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LOI CAM DOAN

T61 xin cam doan:

Ban luan vin t6t nghiép nay 1a cdng trinh nghién ciu cua ca nhén t6i, duoc thyuc
hién dya trén co sd nghién cau ly thuyét, thuc té dudi sy huéng dan caa GS.TS Bach
Gia Duong.

Céc s6 liéu, két luan cua luan van 1a trung thuc, dua trén su nghién ciu nhitng mo
hinh, két qua da dat dwoc cua cac nudce trén thé gisi va trai nghiém cua ban than, chua
timg dugc cdng bd dudi bat ky hinh thie nao trudc khi trinh bay bao vé trude “Hoi
ddng danh gia luan vin thac sy Ky thuat”.

Ha n6i, Ngay thdng nam 2016

Nguoi cam doan



LOI CAM ON

Dau tién, cho phép em duoc g6i 16i cam on sdu sic dén Thay GS.TS Bach Gia
Duong. Thay 1a nguoi lubn theo sat em trong qué trinh 1am luan vin, Thay da tan tinh
chi bao, dua ra nhitng van dé cét 16i gidp em cang cé lai kién thtc va c6 dinh huéng
dung din dé hoan thanh luan van nay.

Tiép dén, em xin dugc goi 10i cam on dén tat ca quy Thay C6 di va dang giang
day tai truong Khoa Dién tir - Vién thong, Truong Pai hoc Cong nghé da gitp em cb
duoc nhirng kién thirc co ban dé thuc hién luan van nay. Kinh chiic Thay Co doi dao
suc khoé, thanh dat, va ngdy cang thanh céng hon trong sy nghiép trong ngudi cua
minh.

Cubi cing, em ciing xin cam on gia dinh, cac anh chi, ban bé da ludn quan tam,
dong vién va gitp d& em trong thoi gian thyc hién luan van tét nghiép.

Xin chan thanh cam on!
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LOI MO PAU
1. Ly do chon dé tai

Bao vé chu quyén qudc gia 1a mot nhiém vu dac biét quan trong ddi vai mbi dan
toc ca trong thoi chién Ian thoi binh. Viét Nam 12 mot nudc dang phat trién, tuy da c6
nhiéu ngudn lec vé kinh té va xa hoi nhung vé mat cong nghé van con lac hau. Hon
nita, chiing ta dang séng trong thoi ky ma cara va hoi nhap véi ban bé quéc té, co hoi
c6 nhiéu nhung van dang phai d6i mat véi nhitng thach thiac ngay cang phic tap. He
thdng cac dai radar quan sy dd va dang gop phan quan trong trong cong cudc bao vé
toan ven lanh thd thiéng liéng cua té qudc. Pai radar 13 mot hé thdng rat phic tap tur
viéc tim hiéu nguyén Iy hoat dong cho dén thiét ké, xay dung va ché tao. Trong hé
thdng nay thi khdi chuyén mach thu - phat va bo khuéch dai tap am thap di va dang
duoc cac nha khoa hoc trong va ngoai nude dic biét quan tam. Do vay viéc tim hiéu
nguyén ly hoat dong, tirng budc lam chi cdng nghé ché tao Radar cong suat 16n dang
la mot trong nhitng nhiém vu can thiét cua cac nha khoa hoc Viét Nam.

Véi tuyén thu siéu cao tan cua Radar 1am viéc & dai song centimet, tang khuéch
dai tap am thap su dung dén song chay dé dam bao giam tap am cho tuyén thu va cung
cap hé s6 khuéch dai 16n (G > 28 dB véi hé s6 tap NF < 2 dB). Ngoai ra bo khuéch dai
dung dén song chay c6 tinh nang dac biét la khi tin hiéu vao 16n thi dén séng chay cé
tinh ning nhu mot bo suy giam, nén tin hiéu 40dB tinh nang nay rat quan trong dé bao
vé may thu ban dan. Béi vai hau hét Radar tin hiéu phat va thu déu sir dung mét anten
gua chuyén mach thu — phat. Chuyén mach thu phat déng may thu va dan tin hiéu phat
cong suat Ion ra anten. Khi thu chuyén mach thu phat déng may phat va ndi anten toi
dau vao bo khuéch dai tap am thap ciia may thu. Tuy nhién do chuyén mach thu phét
trong ché do phét cong suat 16n khong dong kin 1y twong nén cong suat phét lot vao
may thu kha Ion. Néu sir dung dén song chay hoan toan khéng anh huong, cong tac
dam bao vat tu thay thé va nghién ciu ap dung phuong phap bao vé moi ciing 1a mot
nhiém vu quan trong. Cac dén song chay duoc thay thé bang cac bo khuéch dai tap &m
thap (LNA). Céc bo LNA bén dan véi cdong nghé CMOS hoan toan dap tng vé hé sb
khuéch dai, wu viét vé& hé sb tap &m thap (NF), ¢ dai dong cao. Tuy nhién dén ban
dan can bd sung kha niang bao vé xung lot tir may phat sang may thu. Dé sir dung dén
ban dan trong bo LNA can lap thém bo han ché cong suat lot giita chuyén mach anten
va LNA.



