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(57) Giai phap hitu ich d& cap tim chuyén d6i phan cuc c6 cdu tric dang khdi hinh hop
chir nhat véi chiéu cao khong qua 16n, bén trong c6 phan khoét r6ng thanh hinh d6i xtng
qua tam khdi kim loai, trong do phan khoét rong dugc gia cong bang phuong phép thich
hop tao thanh cac bac chuyén doi c6 cau trac bac thang va phan bo tron ban kinh R. TAm
chuyen doi phan cuc dugc 1am tir vat liéu co tinh dan nhiét tt. Céu tric chuyen ddi c6 kich
thudc ngan hon so v6i 6ng dan song, thyc hién truc tiép chuyén do6i phan cyuc dimg va phan
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Linh vuc ki thuat dwoc dé cap

Giai phap hitu ich dé cap dén mot giai phap dé chuyén d6i phan cuc song dién tir &
mat phang E (phan cuc dimg) sang mat phang H (phan cuc ngang) va ngugc lai tng dung
vao trong do kiém, lap dat cac hé thdng dng séng, kiém tra phan cuc.

Tinh trang ky thuét cia gidi phap hiru ich

Hién nay, dé chuyén ddi phan cuc song dién tir nhu trong bing tan X (8,2 — 12,4
GHz) ciing nhu cac dai tin khac nhu Ku (12-18 GHz), Ka (26,5-40 GHz), ... thudng st
dung nhitng doan dng song xodn dé thuc hién. Nhung v6i mot s6 ung dung yéu cau vé
khoang cach, kich thuéc thi viéc st dung dng song xodn 1a rat khé boi vi dng song xodn
thuong doi hoi chidu dai 16n hon bude séng nhiéu 1an va viéc gia cong cling rit phtrc tap.

Giai phap hitu ich thuc hién cho chuyén ddi phéan cuc truong dién tu phan cuc
ngang sang phan cuc thang bang mot tdm chuyén dbi co kich thuéc phu hop vé&i nhiing
tng dung yéu ciu vé kich thude nho gon, dé dang gia cong.

Ban chét k¥ thuit ciia giai phap hiru ich

Muc tiu cta giai phap hitu ich 1a dwa ra mot giai phap sir dung cau tric chuyén doi
c¢6 kich thudc ngin hon so véi dng dan séng, thuc hién truc tiép chuyén ddi phan cuc
dang va phan cuc ngang.

Theo phuong an thuc hién gidi phap hitu ich, tdm chuyén dbi phan cuc 1a mot khéi
kim loai c6 chiéu cao khong qua 16n, bén trong dugc khoét réng thanh hinh dbi xtng qua
tam khéi kim loai, trong do phan khoét rong duoc gia cong bang phuong phap thich hop
tao thanh cac bac chuyén dbi co clu triic bac thang va phan bo tron ban kinh R trong dé,

Céc bac chuyén dbi c6 ciu truc dang bic thang déi xing nhau qua tim d6i xtng
clia tim chuyén dbi va c6 kich thude khac nhau: bac chuyén dbi thir nhét (wl.,tl), bac
chuyén ddi thtr hai (w2,t2), bac chuyén ddi thir ba (w3,t3), bac chuyén doi thir tu (w4,t4)
s& chuyén ddi din din séng dién tir phan cuc dung sang phan cuc ngang va theo chiéu

nguoc lai;
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Phén bo tron ban kinh R nam & vi tri dbi xting nhau qua tdm déi xtimg tAim chuyén
dbi gitip m& rong dai tan hoat dong ciia tAm chuyén doi va c6 thé thay doi phu hop.

Hon nita, theo phuong an thuc hién giai phap hitu ich, tdm chuyén d6i phan cuc c6
hai goc bo tron la géc bo tron thir nhat, goc bo tron thi hai va cang vai cap dinh cla tam
chuyén d6i tao thanh mot duong thang di qua tAm cta tdm chuyén doi.

Géc bo tron thir nhét va goc bo tron tht hai gdn véi hai cap duong thang vudng
goc véi nhau, lan luogt 12 canh bén tha nhét, canh bén thtr hai, canh bén thtr ba, canh bén
thir tu.

