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Bai tap chuong

Chuong 1: GIOI THIEU

1. Khai niém: ‘ q , 7
Khai ni¢m si€u cao tan dugc hi€u tuy theo truong phai hoac quoc gia, co thé tir
30 MHz — 300 GHz " hodc 300MHz — 300 GHz ", hodc 1 GHz — 300 GHz ©®

Cac dai tan so

AM phat thanh 535 — 1605 kHz L-band 1-2GHz
Vo tuyén séng ngan 3 — 30 MHz S—band 2-4GHz
Phat thanh FM 88 — 108 MHz C- band 4-8GHz
VHF - TV (2-4) 54 —-72 MHz X —-band 8-12GHz
VHF - TV (5-6) 76 — 88 MHz Ku—-band 12-18 GHz
UHF -TV (7-13) 174 -216 MHz K—-band 18-26 GHz
UHF - TV (14 - 83) 470 - 894 MHz Ka—band 26 -40 GHz
Lo vi ba 2.45 GHz U-band 40-60 GHz

* Vi tan s cao ¢ dai microwaves nén ly thuyét mach co s¢ khong con hiéu luc,
do pha cua ap dong thay d6i dang ké trong cac phan tir (cac phan t&r phan bo).

* Thong s6 tap trung: la cac dai luong dac tinh dién xuat hién hoic t6n tai &
mot vi tri xac dinh ndo d6 ctia mach dién. Thong sd tap trung dugc biéu dién bi mot
phan tir dién tuong Gmg (phan tur tap trung — Lumped circuit element), co thé xac dinh
hodc do dac truc tlep (chang han R, C, L, ngudn ap, ngudn dong).

* Thong s6 phan bd: (distributed element) ctia mach dién 13 cac dai luong dic
tinh dién khong ton tai ¢ duy nhat mot vi tri ¢ dinh trong mach dién ma duoc rai déu
trén chiéu dai cta mach. Thong s6 phan b thuong duge dung trong linh vue SCT,
trong cac hé thong truyen song (duong day truyén song, ong dan song, khong gian ty
do...) Thong s6 phan bd khong xac dinh bang cach do dac truc tiép.

* Trong linh vuc SCT, khi A so sanh duoc véi kich thude clia mach thi phai xét
cAu trac cia mach nhu mot hé phan bo. Déng thoi khi xét hé phan bd, néu chi xét mot
phan mach dién co kich thudc << X thi c6 thé thay tuong duong phan mach dién nay
bang mot mach dién c6 thong sb tap trung dé don gian hoa bai toan.

2. Lich sir va irng dung:

- Linh vyc SCT dugc coi nhu mdt chuyén nganh co sd, ¢6 nén méng duoc phat
trién trén 100 ndm va dic biét phat trién manh do cac img dung trong radar.

- Su phat trién cta k¥ thuat SCT gan lién voi nhitng thanh twu trong linh vuc
cac linh kién high — frequency — solid — state devices, cac mach tich hop SCT va cac
vi hé hién dai.

- Maxwell (1873) truong dién tir — Heaviside (1885 — 1887) 1y thuyét éng dan
song — Heinrich Hertz (1887 — 1891) thi nghiém ong dan song — Radiation
Laboratory ¢ Massachusetts Intitute of Tech. (MIT)
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* Ung dung:

- Anten c6 d0 loi cao

- Thong tin bang rong (dung lugng 16n), chang han do rong bang 1% cua tan sb
600 MHz 1a 6 MHz ( 1a d6 rong cia mot kénh TV don 1¢), 1% ¢ 60 GHz 1a 600 MHz
(chtra dugce 100 kénh TV). Pay 14 tiéu chuan quan trong vi cac dai tan co thé st dung
ngay cang it di.

- Thong tin vé tinh v&i dung luong 16n do song SCT khong bi bé cong bdi tang
ion

- Linh vyc radar vi di¢n tich phan xa hi€éu dung cta muc ti€u ty 1€ voi kich
thude dién ctia muc tiéu va két hop véi cao d6 loi ctia angten trong dai SCT.

- Céc cong hudng phan tir, nguyén tir, hat nhan xay ra & ving tan sé SCT do d6
ky thuat SCT duoc st dung trong céc linh vuc khoa hoc co ban, cam bién tir xa, chan
tri y hoc va nhi¢t hoc.

* Cac linh vuc ing dung chinh hién nay la radar va cac hé thong thong tin:

- Tim kiém, dinh vi muc tiéu cho cac hé théng diéu khién giao thong, do tim
hoa tién, cic hé théng tranh va chmyj, du béo thoi tiét...

- Cac hé thong thong tin: Long — haul telephone, data and TV transmissions;
wireless telecom. Nhu DBS: Direct Broadcast Satellite television; PCSs: Personal
communications systems; WLANS: wireless local area computer networks; CV:
cellular video systems; GPS: Global positioning satellite systems, hoat dong trong dai
tan tir 1.5 dén 94 GHz.
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Chuwong 2: LY THUYET PUONG DAY TRUYEN
SONG

§2.1 M6 hinh mach céc phan tir tip trung cho mt
dwong day truyeén song

1) M6 hinh:

- Khac biét mau chdt gita 1y thuyét mach va ly thuyet duong day la o chd kich

thude dién. LTM gia thiét kich thudc ciia mach nhé hon rat nhiéu so véi bude song,
trong khi 1y thuyét duong day khao sat cic mach c6 kich thudc so sanh dugc véi
budc song, tirc 1a coi duong day nhu 1a mot mach c6 thong sb phan bd, trong d6 ap va
dong c6 thé c6 bién do va pha thay do6i theo chiéu dai cua day.
- Vi cac dudng truyén cho song TEM ludn c6 it nhat hai vat din nén théng thuong
chung dugc mo ta boi hai day song hanh, trén d6 mdi doan c¢6 chidu dai A z co thé
duoc coi nhu la mdt mach co phﬁn tu tap trung voi R, L, G, C 1a cac dai lugng tinh
trén mot don vi chiéu dai.

Hinh (2.1)

R: Pién trd nbi tiép trén mot don vi chiéu dai cho ca hai vat dan, Q/m

L: Pién cam ndi tiép trén mot don vi do chiéu dai cho ca hai vat dan, H/m

G: Dan nap shunt trén don vi chiéu dai, S/m.

C: Dién dung shunt trén don vi chiéu dai, F/m

* L biéu thi d6 ty cam té)ng ctia hai vat dan va C 1a dién dung do vi tri tuong ddi
gén nhau cta hai vat din. R xuét hién do d6 dan dién hitu han cta cac vat dan va G
md ta ton hao dién moi trong vat liéu phan cach cac vat din. Mot doan day hitu han
c6 thé coi nhu mot chudi cac khau nhu (hinh 2.1)

- Ap dung dinh luat Kirchhoff cho hinh 2.1 =>

v(z,t) = RAzi(z,t)— LAz al(@t ) —0(z+Az,t)=0 (2.1a)

i(z,t) - GAzv(z + Az, 1) - CAZW

—i(z+Az,t)=0 (Z.Ib)

Lay gidi han (2.1a) va (2.1b) khi Az — 0 =>

—Guéz D _ _Ri(z t)—L—ai(aZt’t) (2.2a)
Oi(z,t ov(z,t
D Gz - D (2.2b)

Pay 1a cac phuong trinh dang time — domain cta dudng diy (trong mién thoi
gian), con c6 tén la cac phuong trinh telegraph.
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Néu v (z, t) va i (z, t) 1a cac dao dong diéu hoa & dang phuc thi (1.2) —

ov
—Z = —(R+ joL)I,, (2.3a)
0z
i
T G+ joC, (2.3b)
zZ

Chu ¥: (2.3) C6 dang twong ty hai phuong trinh du cia hé phuong trinh Maxwell
VxE=—-jouH
VxH=jwckE

2) Sw t{uyé,n song trén dwong day
D¢ thay co thé dua (2.3 a,b) vé dang

dv
(2) 2 _
P Vi) = (2.42)
dzI(Z) 2
Sy, = 0 (2.4b)

Trong d6 » 1a hang sb truyén song phuc, 14 mot ham cua tan sd. Loi giai dang song
chay cua (2.4) c¢6 thé tim dudi dang :

Vi, =V e +V e” (2.52)

(2)

Ly =1 +1e” (2.5b)

Tir 2.5b ¢6 thé viét dudi dang :

v V-
[, =—2e” ——¢”
@z Z

o o

Chuyén vé mién thoi gian thi song dién ap cé thé dugce biéu dién boi :

(2.6)

+ + —Qz - - Z
Uiy =V, |cos(@t — Pz + ¢ )e ™ + |V |cos(wt + Pz + ¢ )e™ 2.7
Trong do: ¢* 1a goc pha cta dién ap phuce V|,
Khi d6 buée song duge tinh boi ; A= 27” (2.8)
Van toc pha : v, = % = Af (2.9)
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3) Puong day khong ton hao:

(2.7) 1a nghiém tong quat cho dudng diy c6 ton hao véi hang sb truyén va tre
khang dic trung c6 dang phirc. Trong nhiéu trudong hop thyc té ton hao dudng day rat
bé, ¢ thé bo qua khi d6 c6 thé coi R =G =0 va ta c6

y=a+jB=(R+ joL)G+ joC) = joLC (2.10)
=>a=0,f=aLC
= Tré khang déac trung:

L ,
Zy= o lamotsd thuc (2.11)
Khi do:
{ Vigy =V, e +V, e (2.12a)
Iy=Le" +1e" (2.12b)
27 27
"T8 T wdIc 2.13)
Lo 1
v, _E_—’R? (2.14)

§2.2 TRUONG TREN PUONG DAY

Trong tiét nay chung ta s€ tim lai cac thong sO R, L, G, C tur cac vector
truong va ap dung cho trudong hop cu thé 1a dudng truyén dong truc.
1, Cdc thong sé dwong truyén
Xét doan day dong nhat, dai 1m véi cac vecto ]?, vecto H nhu hinh vé
S: Dién tich mit cét cta day
Gia thiét Voe “1P?vaIpe *'P* 1a ap va dong gitra cac vat dan.
Nang lugng tir truong trung binh tich ty trén 1m day c6 dang

s Io K ‘
Tuong ty dién ning trung binh tich tu trén don vi chiéu dai 1a:
E 2= > —
WZ:ZIE.E ds:>C:‘g‘2jE.E ds(F | m) (2.16)
K VO K .
- Cong suat ton hao trén mot don vi chiéu dai do do dan dién hitu han cta vat
dan kim loai la:
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RS _; 14 - 2
== IH Hdl (Gia thiét H nim trén S)

G+G,
L 1 ou PN s 1 A oy o 1 .
V61 R, = == la dién tré bé mat cua kim loai
© 00 20

- Theo Ly thuyét mach =>

R=

i (2.17)

- Cong suat ton hao dién moi trung binh trén don vi chi€u dai 1a :

C+C,

©E 7R
P, ==—[E.Eds
2
Véi &' 12 phin 4o cua hing sb dién moi phuc e=¢ —j& =& (1— 1)

Theo LTM => D¢ loi G la:
_ we

2J Eds(S/m) (2.18)

s

2, Vi dy: Cac thong s‘é duong day cua duong truyén ddng tryc trudng cta song TEM
trong duong truyén dong truc co6 thé bi€u dién boi :

P VO—'O -z 77 _ IO ¢ e—}/z

H =

be 2w £=&—j&, U=tk

( /Ay va ;5 1a cac vector don vi theo phuong p va ¢)

S e W e G UL

c =27 —(F /m)
ln —
a
I 1
+ —)(Q/ m)
b
G 272'6()6‘ (S/m)
ln—
ar b 4
* Cac thong s6 duong truyén ctia mot so loai duong day
ud
L Heosit 2 Ha
ﬂcosh (2a) W
C 771[‘9 W
Cosh™ (D/2a) d
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=
)
=

R K s
wa w

G e we W
Cosh™ (D/2a) d

3, Hang sé truyén song, tré khdng ddic tinh va dong cong sudt

- Céhc phuong trinh telegraph (2.3 a,b) c6 thé thu duoc tir hé phuong trinh
Maxwell

- Xét duong truyén ddng truc trén d6 c6 song TEM duogc dic trung boi:

E,=H,=0va a_(b = 0 (do tinh dbi Xu:ng truc)

H¢ phuong trinh Maxwell V E =-jo W H (2.19a)
=j]OE E (2.19b)
véie=¢ —j&’ (coton hao dlcn moi, bé qua ton hao dién din)
(2.19) ¢6 thé dugc trién khai thanh:
~OE;, ~O0E, ~1 0

—pa— ¢ ”+z——(pE )=—jou(pH,+$H,) (2.20a)
Z 0z p o
A aH A a A 1 )
¢ z——(pE¢):]a)g(pEp+¢E¢) (2.20b)
p op
Vi thanh phén z phai triét tiéu nén :
E, = _Jo (2.21a)
Yol
8
H,== (2.21b)
P

- Dicéu kién bién £,=0 tai p=a,b=>E, =0 tai moi noi
tlr (2.20a) => H, = 0; khi d6 c6 thé viét lai :
OFE

b =—jouH, (2.22a)
0z
My joeE, (2.22b)
oz
Tu dang H, (2.21b) va (2.22a) =>
h
E, = ; (2.23)
- Strdung (2.21b) va (2.23) =
oh
a(ZZ) -~ joug(2) (2.24a)
8%( ) - —jweh(z) (2.24b)
Z
=>_ PDién ap giira hai vat dan c6 dang:
b
Vo= [, Eo(p.2)dp = h().n (2.252)

- Dong dién toan phﬁn trén vat dan trong tai p =a c6 dang:
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I, = j;o H (a,2)adg =27.8(2) (2.25b)

- Két hop gitra (2.24) va (2.25) =>
V(z) _

=—jwlLl(z) (2.26a)
%: ~(G+ jaC)V (z) (2.26b)
4
* Hang s truyén song :
O’E s
8Zzp +o uek, =0 (2.27)

7/2 :—w2y8:>y:a+jﬂ
Véi moi truong khong ton hao =>
y=JjB VOl f=wus =oLC  (2.28)

*  Tro khang song :

E, _op_ |u
7 =2 =-""_ |[Z 22
“ H, p g (2.29)

Véi 5 1a trd khang ndi cia moi truong
*  Tro khang dic tinh cua dudng truyén dong truc

E, lné 771né lné
z Jo_ " a_ a:\/Z a (2.30)
"1, 2, 2z \e& 2z

* Dong cong suit (theo hudng lan truyén Z) c6 thé duoc tinh qua vector
Poynting:

P—ljﬁxﬁd_s’—lzf iL dpd=1vr
= J aAd = bp' P- =5 ot (2.31)

2 ot 270" In—
a

(2.29) tring véi két qua cua 1y thuyét mach. Piéu ndy ching té cong suat dugc
truyén di boi sy lan truyén cua truong dién tir gitra hai vat dan.

