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DANH MUC CAC Ki HIEU VIET TAT

LNA Low Noise Amplifier Bo khuéch dai tap am thap
LO Local Oscillator Dao dong tai chd

MEO Medium Earth Orbit Quy¥ dao tam trung
RF Radio Frequency Tan sb v tuyén

SPS Solar Power Satellite V¢ tinh nang luong mat troi
SHF Super High Frequency Tan sb siéu cao

TWT Travelling Wave Tube Ong dan song

UHF Ultra High Frequency Cuc cao tan
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CHUONG 1: LY THUYET CHUNG VE KY THUAT
SIEU CAO TAN

1.1Giéi thiéu chung:

Thuat ngit “viba” (microwaves) la dé chi nhirng song dién tir c6 budc
s6ng rat nho, tng voi pham vi tan sé rat cao cta phd tan sb vo tuyén dién.

Pham vi cua dai tan s6 ndy ciing khong c6 sy quy dinh chit ché va théng
nhat toan thé gidi. Gidi han trén cta dai thuong duogc coi 1a téi 300 GHz (f =

3.1011 Hz), ang véi bude song A=1mm (séng milimet), con gidi han dudi ¢
thé khac nhau tuy thudc vao cac quy udc theo tap quan sir dung. Mot s6 nudc
coi "song cuc ngan" 1a nhitng séng c6 tan s6 cao hon 30 MHz (budc séng A <
10m), con mot s6 nude khac coi "viba" 1a nhitng séng cé tan sé cao hon 300
MHz (budc song A< 1m).

Vé6i su phét trién nhanh cua ki thuat va nhirng thanh tuu dat duoc trong
viéc chinh phuc cc bang tan cao cua pho tan sb v tuyén, khéai niém vé pham
vi dai tan cua "viba" cling 6 thé con thay doi.

Hinh 2.1 minh hoa pho tan s6 caa song dién tir va pham vi dai tan caa ky
thuat viba dugc coi 1a doi tuong nghién ciru trong mén hoc nay.

Tan s6 (Hz)
3.10° 3.10° 3107 310° 310° 310" 310 310"

! ! ! song ! ! . ' Anh
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Hinh 1.1: Phé tan sé ciia séng dién tir
Trong tng dung thuc té, dai tan cua vi ba con duoc chia thanh céac bang tan nho
hon:

- Cuc cao tan UHF (Ultra High Frequency): f =300 MHz + 3 GHz
- Siéu cao tan SHF (Super High Frequency): f=3+30 GHz
- Tham cao tan EHF (Extremeiy High Frequency): f =30+ 300 GHz



1.2 Ly thuyét dwdng truyeén:

Khi nghién cau duong truyén di vai cac tin hiéu tan thap, ta thuong coi
cac duong day ndi (hay duong truyén) 1a ngan mach. Diéu nay chi ding khi
kich thudc ctia mach 1a nho hon buéc song cua tin hiéu. Con dbi véi tin hiéu
cao tan va dic biét dbi véi tin hiéu siéu cao thi ta phai c6 nhitng nghién cau dic
biét vé duong truyén.

1.2.1. C4c logi dwong truyén:

Mot duong truyén duoc sir dung dé truyén tin hiéu tir mot phan tr ndy
dén mot phan tir khac hoic tir 16i vao cua mdt mach téi mot phan tir ndo do
hoic tir mot phan dén 16i ra. C6 cac loai duong truyén nhu day doi, duong
truyén vi dai, cap phang hodc éng dan song.

oo’

Hai day kim loai Cap d6ng truc

v FEf&F S
4 4N 2 4

Vi dai Cip phing din séng Dang duong khe

-

Ong din séng chi¥ nhit Ong din séng tron

Hinh 1.2: Cdc dang dwong truyén song
Trong trudng hop truyén séng phang TEM thi ¢d thé xac dinh dién 4p va
cudng do dong dién duogc xac dinh ¢ bat ky diém nao.
Céac kim loai duoc dic trung bang d6 dan o. St dung cac chat dién méi
nhu cac chit cach dién gitra cac vat din duoc dic trung boi do dan, hang sd
dién mdi va do tir tham thuong.



1.2.2. Cac thanh phan:
Céc phan tir thu dong: RLC, c4c diot, cac dudng truyén (%,. »)
Cac phﬁn tor hoat dong: cac transistor (BJT, FET, MESFET, MOSFET,
HEMT)
Céac mach tich hgp (MMIC — Monolithic Microwave Integrated Circuits)
1.2.3. CAC hiéu 1ng truyén trén duong day:
Cic gia thiét vat ly
QSA (Quasi-Static approximation) sir dung cho cac phan tir thu dong
hoac hoat dong roi rac.
Céc tin hiéu dai thdng nho.
Céac duong day duoc gia st trong cac mode TEM luong tir.
Cac phwong trinh dién bao:

Xét mot cap dong truc c6 chiéu dai h.

e _ 4h
bién Tro cua 16i R, = —r (1.1)
bién tro cua l6p vo boc: R h (1.2)

1€ U 0 DOC. = .

