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Linh vue ki thuit dwoe dé cap

Giai phap hitu ich d& cap dén cau tric chuyén ddi tir chuan ong din song sang dau ndi dong
truc dang rat cim ghép ndi giita bo cong cdu triic ong séng va modun cong sudt véi dau ra st dung
chudn riit cAm ddng truc tuong ung. Co ciu duoc dé xuat lién quan dén thiét bi ghép ndi dang 6ng
dan song, trong do cac mdi ndi ong dan song 6 hai nhanh tré 1én va duoc ing dung trong cac hé
thong may phat, khuéch dai cong sut, st dung trén dai ra da co cAu trac sir dung nhiéu médun

cong sut.
Tinh trang k¥ thuit ciia gidi phap hiru ich

Hién nay, trong cac hé théng may phat, khuéch dai cong suét, sir dung trén dai ra da co cau
trac sit dung nhidu modun cong suat cong lai voi nhau bing bd cong cong suit dé co duoc mire
cong suat 16n hon. Vi cac hé thong khuéch dai cong suét & tan s6 cao nhu bang tan X, Ku, ... bd
cong cong sudt dau ra thuong st dung co cau tric dng song dé co duoc gia tri suy hao thap, tranh

gdy ra that thoat cong sudt dau ra va dam bao dong déu vé pha.

Vi bang tan X (8,2 — 12,4 GHz) va Ku (12 — 18 GHz) cac mach khuéch dai cong suat lam
trén vat liéu s dung cong nghé mach in vi dai dung IC khuéch dai cong nghé GaN. Khi ghép nhiéu
moédun cong suat bang bo cong sir dung dng dan song thi yéu cau dau ra cia modun ciing phai 1a
chuan ong song tuong ng nhu WR90, WR62. Dé dap ung duoc diéu nay thi ciu truc chuyén doi
tir mach vi ddu ra sang 6ng song duoc st dung. Khi ghép néi nhiéu modun lai thanh mot hé thong
thi du ra cia cac khdi khuéch dai duoc bat vit ¢d dinh chit voi dau vao cac cé)ng cua bo cong
tuong Ung do cau trac ong séng. Nhu vay, khi mudn théo 1ap thay thé cic moédun cong suét trong
hé théng phat s& kho khin, diéu nay 1a rat han ché trong nhitng hé thong doi hoi tinh linh hoat cao
nhu ra da.

Pé khic phuc nhiing nhuoc diém néu trén, giai phap hitu ich dé xuit bo chuyén déi cho
modun cong suét dang rut cAm voi cau tao linh hoat giup viéc thao 15p cac modun cong suat khoi

hé thdng phat duge dé dang. Pong thoi, cau trac rat cam nay cling giup
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giai quyét van dé phuc tap do phai thao lap cac dau n6i khi ket noi cac moédun khuéch dai cong

suat voi hé thong.
Ban chat ky thuét cia giai phap hiru ich

Muc dich cta giai phap hitu ich 1a dua ra mot giai phap st dung cau truc giup viéc thao lap
cac modun cong suat khoi hé thong phat duoc dé dang va linh hoat bang cach su dung chuyén doi
‘tr dAu ndi dong truc dang rut cim sang cau triic ong song de ket noi gitta cac modun cong suat va

bd cong cong suat dang ong song ma van dam bao hé thong phat hoat dong 6n dinh.

Dé dat duoc muc dich néu trén, giai phap hitu ich dé xuat bd chuyén doi cho modun cong
suat dang rut cim bao gom: bd cong cong suat cong dang ong dan va bo chuyén doi tu dau no1

dong truc dang rat cam sang dau no6i dang ong dan song, trong do:

Bo chuyén ddi 14 co cau hai dau, mot dau ndi v6i dau ndi déng truc dang rut cim phu hop
v6i modun cong suat, dau con lai néi v6i dau ndi dang ong dan séng ciia b cong cong suét;

B0 cong cong suat va bo chuyén ddi duoc cb dinh vao khung co khi va duogc bat ¢6 dinh
v6i nhau thanh khung ga ¢6 dinh cic modun cong suét;

O trang thai hoat dong, modun cong suat duoc cd dinh bang dc vit & mit trudc.