§2.3 PUONG TRUYEN KHONG TON HAO
CO TAI KET CUOI

1, Hé s6 phan xa dién ap:

- Xeét duong truyén khong ton hao co6 tai dau cuoi voi trg khang 7 .
Khi d6 s€ xuat hién song phan xa trén duong truyén. Pay 1a dac trung co
s& cua cac h¢ phan bo '

Gia thiét c6 mot song téi co dang: Vo™ e ! P* duge phat boi mot ngudn dinh xtr
0 mién Z<0. Ty s0 cua ap trén dong cua song chay nay la Z, Vi c6 tai dau cudi véi
tré khang Z; nén xuét hién song phan xa c6 bién do xac dinh thda man Z; = I—L . Khi
L
do:
- Dién ap tong cong cbd dang :
Vigy=Vye "+ Ve (2.32a)
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Dong tong :

v, . Vo
I o=l0 g-irz _ Vo i 2.32b
@ =7 ¢ Zo ( )
- Tai dau cubi ta c6 diéu kién bién (z = 0)
Z, = uz >V :ZL_ZOVO+
vy =V, Z,+Z,
* Pinh nghia hé¢ sb phan xa bién do dién ap I':
r-lo _Zi=% (2.33)
Ve Z,+Z,
Khi do =>
Vay =Vo [e_jﬂz +Fejﬂz] (2.34a)
V+ —jpz iz
I,y =-2le " + e (2.34b)

0
Song ap va dong dang (2.32) 1a chong chat ciia song tdi va séng phan xa, goi
I;4 song dimg. Chi khi I' = 0 méi khong c6 song phan xa. Pé nhan duge I' = 0 thi Z;
= Z,, khi d6 ta ndi tai can bang trd khang (phu hop trd khang) véi duong day (hay tai
phoi hop)
2, Ty s6 song dirng: (SWR: Standing ware ratio)
- Dong cong suat trung binh doc theo duong truyén tai diém Z:

[ Vizy- (z)] : ‘VZO‘ {l_r*ewz +Te?” _‘F‘Z}
2

o) 23

- Nhéan xét: Dong cong suat trung binh bing const tai moi diém trén dudng
2

+

truyén. Cong suit toan phan dit trén tai P,, bang cong suit song dén
0

trir di

+|? |2

cong suat phan xa néu I' = 0 cong suat tiéu thy trén tai cuc dai (gia thiét may
0
phat duoc phdi hop tré khang véi duong diy sao cho khong c6 song phan xa tir mién
7<0.)
- Khi tai khong phdi hop véi trd khang (mismatched) s& ¢ tén hao quay nguoc
(return loss — RL):
RL=-201gII'l (dB) (2.36)
+  Nhan xét:
0 Véi tai phdéi hop (I'=0) = RL =00 dB
0 Véi tai phan xa toan phan (|T'|=1) > RL=0 dB

- Khi tai ph01 hop (I' = 0) thi bién d¢ dién ap |V(Z) |= | V," | = const, duong day
duoc goi 1a “phang” (ﬂat)
- Khi tai khong phéi hop — ton tai song phong xa — xuat hién song ding (bién
d6 dap trén duong day khong bang hing).
10
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Tir (2.342) > [V, | = |7

e /#7200 (2.37)
Trong do: - /: khoang céch tinh tir tdi z =0
- ¢: pha ctia hé s6 phan xa T = T’
=> Nhan xét: + Bién d0 dién &p dao dong theo toa do

+
+ ‘I/(Z)‘ max = I/0

1+[r] (238)

oI W-280

+ Neu T | tang thi ty $6 Voox/Vinin tang theo, do A6 V nax/Vmin co thé
dung dé do sy mat phdi hop tré khang (mismatch) ctia dudng day, goi 1a ty sd song
ding (Standing ware ratio, SWR):

sig = Vo _ 1410 (2.39)
Vo 1=

min

hay Voltage SWR, hay VSWR
Nhan xét:
+ 1<SWR <o, SWR =1 < matched Load

+ Khoang céach giira hai cyc dai lién tiép la:

=225~

+ Khoang cach giira 2 cuc tri lién tiép 1a

2
£=%ﬁ=% vOi A bu:crcsong——Tt

p
+ Pinh nghia (2.31) vé I ¢6 thé tong quat hoa cho moi diém 1 trén dudng day
nhu sau: vo1 Z=—/

Ty s6 thanh phan phan xa trén thanh phan t6i 1a:

R

r,=20% T, e
’ j 0

(0 V0+ejﬂ€ (0)

(2.40)

Vi T, 14 hé s6 phan xa tai Z = 0 cho béi (2.31)

- Vi dong cong suat bang const, ma bién d6 dién ap thay ddi theo | — trd khang
vao cua doan day ¢+ tai phai thay doi.
=> Dinh nghia tré khang vao ctia doan day ¢+ tai nhin theo hudng thuan

11
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_ I/(,[) _ 1+F672jﬁ€

in T _T,2ip 70
I, 1-Te

(2.41)

Dung (2.31) =>

z, =z, Lt 208 (2.42)
Zy, + jZtgpl

3, Cac trwong hop dac biét:
a) Ngcfn mach dau cuéi: Z; =0
- tr(231)=T1=-1

- (2.37)=> SWR=

- wr(232) =V, =-2jV; sinfk (2.43a)
20
Iy == cosfk (2.43b)

0
=> V=0 tai dau cudi va I = max
- tr (2.40) => r¢ khang vao cua doan day /7 la:
Z, = jZ,gpl (2.43¢)
=> Zj, thudn phre, Zi, = 0 khi 7=0,7,, =0 (h mach) khi ¢ =4/
Zi, bién thién tuan hoan theo ¢ voi chu ky 4/

b) Hé mach ddu cudi: Z, =, tir (2.31) =>T =1,SWR=

Vig =2V, cosfz (2.442)
2V
Iz =%Smﬂz (2.44b)
0
=>1=0taiZ=0,V=Vuu, Zuq = JZ,c0t gpl (2.44c¢)

¢) Su thay doi ciia Z(1)
V4 in(1=)/2) = ZL (245)

(tr 2.40) = Doan day dai nguyén lan nira budc song khong 1am thay doi tro
khang tai bat ké gia tri cua tré khang dac trung.
12

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

7
Lina=n4= 70 (2.46)

— “Doan bién d61 mot phan tu bude séng” vi nd bién doéi nghich ddo Z.

d) Ghép hai dwong day : Dung duong day c6 tré khang dac trung Z, nuodi duong day
c6 tré khang dac trung khéc 7,

Gia thiét bo qua song phan xa tir duong diy Z, ( tic n6 dai o hodc dugc két
cudi béi tai ¢ tro khang bang Z;)
Khi do: I'= % (2.47)
Nhan xét:
- Khong phai tat ca cac song toi déu bi phan xa, mot s s& truyén tiép 1én
duong day tha hai voi bién do xac dinh boi hé sé truyén T
- Tu(1.32a) = v6iz<0

Vipl s =Vi e +Te” | (2.482)
voi1z>0
Vi)l 20 =Vo T (2.48b)

(B06 qua song phan xa trén duong day 2)
- Can bang (2.46 a) va (2.46b) tai z=0 =

B B Z,-2y 27,
T_1+F_1+ZI+ZO = 7.+ Z, (2.49)
- Hé sb truyén gitra hai diém ctua mot mach thuong duoc biéu dién theo dB,

goi 1 t6n hao chén (IL: Insertion loss)

IL=-201g |T| (dB) (2.50)

Phu chii: - Ty s bién do theo don vi Nepers (Np)
A\
Iny> (Np)
- Ty s6 cong suét theo Np:
P
Z2Ing- (Np)

INp twong duong véi ti s6 cong suat = ¢* =

INp =10 1g ¢* = 8,686 dB

13
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§2.4 GIAN PO SMITH

- Gian d6 Smith, do P. Smith dua ra nam ’1939 tai Bell Telepho‘ne Laboratories, 1a
phuong phap do thi dugc dung rong rai nhat cho cac bai toan vé tr¢ khang va cac
hién tuong trén duodng day truyén song.

1. P6 thi Smith: Thuc chat 1a d6 thi cuc ctia hé 86 phan xa dién ap I'.
- Gia str T ¢6 thé dugc biéu dién dudi dang cuc (theo bién do va pha) T = Cle’” .

Khi d6 mdi gia tri I dugc biéu dién boi 1 diém trong hé toa d6 cuc.
: : . Z
- Trong toa d0 Smith nguoi ta dung tré khang chuan héa Z = Zo thay Z.

- Véi duong day khong ton hao dugc két ndi véi tai Z; thi hé sé phan xa co thé
duoc viét qua tréd khang chuan hoa nhu sau:

Z, -1 .
[==t—=re” 2.51
Z, +1 | |e ( )
. Y S S Ao
VéiZ, = Z la tré khang tai chuan hoa. tir quan hé nay =
1+|F|e"‘”j
L= 1_|1_,|ej¢ (252)
- NéudatT=T,+jivaz =r +jx thi tir(2.50)=
1-T -T
r, =m (2.5321)
2I°
X :m (253b)
- Viétlai (2.51) duéi dang phuong trinh duong tron :
2 2
[rr - 4 j +T7 =( 1 j (2.54a)
+7, l+r,
2 2
(T -1 +[r,. _ij _ [LJ (2.54b)
29 XL

Pay 1a cac phuong trinh ctia 2 ho duong tron trong mat phang T, T;

- (2.54a) biéu dién ho cac duong tron dién trd va (2.54b) biéu dién ho cac dudng
tron di¢n khang.

* Vidu: Voir, = 1 duong tron (2.54a) co6 tam tai I', = 0,5, I'; = 0, ban kinh bﬁng
0,5.
*Chuy:

- Tt ca cac duong tron dién trd (2.54a) déu cd tAm nidm trén truc hoanh

(T'; = 0) va di qua diém (1, 0) hay diém I” = 1 bén mép phai cua gian do.

- Tam cua cac duong tron dién khang (2.54b) nam trén truc ding di qua diém
(1, 0) hay duong I, = 1 va ciing di qua diém (1, 0) hay diém " = 1.

- Cac duong tron (2.54a) va (2.54b) luén vudng goc nhau.

* Ung dung: Gian d6 Smith c6 thé dung dé giai bang dd thi phuong trinh (2.42)

cho tré khang duong day.

14
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1+ e
V6i T 1a hé s6 phan xa tai tai ddu cudi I 1a chiéu dai doan day.
- D@ thay (2.55) c6 dang twong tir (2.52) chi khac & s6 hang goc pha trong T'. Do

(2.55)

Zi,
d6 néu da c6 do thi ICle’” tai tai thi tré khang vao chuan héa 5+ Zo “ nhin vao doan day 1

cco thé tim dugc bang cach quay diém thda mén hé (2.54) di theo chiéu kim dong hd
1 gbc 28¢ quanh tam ciia gian db. (Ban kinh gitt nguyén vi do 16n T khong doi doc
theo chiéu duong day.)

- Pé dé thuc hién cac phép quay néi trén, trén gian dd6 Smith da c6 thang chia do
theo don vi budc song theo 2 hudng. Vi la thang twong dbi nén chi c¢6 su khac nhau
theo budc song gitra 2 diém trén gian dd6 mdi cé ¥ nghia.

Vidu 1: Cho tai co tr¢ khang Z; = 130 + j 90 (Q2) ket cudi duong day 50 Q co
chiéu dai 0,3 A. HAay tim hé sO phan xa tai tai va h¢ s6 phan xa tai dau vao doan
duong day, tré kghang vao, hé s SWR va RL.

, Z
Giai: Tro tai chudn héa z; = Z_E =2,60+71,8

— Tim giao diém dudng tron rp = 2,60 va x, = 1,8 trén gian do M

— dung compa do doan OM rdi dbi chiéu véi thang | F% ddco |T|= 0,6

= SWR =398, RL=44dB

—» kéo dai doan OM dé c6 dugc gbc pha cua hé sb phan xa tai tai theo vong
chia d6 & ngoai gian dd: 21,8°

— v€ vong tron ban kinh OM

— Tim vi tri cia tia OM va vong chia d6 theo budc song hudng vé nguodn phat
(WTG: Wavelengths — toward — generator) cho gia tri 0,22 A.

— di chuyén diém 0,22 X di mot doan 0,3 N vé phia ngudn s& cho gia tri
0,52 \, gia tri ndy Gmg v&i 0,02 A. V& tia tir tim 0 qua diém 0,02 A, tia ndy cit vong
tron ban kinh OM tai diém ung voi Z;, = 0,255+ 0,117 sau d6 =

Z in— ZOZin = 12,7 +j 5,8 (Q)
Goc pha cua I tai ddu doan dudng day 1a 165,8°.

2. Gian @6 Smith véi tré khang va din nap két hop:

- Gian d6 Smith c6 thé st dung cho dan nap chuan héa theo cach twong ty nhu
v6i tré khang chuan héa va co thé dung dé chuyén d6i gila tr6 khang va dan nap.

- Tro khang vao cia doan duong day 74 budc song két cubi tai ZL laz,,=17Z,
day la co s& chuyen d6i mot tro khang chuan hoa véi mot dan nap chuan hoa

- Pé y rang mot doan “bién ddi ¥4~ tuong duong véi pohép quay 180° quanh tim
cua gian d6, do d6 diém d6i ximg tim cua 1 diém tré khang (hodc diém dan nap) sé 1a
mot diém dan nap (hay diém tro khang) tuong tng cua cung mét doan day co tai két
cudi. Vay cing mot gian dd Smith c6 thé dung dé tinh tré khang va din nap cho cung
mot bai téan.

