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CHUONG 1:
GIOI THIEU CHUNG VE KY THUAT SIEU CAO TAN
1. Khai niém
Khai niém siéu cao tan dugc hiéu tuy theo truong phai hoic québc gia, co
thé tir 30MHz - 300GHz hoiic 300MHz - 300 GHz, hoic 1GHz - 300GHz.

Cac dai tan so:

AM phat thanh 535 - 1605 kHz L - band 1-2GHz
V6 tuyén séng ngan 3 - 30 MHz S - band 2-4 GHz
Phat thanh FM 88 - 108 MHz C - band 4-8 GHz
VHF - TV (2 -4) 54 - 72 MHz X - band 8-12 GHz
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 2.45GHz U - band 40 - 60 GHz

* Vi tan s cao & dai microwaves nén Iy thuyét mach co sé khong co hiéu
Iwc, do pha cta 4p dung thay d6i dang ké trong cic phan tir (cac phan tir phan bd).

* Thong s6 tap trung: 1a dai lugng dic tinh dién xuat hién hodc ton tai &
mot vi tri xac dinh nao d6 cua mach dién. Thong sb tap trung duogc biéu dién boi
mot phan tir dién twong Gng (phan tir tap trung - Lumped circuit element), c6 thé
xac dinh hoac do dac truc tiép (chéng han R, C, L, nguén ap, nguén dong).

* Thong sb phan bo: (distributed element) cua mach dién la cac dai luong
dac tinh dién khong ton tai & duy nhit mot vi tri ¢ dinh trong mach dién ma
dugc rai déu trén chiéu dai cua mach. Thong sé phan bd thuong dugc ding
trong linh vuc SCT, trong céac hé thong truyén song (duong day truyén séng, éng
dan song, khong gian ty do ...) Thong sé phan bd khong xéac dinh bang cach do
dac truc tiép.

* Trong linh vuc SCT, khi A so sanh duoc voi kich thude cua mach thi
phai xét cdu trac ciia mach nhu mot hé phan bb. Pong thoi khi xét hé phan b,

néu chi xét mot phan mach dién c6 kich thudc << A thi cé thé thay twong duong



phan mach dién nay bang mot mach dién c6 thong sé tap trung dé don gian hoa
bai toan.
1.1 Lich s va &rng dung

- Linh vue SCT duoc coi nhu mét chuyén nganh co s&, €6 nén méng duoc
phat trién trén 100 nam va dic biét phat trién manh do cac ung dung trong radar.

- Su phat trién ctia ki thuat SCT gan lién véi nhimg thanh tyu trong linh
vuc cac linh kién hight - frequency - solid - state devices, cac mach tich hop
SCT va cac vi hé hién dai.

- Maxwell (1873) truong dién tir — Heaviside (1885 - 1887) Iy thuyét ng
dan song — Heinrich Hertz (1887 - 1891) thi nghiém 6ng din séng — Radiation
Laboratory & Massachusetts Intitute of Tech (MIT).

* Ung dung:

- Anten ¢6 do loi cao

- Thong tin bang rong (dung luong 16n), chang han d6 rong bang 1% caa
tan s6 600 MHz 1a 6 MHz (1a d6 rong cia mot kénh TV don 18), 1% & 60 GHz Ia
600 MHz (chira duoc 100 kénh TV). Pay la tiéu chuan quan trong Vi cac dai tan
co thé sir dung ngay cang it di.

- Thong tin vé tinh véi dung luong I6n do song SCT khong bi bé cong béi
tang ion

- Linh vuc radar vi dién tich phan xa hiéu dung cua muc tiéu ty 1€ voi kich
thudc dién cia muc tiéu va két hop véi cao do loi cua angten trong dai SCT.

- Céc cong huong phan tir, nguyén tir, hat nhan xay ra & ving tan sé6 SCT
do d6 k¥ thuat SCT duoc st dung trong cac linh vuc khoa hoc co ban, cam bién
tir xa, chan tri y hoc va nhiét hoc.

* Cac linh vuc tmg dung chinh hién nay 13 radar va céc hé thong thong tin:

- Tim kiém, dinh vi muc tiéu cho cac hé thong diéu khién giao thong, do
tim ho4 tién, cac hé théng tranh va cham, du béo thoi tiét ...

- Céac hé théng théng tin: Long - haul telephone, data and TV

transmission: wireless telecom. Nhu DBS: Direct Broadcast Satellite television,



PCSs: Personal communication 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.

2. LY THUYET PUONG DAY TRUYEN SONG

2..1. M6 hinh mach cac phin tir tip trung cho mot dwong day truyén séng

1. M6 hinh

- Khac biét mau chdt gita 1y thuyét mach va 1y thuyét duong day 1a ¢ chd
kich thudc dién. LTM gia thiét kich thuéc cia mach nhé hon rat nhiéu so véi
buéc song, trong khi 1y thuyét duong day khao sat cac mach cé kich thudc so
sanh duoc véi bude song, tirc 13 coi duong day nhu mot mach ¢ thong sé phan
bd, trong d6 ap va dong co thé c6 bién do va pha thay doi theo chiéu dai cua
day.

- Vi cac duong truyén cho song TEM ludn co it nhat hai vat dan nén
thong thudng ching duoc mo ta boi hai day song hanh, trén d6 mdi doan co
chiéu dai Az c6 thé duoc coi nhu mdt mach céd phﬁn tir tap trung voi R, L, G, C
1a cac dai luong tinh trén mot don vi chiéu dai.

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

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

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

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

*L biéu thi do tu cam téng ciia hai vat dan va C 1a dién dung do vi tri
tuong doi gén nhau cta hai vat din. R xuét hién do do din dién hitu han cta céc
vat dan va G c6 thé coi nhu mot chudi cac khau .

- Ap dung dinh luat Kirehhoff

U(Z,t)—RAZt(Z,t)—LAZ%?'[)—U(Z+AZ,'[):O 1.1

Sv(z+Az,t)

i(z,t)-GAzv(z+Az,t)-CAz —i(z+Az,t)=0 (1.2)

Lay gi6i han (1.1) va (1.2) khi Az > 0 =



%:—Rt(z,t)—L% (2.2a)
di(z,t) . ~ ov(z,t)
5 Gu(z,t) C—8t (2.2b)

Pay 1a cac phuong trinh dang time - domain cua duong ddy (trong mién
thoi gian), con ¢ tén la cac phuong trinh telegraph.

Néu v(z,t) va i(z,t) 1a cac dao dong diéu hoa ¢ dang phuc thi —

a%gz) =—(H + joL)I(z2) (2.3a)
% _ G+ jacN(2) (2.30)
Chu ¥: (2.3) c6 dang twong tu hai phuong trinh dau ctia hé phuong trinh
Maxwell:
VXE=—jwH
VxH= jod&

2.2 Su truyén song trén dwong day

Pé co thé dua (2.3a, b) vé dang

dv(z) _ yN (2) =0 (2.4a)
0z

dzl(z)_ 2 (N

— 7 1(z)=0 (2.4b)

Trong d6 y 13 hang s6 truyén séng phtrc, 1am mot ham cia tan s6, Loi giai dang
song chay cta (2.4) c6 thé tim dudi dang:
V(z)=V,e" +V e? (2.5a)
{I(z): lre +1,e" (2.5b)
Ttr 2.5b ¢6 thé viét dudi dang:
Vogz Vo

I e" 2.6
0= 7 (2.6)

€

0 0

Chuyén vé mién thoi gian thi song dién ap c6 thé dugce biéu dién boi:

