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Linh vwe ky thuit ciia sing ché

Sang ché dé xuat tai cong suat ong song. Tai cong suat ong song duoc dé
cap dua trén cau trac két hop giita bd chuyén ddi dang bac thang va bo chia
cong suit mach in dang chit T (T-junction) nhim dat dugc mirc cong suit mong
mubn, duoc tng dung cho cic hé thong dng-ten mang khe va cac hé thong
duong truyén 6ng song khac.

Tinh trang k§ thuit ciia sang ché

Tai cong suat 6ng séng (waveguide load) dugc ng dung rong rai trong
do kiém, hiéu chuén cac thanh phan cao tan 6ng séng, trong cac hé thong ang-
ten mang khe séng chay, trong cac duong truyén va trich dan cong suat ong séng
khac nhu: bd chia cong sudt (waveguide power divider), trich cong suat
(waveguide coupler), tudn hoan (waveguide circulator)...

Co nhiéu loai tai dng séng khac nhau, cach phan loai phd bién nhét 1a
theo mirc cong suat hap thu: tai cong suat thap (khoang vai chuc Wats séng lién
tuc (continuous wave - CW)), tai cong suét trung binh (tir vai traim dén 1000
Wats CW) va tai cong suét cao (tir 2000 - 3000 Wats CW trd 1én). Trén thi
trudong, nhimg loai tai nay thuong st dung vat liéu hap thu (microwave absorber)
dan vao thanh éng song, nhitng han ché cua cac loai tai ndy nhu sau:

- Mic cong suét hép thu phu thudc 16n vao chiéu dai cua tai. Dé dat
dwoc mirc cong suat hap thu & mic trung binh hodc cao thi tai dng
song phai dai (it nhat 2 - 3 1an bude séng trong dai tan lam viéc);

- Gi4 thanh cua tai hoan thién va vét liéu hap thu rat cao. Déi véi céc tai
cong suét vira hoic cao thi gia c6 khi 1én téi hon ngan USD.

Tu nhitng han ché trén, sang ché dua ra giai phap tai 6ng soéng cong suat
trung binh ¢6 kich thudc nho gon do cau triic mach chia cong suat chi dai nira
budc song va cé thé tiy bién dé dang, gia thanh ré do sir dung cac nguyén liéu
cAu thanh phd bién nhu ddng, nhém, mach in va cac dién tro cong suat gia tir vai
USD. Trong tam cia sang ché nay 1a sir dung bo chuyén dbi (adapter) dang bac
thang 1am cAu ndi giira 6ng séng va bo chia cong suat dang mach in (PCB), trén

mach chia céng suat ndy han thém cac tré cong suat cao dé truyén tai nang
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lwong dién tir trwong thanh nang lwong nhiét, lrong nhiét nay phat tan ra moi
truomg xung quanh bang cac ranh tan nhiét trén than vo éng song.
Ban chét ky thuit cha sing ché

Muc dich cia sang ché nay 1a dé xuét tai cong sudt dng séng bang viée
két hop giita bo chuyén ddi dang bac thang va bd chia cong sudt dang mach in
(PCB) 2 16p.

P& dat dwoc muc dich trén, tai cong suat dng séng cé bé mat bén ngoai
bao gdm cac thanh phan chinh nhw:

Thén vo 6ng séng duge 1am tir nhoém, hinh hop chit nhat, long trong co
kich thuéc éng séng chuén, chire ning bao vé bo chuyén doi.

Ranh tan nhiét 1am tir nhém, c6 do din nhiét 16n. Gom céc 14 tan nhiét
day 2 mm dit song song cach nhau 3 mm gitp nhiét luong toa ra tur cac dién tré
cao tAn han tai dau ra ciia bd chia cong suat duoc truyén dan va luu thong ra
ngoai.

Miit bich chun lam tir nhém. Trén mat bich chuén nay c6 cac 16 bc dé két
nbi véi cac duong truyén cao tan khac qua cac ¢ kim loai.

Trén tai ¢ khoang chira by chia cong sudt dang mach in dwoc day kin
bang ndp chup; nap chup hinh chir nhat lam tir nhdm c6 khoét ranh dé giam khoi
lwgng. Chay doc theo vién ndp chup c6 céc 16 dc gitp ndp duoc gin chit vao
than vo 6ng song béi céac bc kim loai. Giodng cao su dung dé chéng nudc va bui
cho tai.

Bén canh do, tai cong xuat dng séng con cb cAu tao bén trong gdm hai
khoang chinh: khoang bng song chuan lam bang nhém chira bd chuyén dbi dang
bac thang, va khoang bo chia mach in 1am bang nhém chita bd chia cong suat
dang mach in.