' P ) & 1o, (dz+e)€
. d
Do tu cam cua 16i trong: L= i,uouthn (—2) (1.3)
2T dq
Pién dung tao bdi 1i va 16p vo: = 2ZEoErh (1.4)
#n aung pYo: In(d,/dy) '
Do din dien 16p dien moi - G = —2mail (1.5)
' 7 Top e TR Ln(d;/dy) |
Trwong hep song sin
%V . .
oz (Ry +jL1w)(Gy + jCiw)V (1.6)
921 . . .
3z (R +jLiw)(Gy + jCiw) (1.7)

Nghiém tong quét ciia phwong trinh vi phan cap 2 phu thudc vao hai hang

_ - j(ot—k j(ot+k
V= V(+)e axe](m X) +V(_)eaxe](m +kx) (1_8)
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V6iy? = (R, +jLw) (G, + JCiw) vay = a+ jk(a > 0)
Ve el @t=k0) 13 song dén

Vi_ye® el (@t+kx) 13 s6ng phan xa
=)

£-= I(+)e—axej(a)t—kx) + I(_)eaxej(wt+kx) (19)

Tro khang dac trung

) . 9
Chiing ta c¢6 phuong trinh:  — i =Ryi+ L4 6_: (2.11)
Tré khang co thé xac dinh bang ty sé giita dién ap va dong dién:
Vv R; +iL V
=) — 0 ose Yﬁ =+Z (2.12)
e Y e

Coi song phan xa nhu 14 song sin :

v = V(r)eaxej(wHkx)

Tro khang c6 thé xac dinh bang ty sé giira dién ap va dong dién:

Vi_ R, +iL V._
=0 = 2® o | 22—z, (2.14)
Io Y I -

Vi vay , duoc goi 14 tré khang dic trung cta dudng truyén.
Puwong truyén khdng ton hao

R1 =0,G1 =0 dodoy =jk

: L, 1
VaZ.= |— V, =
¢ Cq p VL1Cq

Hé sé phan xa
Mot duong truyén duoc gidi han boi mot tai vaoi tré khang Z|. Hé sb phan xa
xac dinh baéi cong thuec:
Vior
=y (215)
- Z(HL
U Vet Vo _ Vo 1+ Vo /Y _, 1401

7, == = = =
=L T Loyt Lhor Ly 1L/l S1-p,




. L ] . . VA
Tro khang chuan hoa dugc tinh theo don vi cua tro khang dac trung :Z; = Z——L
4(c)

1+ . Z;.—1
PL hoic p, = ZL
1-pp — Z1+1

Z; (2.16)

Song dang
O bat cir diém nao trén duong truyén ta co:
V(d) = Viny (@) + V(@) = Very(@) (1 + e %) (2.17)

Truong hop duong truyén vi dai:

Hinh 1.3: Puong truyén vi dai
Tré khang dic trung phu thudc vao bé rong, do cao, hang sé dién mdi va bé day
cua dai:

1448/, 4h

_|_
Mo w’
Zo Zﬁ“\/TEan \\/(14—+8/8r) ( ) 1+1/Sr1‘l:2
(2.18)
0dono = [%2= 120m = 3770 latro khang dic trung cua l6p
khong gian : w’=w+Aw
\ _t (1+1/&g, 4e
Vadw == (T) Ln _ (2.19)

1\2 1/7T
13 +Gres)
Dé dic trung cho hiéu ung bé mat, nguoi ta dua ra khai niém do tham sau
cta truong hay chinh 1a 6 day cua 16p bé mat ma truong ton tai 8. D6 chinh 13
khoang cach tinh tir bé mat vat dan di sdu vao bén trong, tai d6 cudng do dién
truong giam di

e=2,7183... 1an so vai gié tri ngay trén bé mat



§=2< viia= /M (2.20)
a 2

1.3 P6 thi Smith:
Do thi nay chinh 1a biéu dién hinh hoc cua hé thic:
1+I"

Hay viét dudi dang tré khang chuan hoa:

7, =L (2.22)

" 1-T
Trong d6 z,=Z, /R, chinh 1a tré khang chuan hoa theo R.
Thay I' = |I"|e'® ta viét lai (2.23) duéi dang :

_14|r|et®
T 1-|r|ei®

r, (2.23)

Mot gia tri bat ky cta hé s6 phan xa I' ¢6 thé duogc biéu dién Ién hé toa do
cuc dudi dang mot ban kinh vecto |I'| va goc pha ¢ Nhu vay ,ing véi mdi diém
trén mat phang cua hé s6 phan xa c6 mot gia tri cua hé sé phan xa hoan toan
xac dinh va mot gia tri tré khang z hoan toan xac dinh.

Thay Z,=r +ix, va I'=I',+ilj vao (2.23) ta nhan dugc:

(1+L)+ir;

rL + ixL = -
(1-Ip)-il;

(2.25)

Trong d6 r, va X, 1an luot 12 dién tro va dién khang cua tai.

I', va T 1 phan thyc va phan 4o ctia hé s6 phan xa T,

Trén mat phang hé sd phan xa (gidi han trong vong ban kinh bang 1 va
IT| < 1) c6 thé v& duoc 2 ho dudng cong, mot ho gom nhitng duong dang dién
tré r = const va mot ho gom nhiing duong dang dién khang x = const.