- Pé tranh nham 14n, c6 thé dung gian d6 Smith kép bao gdom ca gian d6 tro
khang va gian d6 dan nap, c6 dang twong tu nhau chi 1a hinh anh déi xtng tim cua
nhau.
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Vidu 2:

Cho tai Z; = 100 + j 50 Q két cudi duong day co tré khang dic trung 50 Q.
Tim dan nap cta tai va dan nap vao cua doan duong day 0,15 A.

Gidi: + Z,=2+j 1. ¢ thé tién hanh nhu cac budc ¢ vi du 1 rdi quay goc /4
trong gian do tro khang, sau d6 quay goc 0,15 A.

+ Ciing c6 thé v& diém z; r6i doc y. twong tng theo thang cua gian do
dan nap: y; = 0,40 —j 0,20 =

Y=y.. Y0=L=0008—j0004(S)

Sau d6 trén thang WTG tim diém tham chiéu tuong tmg 0,214 A, di chuyén
doan 0,15 A\ cho dén 0,,364 A, vé& tia qua diém nay rdi doc diém cat véi vong tron
SWR cho gia triy = 0,61 +j 0,66 = Y =0,0122 +j 0,0132 (S)

§2. 5 PO BIEN POI ¥ BUOC SONG

1) Tré khang:
Gia thiét tai thuan tré Ry két cudi doan A/4 c¢6 trd khang dic trung can tim Z,
sao cho I = 0 tai ddu vao ctia n6 (doan % A)
R, + jZ tgpl

Z,=7_F— = (2.61)
Z, + jR, tgpl
2
Vi o=E g2 g A (2.62)
4 4 R,
PE T =0 cancd Z, =Z, =>Z, =+|Z,R, (2.63)

=> Khong co6 song dung trén feedline (SWR = 1).
2) Pap ng tan so:

Vi dy: Xét tai R = 100 Q ghép véi dudng truyén 50 Q qua b ghép ¥ A hiy
v& d6 thi bién do cua hé sb phan xa theo tan sO chuéan hoa f/fy véi f, 1a tAn s6 ma tai
d6 chiéu dai doan ghép bang \/4

Giai: Z, =50.100 =70,712
Z' - Z() r.e hY hY 9 /‘\ /( 9 e
= ﬁ V01 Zi, 1a ham cuia tan s6 cho bdi (2.46).
in + 0

A Y _ 2_72' ﬁ _ 27 | VY :79{
Deym‘[ALJ [VPJ(%J 2,
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§2. 6 MAY PHAT VA TAI KHONG PHOI HQP TRO KHANG

- Xét truong hop tong hop khi may phat va tai khong can bang tré khang véi
duong truyén Z, Tim diéu ki¢n dé cong suat may phat truyén dén tai dat cuc dai.

Vo _WeTet o 2ot JZyept (2.67)
"I, =T T 70+ jZ,tgpl
Véi T, =Z=% (2.68)
Z,+7Z,
Dién ap trén duong day c6 thé viét dud dang
V., =Vyle7® +T,e] (2.69)
- V' c6 thé tim dugce nho diéu kién bién tai z=—C
Z. . _
_ in _ 1/t sl —jpl
V(_() = gZin—-|-Zg_VO [ef +F€e J ]
Z. 1
= V=V 2 : :
~ V7, +Z, &P 4T, (2.70)
- Dung (2.67) =
Z e
i Zg— .
CUUs GULTTE _Fgrem (2.71)
: Z -7
Vi r,=—e 20 (2.72)
Z,+Z,
= Hé sb song dung trén duong day.
1+]T,
swr= 10 (2.73)
1_|F/|
- Cong suat dat vao tai va dudng truyén
2
I A
P==V n__| R
2‘ ! Z,+2,] e{zm} (2.74)
bat z, =R, +jX, va Z, =R, + jX,
1 2 R.
= P=_l — 5 (2.75)
20 (R, +R,J +(x, +x,)
a) Tdi phoi hop véi dwong truyén: — Z, =Z,,I, =0,SWR=1
— 7 =7, vaP 1\V\2 Z, (2.76)
L= va == .
=% 2"z, 4R, J + X

b) Mdy phat phéi hop véi dwong truyén o tdi két cudi:
Z,,pl,Z,dugc chon sao cho Z;, = Z,
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Zin-Z
== (2.77)

= I= ZintZ,
(Luu y: c6 thé ton tai song dl'J:ng trén dudng truyén néu I, #0)
Toltel (p2 2P :
205 gy +x})

= Nhan xét: Cong suét (2.78) co thé nho hon cong suét (2.76).
— Cau hoi: + Tro khang tai thé nao 1a toi wu?
+ Tro khang vao dudng truyén thé nao 1a toi wu?
* Phoi hop lién két: Gid thiét Z, c¢6 dinh, tim Z;, dé P dat cuc ddai sau d6 s& suy ra
7, khi biét 1. Cho dao ham cua P theo phﬁn thuc va phﬁn 4o cua Z,= 0 = diéu kién
phai tim.

Tir (2.75) =
oP
S =0=>RI K] +(x, +x,F =0 (2.79a)
oP
— =0=>-2X, (X, +X,)=0 (2.79b)

in

Tir (2.79ab)=> R,=R,.X, =-X

g

Hay Z,=Z, (2.80)
(2.80) duoc goi 1a diéu kién phéi hop tro khang lién két

Khi d6 cong suét roi trén tai 1a cuc dai. (tir 2.75)
Ly, 2 1
P= E‘Vg —

m (2.81)

Nhan xét:

- Cong suit (2. 81) 16n hon & (2.76) va (2.78)

-1, T, I co thé khac khong. Vé mat vat 1y diéu dé co nghia 1a trong hién tuong
da phan xa c6 thé xay ra hién tuong dong pha dan t6i cong sudt 16n hon khi chi co
song toi.

- V& phuong dién hiéu qua thi dé dat hiéu qua bcao ca dléu kién phdi hop tro
khang (Z; = Zo) hay diéu kién phéi hop lién két (Z;, = Z, ") van chua du. chang han
khi Z, = Z, = Z, chi c6 /2 cong suat clia phat roi trén tai tu:c hiéu suat 1a 50%. Hiéu
suat ndy chi c6 thé duoc cai thién nho giam Z,nho co thé duoc.

Bai tap chuong

1. Cho dudng truyén ¢6 L = 0,2 p H/m, C =300 p F/m, R =5 Q/m va G = 0,01
S/m. Hiy tinh hang sb truyén song va trd khang dic trung tai tin s6 500M Hz. Hay
xét truong hop khong hao ton.

2. Cho mat hinh T

CMR m hinh nay dan to1 cung phuong trinh Telegraph.

3. Mot duong truyén dong truc bang C, v0i ban kinh vét dan trong 12 Imm va
ngoai 1a 3mm. Lép dién méi c6 &, = 2,8 voi goc ton hao 0,005. Tinh R, L, G, C tai tan
50 3 GHz, tinh Z va v,

18

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

4. Tinh va v& d6 thi hé sd suy giam cua cap dong truc ¢ bai 3 theo dB trong
khoang tan s6 tir 1 MHz t&i 10 GHz.

5. Cho duong truyén khong t6n hao c6 chiéu dai dién 1 = 0,3 \ két cudi tai Z, =
40 +320 (). TimI't, SWR trén doan 1 va Z i, (1 + wi

6. Cho dudng truyén khong t6n hao két cudi tai 100 Q.

Tim Z, néu biét SWR = 1,5

7. Mot may phat vo tuyén duoc ndi voi angten co trd khang 80 + j40Q qua cap
ddng truc 50 Q c6 thé cung cap 30W khi ndi véi tai 50 Q thi cong suat dit vao angten
la bao nhiéu

8. Gidn d6 Smith c6 thé tinh

a, SWR trén duong truyén

b9 TL:

C, YL

d, Z i+ tai) . .

e, Khoang cach tur tai dén di€m cd V¢ dau tién .

f, Vimin dau tién

vé hinh

9. Dung gian do Smith dé tim doan duong truyén 75 Q ngan mach dau cubi ngan
nhat dé co:

a,Zin=O
b,Z;, =
¢, Zin=i75Q
d,Z;, =-j50Q
e,Zin=j100Q
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Chuong II1: LY THUYET MANG SIEU CAO TAN
§ 3.1 TRO KHANG, PIEN AP VA DONG PIEN TUONG PUONG

1) Pién ap va dong dién twong dwong
O tn s6 siéu cao céc phep do ap va dong rat kho thuc hién, trir khi mét cap dau
cudi duoc xac dinh 1o rang. Diéu nay chi thuc hién duogc véi duong truyen song TEM
(cap dong truc, mach vi dai)
V€ hinh

* Trén hinh v& 13 dang dudng stic dién trudng va tir trudng cua 1 dudng truyé
song TEM gom 2 vat dan
Theo dinh nghia
v =|Ed
I[=§Hdl

C+

* Van de s& trd nén kho khin hon khi khao sat ong dan song.
- Xét ong dan song chir nhat nhu hinh v&. Mode truyén song chu yéu 1a TE,,

Cong thirc (vé hinh)
— jou a Y
Ey(x’y,z) = #A Sln _e
=de ,(x,y,z)e " (3.4.q)
jpa . m i, .
HX(x,y,z) :—ASIH—e P = Ahx(x,y)e P (3'4.b)

a

Str dung (3.1) cho (3.4.a) =>

= TIOHA i X f/’Zjdy (3.5)
VA a

Nhan xét: Dang dién ap (3.5) phu thuQc vao vi tri X cling nhu d§ dai cua duong
lay tich phan theo huéng truc y. Vay gia tri dién ap chinh xéc 1a bao nhiéu? Ciu tra
101 1a khong c6 gia tri dién ap chinh x4c hiéu theo nghia duy nhat hodc thich hop cho
moi tng dung. Van dé trén phat sinh twong tu cho dong dién va tré khang khi séng
khong phai 1a séng TEM.

* C6 rat nhiéu cach dinh nghia dién ap, dong dién twong duong va trd khang
cho song khong phai TEM vi tih khong duy nhat. Tuy nhién c6 mot s6 nhan xét sau:

+ Pién 4p va dong chi duoc dinh nghia cho mot mode dan song cu thé va duoc
dinh nghia sao cho dién ap ty 1¢ voi dién truong ngang, con dong di¢n ty 1€ véi tir
truong ngang.

+ Pé ¢6 duoc sir dung twong tu nhu ap va dong trong 1y thuyét mach, dién ap
va dong can duoc dinh nghia sao cho tich cua ching cho ra dong céng suit ciia mode
truyén song.
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+ Ty s6 ap trén dong cho mach song chay don 1é can bang tré khang dic trung
cua duong truyén. Tré khang nay c6 thé chon bat ky, thuong chon bang tré khang

song cua duong truyen.
* V&1 mot mode 6ng dan song bat ky cac thanh phan trudong ngang co6 thé duoc

biéu dién:
E (vy.z) = ;(x,)')(A+€_'iﬁz + A e” )=ex—’y(V+e_"ﬁz + V_e_'iﬁz) (3.6a)

¢

M) (2ot _ o) (3.6b)

¢,

H i) = hoy (AT — A )=

/4 - \ A A 9 14 r.* \ 14 9 \ 14 \ ;\
Trong d6 A", A" 1a bién do cua séng t6i va séong nguoc; eﬁl la cac thanh phan
truong ngang ciia mode c6 quan h¢

o xo(x, v)
= 3.7
. ()

@

hixy) =

voi Z,,: trd khang song.
Tir (3.6,a,b) c6 thé dinh nghia ap va dong tuong duong:
Viy=Vie " +v e’
I() I*e —Jp I*ejﬂz
Ve _r
I’ I -
Nhan xét:
- Pinh nghia (3.8) bao ham quan h¢ ty 1€ gitta &p va dong twong duong voi
dién va tir truong ngang.
- Cac hang sd ty 18 c¢6 cho cac mdi quan hé nay la:
C = 4 V_ C, = ! :I__
AT A AT A4

Vi =4

- Dong cong suat cua song toi:

R FPRERT VI
P _EA J;IeXh*'aZdS_z c.C. *”exh*a ds (3.9)
Dé cong suit P* :%V*F *  thi phai co
C,*=[[exh*.a_ds (3.10)
- Tré khang dac trung
" - C
ZO:V AT (3.11)
' I G,
Néumuébn c6 Z,=Z, :tré khang séng (Z,, hodc Z,,) cia mode truyén thi :
C <
C—lzzw (z,, hodc z,,) (3.12)a
2
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giai (3.10) va (3.12) => C,,C, => dién ap tuong duong va dong twong duong
Vi du:
Cho mode TE;(trong 6ng dan séng chir nhat
E, = (A+e"jﬁz + A e’ )sin[%}
H, =L (47e - 4 e )sin ™%
TE a
V(z) = V+eijﬂz + Viejﬂz

](z) = [+e—jﬁ'z - Iiejﬂz

= L(V+e_jﬁz - V_ejﬁz)
0

1

P=—V'["*
2
. (1
P _—[5) j [E,H dydy
L PR LR S PR 0., *
4z, 2 2
£ N2ne
Néu chon Z,=Z7,, thi V—=—1=ZTE
I C,
=> Cl = a_b
2
1
S
Z, \2

2) Khai niém tré khang: C6 cac dang tré khang sau:
- Tré khang ndi cia moi truong n = /u/ vy chi phu thugc vao moi truong va bang
tré khang song cta song phang.
Et 1

- Tré khang song Zyy = o T dac trung cho céc dang song (TEM, TE, TM)
4%

va c6 thé phu thudc vao loai duong truyén hoac 6ng dan song, phy thuoc vat liéu va
tan s hoat dong.

L
- Tro khang dac trung Z, = LO= \/% la ty sO ap trén dong cho cac song chay.
Y

Vi 4p va dong 13 xac dinh duy nhit cho song TEM —Z, ciing xac dinh vé&i song
TEM.

* Quan hé gilra cac dac trung tré khang va nang lugng truong EM tich tu va
cong suit tiéu tan trong mang 1 cira.