U,y =Ny [coslat — fz+ ¢ 6™ + N, [coslat + fz + ¢ o™ (2.7)
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Trong do:

¢" 1a goc pha cua dién ap phirc [\/0+
Khi d6 budc song duoc tinh boi: A = % (2.8)

Vian tdc pha: v =—=Af (2.9

SIS

2.3 Pwong diy khong ton hao:
(2.7) 12 nghiém téng quat cho dudng diy c6 ton hao voi hang s truyén va
tré khang dic trung c6 dang phic. Trong nhiéu trudng hop thuc té tén hao

duong day rat bé, co thé bo qua khi d6 c¢6 thé coi R = G =0 va ta c6:

y=a+jf=+J(R+joL)G+ jaoC)= joJLC (2.10)
=a=0,B=w/LC
= Tro khang dac trung:
L., .
Z, = \/g la mot so thuc (2.11)
Khi dé:
V, =V, e +Ve” (2.12a)
I, =167 +1e” (2.12b)
2 2r
=27 = 2.13
f  woJLC (2.13)
w 1
U, =—=—F7—= 2.14
=5~ JLC (2.14)

3. TRUONG TREN DUONG DAY
3.1 Cac thong sé dwong truyén
Xét doan ddy dong nhit, dai 1m véi cac vectow E, vecto H nhu hinh vé
- S: Dién tich mit cit cua day
- Gia thiét V" va | e*” la ap va dong giita cac vat dan
- Nang lugng tir truong trung binh tich tu trén 1m day c6 dang:

6



hlt

i

- Tuong tu dién nang trung binh tich ty trén don vi chiéu dai 1a:

£ [H.Hds(H/m) (2.15)

W, :%IEE'dS:C: £ ) (2.16)

0
- Cong suit ton hao trén mot don vi chiéu dai do do dan dién hiru han cua

vat dan kim loai 1a;
=?t j (Gia thiét H nim trén S)

Voi R =+ = |©H (14 dién tr& bé mit ctia kim loai)
o0, 20

- Theo 1y thuyét mach =
RS

R =
I8

) (2.17)

- Cong suat ton hao dién mdi trung binh trén don vi chiéu dai la:
WE (= =
P, =——|E.E'ds
=)
Véi € 13 phan a0 ctia hang s6 dién moi phitc € = € - je™ = £'(1 - jtgd)
Theo LTM = D¢ loi G la:

G:a)g

0

) (2.18)

2. Vi dy: Céc thong s6 dudng day cia duong truyén dong truc trudng cia
song TEM trong dudng truyén dong truc c6 thé biéu dién boi:

E: Voﬁ e—rz. H’z Io¢

e’?, e=¢ -j&', n=po.ur
27p

b
pln=
a

(p va ¢ 1a cac vecto don vi theo phuong p va ¢)

—ﬁf L pdppin2 (H /m)



2re

(F/m)

* Cac thong s6 dudng truyén ciia mot sé loai dudng day

. ﬁcosh‘{gj

T 2a
C e

Cosh™(D/2a)
R,

a
G TOE

Cosh™(D/2a)

5% o|z =B

weW

d

3.2 Hing sb truyén séng, tré' khang dic tinh va dong cong suat

- Céc phuong trinh telegraph (2.3 a, b) ¢ thé thu dugc tir hé phuong trinh

Maxwell

- Xét duong truyén déng truc trén do co song TEM duoc dic trung boi:

E,=H, =0 va (% =0 (do tinh d6i xtng truc)

Hé phuong trinh Maxwell
VXE=—jouH

VxH =—jouE

(2.19a)
(2.19b)

Véie=¢" -je™ (co ton hao dién mai, bo qua tén hao dién dan)

. OE,
L 0z




4. Khai niém ve dai tan
Thuat nglr “viba” (microwaves) la dé chi nhitng song di¢n tur c6 budc
song rat nhd, ng vd1 pham vi tan so rat cao cua pho tan s6 vo tuyén di¢n.
Pham vi cua dai tan s6 nay ciling khong c6 sy quy dinh chét ché va thong

nhét toan thé giéi. Gidi han trén cua dai thudng dugc coi 1a téi 300 GHz (f =

3.1011 Hz), tng véi1 budc séng A=1mm (séng milimet), con gio1 han dudi co
thé khac nhau tuy thudc vao cac quy udc theo tip quan st dung. Mot s6 nude
coi "song cuc ngan" 14 nhitng soéng co tan sd cao hon 30 MHz (budc song A <
10m), con mot sd nude khac coi "viba" 1a nhimg séng cé tin sd cao hon 300
MHz (budc song A<1m).

Véi sy phat trién nhanh cta k¥ thuat va nhimg thanh tyu dat duoc trong
viéc chinh phuc céc biang tin cao cua phd tan sb vo tuyén, khai niém vé pham
vi dai tan cua "viba" ciing c¢6 thé con thay dbi.

Hinh 1.1 minh hoa pho tan sé ctia soéng dién tir va pham vi dai tan cua k¥

thuat viba dugc coi 1a d6i twong nghién ctru trong moén hoc nay.

Tan sé (Hz)

3.10° 3.10° 3107 3.10° 3107 3107 3

Anh
5ang
rhin

thiy

sang
met
(VHF)

sang Wiba Héng ngoai

dai

song
trung

sang
ngan

R —— 5

10° 10 1 107 1074 10 10°

Burde séng (m)
Hinh 1.1: Pho tin s6 cua song dién tir

Trong img dung thuc té, dai tan cua vi ba con dugce chia thanh céc bang tan

nho hon:

- Cuyc cao tan UHF (Ultra High Frequency): f=300 MHz + 3 GHz



- Siéu cao tan SHF (Super High Frequency): f=3+30 GHz

- V6 cung cao tan EHF (Extremely High Frequency): f=30 <300 GHz

4.1 Ly thuyét dwongtruyén

Khi nghién ctru dudng truyén doi véi cac tin hiéu tin thap, ta thuong coi
cac duong day ndi (hay dudng truyén) 1a ngan mach. Piéu nay chi dung khi
kich thudc cua mach 1a nho hon budc song cua tin hi¢u. Con ddi véi tin hiéu
cao tAn va dic biét ddi vé6i tin hibu siéu cao thi ta phai c¢6 nhitng nghién ctru
dic biét vé dudng truyén.

4.2 Céc loai dwdng truyén

Mot duong truyén duoc st dung dé truyén tin hiéu tir mot phan tir nay
dén mot phﬁn tir khac hodc tir 16i vao ctia mdt mach t&i mot phz‘?m tr nao do
hodc tir mdt phan dén 16i ra. C6 céac loai dudng truyén nhu day d6i, dudong

truyén vi dai, cap phang hoac ong dan song.

K. 4

Hai day kim loai I Cap déng truc

4

Vi dai Cip phing din séng Dang duong khe

Ong dan séng chirnhat Ong din séng tron

Hinh 1.2: Cac dang dudng truyén song
Trong trudong hop truyénsong phang TEM thi c6 thé x4c dinh dién ap va
cuong do dong dién dugc xac dinh ¢ bét ky diém nao.
Céc kim loai dugc dac trung bé“lng d6 dan o. Su dung cac chit dién moi
nhu cac chat cach dién gilra cac vat dan duoc dic trung boi do dan, hﬁng $6
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dién moi va do tir tham thudng.
4.3 Céc thanh phan:
Céc phan tir thu dong: RLC, céc diot, cic duong truyén (%....)