Duong khoét tai t4m kim loai tao thanh hai dudng thing vudng goc voi canh bén
thir nhit va canh bén thtr ba; tai canh bén tht hai va canh bén thu tu, duong khoét tAm
kim loai tao thanh duong gap khic c6 chu tric cac bac chuyén dbi dang bac thang.

Hon nita, theo phuong an thuc hién giai phap hitu ich, tAm chuyén ddi phan cuc
90° ¢6 thé dugce lam tir cac vat lidu ¢o sin c6 do dan nhiét tdt nhu nhom, dé)ng do hodc
dong thau.

Hon nita, theo phuong an thuc hién giai phap hitu ich, chu trac cac bac chuyén doi
6 thé thay dbi phu hop voi muc dich st dung. Cu thé, céu trac bao gé)m cac bac chuyén
ddi ¢6 kich thuée khac nhau: bac chuyén dbi thir nhét (wl,tl), bac chuyén d6i tht hai
(W2,£2), bac chuyén ddi thir ba (w3,t3), bic chuyén dbi thir tw (w4,t4) s chuyén doi dan
dén song dién tir phan cuc ding sang phan cuc ngang va theo chiéu nguoc lai.

Hon nita, theo phuong an thyc hién giai phdp hitu ich, phén bo tron ban kinh R
giap mé rong dai tdn hoat dong cua tAm chuyén dbi. Tuy theo dai tan s hoat dong ma
gdc ban kinh R thay ddi cho phu hop.

Hon nita, theo phuong an thuc hién giai phap hitu ich, tAm chuyén ddi phan cuc
ngang c6 thé duge ting dung dugc trong cac dai tan s6 cao nhu bang X (8.2 — 12.4 GHz),
Ku (12-18 GHz), Ka (26,5-40 GHz), ...

MG6 ta van tat cac hinh vé
Hinh 1: 1a hinh v& minh hoa tdm chuyén doi ndi gitta ong song E va H;

Hinh 2: 14 hinh v& minh hoa hinh anh tAm chuyén ddi hoan thién;
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Hinh 3: 13 hinh v& minh hoa hinh anh chi tiét thm chuyén dbi phan cuc 90°;

Hinh 4: 12 hinh v& minh hoa két qua do thir tim chuyén ddi bang tan X;

Hinh 5: 13 hinh v& minh hoa kich thudc ctia 6ng séng chun.

M0 ta chi tiét giai phap hitu ich

TAm chuyén ddi phan cuc 1a mot khdi kim loai ¢6 chiéu cao khong qua 16n, bén
trong dugc khoét rong thanh hinh dbi xtmg qua tim khdi kim loai voi phan khoét rong
duoc gia cong bang phuong phép thich hop tao thanh cic béac chuyén ddi co céu tric bac
thang va phan bo tron béan kinh R.

TAm chuyén ddi phan cuc con duge vat tai phan bo bén goc. Tai phan khoét rong,
cAu trac bo tron ndm & vi tri dbi xtng nhau va dit tai cac vi tri lién két v6i mot cap dinh
ctia tAm chuyén dbi sao cho cdp dinh cua tAm chuyén doi va cip dinh ctia goc bo tron tao
thanh mot dudng thing di qua tim cua tAm chuyén doi.

Tham chiéu Hinh 3, goc bo tron thtr nhit va goc bo tron thit hai s& gin véi hai cip
duong théng vudng goéc véi nhau, 1an luot 13 canh bén thir nhét véi canh bén thr hai, canh
bén thit ba v&i canh bén thir tu. Theo do, khoang cach A va B duoc xdc dinh bang nhau va
béng khoang céach ngén nhét tir canh bén thu nhat dén canh bén thtr ba hodc tir canh bén
thr hai dén canh bén thu tu.

Khoang cach A va B nay 56 dugc hiéu chinh phu hgp véi dai tan hoat dong mong
mudn. Kich thudc A, B tuong duong véi kich thude canh dai cua éng song chuén, tuong
trng trong Hinh 5 1a chiéu rong (Broad wall width).