Hon nita, theo phuong an thuc hién giai phap hiru ich, bo chuyén ddi bao gdm dau ndi cao
tan dong truc dang rut c&m, vit diéu chinh, vo bd chuyén doi, bac chuyén doi, trong do:

Céc vit diéu chinh c6 chiéu dai thich hop;

Pau ndi cao tan dang rut cém co thé su dung nhiing loai c6 san trén thi trudng;

V6 bo chuyén doi co chiéu dai bang chiéu dai tong cong cla dau ndi cao tan dong truc rit
cém khong tinh phan 18i nhd ra dé cim vao bac chuyén doi 11 cong véi chiéu dai bac chuyén doi
12 va chiéu dai 13;

Béc chuyén déi duoc bt ¢b dinh vao vo bd chuyén, gdm co ba bac véi kich thude chiéu
dai va chidu cao tuong (mg cac bic chuyén doi la (w1, t1), (w2, t2+t3) va (w3, 13), ¢6 thé diéu
chinh tuong g voi cac gia tri song ding mong muon trong qua trinh hoat dong; cac gia tri (w, t)

duoc tinh dua vao ty 1€ theo budc song A,
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Hon nita, theo phuong an thuc hién giai phap hitu ich, bo chuyén ddi cho mddun cong suat
dang rit cim con khac biét & cho:

Chiéu dai 11 phu thudc vao chidu dai cia du ni rit cdm c6 san, Chiéu dai

12 duoc tinh toan dua vao wl, w2 va w3 cia bac chuyén doi,

Chiéu dai 13 duoc tinh theo ty s6 13/12 ndm trong khoang 0,76 dén 0,86; w1/\

trong khoang (0,14 dén 0,16), t1/\ trong khoang 0,33 dén 0,36;

(wl+w2)/k trong khoang (0,38 dén 0,41), (t2+t3)/\ trong khoang 0,17 dén 0,2;

(wl+w2+w3)/\ trong khoang (0,56 dén 0,59), t3/k trong khoang 0,08 dén 0,12; Chiéu rong

ctia bic chuyén déi 1a w duoc tinh toan dua vao ty sé w/A trong khoang
0,1 dén 0,15.

Hon nita, theo phuong 4n thuc hién gidi phap hitu ich, bd chuyén ddi duoc 1am bang vét
lidu nhom, dong do hoac dong thau co dac tinh dan dién tot.

Hon nita, theo phuong an thuc hién giai phap hitu ich, cac bac chuyén ddi duoc lam bang
dong sau d6 duoc ma bac dé tang kha ning dan dién.

Hon nita, theo phuong 4n thuc hién giai phap hitu ich, diéu chinh vit diéu chinh tai bo
chuyén déi dé toi uu gia tri ty sd song ding, cu thé vi tri cua bon vit duoc xac dinh qua (al, wt) va
Tt;

Tinh toan gia tri (al, wt) dua vao ty 1€ al/I3 nam trong khoang 0,95 dén 1,1, wt/I2 trong
khodng 0,85 dén 0,9; Tt/w trong khodng 1,8 dén 2,2 va vi tri dat phai doi xtmg theo truc dai ctia bo

chuyen doi.
Mo ta van tat cac hinh vé

Hinh 1- 12 hinh v& minh hoa cdu truc rat cam cac modun khuech dai cong suat bang

Hinh 2a, 2b- 12 hinh v& minh hoa bo cong va bo chuyén doi ¢ trang thai tach roi va bat cb

dinh;

Hinh 3a, 3b: 1a hinh v& thé hién cac co céu thanh phan bo chuyén ddi cho médun cong suat

dang rut cam dang roi va thiét ké chi tiet bac chuyeén doi;
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Hinh 4a, 4b, 4c: 13 hinh chiéu bing bo chuyén ddi chuyén doi theo goc nhin tir trudc,

trén, phat;

Hinh Sa, 5b, 5¢: 1a hinh chiéu bing bac chuyén déi chuyén doi theo goc nhin tr trudc,

trén, phai.
M3 ta chi tiét giai phap hiru ich

Phén sau ddy mo ta chi tiét bo chuyen doi cho modun cong suat dang rat cam dua trén noi

dung dién giai, hinh v& minh hoa va vi du kem theo.