P:%%Exﬁ*g
=P, +2jo(W, -W,)
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Voi Pr: phﬁn thuc cua P

Biéu thi phan cong suat trung binh tiéu tan trén mang, W, We.

Biéu thi niang lugng tir trudng va dién trudng tich tu trong mang.

- Néu dinh nghia &va hla cac vecto truong ngang chuan héa trén mit két cudi
cua mang, sao cho

Et(x,y,z)= V(z>5<x,y>e""ﬁz

-

Ht(x,y,z) = ](z)h(x,y)eijﬂz
Véi jéxﬁ*iéﬂ thi P:lIV]*;XZ*%:lV[*
N 2 : 2

s AL P +2Jo\W —W
Khldo ZZ.HZR—l—j_x:K:ﬂ: [ C()( m e)

I Ly
2
P
Sl
2 14 14 2
Vay : - Phan thuc cta Z, ,R lien quan dén céng suat ton hao P,

- Phan 40 X lien quan dén ning luong tong cong tich tu trong mang
- Néu mang khong ton hao thi Z,, thuan 4o va

sol, ~w) { Duong cho tai cam khang (W, >Ww,)

X =
I

Am cho tai dung khang (W, <)

§ 3.2 MA TRAN TRO KHANG VA MA TRAN DAN NAP

1)Ma tran tré khang va ma tran din nap: Vi dién ap va dong dugc dinh nghia tai
cac diém khac nhaucua mang SCT,nén co thé dung ma tran tré khang va ma tran dan
nap theo kiéu LT mach dé rang budc nhiing dai luong nay voi nhau. Piéu nay s€ giip
x@y dung mach tuong dwong cho mang SCT bat ky, phuc vu cho viéc thiét ké cac
phan thu dong nhu cac bd ghép, cac bo loc.

vé hinh

- Xét mang SCT N cong tly ¥, cac cong co the la dang duong day truyen song
hodc dudng truyén tuong duong voi mot mode truyen dan song don. Néu mot cong
nao d6 vé mit vat 1y c6 nhidu mode truyén thi cé thé thay twong duong bang mot sd
cong don mode twong Ung.

- Tai cong thtr n tiy v dién ap va dong tong c6 dang
V, =V +V, (3.24a)
I,=I"-1I; (3.24b)
(dung 3.8 véitoa dd Z=0)
Ma tran tr¢ khang duoc dinh nghia:
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Vool U 2w Z s e z ., .
Vo, Z v Z oy e Z I,
Hay viét gonhon [V ]=[z]I] (3.25)
Tuong tu cho ma trin dan nap
[7]=[r V] (3.26)
R{ rang [r]=[z]" (3.27)
\ V. .
Tu (3.25)=> Z = I, =0,Vk#j (3.28)

- (3.28) cd nghia la Z; ; j c6 thé tim duoc khi cap dong Ij cho cong thi j, cac cong
con lai ho mach va do thé m& mach tai cong thu i, con lai Z; i la tré khang truyén giira
cong i vaj.

- Z ;i 1a tré khang vao tai cong i khi tit ca cac cong khac hé mach.
- Tuong tu:

e Ty (3.29)

2) Cac truong hop dac biét:

- Vay mot mang n cong tiiy ¥ s& co thé 2N* dai luong doc lap, hay bac ti do.
(Gng voi phan thuc va ao cua cac Z;;).

- Néu mang 1a thuan nghich, tirc khong chtra cdc moi trudng khong thuan nghich
(nhu ferrile hay plasma) hodc cac linh kién tich cuc, thiZij=ZjivaYij =Yj1i.

- Néu mang 1 khong ton hao thi Zijva Y ij 1a cac dai luong thuén ao.

§ 3.3 MA TRAN TAN XA

1) Ma tran tan xa:
Xét mang N cong nhu trong muc trude. Pinh nghia ma tran tan xa thda man
quan h¢ sau:

Vé hinh:
yl SuSpSy (W
V2-1 =
Vo | Sy Sw | Vi
Hay gon hon o l=Islr -] .
=> S Z+ =0,Vk# )
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- Ttc 1a S co thé duoc tim khi dat vao cong j mot song toi co dién ap V' va do
bién do dién ap song phan xa Vi tur cong i, khi tt ca song téi & cac cong khac cho
bang zero (hay két cudi voi tai phéi hop dé tranh phan xa).

- Sii chinh la h¢ s6 phan xa nhin vao cong i khi tat ca cac cong khac két cudi véi
tai phdi hop.

- Sij con goi 1a h¢ sO truyén tir cong j t6i cong i khi tat ca cac cong khac két cudi
v6i tai phéi hop.

- C6 thé chimg manh rang ma tran [ S ] c6 thé duoc xac dinh tir [ Z ] hodc [ Y]
va nguoc lai.

- Trude tién gia thiét rang tro khang dic trung cua tat ca cac cong, Z ., 1a giéng
nhau. (Trudng hop téng quat s& dugc dé cap sau). Dé tién loi cho Z ., = 1. Tur (3.24)
= V,=V,+V, (3.42a)

L=L -1 =V,-V, (3.42b)

Tu (3.25)va(3,42) =

[Z][1]1=[Z]1[V']1-[Z][V]1=[V]=[V ] +[V]
tuc la co the viét

([Z]+[UD) [V I=([Z]-[UD V'] (343)
Véi[ U] la matran don vi
So sanh (3.43) v6i (3.40) =

[S1=([Z]+[U]) '([Z]- [U]) (3.44)

: e ZhRdn S s R
- V61 mang mot cong: Sy = 21111 1o day chinh Ia h¢ s6 phan xa nhin vao tai

voi tro khang vao chuén hoa Z,,.
- Dé biéu dién [ Z ] theo [ S ] c6 thé viét lai (3. 44):
[Z][S]1+[U][S]=1[Z]-[U]
[Z]=([U]- [S)'([U]+[S] (3.45)
2) Mang thuin nghich va mang khong ton hao.
a,Mang thudn nghich:

-Tu (3.42,a,6) =>V, %(Vn +1,)
Hay I ]:% [2]+ [U D] (3.46)a
vy=-,-1,)
Hay ]S (-l (3.465)

Tir 346) =~ |=(2]-wzl+[v]) "]
=>[s]=(z]-[vz]+[v)" (3.47)

chuyén vi(3.47) =[s] ={[z]+ )" (z]- )
Vi[u] =[u] va [z] déi xing [2] =[] nén [s] = (z]+[v) ' (2]-[v)
tr3.44 = [s]=[s]
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Vay [S] 12 ma tran d6i xing
b,Mang khong tén hao:

Cong suat trung binh tiéu thy trén mang phai bang khong. Gia thiét tré khang
dic trung bang don vi cho tit ca cac cong

Pav%zee{[ = 2r Tl T 1)
L {[V+][V+] 1 T e T ]
Pl T o 649

Vi{*[V+]t -]+ | [V+]*} c6 dang A-A* nén 1a thun ao do d6 R { }=0

Trong (3.49) s6 hang :%[W]t [V+]*biéu thi cong suat d&én téng cong ,s6 hang

—%[V‘][ [V‘]* 1a cong thirc phan xa tong.Vi mang khong tén hao nén 2 cong suat trén

phai bang nhau ,Tuc 1a
oI =l T e (3.50)
péy [ |=lslrr] =

et =l Tistisi=lr )+
=>néu [+ | 0 thi [s][s}=[U]

Hay [S}= }1
vay [S] 12 ma trin umta
- khai trién (3.51) =>

(3.51)

N

>SSk =S ,i, (3.52)

k=1

N
=> (Y 5,85 =1 (3.53a)

k;l

2.

S.S.. =0  VvOii#] (3.53b)

- Tinh diém ctia mot cot bat ky voi lién hiép phire cia né bang don vi.

- Tinh diém ctia mot cot bat ky vé6i lién hiép phuc cua cac cot khac bang zero
(truc giao)

- Két luan twong tu cho cac hang ciia ma tran tan xa
3) Phép dich miit tham chiéu

Vi céc thong sb cua [ S ] lién quan dén bién d6 va pha cua song dén va song
phan xa tir mang, do d6 mat phang pha tham chiéu, tirc 1a mit phang xac dinh (V,",
I,") hodc (Vy, I,') phai duoc xac dinh trude. Khi dich chuyén cic mit tham chiéu nay
thi cac thong sb S bi bién doi.
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Xét mang SCT N céng cic mat tham chiéu ban dau dinh x& tai Z, = 0. Véi Z,
la toa do doc theo duong truyén thir n cap dién cho cong n. Goi [ S ] 1a ma tran tan xa

vai tap hop cac mat tham chiéu noéi trén.
[ S ‘] 1a ma tran tan xa twong ing voi vi tri moi cua cac mat tham chiéu.

[V_]Z[S][\ﬁ] (3.54a)
[V ]=[S1[V"] (3.54b)
trong do: Vi=Vi,elo" (3.55a)
Vo =V,e 0 (3.55b)

V61 0, =B, |, duoc goi 1a do dai dién cia phép dich cua céng n

- Viét (3.55a,b) duéi dang ma tran rdi thay vao (3.54a) =
ej¢1 0 e—j¢| 0

ol [V" ] =[s o % [V”]

e/t e/

e ]=[s]r]
- Nhén ca hai vé véi ma tran nghich ddo ctia ma tran dau tién bén vé trai =

e*jt/il 0 e*./’¢| 0

)= e [s e ]
—Jjdy e’ Py

So v6i (3.54b) =

e—j¢1 0 e_j¢‘ 0
[ r—]: e—.i% [S e_j¢2 (356)

—J¢n e/

- D& thiy S’y =¢ >0, Sy, cO nghia 13 pha ciia S, , doi 2 1an d¢ dai dién trong
phép dich mdt tham chi€u n, bd1 vi song truyén 2 lan qua d§ dai nay theo hudng to1

va huong phan xa.

4) Cac thong sb tan xa tong quat
Xét mang SCT N cong véi Z 13 tré khang dic trung (thuc) cia cong n, V,,', Vi,

1a bién dJ song td1 va song phan xa.

binh nghia : a,= d (3.57a)
V ZOn
V_
b = 3.57b
- (e57)

La céac bién do sébng mdi cho cong n.
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“Tir (9.42 a,b) =>

V.V +V =Z(a, +b,) (3.584)
| |

I=—(V;+V )=——(a,-b,) (3.58b)
On ZOn

Cong suit trung binh roi trén cong n:

R’l = lRe {ann } = lRé‘ {an
2 2

2

’y (bna: —b:an )}

b}'l

1

2
(Vi ba —ba, thuln 20)

21
2

a ’ (3.59)

n n

C6 thé noi cong sudt trung binh roi trén cong bang cong suit song dén trir cong
suat song phan xa.
- Ma tran tan xa tong quat dugc dinh nghia

[p]=[S]a] (3.60)
bi
Trong do Sij = ; ay=0,Vk#j (3.61)

- (3.61) c6 dang tuong tu (3.41) cho mang voi tr¢ khang déc trung d6ng nhat
tai tat ca cac cong.
Dung (3.57) va (3.61) =>

g Vi A Zo;
i o [7
V.i ZOJ'
Cong thirc ndy cho biét cach chuyén tir cac thong s S cho mang véi trd khang

dic trung dong nhat (V/V') thanh cac thong s6 S cho mang ndi voi cac duong
truyén co6 tré khang dac trung khong dong nhat.

Vi =0,Vk=] (3.62)
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§ 3.4 MA TRAN TRUYEN (ABCD)

Cac mang SCT thudng gdp trong thuc té bao gdm mot mang 2 cong hoic diy
cascade cua cac mang 2 cong. Cac ma tran dac trung (S, Z, Y) cua ddy cac mang 2
cong bang tich cac ma tran 2 x 2 (ABCD) ciia mang 2 cong.

1) Ma tran ABCD: duoc dinh nghia cho mang 2 cong nhu sau:

V, = AV +BlI,
I,=CV,+ DI,
v,] [4 BIV.

Hay H= 2 (3.63)
I,| |C DJ|I,

* Chu y: Quy udc dau I, ra khoi cong 2 1a tién loi cho viéc khao sat mang
cascade.
- Khi ¢6 2 mang két ndi cascade

K}:{Al Bl}re} (3.64a)
_Il Cl Dl 12
B (3.64b)
_[2 C2 D2 _]3 .
= 4 _ 4, B |4, Bz_ £ (3 65)
Il Cl Dl C2 D2_ 13 ‘
Hay
ams [T Y
c D| |c, D,|C, D,

- Thtr ty nhan ma tran phai giéng th ty cascade.

- Co thé xay dyng mot thu vién cac ma tran ABCD cho cac mang 2 céng co s&
va dung phép phan tich cdc mang phtrc tap thanh cascade cua cac mang co so.

Bang 3.1 Cac thong sé ABCD cta mot s mang co s& quan trong.

2) Quan hé giira (ABCD) va[ Z | ’
Tur (3. 25), (3. 63) voi quy udc dau cua I, nhu trén=>

W=12,-1,Z,
V,=172, -1,Z,, (3.66)
A_V_l Lz, 7, (3.670)
- 1,=0 — - .67a
VZ ’ 11221 ZZI
B Vi 1z, -1,Z, _7 [_1 _7
Ji v,=0 T Ji vy=0 T 11 )i v, =0 12
2 2 2
— Z” 11222 _le — lezz _ZIZZZI (3.67b)
1,Z,, Z,,
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c=2| = oo ! (3.67¢)
VZ ’ IIZZI ZZI .

D — i 0 — 12222 /ZZI — Z22 (3 67d)
[2 nT [2 ZZI .

* Néu mang 1a thuan nghich thi Z,, = Z,, vi AD - BC = 1
3) Cac so do twong duwong cho mang 2 cong

Xét chuyén tiép gitra mot dudng truyén dong truc va mot dudng vi dai voi cac
mit tham chiéu nhu hinh Ve ty, to.

- Do su gian doan Ve mit vat 1y ctia chuyén tiép, ning lugng dién, tir truong cd
thé bi tich tu tai chuyén tiép va giy ra cac hiéu ung phan khang. Cac hiéu ing nay c6
thé do duoc hodc dugc phén tich 1y thuyet nho so d6 “hdp den” ciia mang 2 cong nhu
hinh v&. M0 hinh phan tich nay c6 thé str dung cho cac trudng hop ghép giira cac loai
duong truyén khac nhau hodc cac chd gian doan cua duong truyén nhu su thay doi
nhay bac cua do rong hoac do cong..