Theo phuong an thuc hién giai phap hitu ich, twong Ung véi tung dai tan hoat
dong, gia tri canh dai cua 6ng song chuan duoc lua chon phu hop. Vi du nhu trong dai tan
X la gia tri x4p xi 22 mm, dai tAn Ku gia tri nay x4p xi 15mm, dai tdn Ka gia tri nay xap
xi 7 mm, ... |

Cén phai khang dinh rang, vi du vé gia tri kich thudc canh dai éng song chuin
tuong tng véi cac gia tri dai tAn dugc néu trén chi dé cap dén mot lua chon phu hop,
khong nhim muc dich giéi han giai phap hitu ich.

DPudng khoét tai tim kim loai cling tao thanh hai duong thang vudng goc véi canh

bén thir nhat va canh bén th( ba, tai canh bén thir hai va canh bén thu tu, duong khoét tAm
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kim loai khéng tao thanh duong thing ma tao thanh chu tric cac béac chuyén doi c6 dang
bac thang.

Biét rang, khoang céch tir goc bo tron tai canh bén dén diém cat dudong bac thang
tai canh bén thir hai va thir tw 1an lugt 1a A1, B1,

Thm chuyén déi phan cuc c6 chidu day T c6 thé higu chinh. Hiéu chinh d¢ day T
ctia tAm chuyén doi cho phu hop véi dai tan hoat dong.

Vi bang tn X thi chiéu day cta T ~ A/3.75 (A 1a budc song hoat dong tai dai tan
thiét ké). Véi nhitng doan éng song xo&n thi chidu dai ctia doan yéu cau bat budc 1a 16n
hon 2. dé dam bao gia cong dugc doan X0&n va qué trinh chuyén dbi phan cuc. Chiéu day
ctia tAm chuyén d6i nho hon nhiéu so véi nhitng doan 6ng song xoin chuyén ddi phan
cuc.

Theo d6 dua vao cong thire lién quan dén budc song trong bang tdn hoat dong nhu
trén c6 thé tinh toan duoc gia tri do day T phuc vu cho viéc hiu chinh thiét ké.

Luwa chon gié tri A1 va B1 dua trén gid tri A, B da chon ¢ B1.

Hon nita, theo phuong 4n thyc hién giai phap hitu ich, ty I¢ gitra A/A1=B/B1 nim
trong khoang 1,7 dén 1,8 (tham chiéu Hinh 3). V6i cai dai tan khac nhau, dua vao ty 1é
ndy s& tinh toan dugc gia tri Al, B1. V&i bang tan X, kich thudc A, B tuong duong véi
kich thudc canh dai cua 6ng song chuén, vay s€ la 22,86mm.

Chu trac cac bac chuyén doi co kich thuéc khac nhau: bac chuyén ddi thir nhit 1
(w1,t1), bic chuyén dbi thir hai 2 (W2,t2), bac chuyén doi thir ba 3 (w3.3), bac chuyén
dbi tht tu 4 (w4,t4) s& chuyén dbi dan dan song dién tir phan cyc ding sang phan cuc
ngang va theo chiéu ngugc lai.

Trong d6 cac cdp gia tri (wl,tl), (w2,12), (w3,13), (w4, t4) lan luogt 14 cac kich
thude chidu cao va chidu rong ctia tng bac thang.

Viéc thay doi gia tri wi, w2, w3, w4 va tl, 12, 3, t4 tuong ung s€ cho gia tri song
dung (VSWR) cua tdm chuyén doi thay ddi theo tan sb. Vi du nhu v6i ung dung mong
mudn hoat dong & mot khoang tan sd cb dinh khéac dai biang X, thi hoan toan co thé diéu

chinh cac gia tri nay dé dat dugc yéu cau dat ra.
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Hiéu chinh cac bac chuyén dbi trong cAu tr bac thang theo xu hudng tang dan cac
ty s6 nhu sau:
o Dau tién hiéu chinh bac chuyén ddi thir nhat 1 (w1,t1), khi do s& xac dinh dugc
mot diém tan sb cong hudng trong dai tAn lam viéc. Viéc tinh toan gia tri
(wl,t1) véi ty 1é wi/Al thudc khoang tur (0,6 dén 0,65), t1/B1 trong khoang tir
(0,1 dén 0,2).