Can bang phan thyc va phan 4o cua (2.25) ta dugc 2 phuong trinh:

1-I2-Tf
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Sau khi bién d6i (2.26) va (2.27) ta nhan dugc :
2 2
N 2 _ 1
(1—;‘ 1+T'L) T I—; o (1+TL) (228)

-7+ (5-2) =(2) (2.29)

XL,

MJi phuong trinh trén biéu thi mot ho dudng tron trong mat phang I,

The Complete Smith Chart
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Hinh 1.4: D6 thi Smith chudn



Sau day chung ta tom lugc cac diém dang luu y cia d6 thi Smith dé thuan
tién cho viéc ghi nhd va str dung trong thuc té.
1. Tét ca c4c gia tri trd khang trén do thi Smith déu 1 tré khang chuan hoa
2. theo mot dién tro chuan dinh trude, thuong 14 tré khang dic tinh RQ cua
duong day khdng ton hao.
3. b6 thi Smith ndm trong pham vi caa vong tron don vi vi hé s phan xa T
c6 modun nhé hon hodc bang 1.
4. Cac duong dang r 1a ho cac vong tron c6 thm nam trén truc hoanh caa d6 thi
va lubn di qua diém cor.=1. Gia tri r cia mdi vong tron dang r duoc ghi doc
theo truc hoanh, tir 0— co(diém bén trai ang vaéi gia tri r = 0, diém bén phai ung
véi gia tri r = o).
5. C4c duong dang x 14 ho cac vong tron c6 tdm nam trén truc vudng goc voi
truc
hoanh tai I;.=1. C6 hai nhdm duong tron dang x:
- Nhém cac dwong dang x véi x > 0 (cam khang) 1a c&c dwong nam ¢ phia
trén cua truc hoanh. Gia tri x ting dan tir 0 dén oo va dwoc ghi trén mai
duong.
- Nhém céac dwong dang x véi x < 0 (dung khang) 1a cac dwong nam ¢ phia
dudi cua truc hoanh. Gia tri x gidm dan tir 0 dén - oo va duwoc ghi trén mai
duong
6. Cac duong dang r va cac duong dang x 1a ho cac duong tron truc giao
véi nhau. Giao diém cua mot duong dang r va mot duong dang X bat ky s& biéu
thi cho mét tro khang z = r+ix, dong thoi ciing biéu thi cho hé sé phan xa tai
diém co tro khang z.
7. Tam diém cua dd thi Smith 1a giao diém cua duong ding r=1 va duong dang
x=0 (nam trén truc hoanh), do d6 diém nay dai biéu cho tré khang thuan tro
z=1 (nghia 14 Z=R0). D4y la diém tweng trung cho di¢n tré chuan R, cho
phép thuc hién phéi hep tré khang trén dwong day. That vay, day chinh Ia
diém c6 hé sb phan xa I'= 0 va hé s6 song dung S=1.

8. Biém tan cung bén trai cua truc hoanh 1a giao diém cua duong dang r=0
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va duong dang x= 0, do d6 biéu thi cho tro khang z=0 (tac Z = 0), nghia la
mg voi tredong hep ngdn mach. Tai day ta ¢ hé s6 phan xa I'=-1.

9. Biém tan clng bén phai cta tryc hoanh 1a diém dic biét ma tit ca cac duong
dang r va dang x déu di qua. Tai day ta co r=wo, x=oo, do d6 z= o (tic Z=o),
nghia & tng véi treong hep hé mach. Tai day ta ¢ hé sé phan xa I'=1

Hé sb phan xa tai vi tri | trén duong truyén cd thé dugce xac dinh khi biét hé sb

phan xa T tai vi tri tai, dua vao cong thac I'(1) = ;—‘i e ~2ibl
0
r(l) =re %t (2.30)
10. o thi Smith cho phép thuc hién phép tinh nay khi quay vecto T trén d6 thi
mot goc quay ng véi mot do dich chuyén bang 281, trong do: B = 27"

Goc quay nay c6 thé xac dinh theo do (tir -180° dén 1809), hoic theo sb budc
song (tir 0 dén 0,51 cho mdi vong quay).

Theo quy dinh ctia do thi Smith:

- Chiéu quay tr tai hwéng vé nguon la thugn chiéu kim dong hé.

- Chiéu quay tir nguon huéng vé tdi la ngueoc chiéu kim dong ho.

Trén mdi chiéu quay, c6 mot vong danh s6 theo do va mot vong danh sé theo
s6 budc song dé tién st dyung.

11.  Khi v& duodng tron dang S trén do thi Smith thi dudng tron nay s& cat
truc hoanh tai 2 diém. Giao diém nam phia bén phai cta tdm d6 thi biéu thi
cho vj tri trén duong day c6 z= rmax+i0, V6i rmax=S. Day chinh Ia diém bung
cua song dtng. Nguoc lai, giao diém nam phai trai cua tm d thi biéu thi cho
vi tri trén duong day ¢ z=rmin+i0, v6i rmin=1/S. Pay chinh Ia diém nit cua
song dang (hinh 2.5). Trén d6 thi Smith ciing nhan thay ngay khoang cach giira
bung s6ng va nit séng bang 0,25\

10



Bung song

Yong tron
ding S

Hinh 1.5: Biéu dién diém bung va diém niit ciia séng diing trén do thi Smith
1.4 Phéi hop tré khang:
Ly thuyét chung:

Phéi hop tré khang 1a st dung mot mach phdi hop dat gitra tai va duong
truyén din séng.Mach phéi hop 12 mot mach khong ton hao dé tranh lam
giam cong suat va duoc thiét ké sao cho trg khang vao nhin tir duong truyén cé
gia tri bang tré khang Zo caa dudng truyén. Khi ay su phan Xa cta song ¢ phia
trai ciia mach phdi hop vé phia duong truyén dan khdng con nira, chi con trong
pham vi gitra tai va mach phéi hop, ciing c6 thé 1a phan xa qua lai nhiéu lan.
Quaé trinh phdi hop ciing duoc coi 1a qué trinh diéu chinh.