- Thuong nguoi ta thay “hop den bang so dd tuong duong chita mot s6 cac
phan tir Iy twong. C6 rat nhidu cach, ¢ day s& khao sat mot cach pho bién va hiru dung
nhat.

-Strdung quanh¢: [V ]=[Z][I]va[l]=[Y] [V]Vanéumanglathuan
nghich thi Z;, = Z,; va Y1, = Y, va mang co thé duoc biéu dién theo so db hinh T
hoac TT nhu hinh v¢.

Vé hinh

’ - Néu mang 1a thuan nghich thi sé c6 6 bac tu do (phén thuc va 4o cua 3 thong
s0).
- Mot mang khong thudn nghich s€ khong thé dugc biéu dién bo so dd tuong

duong dung cac phan tir thuan nghich.

§ 3.5 CAC PO THI TRUYEN TiN HIEU

1) Pinh nghia: Cac phan tir co ban cua gian dd 12 node va nhanh:

- Node: Mdi cong i ciia mang SCT c¢6 2 node a; va b;. Node a; 1a song t6i va b; 1a
song phan xa tlr cong.

- Nhanh: Mot nhanh 1a mgt duong truc tiép gifta mOt node a va mdt node b, biéu
thi dong tin hiéu tir node a dén node b. Mdi nhanh c6 mot thong sé S két hop hoic
mot hé sb phan xa.
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Song t6i voi bién d6 a ; duoc tach thanh 2, phan qua Sy, (va ra khoi cong 1 nhu
mot song phan xa by) va phén truyén qua Sy; toi node b,. Tai node b, song ra khéi
cong 2. Néu c6 mot tai véi hé s6 phan xa zero dugc ndi vao cong 2 thi song nay s€ tai
phan xa mdt phan va di vao mang tai node a,. Mot phan sé& tai phan xa ra khoi cong 2
qua S, va 1 phan c6 thé duoc truyén ra khoi cong 1 qua S».

e (Céac truong hop dac biét:

+ Mang mdt cong:

+ Ngudn ap:

2) Phuong phap phén tich dd thi dong tin hidu:

+ Luat 1: (Luat no6i t1ep) Hai nhanh ma node chung cta chung chi ¢6 1 song vao
va mot song ra (cac nhanh ndi tiép) co thé két hop thanh mot nhanh don véi hé sb
bang tich cac hé sd cua cac nhanh ban dau.

V3=83V2=8:15,1V, (3. 69)

+ Luat 2: (Luat song song) Hai nhanh gitra hai node chung (2 nhanh song song)
c6 thé két hop thanh 1 nhanh don c6 hé sb bang tong cic hé sb cua hai nhanh ban
dau.

V2 = SaVl + SbV1 = (Sa + Sb).V1 (370)

+ Luat 3: (Luat vong don) Khi mot nhanh bat dau va két thiic tai mot node c6 hé
$b S, thi ¢co thé triét tiéu nhanh bdi viéc nhan cac hé sb cua cac nhanh nudi node véi
1/(1-°S)

Sy

_S21V+S22V}(3 71) VZ:I—S "
2
V; =80, V,=S.,V,
S8,
N I_s, 4 (3.72)

+ Luat 4: (Luat tach) Mot nut cé thé tach thanh 2 nut doc 1ap khi va chi khi bat
ky mdt sy két hop nao cia cac nhanh vao va ra (khong phai 1a cac nhdnh vong don)
déu dan té1 nit ban dau.
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Chuong IV: PHOI HOP TRO KHANG VA TUNING
§4.1 MO PAU:

Chuong nay ap dung cac ly thuyét va k¥ thudt ¢ cac chuong trude cho cac bai
toan thyuc té trong KT SCT. Bai toan phdi hop tré khang thudng 1a mot phan quan
trong cta qué trinh thiét ké hé théng SCT.

- Matching network thudng 1a khong ton hao 1y tuong va thuong duoc thiét ké
sao cho trd khang nhin vao matching network bang Z, — triét tiéu phan xa trén
duong truyén, mic du cé thé co da phan xa trén doan Matching network va Load.

* Muyc tiéu phoi hop tr6 khang:

- Lay duoc cong suat cuc dai trén tai, giam thiéu cong suat ton hao trén duong
truyen

- P6i voi cac phan tir nhay thu, phdi hop tré khang dé ting ty sb tin hiéu /
nhiéu cta hé thong (anten, LNA, ...)

- Phéi hop tré khang trong mot mang phan phdi cong sudt (mang nudi anten
mang) s& cho phép giam bién do va 16i pha.

* Néu Z; chira phan thuc khac 0 thi mang phéi hopu T, khang ludn c6 thé tim
duoc. C6 nhiéu phuong an phéi hop, _tuy nhién can theo cac ti€u chi sau:

+ Do phtrc tap: don gian, ré, d& thuc hién, it hao ton.

+ Do rong bang: can phdi hop tré khang tot trong mot dai tan rong, tuy nhién
s€ phue tap hon.

+ Lap dit: Tuy vao dang dudng truyén hodc 6ng dan song quyét dinh phuong
an phéi hop TK.

+ Kha ning diéu chinh: trong 1 s6 trudng hop co thé yéu ciu MN hoat dong tot
khi Z; thay doi.

§4.2 PHOI HQP TRO KHANG VOI CAC PHAN TU TAP TRUNG
(L - NETWORKYS)
1) Gi6i thiéu:
- Dang don gian nhat cia PHTK 1a dung khau L, sir dung 2 phan tir dién khang
dé phdi hop 1 tai tiy ¥ v6i duong truyén c6 2 cau hinh kha di.

- Néu tro khang tai chuan hoa z,= Z;/Z, nam trong vong tron 1 + j x trén gian
dd Smith thi hinh vé& (4.2a) duoc dung, néu khong thi dung (h4.2b).

- Cac phan tir dién khang trong hinh 4.2 c6 thé 1a C hodc L tuy thudc vao Z;.
Do d6 c6 8 kha nang xay ra.

- Néu tan s6 du nhé va / hodc kich thuéc manh du nho thi c6 thé dung cac tu va
dién cam thuc (co thé dén 1 GHz). bay la han ché cua mach L.
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2) Loi giai giai tich: (dung cho computer — aided — design program, hodc khi can c6
dd chinh xac cao hon so v&i phuong phap dung Smith chart)
Zy

- Xét maCh o (h 4.23), dét ZL = RL ‘I‘j XL: vi 7z, = Zo

I +jx(r=1),nén Ry > Z,. ‘
- Tré khang nhin vao matching network c6 tai phia sau phai bang Z,, turc la:

nam bén trong dudng tron

: 1
CATIXT B IR ) XD (4.1)
- Tach phan thyc va phan 4o cua (4.1) =
B (X RL — XL Z()) = RL — Zo (423)
X(l —BXL):BZO RL-XL (42b)
R
xR R 2R,
_ B=
= 4.3
R+X; (432
1 X, Z, Z
N=— (4.3b)
B R BR

Nhan xét: Tir (4.3) = c6 2 10i giai kha di cho B va X, ca 2 10i giai déu kha di vé
mat vat ly (B <0 — cudén cdam B > 0 — ty, X > 0 — cudn, X < 0 ty). Tuy nhién cé
mot 101 giai c6 thé gly ra gia tri nhé hon dang ké cua cac phan tir dién khang va co
thé 1a 101 giai thich hop hon cho d6 rong dai tét hon hodc hé s6 SWR trén doan giira
bd phdi hop TK va tai nho hon.

* Vi (h 4.2b) (R < Zo): Dan nap nhin vao matching networrk phai bang 1/Z, hay
1 1

Zo Ritj(X+X0) (4.4)
= B 7, ( X+ XL) =70-Rp (453)
X+ XL =B Z() RL (45b)

* Pé phdi hop Z; voi duong truyén Z- thi phan thuc cua trd khang vao MN phai
bang Z0, phan a0 =0 — MN co sO bac tu do it nhat bang 2, d6 1a 2 gia tri cta cac
phan tu dién khang.

§4.3 PHOI HQP TRO KHANG DUNG POAN DAY CHEM
(Single — Stub tuning)

1) Khai niém:

- Uu diém: khong dung cac phan tir tdp trung — dé ché tao; dang shunt stub dic
biét dé ché tao cho mach ghi giai (microstrip) hodc mach dai (stripline)

- Hai thong s6 diéu chinh 13 khoang cach d va Y hoic Z.

- Chang han v&i h4.3a néu dan nap nhin vao doan day cach tai 1 khoang d c6 dang
Y, +j B thi dan nap cua day chém s€ dugc chon 1a —j B.
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- V&i h4.3b néu tré khang cua doan day ndi tai, cach tai doan béng d, 1a Zy+jX thi
tro khang day chém ndi tiép (series stub) dugc chon 1a — jX.
2) Shunt Stub:

Vi du: Cho Z; = 15 +j 10 (Q), thiét ké hai mang phéi hO’p dung 1 day chém mic
song song dé ghép véi duong truyen 50 Q. Gia thiét tan s6 phdi hop 1a 2 GHz va tai
gom c6 1 dién tré va 1 cudn ndi tiép.

giai: (phwong phap dung Smith chart)
- Tim diém z, = 0,3 +j 0,2.
- V& duodng tron SWR tuong tmg va chuyén d6i thanh din nap y. (liy di
xtng tdm cua diém z;)
- Khi dich trén duong day thi | T'| khong dbi nén tuong dwong vé6i phép dich
chuyén trén dudng SWR.

Yo+jB
Y, )
- Khoang cach d dugc cho boi 1 trong 2 gia tri tuong ung trén thang WTG —
d; =0,328 — 0,284 = 0,044 A
d,=(0,5-0,284)+ 0,171 =0,387 A (0,284 tuong tng véi yr)
-  y1=1-j133
y,=1+j1,33

- Puong SWR cat vong 1+ b tai 2 diém y,, y, | (yo =

— dan nap day chém cho 10i giai y; 1aj 1,33 va 1oi giai y, 1a—j 1,33.
- Néu day chém ho mach thi chiéu dai cia né duoc tim boi viée dich chuyén tir
y = 0 theo mép ngoai cua gian do (g = 0) vé phia ngudn phat d&én diém j 1,33 —
1,=0,147 \
1,=0,353 A
-Pé nghién ctru sy phu thudc tan sb cua 2 101 giai trén, can tim gid tri cia R va
L & tan s6 cho trude (2 GHz): R =15 Q, L = 0,796 nH. Sau d6 v& dd thi || theo f
(GHz).

1
* Phwong phap gidi tich: dat Z; = Y_L =Ry +j XL
- Tro khang doan dudng truyén d c6 tai Z; két cudi
(R, +JX)+jZ¢
Z +Jj(R +jX, )t

1
y=L_Gy = Z R (1+1) +]R2t (Z, — X)X, +Z) s
Z R +(X, + X0y R+, +xp0l7, @
- Chon d (trc t) sao cho: G=Y, = Zl ,tr (4.8) >
+JR |z -R )+ x|z
t= SN CARTNEE P2 VoI R, % Z, (4.9)
RL_ZO

- NéuR =Z, thit=X/2Z, ->
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|
—tg 't,t>0
d _|2rx &
o= (4.10)
4 L(7z+tg“t),t>0
27

- Bé tim chiéu dai doan day chém 1, dung t trong (4.8b)—B va 1 suy ra tir Bs=- B.
Véi day chém hé mach =>

¢y 1 ., B 1 B

B S Y= —— ¢ -

PR (YO) s (YO) (4.11a)
Véi day chem. hé mach =>

KS 1 -1 Yo 1 -1 YO

2 2% BT ) (4.11b)

Néu céc chiéu dai trong (4.11a,b) c6 gia tri 4m thi chiéu dai can tim s& co duoc
nho cong thém doan A/2..
3) DAy chém néi tiép:
Vi du: Ghép Z;= 100 + j80(€2) vao dudng truyen 50Q2 dung mét day chém ho
mach mac ndi tiép.Tan s6 hoat dong 2GHz, tai g6m 1 dién tr6 va 1 cudn mac nbi tiép.
Giai: Theo phwong phap dung giin d6 Smith
- Tim diém tr¢ khang chuan hoaZ; =2 + ]1 6, vé vong SWR.
- Vi truong hop day chém nbi tiép dung gian do trd khang
- Du:ong tron SWR cat vong 1+jx tai 2 diém Z,, Z,.
- Déi chiéu trén thang WTG =
d; =0,328 - 0,208= 0,120 A
d, =(0,5-0,208) + 0,172 =0,463 A
- Tro khang chuan hoa
zi=1-j1,33 (1)
z=1+j1,33 (1)

- (1) yéu cau doan chém c6 trd khang j 1,33. Do dai cua 1 diy chém hdmach co
thé tim dugc khi xuat phét tir z = oo. Dich chuyén doc theo mép ngoai cua gian do (T=
0) vé phia ngudn téi diém j 1,33 =

11 = 0,397 )\
1L,=0,103\ = 0,25-0,147=0,5-0,103 .

* Pé khao sat su phu thudc vao tan s6 caia SWR can tinh ra

R=100QvaL=6,37 nH rdi vé& lai so dd mach dung két qua & trén.

V& hinh

* Phuong phap gidi tich: dat Y, = ZLZZ G. + By

- Dan nap vao doan d c¢ tai két cudi :
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_, G+B)+%

2 :t
'Y, + (G, +jB,) o o
=> tr¢ khang vao : Z:R+jX:%f
| G+
VOI G2 +(B +Yt)2 (4,133)

Gzt (Y, —tB,)(B, +Y,1)
[G2+(B +Y,0)]

(4.13b)

- Can tim d sao cho R =Zy = 1/Y, = tir (4.132) —>
Y() (GL — Y())t2 - 2BL Yo t+ (GLY() - GL2 BLz) =0

6|, -6,7 + BJy,

v6i G, 2Y,  (4.14)

GL_YO
BL
- 2_Y0,V01 GL :Yo
-Tut=>d:
i %tg_lt,tz 0
I_ 1 (4.15)

—— (T +tg7't),t>0
2

- Dung t va (4.13b) => cam khang X, yéu cau Xg = -X =>
+ Day chém ngan mach :

(e 1 X, 1 X

PRy (ZO) L (Zo) (4.16a)
+ Day chem. h& mach :

‘, 1 . Z, 1 ., Z,

B p— —)y=—t —_9

p) 58 (XS) Py (X) (4.16b)

§4.4 BO GHEP MQT PHAN TU BUOC SONG

- Cac bo ghep nh1eu doan Y4 A cd thé dung dé tong hop cac bd phdi hop tré khang
hoat d6ng & nhiéu dai tin mong mudn.