o Hiéu chinh gia tri cac bac thang tiép theo cip (W2,t2), (W3,t3) va (w4,t4) nham
dat dugc gia tri mong mudn trong toan dai tan hoat dong.
Theo phuong 4n thyc hién giai phap hitu ich, tinh toan gia tri (w2,t2), (w3,t3)
va (w4, t4) dua vao ty 1& (w2+wl)/Al thugc khoang (0,65 dén 0,7); (t1+12)/B1
trong khoang (0,2 dén 0,3), (W3+w2+wl)/Al thudc khoang (0,7 dén 0,75);
(t1+t2+t3)/B1 thudc khoang (0.5 dén 0.6), (wa+w3+w2+w1)/Al thuockhoing
(0,75 dén 0,8); (t1+t2+t3+t4)/B1 trong khoang (0,7 dén 0,8).

Hon nira, theo phuong an thuc hién gidi phap hitu ich, hiéu chinh gia tri goc
chuyén ddi ban kinh R v6i ty 16 R/A1 thudc khoang tir (0,2 dén 0,28) nham tdi wu dai tan
hoat dong ciia tim chuyén dbi tir phan cyc ngang sang phan cuc ding.

Viéc hiéu chinh ban kinh R nay la bude cudi trong thiét ké tim chuyén ddi. Theo
d6 dua vao cac ty s6 trén co thé tinh toan duoc gia tri cac tham s6 phuc vu cho viéc hi¢u
chinh thiét ké. Phan goc chuyén ddi bo tron ban kinh R nhim t6i vu ty sd song ding cua
thm chuyén ddi trong dai tan hoat dong. Goc chuyén d6i R dé cap trong giai phap hitu ich
gifip qud trinh quay phan cuc dién ra tir tir hon, khong bi thay doi dot ngot din dén ty sb
song dung cua tAm chuyén dbi duoc t6i uu hon so vdi cdu tric bac thang ma khong ¢
goc chuyén doi.

Gia cong st dung phuong phép cit day, mot phuong phap pho bién, c6 kha ning
dam bao do chinh xac véi goc canh vudng yéu cau kich thudc nho va cé thé cit dugc
ddng thoi nhiéu tAm

Tham chiéu Hinh 2, co ché hoat dong cua tdm chuyén d6i phan cuc nhu sau: tam
chuyén dbi dugc lap gitra dng song phan cuc dimg va phan cuc ngang. Khi song dién tu

phan cuc ding di vao ong song so dén tam chuyén doi, phan cuc song dién tu dugc
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chuyén d6i dan dan sang phan cuc ngang, rdi di ra & 6ng song co phan cyc ngang. Giai
phap hitu ich dua ra cac doan bac thang duoc sip xép dé tao thanh mot cAu trac chuyén
ddi. Mdi phén béac thang duogc tinh toan chiéu dai, chiéu rong va co cAu truc bac thang
nghiéng dan dén vi tri gitra tAm chuyén d6i 1am cho mat phing phan cuc cia ning lugng
song truyén qua bng dan séng dugc quay din ma khong gap phai bat ky thay d6i dot ngdt
nao trong khu vuc cit ngang va khong luu trit bat ky luong ning lugng dién tir dang ké
nao trong tim chuyén dbi. CAu tric bac thang c¢6 dang nghiéng dan dén vi tri gitra tAm
chuyén doi thay thé cho cac budc chuyén ddi dot ngdt xay ra tai cac vi tri chuyén tiép
trong cac doan dng dan séng c6 cAu trac xoan.

Khi tin hidu & tAn s6 cao (bang tan X, Ku, ...) c6 phan cyc ngang di qua bd chuyén
dbi thi tin hiéu diu ra khoi bo chuyén doi s& chuyén sang phan cuc ding. Bién d cta tin
hiéu gan nhu giit nguyén vi gia tri suy hao ctia bd chuyén dbi 1a rat thip, khong dang ké.
Gia cong st dung phuong phap cit day, mot phuong phap phd bién, c6 kha ning dam bao
do chinh xac véi goc canh vudng yéu cau kich thuéc nhé va co thé cat duge dong thoi
nhiéu tam.