Trong do, bo chuyén ddi dang bac thang dé chuyén doi tro khang éng

song tir 400 — 500 Ohms vé tré khang tiéu chuan 50 Ohms dua téi dau vao mach
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chia. B6 chia cong sut dang mach in dwoc thiét ké theo nguyén 1y chit T (T-
junction).
MG ta viin tit cic hinh vé

Hinh 1 13 hinh v& c4u tric bd chuyén doi dang bac thang;

Hinh 2 13 hinh v& téng thé tai cong suit dng song va cac thanh phan mat
ngoai;

Hinh 3 13 hinh v& két nbi b chuyén ddi va mach chia cong SUAt;

Hinh 4a 1a hinh v& hinh chiéu canh cta bd chuyén dbi dang bac thang
theo vi du thuc hién cua sang ché;

Hinh 4b 13 hinh v& hinh chiéu dimg cta bd chuyén ddi dang bac thang
theo vi du thuc hién cua sang ché;

Hinh 5 12 hinh v& mach chia ddi theo nguyén ly T-junction;

Hinh 6 12 hinh v& hé s6 song dimg (VSWR) cua tai theo vi du thuc hién
sang ché.

M0 ta chi tiét sang ché

Phn sau ddy mo ta chi tiét tai cong suét bng séng bang viéc két hop gitta
b6 chuyén déi va bo chia cong suét dang mach in thong qua dién giai va cic
hinh v& kém theo. Trong do c6 st dung mot s6 thuat ngir chuyén biét va dugc
hiéu nhu sau:

B6 chuyén déi dang bac thang thiét ké theo nguyén Iy bién doi Chebyshev,
¢6 kha nang phdi hop tré khang trong dai tin rong. Cau triic mé ta & hinh 1 tao
ra su chuyén tiép tr&r khang lién tuc (Zi, Za,... Za+1) giita céc bc thang ndi tip
nhau c6 cing d6 dai dién 1a ®. Voi sb luong bac thang cu thé, cau tric ndy co
thé dat duogc hé s6 song dimg nho trong dai tAn rong hodc siéu rong.

B chia cong suit dang mach in duogc thiét ké theo nguyén ly chit T (T-
junction) dé chia déu cong suét cho cac dién trd cao tan cong suét cao. S6 luong

cdng ra ciia bo chia duoc tinh toan dya trén muc cong suat chiu dung cua cac
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dién tro va cong suat hap thu mong mudn ciia tai 6ng séng. Cong suét cia tai
ong song chinh 1a tdng cong sudt cac dién trd cong suét 1dp trén mach bo chia
nay.

Puong truyén cao tin 1a duong truyén nang luong dién tir treong co tan
s6 cao (Very High Frequency - VHF) tro 1én.

Ty s6 song dimg dién &p 13 ty sb cua dién 4p tdi da trén dién ap t6i thiéu
tai cung mot tan s6 doc theo duong truyén dan, dic trung cho kha nang phdi hop
tré khang trén duong truyén.

Céc thanh phan co khi di kém ciia tai dng séng dwoc mo ta chi tiét & hinh
2. Theo d0, tai cong suat dng séng co cAu tao bén ngoai bao gom:

Than vo dng song 1 duge lam tir nhém, hinh hdp chir nhét, long trong co
kich thuc'rc éng séng chuan, chirc ning bao vé bo chuyén doi.

Ranh tan nhiét 2 nim bao ngoai ba mit cua khoang bo chia, ndi tiép véi
than vo Ong soéng 1, 1am tir nhom, c6 do dan nhiét 16n. Gom céc 14 tan nhiét day
2 mm dit song song cach nhau 3 mm gitip nhiét luong toa ra tir cac dién tro cao
tAn 17 han tai dAu ra cua bd chia cong suit 15 duge truyén dan va luu thong ra
ngoai.

Mt bich chun 3 1am tir nhém dat & dau vao than vé dng séng 1 (dau vao
khoang éng séng chuan). Trén mat bich chun nay co céc 16 oc 4 dé két noi voi
cac duong truyén cao tan khic qua cac oc kim loai 5.

Trén tai c6 khoang chira by chia cong suét dang mach in 15 duoc day kin
bang nép chup 6. Nép chup 6 hinh chit nhat & vi tri khoang bd chia, dé6i dién véi
mit ranh tan nhiét 2, 1am tir nhdém c6 khoét rdnh dé giam khéi luong, giup nap
kin khoang chira bd chia. Chay doc theo vién ndp chup 6 ¢6 cac 16 d¢ 7 giup nap
duoc gén chat vao than vo dng séng 1 boi cac oc kim loai 8. Gioang cao su 9
phia sau nap chup 6 & khoang b chia dung dé chéng nudc va bui cho tai.