- BO ghép ¥4 A chi ding cho tia thudn tré .

- M{t tai phuac co thé duoc chuyén thanh tai thuan tré boi viée st dung mot doan
duong truyén co chiéu dai thich hop gitta tai va bo phdi hop, hodc ding doan day
chém ndi tiép hodc song song phil hop. K¥ thuat nay thuong din t6i thay do6i su phy
thudc tan sd cua tai twong dwong va giy ra giam d6 rong bang cia su phdi hop tré
khang.
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Trong tiét ndy chung ta s& khao sat d6 rong bang thong nhu 1a mot ham cta sy mat
phoi hop tré khang lam tién dé cho cac bo ghép nhiéu khau & phan sau.
Z,=42,Z, (4.25)

Khi tan s6 f = i, thi d6 dai dién Bl = A,/4, khi d6 trd khang vao ctia doan ghép 1a :
Z, +jZt

Z,=72—+— 4.2
in 1 Zl + ]ZLt ( 6 )
(2
- Hé s phan xa F:Zm —Z, :ZI(ZI _Zo)+]t(Z12 _ZOZI) (4.27)
Zin +ZO ZI(ZI +ZO)+]t(Z1 _ZOZI)
Z-2Z,
= 4.28
Z, +Z,+2jt\|Z,Z, ( )
1
— = (4.29)
{ [4Z Z,/(Z,-Z )2]se:<:2 6?}%
2 - 2|
r @ 4.30
~ -2 Lo (430

- Goi I, 1a gié tri bién dd cuc dai co thé chép nhan dugc thi d§ rong bang ctia bd
ghép dugc dinh nghia la :

A0=2(%—9mj (4.31)

NYAVA
cosf, = Ly o (4.32)

J1-T2,

Do rong bang ty dbi j—f thuong dugc biéu dién theo %:100 j—f (%)
(0] 0]

D0 rong bang cua bo ghep tang néu Z; — Zy

N01 song non — TEM (6ng dan song) hé so truyen khong con 1a ham tuyén tinh
ctia tan s6 do d6 trd khang song sé phu thudc tan sb. Dleu nay lam phuc tap hon céc
dic trung cta bd ghép ¥4 A. Tuy nhién trong thuc té do rong bang cua bo ghép
thudng du nho sao cho khong anh huong dén két qua.

Anh hudng cua cac dién khang xuét hién do su khong lién tuc (su thay ddi kich
thirde dudng truyén) c6 thé duoc khic phuc boi sy didu chinh do dai cua doan ghép.

§4.5 BO GHEP DAI RONG
(Multisection matching Transformer)

1) Ly thuyet phan xa nho:

Xét hé s6 phan xa toan phan gy boi sy phan xa riéng phan tir mot sd gian doan
nho.

a.Bo ghép 1 khdu:
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r = 4.34
b Z,427, (4.34)
r,=-T, (4.35)
7 -7
P ——1 4.36
PZ+Z, ( )

C6 thé tinh hé sb phan xa téng T
=T, +I,0, e e’
_ L +Te?” (4.40)
1+, e '
* Néu su gian doan gitra cac tro khang Z,, Z, va Z,, Z; 1a nho, thi :

T s l<<1= (4.41)
— [~ +ye 2° (4.42)

r

C6 nghia 13 hé sb phan xa tong phu thudc chu yéu su phan xa gy béi tinh
khong lién tuc gilta Z, va Z, (I'1) va sy phan xa dau tién do tinh khong lién tuc gitra

Z,vaZy (Tye 219). S6 hang e ~ %! biéu thi su tré pha khi séng dén vao va ra khoi
duong truyén .

b. B6 ghép nhiéu khéu:

Xét bo ghép nhiéu khau gom N phan duong truyén c6 d6 dai nhu nhau.

Zl _Zo
et Bl 4.43
 Z,+Z, (4.432)
2o =2y (4.43b)
Zn+l+Zn
Z -7
[, =—Lt—2n 4.43
Yz, +Z, ( ©)

- Gia thiét Z, tang hodc gidm don di€u doc theo bo ghép, Z, thuan thuc. Piéu
nay co nghia la tat ca cac T, déu 1a sb thuc va cung diu Tw>0 néuz;>7ZyT,<0
néu ZL <Z()).

Tuong tu phan trudc hé sé phan xa tong c6 thé dugc tinh sap si.

1_:(9) = F() H Fl ejzje 1 Fz 641.9 ... F FN eijNe

Gia thiét by ghép 1a d61 xtirng sao cho

Fo=I'n, T =In_, =12

Viy (4.44) - Ty =[]+ [ihe™ 2 1|1 (4.45)

(4.44)

Néu N 1a 1¢ thi s6 hang cudi ciing 1a : Ty _ 1y (e °+ ¢ 7%, néu N chén thi s6
han cudi cung la I'yy,.

Phuong trinh (4.45) c6 thé viét dudi dang mot chudi Fuorier hitu han cosine
theo 0.

38

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

L) _2e | I, cosNO+ T, cos(N~2)f + ...+ T /} v6i N chin (4.4.6a)

ol 1
[, =2¢ 7| T, cosNO+T, co{N—2)9+....+§FN% } v6i N 18 (4.46b)

Nhian xét: Co thé tong hop bat ky hé s6 phan xa mong muén c6 dang ham theo tan
s6 (0) boi viéc chon cac hé s I, thich hop va dung du s khau (N).
2) Bo ghép nhiéu doan dang nhi thirc:
bap tng thong dai cua bo ghép nhi thirc nhleu doan c6 wu diém 14 c6 do bang
phang ¢ gan tan s6 thiét ké toi wu voi cung mot s6 luong doan ghép.
- Bo ghép duogc thiét ké sao cho hé sb phan xa c6 dang nhi thuec:

Ty = All+e2°)" (4.47)

= ‘F(g)‘ =2"|4|cos ¢ Y (4.48)
Luu ¥ rang T =0 véi 0="va <"[Fi) =0 tai =2
) 2 do" T2

vol n=.2,...,N-1;( 0=% trong Ung véi tan sO trung tAm £, ma voi l:% va

T
= _5) ‘
Xac dinh tir diéu kién khi f;, >50—>6=0
Z, -7
Tu 4.47 [ =2"4="L"2 4.49
u suy ra 0 Z 52, (4.49a)
Z, -7
S A=27"L 0 4.49b
uy ra Z,+2° ( )
- Khai trién nhj thire( 4.47)
N
Suy ra Toy=4>.C. e ( 4.50)
n—0
re % N!
VOl Cn =m ( 451)

- Buéc tiép theo la tim diéu kién dé (4.44) gidng véi (4.50)
Tuacla T,=4(C v6iA cho boi(4.49)
Suy ra , Céc tré khang Zn c6 thé giai duoc tir hé ( 4.43) ‘
Tuy Nhién 161 giai don gian hon c6 the tim dugc nho phép gan ding sau day:
+ Vi da gia thi€t T, rat nho neen c6 theé viét

Z -7 -
Fn — n+l n ~ lln n+l dung 11,1z 2('x 1)
Z.+YZ, 2 Z, x+1
T (4.52) va (4.49)
Z N w\Z, - Z N _ N, Z
= In=L <2 =24 =202V ) =L ~27N In—% 4.53
Z, ! C” ( )ZL +Z, C” C” Z, ( )

Pay la cong thirc truy hoi dé tim tat ca Zn
+ D0 rong bang ,
- Giasu T, 1a gia tri 16n nhat cho phép , khi do tu (4.48)
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= I, =2N|A|cosN 0,

- Vi 6, 1a mép dudi cuia bang thong (6, <%)

b
S0 1,
6, =cos HW] } (4.54)

= PO rong bvang tinh tir (4>33) 1a
gzz(fo _fm)=2_4_9m
fo Jo 4

s
2—%c0qs{%[%ﬂ ] (4.55)

§4.6 TIEU CHUAN BODE — FANO

- Céc tiéu chuan Bode — Fano cho cac dang tr& khang tai khac nhau cho biét
gi61 han 1y thuyét ctia gia tri hé s6 phan xa cuc ti€u c6 thé co:

- Gia sir mudn tong hop 1 mang phéi hop vé6i dap tung ctia hé sé phan xa nhu
hinh vé (a). Khi d6 néu dung mach tai RC (a) thi
o1 1
In—dw = | In —dw (4.79)
[t
1

—A, In—<"
RC

- Véitai RC ¢6 dinh, A, tang khi T, tang

- T, chi=0khi A, =0

- néuR tang va hodc C tang chat luong phdi hop giam tirc 1a mach Highé-Q
khé phoi hop hon Lowen Q

Vi lnﬁ ty 1€ voi ton hao nguoc (return loss, dB) tai dau vao cua mang phéi
hop (MN), (4.79) ¢6 thé xem nhu 1a yéu cau rang dién tich giita duong cong ton hao
nguoc (RL) va duong IT| =1(RL =0 dB) phai nho hon hodc bang 1 hang sd.

Déu = x4y ra (trudong hop tdi vu) khi dudong RL duoc didu chinh sao cho |T'|=
I, trén toan bang thong Aw va || = 1 trong mién con lai. Piéu nay chi c6 thé co
v6i s6 phan tir trong MN 13 v6 clng.
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Chuong V: CHIA CONG SUAT VA GHEP PINH HUONG

§5.1 GIOI THIEU

- Céac bd phan chia cong suat va ghép dinh huodng la cac cAu phan SCT thu
dong dung dé chia hoic ghép cong Suét.

- V61 b chia cong suét, mot tin hiéu vao duoc chia thanh 2 hay nhiéu tin hiéu
cO cong suat nho hon. Cac bd chia co thé 1a cac ciu phﬁn 3 hoac 4 céng, co hoac
khoéng c6 ton hao.

- Cac mang 3 cong thuong c6 dang T va dung cho chia cong suit

- Cac mang 4 cong thudng dung cho ghép dinh hudng hoic hon tap.

- B chia cong suat thudng c6 dang chia can bang (3dB)

- Cac bd ghép dinh hudng c6 thé duge thiét ké cho viéc chia cong suit tuy ¥,
con cac bo ghép hon tap thuong dung cho chia cong suit can bang.

- Cac bd ghep hdn tap thuong cd goc léch pha giita cac cong ra la 90°
(quadrature) hodc 80" (magic — T).

- C6 rét nhiéu loai ghép 6ng dan song va chia cong suat da dugc kham pha va
nghién ctru tai MIT Radiation Labotory trong nhimg nam 40 ™

- Pén nhitng nam 50 ™, 60 ™ chung duoc phat trién s dung cho cong nghé
duong truyén dai va vi dai.

§5.2 CAC PAC TRUNG CO BAN

Trong phan nay s& sit dung 1y thuyét ma tran tan xa dé rat ra nhiing dic trung co
ban cua cac mang 3 va 4 cong, va dinh nghia cac khai niém: do cach ly, do ghép va
tinh dinh hudng 1a nhiing dai lugng co ban dac trung cho cac bo ghép va chia hon
tap.

1) Mang 3 cong (T — Junctions) L q 9

- La dang don gian nhat ctua cac bg chia cong suat, gobm 2 cong ra va 1 cong

vao. ‘
- Ma tran tan xa c6 9 phan tr doc lap
V¢ hinh
Sll S12 S13
[S]: Sy Sy Sy (5.1)
S31 S32 S33

- Néu ciu phan 1a thu dong va khong chira cac vat liéu bat dang hudng thi phai
13 thuan nghich va [S] phai ddi xtng.
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- Thuong dé tranh ton hao cong suat, can phai c6 két cau khong ton hao va
duoc phoi hop tréd khang & tat ca cac cong, tuy nhién di€u nay la khong thé thuc hién
duoc.
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* That vy néu tat ca cac cong déu phdi hop thi S;; =0, 1=1,3.

0§, §;
[S]: Sp 0 S8y (5.2)
Sy S 0

- Néu mang 13 khong ton hao thi tir diéu kién (3.53) — ma trén tan xa phai 1a
unita —

1S,|" +]S,] =1
‘Slz‘z +‘S23‘2 =1 (5.3a,b,c)
1S,|” +[85:] =1
S1*3 Sy =0
S; S, =0 (5.3d,e,f)
S,.8;=0

Cac dléu kien (5 3d- f) -> SIZ, 823, Sl3 = (0 -> mau thllgll’l

- Vay mang 3 cong khong thé dong thoi thuan nghich, khong ton hao va phdi
hop tré khang tai tat ca cac cong (goi tat 1a phdi hop).

- Neu mang khong thuan nghich thi S ;;# S;; va diéu kién phdi hop tro khang
tai cac cong va khong ton hao ¢6 thé dugc thda man, mang duoc goi 1a mach vong,
ciu tao tlr cac vat liéu bat dang huéng (nhu ferrite).