Theo phuong an thuc hién giai phap hitu ich, vi¢c hiéu chinh kich thudc tAm
chuyén ddi, cu thé 1a hiéu chinh tai céac cu tric bac thang chuyén ddi dugc thuc hién
trong qua trinh thiét ké, tinh toan, mo phéng roi ché tao thuc thé.

Giai phap hitu ich dé cap dén mot phuong phap thiét k& tim chuyén dbi st dung
chu tric bac thang co tinh d6i xtng két hop véi goc bo cong chuyén ddi giap chuyén doi
phan cuc ngang sang phan cuc dirmg va ngugce lai.

Giai phap hitu ich dugc md ta chi tiét bang cach st dung cac phuong an dugc mo
ta ¢ trén. Tuy nhién, rd rang la ddi v6i nguoi hiéu biét trung binh trong linh vuc giai phap
hitu ich khong bi giGi han ¢ phuong dn dugc md ta trong phan md ta giai phap hitu ich.
Giai phap hitu ich ¢6 thé dugce thuc hién & ché do cai bién hodc thay doi ma khong nam
ngoai pham vi giai phap hitu ich dugc xdc dinh boi cac diém yéu cau bao ho. Vi vy,
nhitng gi dugc mo ta trong phan mo ta giai phap hiru ich chi nham muc dich minh hoa, s&

khong ap dat bt ky gidi han nao dbi vai giai phap hiru ich.
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Yéu cau bao ho

1. Tim chuyén ddi phan cuc 1a mot khéi kim loai c6 chidu cao khong qua 16n, bén
trong dugc khoét rong thanh hinh dbi xtng qua tdm khéi kim loai v&i phan khoét rong
duoc gia cong bang phuong phép thich hop tao thanh cac bac chuyén ddi c6 cu tric bac
thang va phan bo tron ban kinh R, trong do, cac bac chuyén dbi co ciu tric dang bac thang
dbi xtng nhau qua tam déi xtng cla tim chuyén doi va c6 kich thude khac nhau: bac
chuyén ddi thir nhat (wl.tl), bic chuyén di thu hai (w2,t2), bic chuyén ddi thu ba
(w3,t3), bac chuyén doi thir tu (w4,t4) s& chuyén doi dan dan song dién tir phan cuc ding
sang phan cuc ngang va theo chiéu nguoc lai; phan bo tron ban kinh R ndm & vi tri ddi
xtng nhau qua tam d6i xtmg tam chuyén dbi gitp mé rong dai tn hoat dong cia tim
chuyén dbi va c6 thé thay doi phit hop; chiéu cao khong qua 16n: tic la chidu day cua tim
chuyén ddi phan cuc, v6i bang tAn X thi chiéu day ctia T ~ A/3,75 (A la budc song hoat
dong tai dai tan thiét ké); v6i nhiing doan dng song xodn thi chiu dai cua doan yéu cau bt
buoc 1a 16n hon 2 dé dam bao gia cong dugce doan x0&n va qua trinh chuyén doi phan cuc,
chidu day ctia tim chuyén d6i nhé hon nhiéu so v6i nhitng doan dng song xofn chuyén dbi
phan cuc.

2. TAm chuyén d6i phan cuc theo diém 1 ¢6 hai goc bo tron 1a goc bo tron thi nhat,
gdc bo tron thu hai va cung véi cap dinh cua tdm chuyén ddi tao thanh mot dudng thang
di qua tam cua tdm chuyén di, goc bo tron thir nhét va goc bo tron thi hai gdn voi hai cip
duong thing vuéng gocvoi nhau, 1an lugt 1a canh bén thir nhét, canh bén thir hai, canh
bén thtt ba, canh bén thir tu, duong khoét tai tim kim loai tao thanh hai duong thing
vudng goc voi canh bén thu nhét va canh bén tht ba; tai canh bén tht hai va canh bén thtr
tu, duong khoét tim kim loai tao thanh duong gép khiic ¢6 chu trac cac bac chuyén doi
dang bac thang.