Cac ph?m tu tich cuc cua cac transistor (BJT, FET, MESFET, MOSFET,
HEMT)

Cac mach tich hop (MMIC — Monolithic Microwave Integrated Circuits)
4.4 Cac hiéu rng truyén trén duwdng diy:
Cic gia thiét vat Iy

- QSA (Quasi-Static approximation) str dung cho cac phan tir thu déng hoic

hoat dong 101 rac.

- Céc tin hi€u dai thong nho.

- Céc duong day duoc gia st trong cac mode TEM luong tu.
Cac phuong trinh dién bao:

Xét mot cap dong truc c¢é chiéu dai h.

Dién tré cua loi R, = 4h > (1.1)
ﬁo-ldlo
‘A 2 9 4 2 h
Dién tr¢ cia l6p vo boc: R, =—————— (1.2)
7o, (d, +e)e
A s s 1 d,
Do tu cam cua 161 trong: L =— g 1 hLn(=%) (1.3)
2 d,
A e 1t A s 21g,&.n
bién dung tao boi 161 va 16p vé: C=—"— (1.4)
Ln(d,/d,)
D6 din dicn 16p dién moi: C = — 220N (1.5)
Ln(d,/d,)

11



Trudng hgp song sin

82\2 (R + jLo)(G, + jC.0) (1.6)
OX

a1 (R, + JLo)(G, + jC0) (1.7)
8X2 -l 1 J 1 .

Nghiém téng quat ctia phuong trinh vi phan cap 2 phu thudc vao hai

hang s6

(1.8)

V=V, “ejot—kx) -V _e"e (ot +kx) (1.8)

V=V, e ej(ot —kx) - V_e™e'(wt + kx)

Voi y*(R, + JLw)(G, +ICw)vay = a + jk(a>0)
V,,,e ¢! (ot — kx) 1a song dén

V_e™e'(wt +kx) 12 song phan xa

HE —axX A j(wt—kx) axX A j(wt+kx)
1=1,e"e +1_e%e

(1.9)

Tré khang dac trung

Chung ta c6 phuong trinh: —;ﬂx =R+ L% (2.11)

Tro khang c6 thé xac dinh bang ty sd gitta dién 4p va dong dién:

V) _ R +jLo — 4z, (2.12)

hoac
)
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Coi song phan xa nhu 14 song sin :
‘_/ — V(r)eaxej(mt+kx)
Tro khang c6 thé xac dinh bang ty s giita dién 4p va dong dién:

Vi .
O _Ribo e | Vo (2.14)

—_t=_7
)
= Y 1

Vi vay duoc goi 1a tro khang dic trung cta dudng truyén.
Puong truyén khong tén hao

Ri= 0, Gi= 0 do d6 Y=ik

Vaz,= [2v=—t
Cl ' Llcl

Heé s6 phan xa
Mot dudng truyén duoc gidi han boi mot tai véi tré khang ZL. Hé sé phan

xa xac dinh bo1 cong thuc

(2.15)

ZL — \_/L — \_/(+)L — \_/(—)L /\_/(+)L — ZC — 1+ pL

!L l(+)L + !(—)L !(+)L1+ l(—)L /!(+)L P

L
Tro khang chuan héa duogc tinh theo don vi cua trd khang dic trung

oz

Z
- Z(c)

ZL1+ PL hoic P, ZL -1
1-PL ZL+1

(2.16)

Song dung
O bét cir diém nao trén dudng truyén ta co:
V(d) = V(+)(d) + V()(d) = V(@)1 +a.e ™) (2.17)

Truong hop dudng truyén vi dai:
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- 1+

t1-T
Trong d6 ZL=Z1/RO chinh 1a tré khang chuan héa theo RO.
Thay I =|[e" ta viét lai (2.23) dudi dang: (2.21)
1+[Te"
r=——— 2.23
e (2.23)

Mot gid tri bét ky cua hé sb phan xal cé thé duoc biéu dién 1én hé toa do
cuc dudi dang mot ban kinh vecto ‘F‘ va goc pha @ Nhu vdy ,ing v6i mdi diém
trén mat phfmg cia hé sb phan xa c6 mot gia tri cua hé sb phan xa hoan toan
xac dinh va mot gia tri tré khang z hoan toan xac dinh.

Thay ZL=rL+ixL va I'=I'r+il"j vao (2.23) ta nhan dugc:

A+TIr)+il,
(1-Tr)—ir,

rL—ixL= (2.25)

Trong do6 rL va xL lan luot 1a dién tré va dién khang cua

tai. I'r va T 1 phan thuc va phan ao ctia hé s6 phan xa T
Trén mat phang hé s6 phan xa (giéi han trong vong ban kinh bangl va
‘F‘ <1) c6 thé vé& duoc 2 ho duong cong, mot ho gdm nhitng duong dang dién
tré r = const va mét ho gom nhiing duong dang dién khang x = const.

Can bang phan thyc va phan ao cua (2.25) ta duoc 2 phuong trinh:

1-17 _?
LT Y+ (2.26)
2
i rzrzi r’
@-r)" +I (2.27)
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Sau khi bién d6i (2.26) va (2.27) ta nhan dugc :

(n-i) +r = () (229
-2+ (n-2) = (2) (2.29)

XL

Mdi phuong trinh trén biéu thi mot ho duong tron trong mat phangl;.,I'1

The Complete Smith Chart
Black Magic Design
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Hinh 1.4: D6 thi Smith chuin
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Sau day chung ta tom luoc cac diém dang luu ¥ cia d6 thi Smith dé
thuan tién cho viéc ghi nhé va sir dung trong thuc té.

1.T4t ca cac gia tri tr& khang trén d6 thi Smith déu 13 tré khang chuan
hoa
2.theo mot dién tro chuan dinh trudce, thuong 1a tréd khang dac tinh RQ

ctia dudong day khong t6n hao.

3.D6 thi Smith nam trong pham vi ctiia vong tron don vi vi h¢ sb phan xa
I' ¢c6 modun nho hon hodc bang 1.

4.Cac duong déng I 1a ho cac vong tron c6 tam nam trén truc hoanh cua
d6 thi va ludn di qua diém 1. Gia tri r ciia mdi vong tron dang r duoc ghi doc
theo truc hoanh, tir 0 — oo (diém bén trai Gmg vai gia tri r = 0, diém bén phai
ung voi gia trir=o0).

5.Cac duong dang x 1a ho cac vong tron ¢ tim niam trén truc vudng goc
vo1 truc hoanh tai [;=1. C6 hai nhom duodng tron déng X:

-Nhém cdc dwong dang x véi x > 0 (cam khdng) la cdc dwong nam &
phia trén cia truc hoanh. Gid tri x ting dan tir 0 dén oo va dwoc ghi trén
moi dwong.

-Nhém cdc dwong dang x véi x < 0 (dung khdng) la cac dwong nam ¢
phia dwéi cia truc hodanh. Gid tri x giam dan tir 0 dén —oo va dwoc ghi trén
moéi dwong

6.Cac duong dang r va cac duong dang x 1a ho cac dudng tron truc
giao v6i nhau. Giao diém ctua mot duong dang r va mot duong dang x bat ky
s& biéu thi cho mot tré khang z = r + ix, dong thdi cling biéu thi cho hé sd
phén xa tai diém co tro khang z.

7.TAm diém cua dd thi Smith 13 giao diém cia duong dang r = 1 va
duong ding x = 0 (nam trén truc hoanh), do d6 diém nay dai biéu cho tro
khang thuan tr& z=1 (nghia 1a Z = R0). Day 1a diém twgng trung cho di¢n
tré' chuan Rg, cho phép thuc hién phéi hop tré khang trén dwong day.
That vay, day chinh 1a diém c6 hé s6 phan xa ' = 0 va hé s6 song dungS = 1.