Chuyén mach B6 han ché
anten o
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May phat

Trién khai nghién ctu thiét ké ché tao bo LNA két hop vai bd bao vé va han ché
cong suét lot 12 ndi dung c6 Y nghia khoa hoc va thuc tién cao. Chinh vi vay luan vin
“Thiét ké, ché tao bg khuéch dai tap &m thdp Véi co ché bao vé dung cho Radar séng
centimet” S& trinh bay va cd gang lam rd hon cac nguyén ly thiét ké, tim hiéu mo
phong, cach thac thi cdng mach cing bo LNA cling nhu viéc nghién ctu giai phap st
dung PIN Diode bao vé LNA.

2. Muc tiéu dé tai

Dé tai luan van “Thiét ké, ché tao bo khuéch dai tap am thap véi co ché bao vé
dung cho Radar song centimet” c¢6 hai muc tiéu ly thuyét va thuc tién:

- Vély thuyét:

e Tim hiéu nguyén Iy hoat dong cua cac dai radar hoat dong & dai séng cm.

e Tim hiéu vé k¥ thuat thu phét siéu cao tan.

e Tim hiéu va van dung cac kién thic vé ky thuat phdi hop tro khang, cac
giai phap ky thuat nham han ché tap am, lya chon linh kién téi vu nham
thiét ké, ché tao bo khuyéch dai tap &m thap ding trong may thu radar.

e Tim hiéu, nghién ctru bo khuéch dai tap &m thap véi co ché bao vé st dung
PIN Diode.

- Ve thuec tién:

e Tinh toan, md phong va thiét ké thong sé caa bo khuéch dai tap am thap
hoat dong ¢ bang tan C dung phan mém ADS 2009.

e Thuec thi ché tao, do dac san pham thuc té mach khuéch dai tap &m thap.

3. Phwong phap nghién ciru

Pé thyc hién chuyén dé trén, phwong phap nghién ctru duoc st dung géom:



- Phuong phép nghién ctu ly thuyét: Str dung phwong phap phan tich va tong
hop 1y thuyét; cap nhat va xt 1y tai liéu lién quan vé thiét ké mach khuéch dai
tap Am thap; nghién ciru phan mém mé phong mach siéu cao tin ADS2009.

- Phuong phap md phong: Trén co so thiét ké da co thuc hién md phong trén
phan mém chuyén dung ADS, sau khi dat chi tiéu k¥ thuat s& tién hanh ché tao
san pham thyc té mach khuéch dai tap am thap bang C.

- Phuong phap nghién ctu thyc tién: trién khai thuc nghiém dé tim kiém chung
két qua thiét ké md phong bo khuéch dai tap am thp da ché tao va trén co s
d6 hoan thién thiét ké bo khuéch dai tap &m thap (LNA) bang C véi co ché bao
vé ding cho radar séng cm véi cac thdng sé hé sé khuéch dai (Gain), hé sé tap
am NF, phdi hop tré khang tt hon.

4. NOoi dung nghién ciru

4.1. Nghién ciru Iy thuyét

- Nghién cau vé cau trdc tuyén thu va ky thuat sir dung trong Radar.
- Nghién cau ky thuat phdi hop tré khang trong k¥ thuat siéu cao tan.
- Nghién ctu phan mém mé phong ADS va transistor SPF3043.

4.2. Thiét ké by khuéch dai tap Gm thip

- Thiét ké va mé phong mach khuéch dai tap &m thap bang C.
- Thiét ké layout va ché tao mach khuéch dai.
- Lép rap va do thir nghiém trén may VECTOR NETWORK ANALYZER.