Nhu dwoc thé hién trén hinh 3, tai cong suat ong song lam tir vat lidu 1a

nhdm, c6 ciu tao bén trong gdbm hai khoang chinh:
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Khoang 6ng song chuin 10 1am bang nhdm chira bd chuyén d6i dang bac
thang 11

Khoang bd chia mach in 14 lam bang nhém chira bo chia cong suét dang
mach in 15.

Theo d6, bo chuyén ddi dang bac thang 11 c6 cong dung chuyén doi tré
khang 6ng song tir 400 — 500 Ohms vé trd khéang tiéu chuan 50 Ohms dwgc lam
bang vat liéu 1 kim loai (ddng ma bac, hodc nhém ma bac), gin chit bd chuyén
i vao khoang ng song chuin 10 qua hai 6c kim loai 12. Nang luong dién
trrong tir khoang chira bd chuyén ddi (tirc khoang éng song chuan 10) truyén
sang cAp ngudn cho cac dién tré cong suat 17 qua clu ndi 13 va mach chia cong
sudt 16. Gan chit b chia cong suat dang mach in 15 vao khoang bd chia mach
in 14 bang cac dc kim loai 18 giup dam bao tiép dat cho bo chia.

B6 chuyén déi dang bac thang 11 con dugc goi 14 bo chuyén ddi budc toi
uru, thiét ké dua theo nguyén ly Chebyshev. Nguyén ly bién doi nay sir dung cac
da thitc Chebyshev gitp dat dugc bang théng 1on nhat véi mdi gid tri hé so
VSWR cho trude. S luong bac thang va kich thude phu thude vao bang thong
mong mudn.

B chia cong suit dang mach in 15 duoc thiét ké theo nguyén 1y chir T
(T-juction), gitip chia déu cong sudt dong bién, dong pha cho cic dién tré cao
tan 50 Ohms han & cudi duong mach 17.

Ti sé song ding dién 4p trong dai tan 1a nang luong phan xa tai dau vao
tai éng song, ddc trung cho kha nang phdi hop tré khéng cia tai 6ng song voi

cac thanh phan khac trong hé. Ti s6 séng dimg dién ap duoc xac dinh boi biéu

thirc sau:
2 Tn—l cos(b]
VSWR = 1+ In [22x] 2 (E.1)
' il
Trong do:

- @: chiéu dai dién giita cac bac thang;

5
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- @, chidu dai dién ctia bac thang & tAn s6 thip cua bang tan;
-n: sb luong bac thang;
- Z,+1: tr& khang ctia bic thang co tré khang 1on nhat;
- Z,: tr& khang cua béc thang c6 tré khang thap nhat;
- T,,(x) 1a da thire Chebyshev duge dinh nghia nhu sau:

To(x) =1

T,(x) =x

T,(x) =2x%2—1
Ty (x) = 4x3 — 3x

Tn+1(x) = szn(x) - Tn—l(x)

(E.2)

Dé dat duoc ty s6 séng ding (VSWR) theo cong thice (E.2), ti s hé sb

phén xa 1, ciia bac thang bang vai ti s& ayn duge tinh toan tir s6 lwong bac thang

va bing thong mong muon:

rl: [ YRTE . T‘n = 04q: ay. ... ¢ dp

(E.3)

Pé don gian viéc tinh toan, ta sit dung cong thirc gan ding cta Hansen

nhu sau:
1 Zma 1
= = ——— < =
Tm =5 In 7 Tm =3
Thay (E.4) vao (E.3) ta duoc:
A Z z
m=%:-In=:..:lnt=q,:a,: ...:a

Ti 18 nay c6 thé duoc tinh toan nhu sau:

Zn+41
anln
l Zm+1 _ m Zq
Zm a,+az+-+ay

Tur d6 tinh dugc Z;““ va suy ra duoc trd khang cho mdi béc thang.

m

(E.4)

(E.5)

(E.6)
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Kich thudc duwong mach bd chia PCB 16 phu thudc vao tr¢ khang duong

mach, cac tham so dién cta 16p dién mdi va dugc tinh toan theo cong thire:

O m(Er L
Z= Vee 1(21/:” ) (E7)
£.[W/h+1.393+0.667In (W /h+1.444)]
Trong do:
- Z —trd khang duong mach;
- h— d6 day 16p dién mot;
- W — chiéu rong dudng mach;
- & — hing sb dién mdi hiéu qua, duoc tinh bang cong thirc sau:
gl £r—1 (E.8)