8.Diém tan cung bén trdi cta truc hoanh 1a giao diém ctia duong
dang r = 0 va duong dang x = 0, do d6 biéu thi cho trd khang z = 0 (tic Z = 0),

nghia 13 tmg véi truong hop ngan mach. Tai dy ta c6 hé sé phan xal’ = -1.
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9.Piém tan cung bén phai cua truc hoanh la diém dic biét ma tit ca cac
duong dang r va dang x déu di qua. Taiddyta c6 r= oo, X= o0 ,doddz =
oo (tlic Z= oo ), nghia 1a Gng v6i trudng hop ho mach. Tai day ta c6 hé sé
phan xa I'=1 H¢ ) phan xa tai vi tri | trén duong truyén ¢ thé duoc xac dinh
khi biét hé sb phan xa I’ tai vi tri tai, dua vao coOng thic

r(l) :z—ﬁe-m r(l)=Te®"(2.30)
0

10.D5 thi Smith cho phép thuc hién phép tinh nay khi quay vecto I trén

5 g : : T 2
d6 thi mét goc quay ung vdi mot do dich chuyén bang £, trongdo: £ = 77[

Goc quay nay co thé xac dinh theo do (tir -1800 dén 1800), hoac theo
s6 budc song (tir 0 dén 0,5 A cho mdi vong quay).
Theo quy dinh cta d6 thi Smith:
-Chiéu quay tir tdi huéng vé nguon la thudn chiéu kim dong ho.
-Chiéu quay tir nguén hudng vé tdi la ngwoc chiéu kKim déng ho.
Trén mdi chiéu quay, c6 mot vong danh sb theo do va mot vong danh
s6 theo s6 budc song dé tién sir dung.
11.Khi v& duong tron dang S trén d6 thi Smith thi duong tron nay sé
cit truc hoanh tai 2 diém. Giao diém nam phia bén phai cua tam dd thi biéu
thi cho vi tri trén duong day c6 z= rmax + 10, voi rmax = S. Pay chinh la
diém bung ctia song dting. Nguoc lai, giao diém nam phai trai cia tim d6 thi
biéu thi cho vi tri trén duong day c6 z= rmin + i0, véi rmin =1/S. Pay chinh
1a diém nat cua song dimg (hinh 1.5). Trén d6 thi Smith ciing nhan thay ngay

khoang cach giira bung séng va nat song bang 0,25
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Nt song Bung song

Yong tron
dang S

Hinh 1.5: Biéu dién diém bung va diém nut cta séng dimg trén do thi Smith
5. Phoi hop tré khang

Ly thuyét chung:

Phéi hop tré khang 13 st dung mot mach phéi hop dit gitra tai va duong
truyén din séng.Mach phéi hop 1a mot mach khong ton hao dé tranh l1am
giam cong suit va duogc thiét ké sao cho tré khang vao nhin tir dudng truyén
c6 gia tri bang tro khang Zo cua dudng truyén. Khi iy sy phan xa cia song &
phia trai ciia mach phdi hgp vé phia dudong truyén dan khong con nita, chi con
trong pham vi giita tai va mach phdi hop, cling co6 thé 1a phan xa qua lai nhiéu

1an. Qua trinh phdi hop ciing dugc coi 12 qua trinh diéu chinh.

Matching

Zo Network Z

Hinh 1.6: So d6 phéi hop tro khang

r

Y nehi

+»Khi thuc hién phéi hop tré khéang cong suét truyén cho tai s€ dat cuc dai

con ton that trén dudng truyén 13 cuc tiéu.
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#Phéi hop tré khang 1am cai thién ty so tin hiéu tap nhidu ctia hé thong
khac trong hé thong str dung cac phan tir nhay cam nhu angten, bd khuéch dai
tap Am thap

Pbi v6i mang phan phdi cong suat siéu cao tan (vi du: mang tiép dién cho
dan angten gdm nhiéu phén tir), phdi hop tré khang s& 1am giam sai sé vé bién
d6 va pha khi phan chia céng suat.

5.1 Cac ky thuét phdi hop tré khing

Tro khang ctia may phat va cua tai 1a khong doi 1a diéu kién can thiét dé
dua ramdt don vi phdi hop tro khang.

P, = p.and pin=p/ (2.31)

Néu tai duoc dat xa so voi may phét tire 13 phai sir dung mot doan cap ndi
thi s& c6 2 don vi phdi hop trd khang. Mot 1a tir may phat dén dudng truyén, hai
1a tir dudng truyén dén tai.

-K¥ thuat phéi hop tré khang dua trén cac nhan t6 tac dong tro lai roi rac

cac nhan t6 roi rac cia mot don vi phéi hop tré khang dugc dat ndi tiép
hodc song song.

Pién din trén biéu dd Smith.

Trén biéu dd Smith, hé sb phan xa pphu thudc vao trwor khang chuén hoa

dién dan chuéan hoéa 14 : y= ly—_l = ];Z =—p; Vi vay —p phu thudc
zy+1 1+z

vao dién din chuan hoa.

Lién két néi tiép (Serial association)

Z =R +JX_ va Zs=]Xs;z’=r +](X *Xs)

Piém trén biéu do Smith dich chuyén trén dudng tron khong d6i voi phan
thue 13 tré khang chuan hoa (r, =Cst).

Lién két song song (Parallel association)

Z, =R, +Jx, din dén z,,—p ,va y,; dién din chuan hoa ,ddi véi yéu tb
mic song song : Yp=Jbp;y’ =gl +j(b +bp).

Piém trén biéu do Smith dich chuyén trén dudng tron khong doi véi phan
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thue 13 dién dan chuan hoa (gL = Cst ).
-Phéi hop tré khding véi doan day mét phan tw bwéc séng

K¥ thuat nay thuong sir dung véi cac tai ¢6 trd khang thuc.

u u
EEEEEE } L
[ [
Rc H RX i|j RL
u
_______ [ ”
a—
d=n4
Hinh 1.7
ZLX :&;IOLX = ZLx_l 1 Pix = - ZLX ;I'L,d zl
RX ZLX+1 1+ ZLX rL
RL,d=rL,dRx cudi cung tadugc Rx = /R R, (2.33)

- Phéi hop tré khéng véi cic doan ddy chém
Mot doan day chém 1a mot phan cia duong truyén, ndé c6 chiéu dai | va

thuong duoc két thac bﬁng mach hé hoac ngén mach.
. . .. 2nxl
Truong hop ngan mach: zs=jtan(kl)= jtan 77[ (2.34) Truong hop mach

1 1
hd zs = - = (2.35)
jtan(kl) jtan 2/71r|

Phdi hop tré khang v6i day chém don.
Poan chém c6 chiéu dai | dugc mic song song & vi tri cach tai mot
khoang d,chung ta phai xac dinh ca | vad.

O khoang cach d so vdi tai thi tré khang chuan hoa cia tai dugce xac dinh

Z,., 9 Y.
kd v A A 2 ;o1 _ kd
Lientd _ vi vay dién chuan hoa 1a 1y d = =@

bang cong thuc : ZLd= m 1+ y, (k)
Nho viée phdi hop tré khang giita tré khang cua tai va doan day chém
chiéu dai | ta thu duoc tré khang dic trung: Suy ra:
[9, +i(b, +tan(kd)][1-b, tan(kd) — jgL tan(kd)]
1-b, tan(kd)| +|g, tan(kd)|[

1+jcot(kl) (2.36)
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Diéu nay da dan dén hai nghiém cua d, va vi vy c6 modt nghiém cia
| trong ing v4i nghiém cua d.