- C6 thé chung minh rang bat ky mot mang 3 cong khong tén hao, phdi hop,
phai khong thudn nghich (tirc 1a 1 mach vong — Circulator):

+ ma tran :
O S12 S13
[S]: Sy 0§, (5.4)
S31 S32 O
+ Piéu kién khong ton hao =>
83185, =0 ‘Su‘z +‘S13‘2 =1
* — 2 2
83183 =0 (5.5a,b,c) va ‘Su‘ +‘st‘ =1 (5.5d,e,1)
S1283 =0 ‘513‘2 +‘S23‘2 =1
== HOETlC SIZ, 823, 813 =0 21 _‘S32‘ = Sl3‘ =1 (563)
hOéC 821, S32, Sl3 = 0 12 _‘523‘ :‘531‘ :1 (56b)
=> S5, #S§, ,1,j=1+ 3, trc mang la khong thuan nghich

* MGt truong hO’p khéc c6 thé xay ra la mét mang khong ton hao, thuan nghich
thi chi ¢6 2 trong 3 cong la phdi hop.
- Gia sir cong 1 va 2 1a phéi hop, khi do:
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O S]2 S13
[S] =S, 0 Sy (5.7)
Siz Sy Sy

Pé khong ton hao can ¢o :

S;.S23 =0

Sp2-Si3 +853.85, =0
\S;-Su + S3*3 53 =0

f 2 2

S12 + S13 =1

N

(5.8a,b,c)

US| +]S,4" =1 (58460

S| +[Sh3 ’ +‘S33‘2 =1

Céc phuong trinh d-e => ‘513‘ :‘SB‘ nén tur (5.8a) => Sy3 = S5 = 0. Do d6

‘SIZ‘ = ‘533‘ =

* Nhan xét: Mang bao gom 2 cAu phén tach biét, mot phan duoc phdi hop 2

cong, 1 phan khong phbi hop, 1 cong

* Truong hop mang 3 cong c6 ton hao thi c6 thé thuan nghich va phdi hop; day

1a truong hop cua bg chia tré tinh.
2) Mang 4 cong (Cac bg ghép dinh huwéng)

0 S S S14_

[S]z S 0S8y 5y
S; Sy; 0§, (5.9)
_S14 Sy Sy 0 i

V&1 mang thuan nghich, céac céng déu phéi hop

- Néu mang khong ton hao, s& ¢ 10 phuong trinh tir diéu kién cia ma tran unita.

Chéng han xét tich ctia hang 1 va hang 2, hang 3 va hang 4:
S35 + 5814554 =0

* * (5.10a,b)
814813+ 85485 =0
Nhan (5.10a) véi S;,, (5.10b) véi S, trir 1an nhau =>
* 2 2
Sia (|S13| - |S24 )=0 (5.11)
Tuong tu cho hamg (1,3); (2,4) =>
S13-803 + 81485 =0
S14-S1y + 834853 =0
Nhan (5.12a) v6i Sy, (5.12b) véi S;4 va trir nhau =>
2 2
S23 (|S12| - |S34| )=0 (5.13)
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a) Néu S, = S,; =0, ta c6 bd ghép dinh hudng
* Tu tich cta cac hang véi chinh no =>

Si = Si3 T = 1
Si = S24|2 =1
Sl =[Sy =1 (5.14a,b,c,d)
S24|2 - |S34 |2 =1
=> SIS‘ :‘524‘ va ‘Slz‘ :‘S34‘

* Viéc gian udc tiép theo duoc thuc hién boi viée hcon goac pha tham chiéu trén 3
trong 4 céng. gia st chon S, = S3y=a; Sy3 = Beje va Sy = Bej‘p voi o va B 1a cac $b
thue, 6 va ¢ 1a cic hang s pha can tim (1 trong 2 dugc chon trudc tiy ¥).

- Tich chap hang 2 va 3 =>

S8 +8,,.8;, =0 (5.15)
=> Quan hé giita hing sb pha :
O+p=r+2nr (5.16)

Trong thyc té thuong xay ra hai truong hop :

7 7Z— 14
1,Ghép doi xung: 0=¢p= 5( pha cua cac s6 hang c6 bién do S dugcchon
bang nhau ), Khi d6 :

0 ajB jB 0]
_Ja 0 0 jp

[s]=0 B0 0 a (5.17)
L0 a 0]

2.Ghép phdan d6i xing: © =0, ¢ = 7 ( pha cta cac sd hang c6 bién do B duoc
chon nguoc pha), khi do:

0 a S 0]
|l 0 0 -p

Sltiango thang (5.18)
0 - « 0

Chuy : -2 dang bo ghép chi khac nhau viéc chon cic mit tham chiéu.
- Cac bién d6 «, S tuan theo chuong trinh :

2 2
a +p =1 (5.19)
=> Ngoai goc pha tham chiéu, mot bo ghép dinh huéng 1y tuong chi co 1 bac
tu do

b) Néu S| =[S, va S, =[S,
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- Néu chon pha tham chiéu sao cho S;3=S,; = 0. va S;» = Sa4 = jB (thod 5.16) thi tur
(5.10a) => a(S,; +8,) =0 va tir (5.122) = B(S,,—5,5) =0
+ Néu ‘Sl 4‘ = ‘Sz3‘ =0 -> 101 giai twong tu cho phép dinh huéng.

+Néu a=8=0,tacla S, =58;=8,=35,,=0, day la truong hop ciia mang 2
cong riéng biét.

* Két ludn: Bat ky mang 4 cong thuan nghich khong ton hao va phdi hop déu 1a 1
bo ghép dinh huong.

* Hoat dong cia bo ghép dinh huwéng:

- Cong suit cung cip vao cong 1 duoc ghép t6i cong 3 v6i hé sb ghép| Si3/% =

B?, phan con lai cuia cong sudt cung cip duoc ldy dén cong 2 véi hé sb IS 2=0?=
1 - B*. Trong bo ghép dinh huéng 1y tuong, khong cé cong suat nao duoc 1ay ra ¢
cong 4 (Isolated port)

+ Céc dai luong dac trung cho bd ghép dinh hudng:

- b6 ghép (Coupling) = C =101g(P,/P3)=-201gp (dB) (5.20a)
- B§ dinh hudng (Directivity) :
D = 10lg(P3/P,) = 201g(B/ | S1u | ) (dB) (5.20b)
- b6 cach ly (Isolation) :
1= 10lg(P,/P,) = -201g | S14 | (dB) (5.20c)
=> [=C+D (dB) (5.21)

* B ghép hon tap : 1a truong hop riéng ctia bd ghép dinh hudng voi hé sé ghép 1a
3dB hay a=p =/ﬁ. C6 2 dang ghép hén tap twong tng g léch cong 2 va 3 1a 7/

VOl : ) )
01, 0
[S]:i I 00 j
V217 0 01 (5.22)
0 ;510
Va gbc léch pha 180° gitra 6nEg, 2va3va g_hé_p bat dbi xing .
0 1 1 0
[S] _ 1 I 0 0 -1
Wl PO 1 (5.23)
0 -1 1 0]
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§5.3 BO CHIA CONG SUAT T - JUNCTION

1) Gi6i thi€u: T — Junction powerdivider la truong hop don gian cua mang 3 cong,
c6 thé str dung cho chia cong suit hoic cong cong suat va c6 thé duoc thuc hién cho
hau hét cac dang méi truong duong truyén.

2) Bo chia khong ton hao:
- C6 su tich tu nang lugng do sy gian doan tai junction, dan t61 nang lugng tich
tu co6 thé quy cho dan nap tap trung B.

- Piéu kién phdi hop tro khang & dau vao (Zo)
I 1 1
Y =jB+—+—=—
=J 727 "7 (5.24)
- Néu cac duong truyén 1a khong ton hao thi cac tré khang dic trung 1a thuc, tic
B=0va
1 1 1
- =
Z Z, Z,
- Trong thyc té B thudng bu nhd cac phan tur dién khang (trong dai tan so hep).
- Cac gia tri Z,, Z, ¢6 thé duoc chon dé thay d6i ty sd chia cong suit. Co thé
ding cac doan 1/4\ dé thay doi cac tré khang duong ra (Z;, Z,)
- Néu céc duong ra dugc phéi hop thi duong vao s€ dugc phéi hop, nhung s&
khong co su cach ly giita 2 cong ra va sé c¢6 sy mat phdi hop khi nhin vao céc cong
ra.

(5.25)

Vi du: Tim Z,, Z, dé mot bo chia T khong tdn hao c6 Zy = 50Q va cong suét
duoc chia theo ty 1& 2/1. Tinh hé s6 phan xa nhin vao cc cong ra.

3) B§ chia ton hao: (b chia tré tinh)

Mot bo chia T ¢6 ton hao c6 thé phdi hop tai tat ca cac cong mic du cac cong ra
c6 thé khong duogc cach ly.

Hinh bén minh hoa mét bd chia dung cac dién tro tap trung, co d6 chia déu cho
2 congra (- 3 dB).

Quan niém rang tit ca cac cong déu duoc két ndi v6i Z, thi tro khang Z nhin
vao cac dién tré Zy/3 theo sau bdi cac duong ra la:

Z 47
Z:?°+ZO= 30 (5.26)
Vay tré khang vao cua b chia la :
Z, 27
z, = ?°+ 3° =Z, (5.27)

Tuc 13 161 vao phdi hop véi feed line. Vi mang 1a ddi xtmg cho tit ca cac cong
nén phoi hop tai tat cd cac cong, tirc 1a S;; =S, =S;35=0

Tai tdm cua mang :
22/
3

2
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1
V2 = V = (529)

=> S _S31_Sz3 /2

- Cong suét phat ra & mdi cong thap hon cong suat vao 6 dB.
- Ma tran tan xa:
I 1
0 1 (5.30)
I 0
C6 thé chirmg minh [S] khéng unita
- Cong suat dau vao :

[5]-

1
2

—_— = O

17?2
P =—-1

- Cong suat & cac daura :
2
( )

=> Mot nita cong suat cung cp b1 t6n hao trén cac dién tro.

5 B, (5.32)

§5.4 BO CHIA CONG SUAT WILKINSON

1) Giéi thiéu: Dung cho mach dai hodc vi dai.
V& hinh
C6 thé phan tich mach wilkinson bang cach tach thanh 2 mach don gian hon
bang k¥ thuat phan tich mode chin 1¢é.
2) Phép phén tich mode chin lé:
De don gian, co the chuan hoa tit ca cac trd khang theo Z, va vé& lai (h.b) véi
cac nguon thé tai cac cong ra.
Hai dién tré ngudn cé gia tri chuén hoa bing hai mic song song dé cho 1 dién
tré gia tri 1, biéu thi trd khang cta ngudn ph01 hop.
Doan )\/ 4 c6 tré khang dic trung, chuan héa Z va tré shund c6 gia tri chuan
hoa r (v6i chia can bang z = 2 var=2).
Dinh nghia: Hai mode riéng ré cua su kich thich mach & (h5.4.2): mode chin
V01 Vyo = Vg 3 =2V vamode 1€ vé1 V= - Vg 3 =2 V. Khi chong chap 2 mode s& ¢6
kich thich voi Vi =4, V3= 0, tir d6 tim ra cac thong s0 S clia mang.
a. Mode chan: Vg2 =Vg3=2 — V% =V va khong c6 dong qua cac dién tro
r/2 va qua ngdn mach giita cac input ctia 2 dudng truyén tai cong 1 — c6 thé tach doi
mang (h5.4.2) voi viéc ho mach tai nhitng diém noi trén dé c6 so do sau:
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Khi d6 nhin vao cong 2 thay tré khang
72

in ="

Vi duong truyén giébng nhu doan A/4 .Viy, néu Z =+/2 thi cong 2 s& ph01 hop
v6i mode chan, V¥ =1 vi z¢ =1 .Tiép theo s& tim ¥, tir phuong trinh dudng truyén.

Néu dit x = 0 tai cong 1 vax =-N\/4 tai cong 2 thi dién ap trén doan duong
truyén c6 thé dugc viét:

Vo =V (e +Te)

(5.33)

Vi ve = V(—%j: V=T =1 (5.34)
r+1
V() =V*(1+T) = jV ——
O)=r"(1+I= T
H¢ s6 phan xa I dugc nhin tai céng 1 vé phia dién tré chuan héa 2 nén
2-42
— =V == V\/E 5.35
2442 : / ( )

b. Mode lé: V, =V =2V => VZO =—V30 va c6 mot dién ap khong doc theo doan

g
gitta ciia mach (h54.2) do d6 c6 thé tach bang cach ndi dat tai 2 diém trén machj cit
giita ciia n6 dé co so do sau:

- Nhin vao cong 2 thay tré khang /2 vi doan duong truyén song song 1a /4 va
ngin mach tai cong 1 (nén cé thé xem nhu ho mach tai cong 2). Vay cong 2 s& duoc
phdi hop néu chon r = 2. Khi d6 ¥ =1V va ¥ =0. Vi mode kich thich nay toan bo
cong suét roi trén 1/2, khong c6 cong suét tdi cong 1

3) Truong hop cac cong 2 va 3 két cudi voi tai phdi hop:

Tuong tu nhu mode chin vi V, = V5 — so do tuong duong

V& so do 7 7
(Khong c6 dong chay qua tr¢ chuan hod 2 nén c6 thé bé nhu h.b)
1 2
s Z, ZE(JE) -1 (5.36)

4) Cac bd chi Wilkinson khong cin bing va N — way
- V€ s0 do + cong thuc
.o . P,
-Giastt 2 =K’
PZ
Céc phuong trinh thiét ké sau c6 thé st dung:

1+K*
Zy =2, o (5.37a)
Z,=K*Z, =7\ K(1+K?) (5.37b)
1
R = ZO(K +Ej (5.37¢)
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Néu K = 1> bd chi can bing. Cic duong ra phdi hop voi cic trd

Z , : : C
R, =Z K,R, :EO. Cac bd ghép phdi hop c6 thé dugc dung dé chuyén doi cac trd

khang ra nay.

* Cac b chia Winkinson ciing ¢6 thé duoc thiét ké dé c6 N —way divider hoac
combiner nhu hinh vé.

Mach nay c6 thé phdi hop tai tit ca cac cong voi su cach ly gitta tat ca cac cong.

Han ché cia mach 1a yéu cau c6 dién tro ngang khi N > 3, d6 1a han ché khi ché
tao ¢ dang planar.

Winkinson divider ¢ thé thuc hién v&i cac doan bac thang dé tang d0 rong
bang

§5. 5 GHEP PINH HUONG ONG DAN SONG.