Matching

Z Network Z,

Hinh 1.6: So do phoi hop tré khang
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Y nghia:

< Khi thuc hién phéi hop tré khang cong suit truyén cho tai s& dat cuc dai
con

ton that trén dudng truyén 12 cuc tiéu.

% Phdi hop tré khang 1am cai thién ty sé tin hiéu/tap nhidu cua hé théng khac
trong hé théng str dung cac phan tir nhay cam nhu dngten, bo khuéch dai tap
am thap ...

Dbi véi mang phan phéi cong suat siéu cao tan (vi du: mang tiép dién cho dan
angten gdm nhiéu phan tir), phdi hop trg khang s& lam giam sai sé vé bién do
va pha khi phan chia cong suat.

1.4.1 Céc ky thugt phéi hep #ré khang:

Tré khang cia may phat va cia tai 1a khong doi la dicu kién can thiét dé
dua ramot don vi phéi hop tro khang.

Pout = P and pin = Py (2.31)

Néu tai duoc dat xa so véi may phat tac 1a phai st dung mot doan cap noi
thi s& c6 2 don vi phdi hop tré khang. Mot 1a tir may phat dén duong truyén, hai
la tir duong truyén dén tai.

K¥ thuat phdi hop tro khang dwa trén cac nhan tb tac dong tro lai roi rac

cac nhan té roi rac cua mot don vi phdi hop tro khang dugc dit ndi tiép hoac
song song.

Pién din trén biéu d6 Smith.

Trén biéu dd Smith, hé sd phan xa p phu thudc vao trwor khang chuan hoa
dién dan chudn hoa 1a :y=§z—;1 = 5 = —p; Vi vay - p phu thudc vao dién dan
chuan hoa.

Lién két noi tiép (Serial association)
Z =R XL Va Z=)j X,z =1 4] (XL HXs)

Diém trén biéu dd Smith dich chuyén trén dudng tron khéng ddi véi phan
thuc 13 tré khang chuan hod (r =Cst).

12



Lién két song song (Parallel association)

Z =R +jX_ dan dén z,,p ,—p vay.; dién dan chuan hoa ,dbi véi yéu td mic
s0ng S0 : Yp=jBeiy =gy +j(bL+bp).

Piém trén biéu dd Smith dich chuyén trén duong tron khdng dbi véi phan
thuc 13 dién dan chuan hod (g = Cst ).

- Phéi hop tré khang véi doan day mét phan tu buéc séng

K¥ thuat nay thuong sur dung véi cac tai co trd khang thuc.

| |
:::::: I L
|
I
Rci1 RX | RL
| u
I
|

|
d=\/4
Hinh 1.7
L. Zix—1, 1-Z1x. _1,
VA = —, = -, = — = — =,
LX = 7y PLx Zix+1 PLx,d PLx 142, Ld L

R 4= IRy cubi cuing ta duoc Ry=/R.R; (2.33)
- Phéi hep tré khang véi cac dogn day chém

Mot doan day chém la mot phan caa duong truyén, né c6 chiéu dai | va
thuong

duogc két thiic bang mach hé hodc ngan mach.

Truong hop ngin mach: zs:jtan(kl):jtansz (2.34)

1 1
Truong hop mach hé zg= =
& 1o me (k) jranZe

(2.35)

Phéi hop tré khang voi day chém don.
Poan chém cd chiéu dai | dugc mic song song & vi tri cach tai mot
khoang d,chung ta phai xac dinh ca | va d.

O khoang céach d so véi tai thi tré khang chuan hoé cua tai duge xéc dinh bang

A , zi+jtan(kd) A s.a T y+jtan(kd)
cong thuc : Z j=——— = vi vay dién chuan hoa la y j=—"——"————=
g L™ 4z, (kd) gy die Yid 1+jyL(kd)
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Nho viée phdi hop tré khang gitta tré khang cua tai va doan day chém chiéu
dai |

ta thu duoc tré khang dac trung:

Suy ra:

[gL+j(bL+tan(kd))|[1-bLtan(kd)—jgLtan(kd)]

L+jcot(kl)= |1-bptan(kd)|?+|g tan(kd)|?

(2.37)
Piéu ndy da dan dén hai nghiém cua d, va vi vay c6 mot nghiém cua |
twong ung véi nghiém cua d.
C6 thé str dung biéu d6 Smith dé tranh céc tinh toan phic tap.
- Phéi hop tré khang véi day chém doi.
Vi tri ctia c4c doan chém duoc ¢ dinh (v6i khoang cach dén tai 1an luot 12 d1va
d2) chiing ta phai xac dinh ca chiéu dai 1 va |9 caa cac doan chém.
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CHUONG 2: NGHIEN CUU,THIET KE, CHE TAO BO
KHUECH PAI TAP AM THAP LNA

2.1 Bo Khuéch Pai Tap Am Thap LNA

R
— AN/
Ty=290 K Noisy
@ network R
G,B,7,
—_— —
P,=§,+N, P,=S,+N,

Hinh 2.1: Tap dm trong mang hai cira

Bén canh d6 6n dinh va hé s6 khuéch dai thi tap am ciing 1a mot yéu té quan
trong trong khi thiét ké mach khuéch dai. Bac biét 1a & trong may thu, né
thuong yéu cau c6 bo tién khuéch dai vai tap nhiu thap. Mbi quan hé gitra
tap Am va hé s6 khuéch dai dugc thé hién nhu sau:

Nou=GKT,B (2.38)

Biéu thuc (2.38) cho thay rang, khdng thé ton tai dong thoi tap Am thap
nhat va hé s6 khuéch dai I6n nhit trong cung mot bo khuéch dai duoc.Vi thé,
ty vao muc dich st dung dé thoa hiép giira gia tri tap &m va hé sé khuéch dai
sao cho phu hop.Van dé nay co thé duoc giai quyét bang cach st dung vong
tron hé s6 khuéch dai va vong tron tap am trén do thi Smith.