C6 thé sir dung biéu do Smith dé tranh cac tinh toan phirc tap.

- Phoi hop tro khang voi day chém doi.

Vi tri cua cac doan chém duogc ¢b dinh (v6i khoang cach dén tai lan luot

1a d1va d2) chung ta phai xac dinh ca chiéu dai 11 va |2 cua cac doan chém.
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CHUONG 2:
NGHIEN CUU,THIET KE, MO PHONG BQ KHUECH DPAI TAP AM
THAP LNA BANG TAN S

Gidi thiéu

Ngay nay, hé thong truyén thong sir dung séng siéu cao tan dong vai tro
quan trong trong sy phat trién ctia viéc truyén thong tin. Trong hé théng siéu cao
tan, bd khuéch dai 1a thanh ph?m co ban va phé bién. Cac transistor trong bo
khuéch dai c6 thé hoat dong trong khoang tan sd rat rong 1én téi 100 GHz &
nhitng tng dung yéu cau kich thuéc nho gon, nhidu hinh thap, dai thong rong va
tiéu hao niang luong thip. Ky thuat thiét ké mach khuéch dai str dung BIT va
FET dua trén cac khai niém duogc nghién ctru vé dudng truyén song siéu cao tan,
mang hai cong va gian d6 Smith. Trong linh vuc siéu cao tan, Iy thuyét mach
thong thuong khong thé sir dung truc tiép dé giai quyét cac van dé cua mang
siéu cao tan. Trong truong hop dé, 1y thuyét mach thong thuong duoc gan ding
hodc str dung 1y thuyét trudng dién tir duoc md ta bang cac phuong trinh
Maxwell. Diéu d6 co nghia céach thic thiét ké & mach siéu cao tan khac biét so
v6i khi thiét k& mach ¢ tan sé thap. Diéu nay duoc goi 1a k¥ thuat phéi hop tro
khang. Khi thiét ké mach khuéch dai dung transistor chiing ta phai dua trén tham
sO S. Khéi xur 1y tin hiéu dau tién cua bo thu trong hé théng truyén thong sau
anten 13 bd khuéch dai tap 4m thap (Low noise amplifier (LNA)). Mach LNA s&
khuéch dai tin hiéu thu dugc v6i hé sé khuéch dai hop 1y va c6 tap nhiéu nho
nhét c6 thé. So d6 khdi bd thu ctia hé théng truyén thong siéu cao tan dua ra &

hinh 2.1.

Antenna

Y%

Mach 1 Trén thn va . ,
ach 10¢ A s 1 1 Gisi die A : oA
ach Ig khuéch dai | Gidi diéu che » Tin hlf_tll
thong dai trung tan o s&

LNA

\ 4
\ 4

Hinh 2.1. So dd khéi b6 thu tin hiéu siéu cao tan.
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Trong bai nay, em xin trinh bay viéc thiét ké, mo phong mdt mach khuéch
dai LNA hoat dong & tan s6 2,1 GHz, st dung transistor ATF 58143 vo1 hé )
khuéch dai 16n va nhidu nho st dung phan mém Advanced Design System
2016.01 (64-bit Simulations)

2.1 Phwong Phap Phéi Hop Tré Khang
* Muc tiéu phdi hop tré khang:
- Lay duoc cong suit cuc dai trén tai, giam thiéu céng suit tén hao trén
duong truyén.
- B6i v6i cac phan tir nhay thu, phdi hop tré khang dé ting ty so tin hiéu
/ nhiéu cua hé thong (anten, LNA, ...)
- Phéi hop tré khang trong mot mang phan phdi cong suat (mang nudi
anten mang) s& cho phép giam bién do va 15i pha.
* Néu Z. chtra phan thyc khac 0 thi mang phdi hop Tn khang ludn co
thé tim duoc.
* C6 nhiéu phwong an phdi hop, tuy nhién can theo cac tiéu chi sau:

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

+ D0 rong bang: can phoi hop tréd khang tot trong mot dai tan rong, tuy

nhién s€ phtrc tap hon.

+ Lap dat: Tuy vao dang duong truyén hodc 6ng dan song quyét dinh

phuong an phoi hop TK.

+ Kha ning diéu chinh: trong 1 s6 trudng hop c6 thé yéu cau MN hoat

dong tot khi Z, thay doi.

Chinh vi ¢6 rat nhiéu phuong phap phdi hop tré khang khac nhau nhu:
phan tir tap chung, diy chém nébi tiép, diy chém song song, A/4... Nhung qua
thuc nghiém, em quyét dinh chon phuong phap st dung doan A/4 vi nd
thuong cho két qua chinh xac, 6n dinh v6i hé sb khuéceh dai cao hon so véi

cac cach con lai.
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l Output
nput Transistor matching
matching [S] circuit 20

circuit . G0 — — GL
Gs 4—\

F r 1ﬂoul l—‘L

Hinh 2.2: So' @6 mach khuéch dai

2.1.1 Phwong phap dung doan day A/4

M4 d

Hinh 2.3: So d6 phéi hop tro khang sir dung doan A/4.

2.2 Bo Khuéch Pai Tap Am Thap LNA

R
—AAMA——
=2
Ty=290K Noisy
@ network R
G, B, T,
_— —
P,"—'S“*‘N‘ P‘):SO'I"ND

Hinh 2.4: Tap 4m trong mang hai ctra

Bén canh do 6n dinh va hé sb khuéch dai thi tap am cling 1a mot yéu to
quan trong trong khi thiét ké mach khuéch dai. Pac biét 1a ¢ trong may thu, no
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thudng yéu cau ¢ bd tién khuéch dai vi tap nhiéu thip. Mbi quan hé giira
tap Am va hé s6 khuéch dai duoc thé hién nhu sau:
7 Nout = C%KT‘eB o ‘ (2.38) ’

Biéu thuc (2.38) cho thay rang, khong thé ton tai dong thoi tap am thap
nhat va hé s6 khuéch dai 16n nhét trong cung mdt bd khuéch dai duge.Vi thé,
tiy vao muc dich st dung dé thoa hiép gitra gia tri tap Am va hé s6 khuéch dai
sao cho phu hop.Van dé nay c6 thé duoc giai quyét bang cach sir dung vong
tron hé sb khuéch dai va vong tron tap am trén dd thi Smith.
thay vi str dung cacdan nap

Chuting ta c6 thé sir dung cac hé s6 phanxa r,,r, o

bang mbi lién hé sau:

{YS :il_ £ + Zol +Iopt
Z,1+r

Trong do 1s, ropt 1an lugt 1a hé s6 phan xa ngudn va hé s6 phan xa toi uu.

Ta lai co
_ _ 1-r|’
G, = RefYS}— (t=h _17hy 1270 (2.41)
2z, 1-r. 1-r. z, ¢

St dung nhimng cong thirc nay dé thay vao phuongtrinh tap am, thu duoc:

2

4RN N |l
z, 1+ \FS\Z 1+ FS\Z
Khi cho F ¢ dinh, chung ta cé thé dinh nghia dugc mdt dudong tron

F=Fmin+

trong mat phang I',. Pau tién chiing ta dinh nghia tham s6 tap 4&m N nhu sau:

2

opt

L lw] PRy +r, |
(1_‘rs‘2 4RN/R0 >

Khai trién ra thu dugc

., N—
(- To) =N -

I.-r _
( S opt N‘FS‘

opt

rr.—(@rr. -Tr)

opt s opt
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*

., (o +rC ) .
1_‘Sl_‘s - : Fl’t\|+15 . +Foptropt
Béay gio cong thém |l 2/(N +1)*vao ca hai vé va khai trién tiép thu
duoc:
\/ N(N+1-[T,
r,-T,/N-1= | (2.42)
Hay rs-C=Rs

Pay chinh 1a phuong trinh dinh nghia cac vong tron hang sb tap am.