1) Gi6i thi€u:Cac bo ghép dinh hudng la cac mang 4 cong c6 cac dic trung co ban
- Cong suét t6i tai cong 1 s& ghép to1 cong 2 (through port) va toi cong 3
(coupled port) nhung khong toi cong 4 (isolated port).
- Tuong tu, cong suét toi cong 2 s€ qua cong 1 va 4, khong qua 3 .
- Ty 0 cong suat ghép tur 1 dén 3 1a C: do ghép (5.20a).
- Cong sut 1o tir 1 dén 4 1a I: d6 cach ly (5.20c)
- B6 dinh huéng D =1 - C (dB) 1a ty sb cong suit tdi cong ghép va cong cach ly.
- BO ghép ly tuong duoc dinh nghia c6 I va D = oo, d6 1a bo gheép khong t6n hao
va phdi hop ¢ tat ca cac cong.
- Bo ghép dinh hudng c6 thé c6 nhiéu dang: ghép éng dan song, ghép hon tap (3
dB, quadrature hodc magic —T) .
2) Bo ghép 16 Bethe:

Dic tinh dinh hudng cta tat ca cac bd ghép dinh hudng co dugc 1a nho st dung
cac song hodc cac thanh phan song riéng ré, déng pha ¢ cong ghép va triét ti€u nhau
& cong cach ly. Phuong phap don gian nhét 1a dung 2 6ng din song c6 chung 1 16 nhod
trong vach ngin chung giita 2 dng, bo ghép nhu vay goi 1a Bethe hole coupler.

* Nguyén 1y hoat dong: Ld ghép co thé thay bang cic ngudn bat xa tuong
duong, gém cac moment dién va tir. Moment dién va moment tir doc buc xa song cod
tinh chat dbi xing chin va moment tir ngang buc xa song d6i xung 1¢. Bang cach
diéu chinh bién do tuong d6i clia cac ngudn nay co thé lam triét tiéu birc xa theo
hudng cia cong cach ly va ting cudng birc xa theo hudng cong ghép. Pidu nay c6 thé
duogc thyc hién nho diéu chinh thong s6S ¢ (h5.51a) va 0 ¢ (h5.51b).
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* Céu hinh song song (h5.51a). Gia thiét c6 song TE,, dén cong 1,

N
Ey = Asin— e /*

g (5.38a)
H, = —Agin B (5.38a)
Z, a
jrA X g
: = BaZ cos —e (5.38a)
az,, a
Véi 7, = ko% :  tro khang song ciia mode TE
- Bién d6 cta song t6i va song vé cua dng dan song bén dudi 1a :
.4 2 ]
A= Jjer &, sinzﬁ—'u';?’"(sian—k 72[ ~cos’ Ej (5.40a)
RO L a 10 a ﬂ a a i
—jaA I _ . 2 y
A,= J &0, sin’ E+ ’UOOZC’” (sm2 5 _ 72[ > cos’ Ej (5.40b)
R, a 10 a a a)j|

Nhéan xét: Bién do song téi cong 4 (4;3) n61 chung khac véi bién do song toi

cong . Dé triét tiéu cong suat ti cong 3 (4, ) can diéu kién:
T 2 B
A, —0<_>sm;—7z 47z2—k§a2 = 2(/1%_ (5.41)
Khi d6 hé s6 ghép 1a ; c=201g-2{(ap) (5.422)
10
Heé s dinh hudng 14 - D =201g0|gB) (5.422)
10

* Céc budc thict ké
Dung (5.41) dé tim S (vi tri cta 13)
Dung (5.42) dé xac dinh r, (ban kinh 18) thda man D, C cho trudec.
* CAu hinh xién: LJ dit tai vi tri S = a/2, diéu chinh 0, dé triét tiéu song dén céng
4. Trong trudong hop nay dién truong khong thay do6i theo 6 nhung thanh phan tir
truong ngang thay doi theo hé sé cos 0, do d6 c6 thé dung (5.40) véi viée thay o, =
oL,,cOos 0.

Khi d6 vé6i s :%

. —jaA L,
A, = {50% — cos@} 5432
Ry z, (>:432)
_ —jaA Ha,
Ay =——— {‘5‘00‘ T 005‘9} 5.43b
PIO ZIO ( )
2
Pidukién 4 =0 -> cosf= 2’22 (5.44)
Hé sb ghép : c=201g-1 = 201¢ Ahory (dB) (5.45)
v SO ghep - gAIo 3abfi .
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Vi du: Thiét ké b ghép bethe song song cho dai bang tan x - 6ng dan song hoat
dong & 9 GHz, hé sd ghép 20dB

Giai: Cac héng s6 cho X — band waveguide tai 9GHz, a = 0,02286m , b =
0.01016, 4, =0,0333m, ko= 188,5m™ , f=129m™", Z1o =550, Pyy =4,22.10" m*/ Q.

Tir (5.41) = 5 =—sin™ 0,972 =9,69mm
T

A

(5.42) => | L — 1072 = 10| => tir (5.40) => 1, theo diéu kién : 0,1 =1,44.10°

10

1, =>190=4,15mm.
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Chuong VI: BQ LOC SIEU CAO TAN

§6.1 GIOI THIEU

Pinh nghia: Bo loc siéu cao tan 1a 1 mang 2 cong dung dé diéu kién dap ung
tan s6 & 1 vi tri xac dinh trong hé théng SCT, bao gém cac loai twong tu nhu bd loc
tan s6 thap

Ung dung: bao gém tat ca cac dang thong tin SCT, radar, cac hé théng do dac
va thuy dién.

Lich si: T dau thé chién II, boi Mason, Sykes, Darlington, Fano, Lawson va
Richards.

- dau nhitng nam 503, cac nha nghién ctru ¢ Stanford Research Institute (mg
dung phuong phap thong s6 anh nghién ctru cac bd loc SCT.

- Hién nay hau hét cac bo loc SCT dugc thiét ké str dung cac phan mém CAD
trén co s& phuong phép ton hao chén.

- Pay van 1a linh vuyc dang dugc nghién ctru manh vai viée nghién ctru tong hop
bd loc vo1 cac phﬁn tir phan bo, tmg dung siéu dan nhiét do thép va cac linh kién tich
cuc.

- Céc cau tric tuan hoan duogc dé cap trude tién do cac tng dung trong cac hé
thong song cham, khuéch dai song chay va do chung c6 dap tng loc chan dai, 1a co
so cho phuong phap thong s6 anh.

- Cac phuong phap thong sé anh va ton hao chén déu sir dung mé hinh cac phan
tir tap trung do d6 véi cac bd loc SCT, cac phuong phip nay can phai co sy didu
chinh cho céc phan tir phan bd, chang han dung cac tré khiang bac thang va cac dudng
ghép hodc cac bd copong hudng ghép.

§6.2 CAC CAU TRUC TUAN HOAN

1) Gi6i thiéu:
- Mot dudng truyén hodc mot ong dan song vo han mic tai co chu ky véi cac
phan tir dién khang dugc goi la mot cau trac tuan hoan.
- C6 thé c6 nhiéu dang, tuy thudc vao moéi truong duong truyén.
- Thuong cac phan tir tai duoc tao thanh tir cac chd gian doan trong duong
truyén. ching co thé dugc md hinh hoa nhu 14 cac dién khang tip trung mac ngang
duong truyén nhu hinh vé:
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2) Phan tich ciu triic tuin hoan vé han:

Xét cAu tric mo hinh nhu (h6.2.2), mdi cell don vi chiéu dai d c¢6 dan nap shunt
qua diém gitra cua cell, b 1a dn nap chuan héa so véi Z,. Coi dudng truyén 13 mot
Cascade cuia cac mang 2 cong gidng nhau. Dién ap va dong dién tai 2 phia cua cell

thr n c6 quan h¢:
v, [4 TV,
] |B DY, (-

Chuy: A, B, C, D la céac thong s6 ma tran cho day Cascade ciia mdt doan duong
truyén d/2, mot dn nap shunt b va mot doan dudng truyén d/2, do do tir bang (3.1)
=

4 B cosg jsing 1 0 cosg jsing

_ 2 2 2 2

{C D} jsin— cosg Lb J jsin— cosg

2 2 2 2

(cosé’—%sin@) j(sin@+§cos@—%)

= (6.2)
j(sin9+écosﬁ—é) cos@—ésinﬁ
2 2 2
Voi 0=kd
* V&1 song truyén theo hudng +Z phai ¢6 :
Viy=Voe " (6.3a)
_ -
I(Z) = ](O)e (6.3b)
V&1 mét phang pha tham chiéu tai z =0
- Tai cac nut :
Via=V,e™ (6.42)
I, =1e" (6.4a)
_Vn A B Vn+1 Vn+leyd
= > = =
. _[n C D I/f’l+1 In+leyd
(A—e B V.
=> " 6.5
L C D - eﬂd :||:Vn+l :| ( )
Cho 10i giai khong tam thuong thi phai c6 :
AD+e” —(4+ D) ~BC=0 (6.6)
Péy AD - BC =1 =>
Coshyd = A+D :cosﬁ—gsine (6.7)

*Néu y=a+jB =
Coshyd = CoshadCoshfpd + jsinhad.sin fd = cos@—%sin@ (6.8)
=> ¢ =0 hodc £ =0 (Vivé phai thuan thyc)
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+ Truong hop 1: o = 0, B+ o : truong hop khong suy gidm (song) va duge dinh
nghia 1a giai thong ctia cdu tric. Khi d6 (6.8) —

Coshfd = cos @ — g sin @ (6.9a)

— ¢6 thé giai tim B néu d6 16n cua vé phai < 1, va khi d6 s& c6 vo sb gia tri B
thoa man (6.9a).

+ Trudng hop 2: o= 0, P = 0,7 séng bi suy giam theo chiéu dai dudng truyén,
day 1a giai chin (stop band) cta cu tric. Vi dudng truyén 1a khong tén hao nén cong
suat bi phan xa nguoc trd lai dau vao ciia dudng truyén tir (6.8) =

Coshod =

b .
cosd——sind >1
5 % (6.9b)

- (6.9b) chi c6 mot 1oi giai a > 0 cho song chay duong. Néu <1

cos@—ésiné?
2

thi (6.9.b) thu duoc tir (6.8) bang cach cho g =7 . Khi d6 tat ca cac tai tip trung trén
duong truyén déu 1a cac doan % do d6 tro khang vao giéng nhu truong hop B = 0.

* Vay tiy thudc vao tan s va gia tri din nap chuan héa ma duong truyén tai
tuan hoan c6 thé 1a Pass band hodc Stopband va do d6 co thé xem nhu 1a mot bo loc.
Dién 4p va dong chi ¢ nghia tai cac dau cudi ctia Unit cell. Song ap va dong lac nay
c6 tén 1a cac séng bloch, twong duong nhu cac song dan hoi lan truyén qua mang tinh
thé tuan hoan.

+ Pinh nghia: Trd khang dic trung tai cac dau cudi cua cell don vi

Vn+
Zy=Zy,—"" (6.10)
n+l
(Vi cac Vi 13 cac dai lwong chuan hoa)
Cac Zg c6 tén l1a cac tréd khang Bloch.
Tu (6.5) = (A — e’ )Vn+1 +Bl,,, =0
\ s - BZ
Vatr (6.10)=>  Z, = —
. ~BZ
tlr (6.6) => Z,= — (6.11)
24— A-D¥F+(4+ D)’ -4
Véi cac cell don vi ddi ximg, A=D =
—~BZ
Zy=—— 6.12
A2 _1 ( )

Cac 101 giai + tuong ung tré khang dac trung cho cac song chay duong va am.
Véi mang doi xtmg, cac tré khang nay dong thdi duoc chap nhan vi khi d6 chiéu cua
I, +1 dugc dinh nghia ngugc lai — tré khang duong.
Tir (6.2) = B ludn thuén 4o
-néu a=0,8+0=>7Zgthuc
- néu a=0,=0 =>7Zp a0
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3) Cau tric tuan hoan co6 két cudi: Z;
Gia su cau trac hoat dong & Passband

V=V e 1y ™ (6.13a)
. oy v
[, =1 4 [/ =—0 g il 1 20 pifd (6.13b)
ZB B
Vi V) =Vie ™ :song toi (6.142)
Vi=vie™ . song phan xa (6.14b)
V.=V"+V, I, = A +E
- Tai tai (n=N) :
o VeV
Vy=Vy+Vy ZZL[NZZL(B_]X'FB_NJ (6.16)

Z/ 1

V- i

r=V _ 6.17

v oz, (6.17)
Zy

Néu cell don vi 1a dbi xtimg (A=D) = Z, =—Z,=Z, =>
_ ZL _ZB
Z,+Z,

(6.18)

§6.3 THIET KE BQ LOC BANG PHUONG PHAP
THONG SO ANH

1) Tré khang anh va ham truyén cho cic mang 2 cong:

Xét mang 2 cong tiy ¥ nhu hinh vé:

Dinh nghia:

+ Z;;: Tré khang vao tai cong 1 khi cong 2 két cu01 VOl zj.

+ Z: Tro khang vao tai cong 2 khi cong 1 két cu01 VOl z;;.

Vay ca 2 cong déu phdi hop khi cung két cudi véi cac trd khang anh cua
ching. Chung ta s€ tim biéu thuc cho Z;;, Z;» theo ABCD:

V,=AV, + BI,
I, =CV,+DI, (6.22)
Tré khang vao tai cong 1 khi cong 2 két cudi voi Z;, :
_ Vi _AV,+Bl, _AZ,+B
(6.23)

"I CV,+DI, CZ,+D
(Viv,=2,1,).Déy AD -BC=1=>
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V, =DV, - BI,
I,=—CV, + Al

=>

_—V,_ DV,-BI, _ DV +BI,

/. = = =

m [, —CV,+Al, CZ,+D
'Dézinlzzlszin2_22:>

Z,D-B=Z7, A CZ

_ [, _[BD
CD’ AC
va z,,=PZ/,

Néu mang dbi xung (A=D) thi Z;; = Z;
* Ham truyén di¢n ap : xét mang nhu (h.6.3.2)
il

B
V, =DV ~B, =(D—Z—JVI

(Vi Vl :IIZil) =>

v, . B [D
—_D—Z—_\E(@—ﬁ)

1 il

.%:—-?+A:J%Wgﬁ—ﬁ&3

1 1

(6.24)

(6.25)

(6.26)

(6.27)

(6.28)

(6.292)

(6.29b)

+ Hé sd E nghich dao nhau & (6.29a) va (6.29b) va duoc goi 1a ti s6 chuyén

(6.30)

doi nguoc. , ‘
+ Phan con lai dugc dinh nghia 1a h¢ so lan truyén cia mang
e’ =NAD—-+BC
= coshy=+44D

CuuDuongThanCong.com

(6.31)
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