Ee = +
2 R
2 f1+12W
- & —hang s6 dién mdi clia mach in.
Vi du thwce hién sang ché

Vi du thiét ké tai dng song c6 cong sudt trung binh (300 Wats CW) cho
bang S vdi tong chiéu dai cua tai khoang 1 lamda, m6 hinh bo chuyén d6i cho

tai nay dwoc mo ta & hinh 4 gdm 4 bic thang c6 kich thude nhu sau:

Bang 1: Tham sb adapter chuyén doi

STT }f gu M0 ta Don vi Gia tri
1 W1 | Chiéu rong 15i adapter mm 15
2 WO | Chiéu rong ciu nbi mm 4
3 I, | Chiéu dai 1 cta cau ndi mm 4
4 | LO |Chiéudai2 cia clu nbi mm 3
5 TO |Doday1 cua cu noi mm 1
6 T1 Do day 2 cua cu ndi mm 0.7
7 H1 Chiéu cao bac 1 cua 161 mm 25
8 H2 | Chiéu cao bac 2 cta 151 mm 15
9 | H3 |Chiéu cao béc 3 cia ldi mm 11
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STT &feyl 1 Mé ta Pon vi Gié tri
10 H1 | Chiéu cao bac 4 cua 161 mm 3
11 | L1 |Chiéudaibéc I cialdi mm 10
12 L2 | Chiéu dai bac 2 cua 11 mm 12
13 | L3 |Chiéu dai bic 3 cualdi mm 10
14 L4 | Chiéu dai bac 4 cta 16i mm 8
15 H | Vi tri ciu nbi so voi day adapter mm 14

Mach chia sir dung trén tai 6ng song bang S nhu mo ta ¢ hinh 5 c6 cau
tric microstrip chia d6i dong bién, ddéng pha cho 2 dién tré cao tan 50 Ohms,
cong suit hap thu CW mdi tro 13 150 Wats, dwoc han cudi dudng mach nén
cong suat hép thu cua tai éng séng dat dugc 13 300 Wats CW. Theo nguyén ly
thiét ké bd chia déu T-junction, mach chia gdm 3 cong vao/ra co trd khang Z, =
50 Ohms, 2 nhénh lamda/4 o6 tr& khing Zy = Z, = V2Zo = VZ X 50 ~ 70.7
Ohms. D6 dai dudmg mach dau vao va cac nhanh ra cac dién tré cong sudt 1a
lamda/3.

Hiéu qua sang ché dat dugc

Sang ché dua ra giai phap thiét k& tai cong suét dng séng, c6 thé ap dung
trong thiét ké tai voi nhiéu muc cong suat khac nhau, trong do tai cong suit
trung binh c6 kich thudc nhé gon (chiéu dai tai khoang 1 lamda)

Tai ¢6 chu tao don gian, cac linh kién ciia tai phd bién va gia thanh re,
gitip chii dong trong thiét ké va i wu duge cac tham so dién trong dai tan hoat
dong cua tai.

Tai c6 mit bich chudn nén dé dang tich hop vao cac hé thong ang-ten va
duong truyén s dung cdu tric 6ng dan song.

M5 ta chi tiét vé& sang ché nay da duogc trinh bay cu thé & trén, tuy nhién
cAn hiéu ring cac mo ta dugc trinh bay chi don thuan 1a hinh mAu cua sang ché,

né c6 thd duoe thé hién dusi nhiéu hinh thirc khac nhau. Vi thé, cac chi tiét vé
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chuc niang cu thé duogc trinh bay duéi ddy khong dwoc hiéu mot cach han ché,

ching ciing chi 1a co s& cho nhimg dé xuat khac.
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Yéu ciu bio ho
1. Tai cong suit dng séng bao gdm

phia ngoai dwoc cau tao bdi cac thanh phan chinh nhu:

than vo éng song dugc lam tir nhom, hinh hép chit nhét, long trong c6
kich thwde bng song chuén, chirc ning bao vé bd chuyén doi;

ranh tan nhiét nam bao ngoai ba mat cia khoang b chia, ndi tiép voi than
vo 6ng song, lam tir nhom, c¢6 do dan nhiét 16n, gdm cac 14 tan nhiét day 2 mm
dit song song cach nhau 3 mm gitp nhiét lwong toa ra tir cac dién trd cao tan
han tai du ra cta bd chia cong sudt dugc truyén dan va luu théng ra ngoa;

mit bich chuin lam tr nhom dit & d4u vao than vo 6ng séng (dau vao
khoang 6ng séng chuén), trén mit bich chuén nay c6 cac 18 6¢ dé két ndi voi cac
dudmg truyén cao tin khac qua cac ¢ kim loai;