Trong do:
Tam cta vong tron 1a :
C — 1_‘opt
"N+l
2
(N+1-ir
Bén kinh cta vong tron 1a RF =
(N+1)

Két Iudn: Néu c6 cac tham sd dau vao 1a Fmin, ropt, RN thi ta s€ tim duoc
RF,CF va dung dugc vong tronTs nhu vy co thé thiét ké duoc mot bo khuéch
dai transistor c6 hé sb tap nhiéu thép nhat.

2.3. Thiét ké va mé phong ché tao bd khuéch dai tap Am thip (LNA) sir
dung transistor ATF — 58143

% Yéu cau: Thiét ké bo khuéch dai tap 4m thip c6 hé s6 khuéch dai 16n hoat
dong & tan s6 2,1 GHz.
2.3.1 Transistor ATF — 58143
Transistor ATF - 58143 ¢6 dai tan hoat dong rong, hé sd khuéch dai
16n thich hop dung ché tao cac mach khuéch dai tap 4m thap.
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Hinh 2.5: Transistor ATF - 58143

Thong s6 ky thuat:

Tén sb hoat dong 2 GHz; dién ap 3V, 30 mA

« Pau ra thir ty 30,5 dBm

« Cong suat ddura 19 dBm o 1 dB

* Do loi lién quan 16,5 dB

P1dB {dBm|

A oy i ]
P p—— I - 08 \
] ]
Fall = — W ==
“ ey g 05 \u__,..--- T
8 s B ] [
“ g
18
03
14 P | P —_—
———= A ————
12 I l 02 4 - I L
0 W W W & N & T 0 W0 2 W & N e T
Idg (mA) Ids [mA)
Figure 13, P1dB vs. ldg and Vds Tuned for Figure 7. Fmin vs. Ids and Vds Tuned for
Max OIP3 and Fmin at2 GHz.!" Max CIP3 and Fmin at 2 GHz

Hinh 2.6: ATF - 58143 hoat dong ¢ 2 GHz
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Céc tham s6 S-Parameter cuia chip ATF — 58143:

Freq. 5, 5. 5. MSG/MAG
GHz Mz,  Ang. dB Mag.  Ang. dB Ang. M. Ang. dB
0.1 098 71 27.29 2314 1687  -40.10 80.8 067 121 33.69
0.5 081 9.0 25.25 1831 1237 -28.10 45.7 042 466 26.68
09 0I5 1264 21.87 12,40 103.4  -26.12 34.8 03 667 23.99
1.0 073 41322 21.18 11.46 99.8  -25.87 33.4 03 7.3 13m2
15 069 1532 18.38 8.31 85.1 -24.70 29.4 025 -90.8  21.54
19 066 -165.9  16.74 £.88  75.4  -23.86 27.4 023 -103.6 20.30
2.0 065 -169.3  16.40 6.61 73.1 -23.65 26.9 022 -106.0  20.03
15 05 176.3  14.83 5.51 81.9  22.71 744 008 118 18.77
10 061 1607 13.51 474 50,9 -21.87 21.1 07 1333 17.69
15 061 147.4 1235 415 404 -21.10 17.7 015 -145.4  16.73
40 062 1338 11.28 3.66 30,2 -20.45 13.5 043 1557  15.86
45 064 1237 10.32 3.28 205 -19.86 9.3 03 -175.4  15.09
5.0 066 1125 9.41 296 111 -19.39 49 013 1662 14.40
5.5 068 1037 B.61 270 U -18.87 07 04 1528 13.74
6.0 069 930 7.84 247 73 -18.44 44 014 1407 13.14
1.0 LI T2 647 2.1 248 -17.63 -14.6 07 1207 12.06
8.0 074 583 5.4 1.81 431 -17.13 -26.1 019 95.4 11.14
9.0 078 397 377 1.54 607 -16.67 -37.0 024 70,1 10.22
10.0 044 251 255 134 788 -16.21 -50.2 034 524 9.39
11.0 047 10,2 1.25 116 971 -16.04 -64.2 041 37.3 8.65
12.0 089 39 0.19 1.02 1140 -15.72 -78.3 046 21.5 7.96
13.0 090 200 -1.09 0.88  -132.2 -15.86 -93.6 05 25 7.39
14.0 093 3.4 53 075  -1483  -16.22 -106.5 058 141 685
15.0 096 -43.9  -4.00 0.63 -162.8 -16.73 -118.2 066 -26.0  6.36
16.0 094 542 546 0.53 1765 -17.15 -128.6 071 363 5.5
17.0 096 651 7.4 0.44  168.6  -17.68 -142.4 074 49.0 527
18.0 083 798 -B.81 0.36 1538 -18.36 -155.6 077 648 477

Hinh 2.7: Bang tham s S- Parameter trich xuét tir file..S2P

Tai tan s6 2 GHz céac tham sé quan trong:
Su= 0.65511Ang= -169.3
822=0.22322Ang: -106.0

Twr cac tham s6 nay ta c6 the tinh toan dugc tré khang 161 vao va tr¢ khang 161
ra cua transistor:

Zin=10.7-j*4.5
Zoy= 40.7-j*18.1
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2.4 Tinh toin mdé phéng trén phin mém Advanced Design System
2016.01 (64-bit Simulations)

Bang 1 dua ra cac thong s yéu cau cua mach LNA hoat dong & tan s6 2.1
GHz dung dé thiét ké trong truong hop nay.

STT Théng sé Pon vi

1 Tan sb trung tdm 2.1 GHz

2 Hé s6 khuéch dai >15dB

3 Tré khang ngudn 50Q

4 Tr& khang tai 50Q

5 Transistor ATF - 58143

Bang 1. Céc thong s6 thiét ké mach LNA

Advanced Desgin system (ADS) — ddy la phan mém thiét ké chuyén dung
trong linh vuc siéu cao tan. Céc gia tri 1y thuyét d1 va Z(AM4) duoc quy ddi ra
cac gia tri d¢ rong (W), va chiéu dai (L) cac doan day cua mach dai thong qua
cong cu LineCalc.

Cong cu LineCalc ctia phan mém ADS.

zem LineCalc/untitled

File Simulation Options Help

I DEH&

L L/ W

: Component

i Type |MLIM ¥ | ID  MLIM: MLIN_DEFAULT 4

i Substrate Parameters

: Physical

. I | MSUB_DEFALLT ~ w 25,000 mil i

i L 100,000 mil &

i Er 9.600 N/A ~ -

: NJA

- Mur 1.000 NfA .

A N/A

: Hu 3.00434 il - Synthesize Analyze o l

Calculated Results

i T 0.150 mil 7 IE E

i K_Eff = 6.400

i Cond N/A Electrical A_DB = 0.070

i Tamr n_nnn B hd 70 47.250 ohm < SkinDepth = 0.000

L Component Parameters E Eff 230,000 deg =

-1 | .