Theo mét phuong an thuc hién giai phap hitu ich, bo chuyeén doi cho modun cong suat dang
rat cAm bao gdm: bo cong cong suét 1 co cong dang ong dan va bo chuyén doi 2 tir dau noi dong

truc dang rit cam sang dau noi dang ong déan song, trong do:

B6 chuyén ddi 2 1a co cau hai dau, mot dau noi voi dau noi dong truc dang rut cam phu hop
v6i modun cong suat, dau con lai n6i véi dau noi dang ong dan song cta bd cong cong suat;
Tham chiéu Hinh 2, bd cong cong suat 1 va bd chuyén doi 2 duoc co dinh vao khung co khi

va duoc bat ¢6 dinh voi nhau thanh khung g ¢6 dinh cac mddun cong suat 3;

O trang thai hoat dong, modun cong suit 3 duoc cd dinh béng dc vit & mat trude cia khéi
tao thanh mot hé thong hoan chinh. Dén khi mudn thay thé, thao 1ap cac modun cong suat 3 thi chi
cAn thao bo bc vit & mit trude, rdi rat khéi modun ra khoi khung co khi ma khong can phai thao
tac gi thém nra: nhu xodn vin dau ndi cao tan hay phai thao toan bo két céu khung co khi. Cau
trac dé xuat nay khac biét & diém la s& gitp cho cac modun cong suat c6 kha nang rat cam khoi
khung co khi so véi cac ciu tric thudng thay trén thi trudng voi cac modun cong sudt 16n cd vai
trim W tai bang tan X thuong thdy trén thi truong la khong c6 kha néng rut cam nay. Viéc nay rat
c6 y nghia trong qua trinh tac chién trong thuc té, gitp gidm thiéu thoi gian thay thé, thao lap cac

modun cong suat.

Tham chiéu Hinh 1, minh hoa & trong giai phap hitu ich dé cap dén bon modun cong suat,
bd cong cong suat 1 bdn cong va st dung bén bd chuyén doi 2. Thuc té, co thé ap dung véi 5O
luong modun khac nhau nhu 2, 6,.. két hop voi bo cong dng song 2 hodc 6 cdng va s6 luong bd
chuyén doi tuong ung.

Hon nita, theo phuong an thuc hién giai phap hitu ich, bo chuyén ddi 2 bao gbém dau noi
cao tan dong truc dang rat cdm 4, vit diéu chinh 5, vo bo chuyén doi 6, bac chuyén ddi 7 , trong

do:
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Céc vit didu chinh 5 ¢6 chidu dai thich hop dung cho viéc diéu chinh hé so song dung tai

dai tan hoat dong mong muon.

Piu ndi cao tin dang rat cim 4 cé the sit dung nhiing loai c6 san trén thi truong nhu dau

ndi BMA, ...;

Tham chiéu Hinh 4, vo bd chuyén ddi 6 co chiéu dai bang chiéu dai tdng cong ctia dau nbi
cao tAn dong truc rat cam khong tinh phan 13i nho ra dé ciAm vao bac chuyén d6i 711 cong voi chiéu
dai bac chuyén ddi 7 12 va chiéu dai I3;

Bic chuyén ddi 7 duoc bat ¢d dinh vao vo bo chuyén ddi, gom co 3 bac voi kich thude
chiéu dai va chidu cao tuong Ung cac bac chuyén doi 7 1a (w1, tl), (w2, t2+3) va (w3, t3), ¢b thé
i4 tri song dirng mong mudn trong qua trinh hoat dong; cac gia tri

o
;;;;;;;;;;;;;;;; 5 L a 1

ug.

diéu chinh tuong Ging véi cac
(w, t) dugc tinh dua vao ty 1& theo bude song ),

Hon nita, theo phuong an thuc hién giai phap hitu ich, bo chuyén d6i cho médun cong suit
dang riit cim con khac biét & cho:

Chiéu dai 11 phu thudc vao chiéu dai ctia dAu ndi rat cAm co san,

Chiéu dai 12 duoc tinh toan dua vao wl, w2 va w3 cta bac chuyén ddi 7; Chiéu

dai 13 duoc tinh theo ty s0 13/12 nim trong khoang 0,76 dén 0,86; wl1/\ trong

khoang (0,14 dén 0,16), t1/A trong khoang 0,33 dén 0,36;

(w1+w2)/\ trong khoang (0,38 dén 0,41), (t2+t3)/A trong khoang 0,17 dén 0,2;

(w1+w2+w3)/\ trong khoang (0,56 dén 0,59), t3/\ trong khoang 0,08 dén 0,12; chiéu rong
ctia bac chuyén d6i 7 1a w duoc tinh toan dua vao ty s6 w/\ trong
khoang 0,1 dén 0,15.

Hon nita, theo phuong an thuc hién giai phap hitu ich, bo chuyén doi duoc lam bang
vét liéu nhom, déng doé hodc ddng thau c dac tinh dan dién tot.