ndp chyp hinh chit nhat & vi tri khoang bd chia, dbi dién v6i mat ranh tan nhiét,
Jam tir nhém c6 khoét ranh giam khéi lugng, gitp ndp kin khoang chira b chia;

gioang cao su phia sau nip chup & khoang bd chia dung dé chong nudc va
bui cho tai;

phia trong duoc thit ké bing viée két hop gilta bo chuyén doi dang bac
thang va by chia cong suét dang mach in, duoc 1am tir vat liéu la nhom, co cau
tao g6m hai khoang chinh:

khoang 6ng séng chun lam bang nhém chira bd chuyén doi dang béc thang;

khoang bé chia mach in 1am bing nhém chira bo chia cong suat dang
mach in;

b6 chuyén dbi dang béc thang c6 cong dung chuyén doi tré khang ong
song tir 400 — 500 Ohms vé tr& khang tiéu chuén 50 Ohms duoc lam bang vat
lidu 12 kim loai (ddng ma bac, hodc nhom ma bac), gan chit bo chuyén doi vao
khoang ong song chuén qua hai dc kim loai; ning luong dién truong tr khoang

chira bd chuyén ddi (tirc khoang ong séng chuan) truyén sang cap ngudn cho cac
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dién tré cong sudt qua ciu ndi va mach chia cong sult; gan chit bo chia cong
sut dang mach in vao khoang b chia mach in béng cac 6¢ kim loai giup dam
béo tiép dat cho bd chia;

bd chuyén doi dang bac thang duoc thiét ké t8i wu trén nguyén 1y bién doi
Chebyshev; nguyén ly bién d6i Chebyshev giup dat dugce bang thong rong hon
bién ddi nhi thic voi s6 luong bac thang xac dinh; s6 luwong bac thang va kich
thuée phu thude vao bang thong mong mudn.

2. Tai cong suat ong séng theo diém 1 co ti sb song dimg dién ap trong dai
tAn 1a nang luong phan xa tai dau vao tai 6ng song, dic trung cho kha nang phdi
hop tré khang cua tai bng séng voi cac thanh phan khac trong hé; ti sb séng
dtmg dién ap duoc xac dinh boi biéu thirc sau:

R

_ Zn "~ tcosp
VSWR =1+ In [ Z:l]T = 1]
n— m

trong do:

@: chiéu dai dién gitta cac bac thang;

@,: chidu dai dién cia bac thang & tan sb thap ciia bang tan;
n: sb luong bac thang;

Z, .1 tré khang ciia bic thang c6 tré khang 16n nhat;

Z,: tr& khang cia bac thang ¢6 tré khang thap nhat;

T,,(x) 1a da thirc chebyshev dugc dinh nghia nhu sau:

To(x) =1
T,(x) =x
T,(x) = 2x% — 1

Ty (x) = 4x3 — 3x

Tn+1(x) = szn(x) - Tn—1(x)

11
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dé dat duoc ty so song ding theo cong thirc trén, ti sd hé s phan xa ry clia
bac thang bing véi ti s6 a. duge tinh toan tir s6 lwong bac thang va bang thong
mong mudn:
T Tt i Ty = Q1 Gyl et Oy

dé don gian viée tinh toan, ta st dung cong thirc gan dung cua hansen nhw

Sau.

1
TmS§

thay cong thirc thir tu E.4 vao cong thire thi ba E.3 ta dugce:

an—z'lné' 'lnzn+1
Z, I, T Iy

= a1: aZ: aue e an
ti 18 nay c6 thé duge tinh toan nhu sau:
Zni1

anm+1 — Z1
Zm a1+a2+”'+an

amln

2 or Z \ ) . X1
tir do tinh duoc ?“ va suy ra duogc tré khang cho moi béac thang.
m

3. Tai cong suat ong song theo diém 2 c6 kich thuéc duong mach bd
chia PCB phu thudc vao tr¢ khang duong mach, cac tham s6 dién cua 16p dién

moi va dugc tinh toan theo cong thirc:

60 l <8h+ W)
e \w " an
Z= 1207

Jee[W/h + 1393 + 0.667In (W /h + 1.444)]
trong do:
7 — trd khang duong mach;
h — do day 16p dién moi;
W — chiéu rong duwong mach;

ge — hang so dién moi hiéu qua, dugc tinh bang cong thirc sau:

12
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_£T+1+ & —1

Ee = 5 h
2 fl-l-le

& — hang s0 dién moi cua mach in.

13
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Hinh 3
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