Tap am cua mot bo khuéch dai hai cira c6 thé duoc biéu dién bing cong

thirc sau: F:Fmin+§—';’ |Y5 — Yoptl2 (2.39)

Trong d6 Y=G,=+j*B; la din nap tir ngudn t4i transistor.
_ Yopt Dan nap ngudn téi wu (14c ndy hé sé tap am 1a nho nhat)
- Fmin Hé s6 tap @m nho nhét cua transistor, dat dugc khi

- Ry Dién tré tap &m twong duong cua transistor.

- Gg Phan thyc cua dan nap nguén.

15



Chung ta c6 thé str dung cac hé s6 phan xa 75, Toptthay vi su dung cac dan nap
bang mdi lién hé sau

_ 1 1—1"5
S T 7,1+
0 Ts

Yopt = L 1ot (2.40)

Trong do 7 7,,¢1an lugt 14 hé s6 phan xa nguon va hé s6 phan xa téi vu.Ta lai

, |T‘5 Topt|2
co Y; —Y, 2.41
| opt| z§ |1+r5|2|1+r0pt| ( )

1—7"5 1—7"*5) _ 1 1 |rs|
1+r  1+r+s)

Va Gs = RefYs} 5 ( (2.42)

Zo
Str dung nhitng cong thic nay dé thay vao phuong trinh tap am, thu dugc:

2
4RpN |rs_ropt|
Zy (1+||H)1+I5]?

F=Fmint (2.43)

Khi cho F cé dinh, ching ta c6 thé dinh nghia dugc mot dudng tron trong
mat phang I, Dau tién chling ta dinh nghia tham s6 tap &m N nhu sau:

_ |TS—T0PL“| F=Fmin
N ="t = T |1+ 7ope|” (2.44)

Khai trién ra thu duoc:
(I = Lppe ) (I7 — Iype) = N(1 — | I5]%)
LIy — (Lo + I Tope) + Dopelope = N — NI

(rsrgpt+rs*ropt) _ N_|ropt|2
N+1 T N+1

LIy — (2.45)
A LY A A |Iﬂ0pt| \ 9 . A \ . . R - A

Bay gio cong thém , vao ca hai vé va khai trién ti€p thu
y 8 & (N +1)

duoc:

\/N(N+1—|ropt|2)

Fs - Fopt _
/N+1|=" (2.46)

Hay T _Cf = Rf

16



Pay chinh 1 phuong trinh dinh nghia cac vong tron hang so tap am.
Trong do:
Tam cua vong tron 1a :

_ Topt
N+1

F

(N+1=|rope]”)

Ban kinh cuavong tronla Rg= (N+1)

(2.48)

Két lugn: Néu c6 cac tham sb dau vao 12 Fuin,lopRy thi ta s& tim duoc
Re Cr va dung dugc vong tron r— nhu vay co thé thiét ké duge mot bo khuéch
dai transistor c6 hé s tap nhidu thap nhat.
2.2.Thiét ké va mé phéng ché tao b khuéch dai tap am thap (LNA) sir
dung transistor SPF — 3043:

< Y&u cau: Thiét ké bo khuéch dai tap &m thap c6 hé s6 khuéch dai 16n hon 10
dB, hoat dong & tan s 2.45 GHz.

2.2.1.Transistor SPF 3043:

Transistor SPF 3043 c6 dai tan hoat dong rong, hé sé khuéch dai 16n thich
hop diing ché tao cac mach khuéch dai tap &m thap.

Bin Descriot

E E Pin ¥ Function Description
1 Gata AF Input
Z OND B Boagra | Condaiction 1o ground. Uss Wa hoks o reduss kad
indurianne. Plaos viad & Cods o ground Kads as poasit
Diain AF Culpad
4 OND & Boura | Sams as Pin 2
B &

Hinh 2.2: Layout SPF-3043

Typical Gain Performance

w
wn

» 8

Gain, Gmax (dB)
s o 3

W

o

2 4 6 8 10
Frequency (GHz)

Hinh 2.3: Ddi tan hoat déng SPF-3043
17



Céc tham sé S-Parameter ciia chip SPF3043:

-.48707 —3T7.6777

Hinh 2.4: Bdng tham sé S-parameter trich sudt tie file .S2P

Tai tan s6 2.45 GHz c4c tham sé quan trong:
S11=0.75227

S22=0.49784

2.33000 0.7e5318 —e2.6832 8.33270 1232.063 0.04602 29.1658
0.50825 —36.0128

2.40000 0.72870 —e4.lce7 8.285953 122.008 0.04644 28.6720
0.50302 —36.42%58

2.453000 0.72227 —63.6501 8.227e7 120.5%50 0.04686 28.1781
0.49784 —36.8437

2.530000 0.745%0 —67.1336 8.1e387 115.8%52 0.0472%9 27 .6842
0.4%272 —-37.2617

2.553000 0.735%00 —68.6171 8.021e7 118.824 0.04796 27 .1903
0

S11Ang= -65.6501

S22Ang=-36.8457

Tir céc tham sé nay ta c6 thé tinh duoc tré khang 16i vao va trg khang 16i

ra cua transistor:

Zin =22.955-)*72.48

Zout = 83.3785 — j*66.187

2.2.2.Phwong phap phéi hep tré khéang:

C6 rat nhiéu phuong phap phdi hop tré khang khac nhau nhu: phan tir tap
chung, day chém néi tiép, day chém song song, A/4... Nhung qua thuc nghiém,
em quyét dinh chon phuong phap sir dung doan M4 vi n6 thudng cho két qua
chinh xac, 6n dinh véi hé sb khuéch dai cao hon so véi céc cach con lai.

20

[nput
matching
circuit
Gs

Transistor

[S]
G0

out

Hinh 2.5: So d6 mach khuéch dai
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Output
matching
circuit
GL
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2.2.3.Phuwong phap dung dogn day »/4:
M4 d

i ——

- - ~—

Z, Z, Z
#

Hinh 2.6: So' d6 phoi hop tré khéng sir dung doan 1/4.
2.2.4.Tinh toan md phéng va thiét ké
= Phoi hop tré khang vao:
Zin = 23— 72,5j

Str dung cong cu Quarter Wavelenght Transmith dé tinh toan céc gia tri:

Quarter Wavelength Transformer

Impedance Matching Enlarge | T Color |

_.-_"'L =1000+j8

Zo=110

Gozaien W) Wl Eeinio s |

Characteristic Input Panel
Impedance ZD = =

0.55454 L 25.82213°
0.30488 - j 0.2439

]
o
(o]
rod)
ey
c
c

Load :
Impedance ZL:| 23 | *] | -72.5 | =]
Frequency TD =||2.45E9 Hz Z) = 20+j16
Relati I, = 055494 L 23.92213°
&l ative _ _ - -
P ermittivity £ —| 434 | Erp —| 434 | WL S ﬂ.304§3—1 0.2439
Main Line Transformer z(d) = 20+j16

Display Line Admittance ? " Yes % No
Persistent Trace on Chart? (¥ yez (o

d=00L [ 26d=0.0rad=00°
Animation Speed I:QUU] 0.5-d=05. : ZB (EIS?.—d} =16.2832 rad = 360.0°

[ ] Update |
7 B P | @ Impedance Chart " Admittance Chart

-

Hinh2.7:Cdc tham sé dau vao.
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GoBack |

NextStep | Backto Start

Step 6 - First Solution

Since we are going back to the ariginal

transmission line, the line impedance

on the chart is re-normalized with Z :

Z,(d)=2658*18.814/500=1.0

Step 6 - Second Solution

Since we are going back ta the original

z, = 046-j1.45
I = 075195 L -6562292°
¥, = 0.19878+/062659
() = 1.0+j00

T(d) = 0.0 L 00°
¥ = 1.0+j00

transmission line, the line impedance
on the chart is re-normalized with Z;, ©

Z,(d)=0376"132.881/500=10

z, = 046-j145
I, = 075195 L -6562292°
y_ = 0.19878+)0.62659

z(h = 1.0+700
T(e) = 00 L 00°
¥ = 1.0+700

d=00%! 2Bd=00rad=00°"
0.50-d= 0.5. | 2B (0.5)-d) = 6.2832 rad = 360.0°

=0.0% ; 2pd=0.0 rad=0.0°
.5i-d = 0.5 | 2 (0.5i-d) = 6.2832 rad = 360.0°

* |mpedance Chart

" Admittance Chart

* Impedance Chart " Admittance Chart

Hinh 2.8: Truong hop 1.

ransformer

SUMMARY
First Salution

d,=0.158864 =9.3307 mm
7(d,)=70792 2
Z,4=18.8138 Q

Second Salution
d, =0.40886A = 24.0143 mm
Z{d;)=1353.1481 52
Zya=1328814Q

Transformer Length A/4=14.6842 mm

Ta co:

Hinh 2.10: Két qud.

d;=0.158851=9.3307 mm

=> Eggr =

“d, = 57.186deg




Zq, =7.0792Q Z, =18.8138 Q
4

d,= 0.40886A = 24.0149 mm
Zgq, =353.1491Q Z; =132.8814 Q
4

Ta chon két qua thir nhat vi cho kich thudc day nho, phil hop véi mach LNA.

Tir két qua tinh toan, ta s& mé phong mach thuc té bang phan mém
Advanced Desgin system (ADS) — ddy 1a phan mém thiét ké chuyén dung trong
linh vuc siéu cao tan. Cac gia tri ly thuyét d, va Z(M/4) duoc quy doi ra cac gia
tri &6 rong (W), va chiéu dai (L) cac doan day cia mach dai thong qua cong cu
LineCalc cia phan mém ADS.