Hon nita, theo phuong an thuc hién giai phap hitu ich, cac bac chuyén do6i dugc lam bang
déng sau do duoc ma bac dé tang kha nang dan dién.

B chuyén ddi 2 duoc gia cong bang phuong phap phay CNC nguyen khéi dam bao bé mat
nhin min, khong 18i 16m. Tham chiéu Hinh 4 va 5, bac chuyén doi 7 duoc bét cb dinh vao vo bd
chuyén déi 6 qua vi tri 13 vit co duong kinh d2. Vi tri 16 duong kinh d1 trén bac chuyén doi 7 co
kich thudc tuong duong vai kich thude bang voi dudng kinh cla dAu ndi cao tin dang cam rat.

Tham chiéu Hinh 4 va 5. 1 c6 dudng kinh d1 12 15 xuyén thung qua bac chuyén doi 7. Vi tri
dit bac chuyén ddi 7 1a gan sat voi thanh trong ciing cua vo bo chuyén doi 6.

5
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V6 bd chuyén ddi 6 co cau truc gidng voi ong song chuan, voi bang X thi A =22,86mm, B

=10,16mm.

Sau khi ché tao xong céc thanh phan ciia bo chuyén ddi 2, dau tién, cb dinh bac chuyén doi
7 vao vo bo chuyén ddi 6 b?ing vi tri bét vit cd duong kinh d2. Vi tri bat bc nay voi chiéu dai duoc
tinh theo 14 dua vao ty 1€ 14/(12+13) nam trong khoang (0,7 dén 0,75), vi tri dat phai d6i xting theo
truc dai ctia bd chuyén dbi. Tiép theo, dua dAu ndi cao tan dang rit cam 4 vao bd chuyén ddi giong
nhu hinh tham chiéu tai Hinh 5 va duoc bat ¢d dinh béng bdn vit sao cho 18i cua dau ndi di qua 16

dl.

Cudi cung, thuc hién diéu chinh cac vit trén vo bo chuyén d6i 6 dung cho viéc t6i uu ty sO
song dung tai tan s6 mong muon. Viéc di &u chinh vit nay s& lam thay doi diém tan so cong hudng

ctia bo chuyén doi, hodc dich vi tri cong hudng nay sang trai hoac sang phai diém tan so lam viéc

mong muon.

Khi cac mddun cong suat duoc cim vao cac bo chuyén doi, khi hoat dong, tin hiéu cao tan
cong suét 16n truyén qua vi tri cac dAu ndi rat cam di vao bo chuyén doi 2 dén cac doan bac thang
chuyén ddi co cau truc nghiéng din xudng vdi cac kich thude duge tinh toan nhu trén giup nang
luong song dién tu duoc truyén qua hoan toan ma khong phai gap bat ky thay doi dot ngdt nao
trong qua trinh chuyén ddi nén s& khong luu trir lai bat ky luong nang luong dién tor dang ké nao.

Hon nita, theo phuong an thuc hién giai phap hiru ich, diéu chinh vit diéu chinh 5 tai bd
chuyén ddi 2 dé toi uu gia tri ty s0 song dimg.

Tham chiéu dén Hinh 4, trong giai phap hitu ich dua ra bon vi tri vit diéu chinh 5. Viée diéu
chinh cac vit nay sé tao ra cac diém cong hudng tan s6 va di chuyén diém cong hudng tan s6 vé
diém hoat dong mong muén. Vi tri ciia bdn vit duoc xac dinh thong qua (al,Wt) va Tt. Tinh toan
gia tri:

(al,Wt) dvavaotylé al/l3 nam trong khoang (0,95 dén 1,1), Wt/12

trong khoang (0,85 dén 0,9);

Tt/w trong khoang (1,3 dén 2,2) va vi tri dat phai dbi xtng theo truc dai cia bo chuyén ddi,
tham chiéu Hinh 4.

