang thong cua b loc tr 3.1GHz-3.7GHz,
trong do tan s6 nhiéu loc cta b loc xuit hién tai ving tan s& 13GHz. Rét xa so véi tan

s6 loc trung tam. Két qua dap tuyén tan s cuia bd loc duoc chi ro trén hinh 11.
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Yéu cau bdo hd

1. B6loc cao tan thong dai c6 dai chin rong sir dung dudng cong hudng vi dai cit khe
chit L bao gém cac bd phan: tim dién mdi; 16p dong; dudong cong hudng vi dai cit
khe dang chit L; duong vi dai tré khang 50 Ohm va gidc két ndi cao tan, trong do:

dudmng cong hudng vi dai cit khe chit L 12 nhiig tdm kim loai mong d6 day tiéu
chuin théng thudong 0.017 mm, 0.035 mm,... ¢6 thé ghép nbi lién tuc véi nhau theo
nhiéu cach ghép;
tam dién moi 1a vat liéu cach dién duogc st dung dé gén cac duong vi dai
500hm va cac duong cong huong vi dai & mat trén va mat dudi nham muc dich gitlt
ching & khoang cach ¢ dinh; vat liéu tot nhit 1a Roger 5880 véi hé s6 suy hao dién
mdi rat nhé Tp=0.0023, c6 do day méng 0.254 mm, héng s6 dién méi e = 1;
dudng vi dai 500hm dugc gin trén tAm dién moi, két ndi gidc cao tan va cac
duong cong hudng;
giéc két ndi cao tan 1a bd phéan d4u ndi gitta bo loc véi cac thiét bi khac, tan
s6 lam viéc trén 26.5GHz, theo chuin két néi SMP hodc SMA, co trd khang 50
Ohm, ¢6 chirc nang chuyén ddi tin hiéu tir song cao tan tir ché do truyén song can
TEM sang déng truc; giéc két ndi cao tAn dau vao, diu ra duoc két ndi truc tiép to1
dudng cong hudng bang cach ghép dién cam hodc dién dung thong qua duong tré
khang 500hm.

2. B0 loc cao tan thong dai c6 dai chin rong st dung dudng cong hudng vi dai cét khe
chit L theo diém 1, trong d6: dudng cong hudng vi dai cat khe chir L 1a duong vi
dai co ban duoc cét tao khe chit L: c6 thé diéu chinh tan sb cong hudng bfmg cach
thay ddi kich thudc twong tmg cua timg duong vi dai; do rong bang loc va khoang
cach tir ving tan sé nhifu loc cia bo loc dén dai thong loc chinh c6 thé thay dbi
bﬁng cach thay ddi @6 rong va kich thude ctia khe cat chit L, cac duong cong hudng
vi dai cét khe chit L ¢6 thé dugc st dung dé ghép véi nhau theo cac phuong phép
ghép dién dung, ghép dién cam theo ca ghép sudon hodc ghép mit...) dé hinh thanh

nén cac bo loc.
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