% Frea 10.000 GHz ~ /A L

irdl . ia

4w ] m - - i
w2 ] m o~ -

2 |Parameter(s) modified - Values are not consistent

Hinh 2.8 : Cong cu LineCalc ctia phan mém ADS.
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St dung cong cu smith Chart cta phan mém ADS dé tinh toan tro khang 16i
vao/ra cua transistor ATF - 58143

| File Edit View Circles Help
=) oy e e
O Em &S [ h 8 H X
Palette = .
Freq (GHz) 20 (Chms) Current Schematic SmartComponent
[g “ E] l 2 s = [[LNA_2GHz_ATF_55143_pril: 2 = =
[ Define Source/Load Metwork Terminations. .. ]
T Metwork Response
.
1
o)
o O =
]
o=t
L]
Min
Start Freq: o Stop Freq: 2.0e9 Reset
Metwork Schematic

o
q E\ » I

Tzato pelEe>
P Pz
[T Lock Source Impedance [T Lock Load Impedance <
Gamma: 0.65479 < 180.000 = 10.4305  + 0.00000 [ Delete selected Component | | Set Defaults... ]
WEWR: 4.79363 ¥ 0.09587 4 0.00000 Zo: 30.0 Value: 9.652 Deg Loss: [[] |3.000 dBfm

Hinh 2.9: Tré khang 16i vao

V61 Z0 =30 ohm/9.652 do
Zd=10.4305 Ohm

o sy - ——— el

File Edit View Circles Help

i

BROX
BE0E

|cess @

e

o i H X

Freq (aHz)
2

20 (ohms)
50

[7] Normalize

Current Schematic

SmartCompanent

[[A_26Hz_aTF_58143 prj]: 2

=] [

]

Define Source/Load Network Terminations. .

ﬁﬁigH
4 4

[7] Lock Source Impedance

Gamma:

VSWR:

Network Schematic

Network Respanse

Max

Trace1

Trace2

Min

0
O ; O StartFreq: 0 StopFreq:  2.0e9 Reset

@

i s

P P2

fml

[ Lock Load Impedance < = »
050172 < 180,000  Z 16.5901 4+ 0.00000 Delete Selected Component ] [ Set Defaults... ]
3.01384 Y. 0.06028 4 o000 Zor 300 Value: 67456 Deg Loss: [0 [3000 | dBjm

Hinh 3: Tré khang 16i ra
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Z0=30 ohm/ 67.456 d¢

Zd=16.5901 Ohm

2.4.1 Thiét ké mach phdi hop tré khang 16i vao

Trén co so gid tri S11 tai tan sb 2 GHz, xac dinh duoc tro khang 16i vao
cua transistor. Ta co:
S11 = 0.65

Zin = 10.7-j*4.5

V&i muc dich thiét ké mach LNA c¢6 dai thong rong trudc hét ta can di
chuyén vi tri tré khang 16i vao cia ATF58143 t6i vi tri co gia tri thuc (phan
phirc bang khong).

Str dung cong cu LineCal xac dinh dugc kich thudc ctia mach phéi hop
tré ta co so d6 nguyén 1y mach phdi hop tré khang 16i vao duoc dwa ra & hinh

dudi day.

MSub

MSum
S B=t6mm
CEEM
M=t -
.. Cond=1.0E#50 . .
- Hu=3%+034mil

T=0.035 mm

CD0
CRoghsOmil-

Két qua mé phong tham sé S11 va S21 dwa ra dwéi hinh 3.2

S S popy | g S poyeueue I b o e
Plemt  MN  C MIN . MIN MIN

Nm=1  TU 1 T2 T3 T4

TS0 SUBSEMSUBYC=15PF  SubstMSust  SubsEMSust T Subst=Subt*

S WARSEmmMC o WB2lSmMC o WeM2BTmme o WeGA728mm -

CEomme -

L=20020rmm - -

- E=1906%mm - -

=2429mm - -

ﬁ'S-PARAMETERS""""""""""""

T
Tmz -
Num= - -
Z=1074"45 Ohm .

Stop=2.5GHz

Stal=15GHZ

o SfepstOOMAz

Hinh 3.1: So d6 nguyén Iy mach phdi hop 16i vao
Thu dwgce két qua mo phong

Theo d6 tham s6 phan xa 16i vao S11 nho hon -30 dB trong 1 dai thong
rat rong tir 2.1 GHZ - 2.3 GHz diéu d6 ching t6 mach dugc phdi hop tro khang
t6t. Hé s6 S21 ctia mach phdi hop tr6 khang 161 vao dat gia tri ly tuong gan bang
0 dB. Nghia la nang lugng si€u cao tan dua vao khong bi tén hao.

Nhu vay mach phdi hop trd khang 16i vao di duoc thiét ké dat yéu cau dé ra.
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W mach dau vao® [page 115 - X
File Edit View Insert Marker History Options Tools Page Window Help

NEH& R XU $EPPLEQ ()

mach_dBu_vao W [al v v BB E] B
FHNCAYEFLD L Lo
s EH
© @ )
e e S T
@l‘ 10
NP ]
o/ == 20
O A 55
BF 20
40-?
S04——] T ] I T
14 1.6 1.8 2.0 22 24 26 2.8 3.0
freq, GHz
Hinh 3.2: Két qua md mach 16i vao trén ADS 2016
2.4.2 Thiét ké mach phdi hop tré khang 16i ra
Tuong tu nhu voi truong hop thiét ké mach phdéi hop tré khang 161 vao,
tra ciru S22 cua ATF58143 tai tan s6 2 GHz, xac dinh duogc tré khang 161 ra cua
transistor. Ta co:
S»=0.22
Zouwt = 40.7-j*18.1
So d6 nguyén 1y mach phdi hop tro khang 161 ra dugc dua ra ¢ hinh dudi day:
e T— 0 7 A T — T T wn
Tem1 WLIN G ALIN ALIN ILIN §
5SS CR A VA [ /A Le’mz
1SUB Z=500hm SubstE"MSub1" C=15 pF Sbst="MSup1" SUbst="MSup1" SUbst="MSub1" ZET[]-?'*W 0n
' MSut;1 ST S oWebsmmo o WebAemm o WRO%TAmme o WeRi7adgmm o | | [T
S R CotEmme - - - E0A%2mm - - - L9405mm - o -LsM8Tmm - | - o o -
H=16mm
CERIM SR
..Cmu=1_05+50.‘___.‘.....S.PARAMET.ER.S.....‘..‘..‘..‘..‘..‘.... L .
CHEISeMMIL T T
CHmSW e
L SElseR
e Cosoe2sGz
Step=100MHz

© Hinh 3.3: S0 dd nguyén Iy mach phdi hop 16ira

32



Két qua mé phong tham s6 S11 va S21 dwa ra dwdi hinh 3.4

Theo d6 tham sé phan xa 16i ra s11 nhé hon -30 dB trong 1 dai thong rat
rong tir 2 — 2.2 GHz diéu d6 chimg té6 mach dugc phdi hop tré khang tét. Hé s6
s21 ciia mach phdi hop tro khang 16i vao dat gia tri Iy tuong bang 0 dB. Nghia 1a
nang luong siéu cao tan dwa ra khong bj ton hao.
Nhu vay mach phdi hop tré khang 15 ra da duoc thiét ké dat yéu cau dé ra.