Giai phap hitu ich duoc mo ta chi tiét bing cach s dung cac phuong an duoc mo ta o trén.
Tuy nhién, rd rang la ddi voi nguoi hiéu biét trung binh trong linh vuc gidi phap hiru ich khong bi
gidi han & phuong an dugc mo ta trong phan mo ta giai phap hitu ich. Giai phap hiu ich c6 thé

6
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duoc thuc hién & ché do cai bién hodc thay doi ma khong ndm ngoai pham vi giai phap hitu ich
duoc xac dinh boi cac diém yéu cau bao hd. Vi vy, nhiing gi duoc mo ta trong phan mo ta giai
phap hitu ich chi nham muc dich minh hoa, s& khong ap dat bat ky gidi han nao doi voi giai phap

hitu ich.
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Yéu cau bao ho

1. B6 chuyén ddi cho modun cong suat dang rut cam bao gom: bo cong cong suat cong dang
dng dan va b chuyén doi tir dau noi dong truc dang rat cam sang dau nodi dang ong dan song, trong
do:

bo chuyén doi 1a co cau hai dau, mot dau ndi v6i dau noi dong truc dang rut cam phu hop
voi modun cdng sudt, dau con lai noi voi dau noi dang ong dan song cua bd cong cong suat,

bd cong cong suat va bd chuyeén doi dugc co dinh vao khung co khi va dugc bat ¢o dinh voi

nhau thanh khung ga co dinh cac modun cong su uat,
& trang thai hoat dong, modun cong suat duoc cd dinh bang 6c vit & mat trude.

bd chuyén ddi bao gom dau ndi cao tan dong truc dang rut cém, vit diéu chinh, v bo chuyén
ddi, bac chuyén doi, trong do:
cac vit diéu chinh co chiéu dai thich hop;
dAu ndi cao tan dang rut cim co thé st dung nhiing loai co san trén thi trudng;
vo bd chuyén ddi c6 chiéu dai b%mg chiéu dai téng cong cua dau ndi cao tan df‘mg truc rat cim
khong tinh phan 18i nho ra dé cdm vao bac chuyén doi 11 cong voi chidu dai bac chuyén ddi 12 va
chidu dai 13: trong do: chidu dai 11 phu thudc vao chiéu dai ctia dau ndi rat cam co san, chiéu dai
12 duoc tinh toan dua vao wl, w2 va w3 cta bac chuyén ddi. chiéu dai 13 duoc tinh theo ty s6 13/12
nam trong khoang 0,76 dén 0,86;
bac chuyén ddi duoc bét cd dinh vio vo bd chuyén, gom c6 ba bac voi kich thude chiéu dai
va chidu cao tuong tng cac bac chuyén doi 1a (wl, t1), (w2, t2+t3) va (w3, 13), o thé diéu chinh
tuong tng voi cac gia tri song dung mong mudn trong qua trinh hoat dong; cac gia tri (w,t) duoc
tinh dua vao ty 1€ theo budc song A,
trong d6: wl/\ trong khoang (0,14 dén 0,16), t1/A trong khoang 0,33 dén 0,36; (Wl+w2)/A
trong khoang (0,38 dén 0,41), (t2+t3)/A trong khoang 0,17 dén 0,2; (wl+w2+w3)/\ trong khoang
(0,56 dén 0,59), t3/\ trong khoang 0,08 dén 0,12; chiéu rong cua bac chuyén doi 1a w duoc tinh
toan dua vao ty s6 w/A trong khoang 0,1 dén 0,15;
b6 cong cong sudt va bd chuyén ddi dugc cd dinh vao khung co khi va duoc bét co dinh voi
nhau thanh khung ga c¢6 dinh cac modun cong suat, & trang thai hoat dong, moédun cong suit duoc
cb dinh bang dc vit & mat trudc;
2. B6 chuyén d6i cho modun cong suat dang rut cam theo diém bat ky tur diém 1 trong d6 bo

8
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chuyén ddi duoc lam bang vat liéu nhém, ddng do hoac ddng thau co dic tinh dan dién tot.
3. Bo chuyén ddi cho modun cong suat dang rut cAm theo diém bét ky tu diém 1 dén diém 2
trong do, cac bac chuyén déi dugc lam bang dong sau d6 duoc ma bac dé tang kha ning dan dién.
4. B6 chuyén d6i cho mddun cong sut dang rat cim theo cac diém bat ky tir 1 dén diém 3,
trong d6 diéu chinh vit diéu chinh tai bo chuyén ddi dé t6i uu gia tri ty 5O song dung, cu thé vi tri
cuia bon vit dugc xac dinh qua (al, wt) va Tt;

tinh toan gia tri (al,wt) dua vao ty 1€ al/I3 nam trong khoang 0,95 dén 1,1, wt/12 trong
khoang 0,85 dén 0,9; Tt/w trong khoang 1,8 dén 2,2 va vi tri dat phai ddi xung theo truc dai ciia bg

chuyén doi.
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