LER= 511
5 D6« L0
Sanligcty = L0

Hinh 2.11: Céng cu LineCalc cia phdn mém ADS.
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File Edt Select View Insert Options Tools Layout Simulste Window Dynamiclink  DesignGuide Help

P (=T

ioped 08z« 0 0 ¢ ¢ 0 0 0 Emd 34
Dimp=iOMHz . . . ¢ 0 0 0 Mot

T (5 i
&oromod brot e o ST " ke ger oot ow w: A m oAt
HER R ZeBOOMR © O C WeNNMO0mn © 0 WeZ@Smdmm 0 C TezbesTIemy © T

¢ L=0R0M00mm - o L=O@IDOmm o - -

ek @ 9 & & RQQQfEdE F&d &N
e — YT T AN AC T =T .
i )R]

.ﬂ'-f'm'"""'HH‘“:M""""""'

Select; Enter the starting point 0 items wile -4, 500, 1,500 5,000, 2625 i ARF Simichem

Hinh 2.12: So' d6 mach nguyén Iy dau vao.

File Edit View Inset Marker History Options Tools Page Window Help

oOegahdoe & Q‘Q@ul 4K
[0 o W R

ifymdvz X LY

&
@ @ e =2 450GH:

1.1)j=-40.784

ma
3{1 1:.-nmw
impadance = 20 * (1.018 + j3 604E-4)

=2 45CGH:
2?9:2.1)1-301?5-4

fneq (1.500GHZ W0 4.000GHT)

Hinh 2.13: Két qud tham sé Si; va S,y ddu vao
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= Phéi hep tré khang ra:

Ta thuc hién tinh toan va md phong tuong tu nhu 16i vao.

Zouw = 83.4 — [*66.2

| Step 6 - Second Solution

SICE W 300 90N DACK 10 T ONQINM Snce we are gung Dack to e cngnal 2
Tanumission ine. the Ine mpedance v e, the ine imp ® 1, - 1M TR
O the chart It re-normaKred wih Z, onina chart is re-noemakzed win 2, Ty = 04D & 20841
O y, = 0N
()= 1727428948/ 50010 e 2,(0)=0579% 06361 /500 = 10 el
® yin » 104500

v -

-
5 G0l 2pcet0me0
€ 05eaisi |35 msia.eumsn 00 |

@ mmpedance Chan " AsmeRance Chart

c S5-2+0% 30058« 82000 cad « 0

* impecance Chad " Asmetance Chan

Hinh 2.14- Trieong hop 1 | Hinh 2.15: Trieong hop 2

,_'I S e ]

Fraguency | Gz |

First Salution
dy = 0192844 = 116783 mm
L{dgl=m 167602 &
Lypq = 200404 O

Secand Solution
dy = 0. 4420845 = 26 3834 mm
LZids)m 1489831 Q
Ly gy = BEAG0E O

Transformes Langh A4 = 146842 mm

Hinh 2.16: Két qud
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Ta co:
dy=0.19884A = 11.6793 mm
> Epy= 5-dy = 71.5824 deg

Zq, =16.7602 Q Z; = 28.9484 Q
4

d,=0.4044884\ = 26.3634 mm
86.3606 Q

Zq, =149.1631 Q Zx

4

Ta chon két qua thir nhat vi cho kich thudc day nho, phil hop véi mach LNA.

Fle Edt Sedect View Insert Options Tools Layout Semulste Window DOynamiklink DesignGuide Help

begs L MWU el ¢+ RBARQUE S E FE&H BE N
'O*Eﬁﬁ\;’; hd ’U‘BL@

)
(=]
Lol
BE
| C e
3
| ooack.
e
wWino
4
Lo
43
s
: R
-
Entes the

Hinh 2.17: So' d6 nguyén Iy dau ra
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File Edit Wiew Insert Marker History Options Toolk Page Window Help
Deg& Rk B9 +@RQd )X
oo 52 [ Y < s =
YA WmAY 'Ly
Palette '. Py
B
® @ =
Bt (RS o
[222] % Ir =20 (1,000 + 3 823E7)
85,2 1)jm8 22E- 10
N
Pl P
&2
go] |&
A
'Ii L 'Il Ilt l! !Iﬁ :Ir I; .'I: .'; Ili I& I'J e o3 (1. 500G B 4 J00GHT)
maGre ”
< >
1

Hinh 2.18: Két qua mé phong tham sé Si; va Sy; & dau ra
Tir cac thong sb trd khang vao/ra cua transistor SPF3043 chung ta thuc hién
phéi hop tré khang cho mach khuéch dai. Gia tri cac doan day chém dugc tinh
nho LineCalc ctia phan mém ADS2009. Két qua tinh toan dugc cho ¢ hinh 3.
Tuong tu ta tinh toan dugc gia tri doan ddy chém cho phan phdi hop tré khang
16i ra. So d6 nguyén 1y mach LNA bing S duogc cho ¢ hinh 4.
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% LineCalc/untitled - ol ) e |
File Simulation Options Help
BlEEE
Companent
Tope |MLIN v | 1D [MLIN: MUIN_DEFAULT -
Substrate Parameters ,
Physical
D |MSUB_DEFAULT EiN [2 856760 lom ]
= e - L 12334300 m |
i ] e ' e o)
" [ <] | | Nt <] e —
Hu 3364033 mm j' oiiteses Arelee Calculated Resuls
T 0.035 mmo v . EI K_Eff=3310
Cond ’W ’m Electrical éEDE _ ?hU_U% -
- —_— 20 FIOOOO0— [Ohm v e
Component Parameters E_Eff |66.3517 |deg j
Fieq [2.450 |GHz | | e <]
Walll | i~ | e <]
Wal2 | Wi v | e <]