## Mach d8u ra* [page 11:6 - o %
File Edit View Inset Marker History Options Tools Page Windew Help

NEH& R X9V ¢ EGPLLEG (D

Mach_Gau_rs =[] (4] [a] (] o] [m] BN R fEEQ R (2
PN AN F DaVea
Palette g X
& B
© D ;
EEH 1234 ’
5678 5]
@i 10—
NG 2 -
‘_, 15
/l> N m 20
O A B
251
30
35 - -
0 12 14 16 18 20 22 24 256 28 30
< >
\ : /

Hinh 3.4: Két qua md phong mach 16i ra

2.4.3 So' @6 nguyén ly mach LNA véi mach phéi hop tré khang 16i vao va
16i ra

Tu cac thiét ké trén, cudi cung chuing ta dat duoc so dd mach bd
khuéch dai LNA hoan chinh nhu hinh 3.5. St dung file S2P chta thong tin vé
cac tham s6 S cua ATF — 58143 gitp viéc md phong dé dang hon nhu trinh
bay tiép theo day.

L .
]
.

Step=3 G e e =
=5 S@bFact
Step=1.0MHz S@bFacti=stah_BeyS)
.. N ——
P P INPUR) SN -
—} L MLNG Co.o. .. MM
L_F 7 =] TLE Tor
£ Subl” SubstEMSubT™ © C=TEDEF © Sibst"MSUBI" - =0
- - 3 = T24mm  W=541340 mm {§ W=2.86 mm Num=;
| ebeeMSubr | Gmi50 m. 1= @1Zmm{§ . . . . . .l<0mm . . . T
| wesmmm : el | S I ey ] P S e ¢
=10 mm = =106




Hinh 3.5: So @6 nguyén Iy mach LNA vo&i mach phdi hop tré khang 161 vao
va 16ira
Sau khi thiét ké, mach LNA dugc md phong trén phan mém ADS va dugc
hiéu chinh dé dat két qua t6t hon. Két qua mo phong cac tham sb S dugc dua
ra & hinh 3.6. Cac tham s6 mo phong bao gom hé sb truyén dat 16i vao ra, hé
sO song dimg.

m2
freq=2.119GHz
dB(S(2,1))=19.400 m2

A0S 20 \
m3

freq=2.106GHz
VSWR1=1.192

=y
o

(=]

dB(s(1.1))

VSWR1
dB(S(2,1))
3

m1
freq=2.129GHz
dB(S(1,1))=-21.398

R
=1

do
=1

22 24 26 28 3.0
freq, GHz

=y
-
iy
(=]
=y
(=]
=]
(=]

Hinh 3.6: Két qua mo phong tham s6 S va hé s6 song dimg VSWR

Theo d6 tham s6 phan xa 16i vao S11 nho hon -20 dB trong 1 dai thong tir 2
GHz — 2.2 GHz diéu do ching t6 mach dugc phéi hop tré khang tot. Hé sb
S21 cta mach khuéch dai tap am thép dat gia tri 19.4 dB ¢ tan s6 2.1 GHz .
Trong khoang 2 — 2.2 GHz mach c6 h¢ s6 khuéch dai 16n hon 19 dB nhu vay
mach LNA c6 hé sé khuéch dai 16n . Gia tri nay thoa man diéu kién thiét ké
dat ra.

Hé s6 song ding ( VSWR ) ctia mach ¢ muc 1.192 dB tai tan sb 2. 1 GHz
gan bang hé so i tuong ( h¢ sO ly tuong lal). Diéu do ching té, mach gan nhu
khong co sy phan xa song siéu cao tan trén dudng truyén song 1a cac doan mach
dai dung dé phdi hop tré khang. Nhu vay cung vé6i cac thong sé dat dugc trong
dai thong nay, mach LNA c6 thé hoat dong trong mot dai tan 16n.

Két qua mo phong cia hé s khuéch dai 16n nhat duoc dua ra ¢ hinh 3.7
dudi day. Theo d6, mach c6 hé s6 khuéch dai 10n nhat trong dai thong tir 2 — 2.2
GHz 16n hon 19 dB. Pay 1a gi4 tri 16n nhat d6i v6i mot mach khuéch dai don tan
st dung transistor.
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204

20.2—

m4
freq=2.103GHz
MaxGain1=19.761

20.0—

19.8—

19.6—

19.4—

MaxGain1
|

19.2—
19.0—

18.8—

18.6 | | | | | | |
1.4 16 1.8 2.0 2.2 2.4 26 2.8 3.0

freq, GHz

Hinh 3.7: Hé s6 khuéch dai 16n nhit

Mot thong s6 quan trong nira la he s6 tap am NFmin. Pb6i voi mach LNA
yéu cau nhidu cang nhé cang tét. Theo yéu ciu thiét ké NFmin<2dB. Két qua
mod phong NFmin ctia mach LNA duogc dua ra ¢ hinh 3.8. Theo dé né dat gia tri
bang 0 dB d6 1a mot két qua rat tét. Nhu vy mach khuéch dai s& dam bao yéu
cau khuéch dai tap 4m nho nhat co thé. Pang ch y ¢ day 1a mach c6 NFmin
bang 0 dB trong mot giai théng 16n tir 1.4-3 GHz. Diéu nay chimg t0 mach duoc
thiét ké rat 1a tot hoan hao v6i myc dich chinh 1a khuéch dai tin higu ¢6 ich va
giam thiéu duoc khuéch dai tap nhiéu.

Mot lan nita , dé kiém tra viéc thiét ké mach c6 thoa man diéu ki¢n on dinh
ctia mot mach khuéch dai hay khong, em da thyc hién m6 phong hé s6 6n dinh
ciia mach LNA nay. Két qua md phong trén hinh 3.8 chi ra rang mach c6 khuéch
dai tap am thép LNA duoc thiét ké dam bao tinh 6n v6i hé s6 K<1 trong dai tan
2-2.2 GHz.

Nhu vay mach LNA dat on dinh vo diéu kién. Do do trong qua trinh hoat
dong tranh dé hién tuong tu kich.
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2.0

ADS

1.5+

1.0+

| | | | |
1.4 1.6 18 20 22 2.4 2.6 28 3.0

Hinh 3.8: Két qua mé phong nhidu hinh va hé s6 6n dinh ctia mach LNA thiét ké
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KET LUAN

Trong thoi glan tim hiéu va nghién ctu dudi su glup do tan tinh cua
thay huéng dan Tién s Poan Hitu Chirc, cung voi su ¢b ging nd lyc cia ban
than dén nay toan bo ndi dung cta luan vin di duoc hoan thanh dap tng day
du cac yéu cau da dit ra. Qua trinh thuc hién dé tai thue su 1a khoang thoi gian
vO cung quy bau va hitu ich cho em khi nghién ctru, tim hiéu vé k¥ thudt siéu
cao tan, ciing nhu sy kho khan khi trién khai ung dung ly thuyet siéu cao tan
vao thuc te Hon nira, day ciing s& 1 hanh trang kién thtrc rat quy gia cho em
sau khi tot nghiép va trong nhiing cong tac thuc tién sau nay.

Qua qué trinh tim hiéu thyc hién dé tai, dudi sy huéng din tan tinh cua
Tién si Poan Hiru Chirc, em d3 thu dugc nhitng két qua chinh nhu sau:

eNghién ctru, tim hiéu vé k¥ thuat si€u caotan.

Tim hiéu thiét ké, mo phong cac mach siéu cao tin bang phan mém thiét ké
chuyén nghiép ADS.

eThiét ké, mod phong hi¢u chinh dugc mot bod khuéch dai tap am thép st dung
ATF 58143 hoat dong & bang tan S, mach c6 hé s6 khuéch dai 16n 19 dB,
tap &m nho 0 dB & tan s6 2,1 GHz.
Mot 1an nira em xin giri 10i cam on chan thanh dén thay Poan Hiru Chirc
cung cac thay, co trong BO mon Dién T da hudng dan em thuc hién dé tai
nay.
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