3. TAm chuyén dbi phén cuc theo diém 1 c6 thé dugc lam tur cac vat lidu co san co do
dan nhiét tdt nhu nhom, ddng doé hodc dong thau.

4. TAm chuyén dbi phan cuc theo didm 1 c6 thé duge tng dung dugc trong céac dai
tan sb cao nhu bang X (8,2 — 12,4 GHz), Ku (12-18 GHz), Ka (26,5-40 GHz), ...

5. Tam chuyén dbi phéﬁ cuc theo diém 1 hoac diém 3 1an luot dugc hiéu chinh céc

gia tri khoang cach tir hai cdp canh bén dbi dién nhau, do day, khoang cach tir goc bo tron
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tai canh bén dén diém cat duong bac thang tai canh bén tha hai va thr tu (A1, B1), hi¢u
chinh cdp gia tri do cao-chiéu rong mdi bac thang, hiéu chinh ban kinh goc bo R dé phu
hgp vai ting dai tan hoat dong X, Ku, Ka, ... néu trén, cu thé:

dai thn X co tin sb hoat dong 14 tir 8,2GHz dén 12,4GHz, ttc 1a gia tri A, B xép xi 22
mm, dai tin Ku ¢6 tAn sb hoat dong 1a tir 12GHz dén 18GHz, tuc gia tri A, B Xép xi 15 mm,
dai tAn Ka c6 tan sb hoat dong la tr 26,5 GHz dén 40 GHz, tuc 1a gia tri A, B xép X1 7 mm;
tir gia tri A, B ndy, xac dinh dugc cac gid tri hiéu chinh nhu sau:

hiéu chinh cac bac chuyén dbi trong céu trac bac thang theo xu hudng ting dan cac
ty s6 nhu sau:

dAu tién hiéu chinh bac chuyén dbi thi nhat (w1,t1), khi do s& xac dinh dugc
mdt diém tan sb cdng hudng trong dai tan lam viéc; viéc tinh toan gia tri (wl,tl) véi

ty 16 wi/A1 thudc khoang tir (0,6 dén 0,65), t1/B1 trong khoang tur (0,1 dén 0,2);

hidu chinh gi4 tri cac bac thang tiép theo cip (W2,12), (W3,t3) va (w4,t4) nham
dat dugc gia tri mong mudn trong toan dai tin hoat dong;

theo phuong an thyuc hién giai phap hitu ich, tinh toan gia tri (W2,t2), (w3,t3) va
(wd,t4) dua vao ty 1& (w2+wl)/Al thudc khoang (0,65 dén 0,7); (t1+t2)/B1 trong khoang
(0,2 dén 0,3), (W3+w2+wl)/Al thugc khoang (0,7 dén 0,75); (t1+t2+t3)/B1 thudc khoang
(0,5 dén 0.6), (wa+w3+w2+wl)/Al thuoc khoang (0,75 dén 0.8); (t1+12+t3+t4)/B1 trong
khoang (0,7 dén 0,8);

‘theo phuong 4n thuc hién giai phap httu ich, hi¢u chinh gia tri goc chuyén d6i ban
kinh R v6i ty 16 R/AT thude khoang tir (0,2 dén 0,28) nhim t5i wu dai tan hoat dong cia tim
chuyén ddi tir phan cuc ngang sang phan cuc ding.

6. TAm chuyén d6i phan cuc theo diém 1 hodc diém 5, dwa vao tan s6 hoat dong cua
- tdm chuyén d6i phan cuc, tir d6 chon gia tri A, B, rdi suy ra gid tri Al, B theo ty 1€ gilta
A/A1=B/B1 nim trong khoang 1,7 dén 1,8.

7. TAm chuyén dbi phén cuc theo diém 1 hoac diém 5, trong do, hiéu chinh gia tri goc

chuyén déi ban kinh R v6i ty 1¢ R/A1 thudc khoang tir 0,2 dén 0,28.
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