[V alues are consistent

Hinh 2.19: Két qud tinh todn doan day chém ding cong cu LineCalc cua

ADS2009

C = C
S-PARAMETERS v 0o
@ WS 4 sror “ : o “
C=3pF C=3pF b} sRC2
5_Param MSLB Vi 10V = i=t0y
5P1 MLt w
-
Gtart=20GHe He15mm
Stop=3.0 GHe E=d ) WMUN g
Step=1 MHz Mur=1 5 Ti6 )
CalcMoise= yes Conde 1 OE+50 Subst="MSupt" Subst="MSug1"
Hh 00 0 W= 6567 mm W= 85676 mm
0.0 mm =16 8126 mm =16 8126 mm
1 | |
| - ] 1
MUN MUN ¢
TL4 U0 o)
Tem Subst="MSub™  Subsl="MSW" =38 pF
Tarmi %N Ew %N EL“BN . Wi=2 B676 mm {t} W=7, 784772 rim {1}
Nure 1 ohue_3043 L=14. 70054 mm {t) L=16.120 mm 1}
S oy SWSI=MSI® (=56 pF Subsl="MSWT"  Subst="MSub! "y
=AU 4= 9 65675 mm =16 9966 mm {1}=2 571004 mm {1}
=10 mm L=10 96307 mm {t}L=0. 61263 mm {1}

C=01uF

MUN Term

Term?2
Subst="MSub" e 2
4= 85676 mm 750 Ot
[=5mm

Hinh 2.20. So' d6 nguyén Iy mach LNA tan sé 2,45 GHz

Két qua md phong tinh tham sé quan trong nhét 1a hé sé khuéch dai cua mach
dugc dua ra ¢ hinh 5. Theo d6 ta thay rang hé s khuéch dai dat duoc 13 22,682
dB tai tan s 2,45 GHz. Gia tri nay thoa man diéu kién thiét ké dat ra.
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w
o

. ml  [m1
201 freq=2.450GHz
1 aB(S(2,1))=22.682
oo 10
ot ]
222} ] m2
Qx o] freq=2.424GHz
] dB(S(1,1)=-15-72%4—— |
-10]
20_ T | T | T | T | T | T | T | T | T | T
2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0

freq, GHz

Hinh 2.21. Két qud md phong mach LNA da thiét ké

-Sau khi hoan tat mé phong, ta tién hanh thiét ké layout cho mach khuéch
dai:

Hinh 2.22: Layout va mach thuc té ciia bg LNA
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Hinh 2.23: So' do b6 tri do cdc tham s6 mach khuéch dai tap am thdp

2.3.Do dac Két qud va nhan xét:
Dung may phan tich mang Advantest R3765CG do cac tham s6 S21 va
S11 ta duoc két qua nhu dudi day.

ACTIVArE Y
MKR OFF

Return |

More 1/2

Hinh 2.24: Két qud do thuc nghiém tham s¢ S21
28



s21
(P2 & P1)

512
(P2 » P1)

522
(PORT2) |

TWIN MEAS ¥
P1-P2

SUB MEAS
ON

TEST-PORT
CONNECTION

Hinh 2.25: Két qud do thuc nghiém tham sé S12

Nhan xét:
Nhuwe vdy mach khuéch dai hoat dong tiwong déi tot, khuéch dai ¢ ddi tan tir 1.86
GHz — 2.64 GHz. H¢é sé khuéch dgi tir 10.5 dB — 13.58 dB (c6 thé dat téi 15 dB
do suy hao trén day do khodng 1.5 dB). Dai thong dat 780 MHz
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KET LUAN

Trong thoi gian tim hiéu va nghién cau dudi sy gilp d& tan tinh cua
thay huéng dan ThS Poan Hitu Chtrc, cling Véi su cb gang nd luc ciia ban
than dén nay toan bo nodi dung cua luan vin di duoc hoan thanh dap ung day du
C4c Yeu cau da dat ra. Qua trinh thyc hién dé tai thuc su 1a khoang thoi gian vo
cung quy bau va hitu ich cho em khi nghién ctu, tim hiéu vé ky thuat siéu cao
tan, cling nhu sy khd khan khi trién khai ang dung ly thuyét siéu cao tan vao
thuc té. Hon nita, day ciing s& 1a hanh trang kién thtc rat quy gia cho em sau
khi tot nghiép va trong nhiing cong tac thuc tién sau nay.

Qua qua trinh tim hiéu thyc hién dé tai, dudi sy huéng dan tan tinh caa ThS
Poan Hitu Chirc, em di thu dugc nhiing két qua chinh nhu sau:

e Nghién ctu, tim hiéu vé ky thuat siéu cao tan.

e Tim hiéu thiét ké, md phong c4c mach siéu cao tan bang phan mém thiét
ké chuyén nghiép ADS.

e Thiét ké, ché tao thanh céng mé hinh tuyén thu do niang lwong khdng day
trén dai song siéu cao tan ¢ tan s6 2.45 GHz bao gom:

e B0 khuéch dai tap am thap (LNA) tan s6 trung tam 1a 2.45 GHz véi dai
tan kha rong 780 MHz véi hé s6 khuéch dai dat tir 10.5 — 13.58 dB ( ¢6 thé dat
15 dB do suy hao trén day do khoang 1.5 dB).

Mot 1an nira em xin gui 1oi cam on chan thanh dén thay Poan Hitu Chirc
ciing cac thay, cd trong Bo6 mdn Dién-Dién Tt dd hudéng dan em thuc hién dé
tai nay.

Hai Phong, ngay 29 thang 06 nam 2013
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