5. Két cAu luén vin
Noi dung luan van bao gdm 4 chuong:

- Chuong 1: Tong quan vé hé théng Radar.

- Chuong 2: Co sd ly thuyét vé k¥ thuat siéu cao tan.

- Chuong 3: Bo khuéch dai tap &m thap va co ché bao vé.
- Chuong 4: Thiét ké, md phong va thyc thi mach.



CHUONG 1 TONG QUAN VE HE THONG RADAR

1.1. Gi6i thi¢u

Tur xa xua, trong thién nhién hoang da, tao hoa da ban cho chiing ta nhitng ¢ may
“radar” ki di¢u. Chu doi phat ra song si€u am tur miii, nhan tiéng vong tai hai “ang-
ten” & hai tai, qua d6 phan tich dé tim kiém va dinh vi moi.

Hinh 1.1. Cdch sdn bdt moi ciia loai doi [12].

RADAR, viét tit cua RAdio Detection And Ranging, 1a mét thiét bi dugc phat
minh trong cac thap Ky dau tién cua thé ky 20 dung dé nhan dang tir xa va xac dinh cy
ly ctia c4c vat thé (nhu tau thay va may bay) bang cac song dién tir.

Nguyén ly bén trong cua radar duoc thi nghiém lan dau tién bai nha vat 1y Bic
Heinrich Hertz vao cubi thé ky 19. Hertz da kiém tra ly thuyét vé truong dién tir cia
Maxwell, va chiing to rang cac song dién tir phan xa lai bai cac chat dan dién va dién
mdi. C4c phét hién nay chua duoc tng dung cho dén nhitg nim 1900 khi mét ky su
ngudi Bic sang ché mot thiét bi dé nhan dang tau va cac chudng ngai vat bang séng
dién tir. Tuy nhién, do cy ly phat hién nho (c& mot dam) nén thiét bi nay chua duoc
thanh cong lam.

Mot vai nam trudc khi Thé chién thir hai bing nd cac hé thong radar phat song
lien tuc CW duoc thir nghiém & nhiéu qudc gia. Cac hé thng radar nay hoat dong cha
yéu & bang tan HF (high frequency: 3 dén 30MHz) va VHF (very high frequency: 30
dén 300MHz) va dat cu ly phét hién 1én dén 50 dim. Céac radar CW dung hiéu tng
dich tan Doppler do su dich chuyén cia muc tiéu sinh ra 1am nén tang cho viéc phat
hién muc tiéu ma khong c6 thém bat ki théng tin nao vé cu i hay vij tri.



Trong suét Thé chién hai, cac hé thong radar duoc st dung mot cach cé hé thong
nhu mot cdng cu dé cai thién hé thong phong thi quan su, bing cach phat hién sém
cac may bay va tau chién quan dich, Trong thoi ky dé, cac radar xung ciing dugc phét
minh dé cung cap thong tin vé cu ly dua trén viéc do luong thoi gian tré giita xung
phat va xung phan xa vé tir muyc tiéu. Tir d6, cac hé thong radar dwoc phét hién va cai
tién lién tuc ca vé phan ciing (may phat, may thu, anten radar...) 13n phan mém (khi
may tinh xuat hién 1am cong cu cho viéc phan tich va biéu dién dir liéu radar).

Hién nay, radar di duoc tng dung vao rat nhiéu linh vuc cua doi séng nhu diéu
khién khong luu, dinh vi hang hai, du bo thoi tiét, cac ung dung trong doi séng nhu
radar phat hién mo khoang san, mo dau,... radar kiém tra cac cong trinh xay dung,
radar do tdc d6 xe luu thong va cac tng dung quan sy nhu giam sat, dinh vi, diéu
khién, va dan duong cho céac loai vii khi.

Tam quan trong cua radar hay nhitng thiét bi hoat dong theo nguyén tic giéng nhu
vay ngay nay la rat 16n. Vi vay viéc khong ngiing nghién ciu ¢ng dung cua radar
trong cudc song ludn ludn 1a van dé cap thiét.

1.2. Phan loai cac dai radar

Muc dich cua viéc phan loai la chia tap hgp cac dai radar thanh tirng nhom c6
nhitng dau hiéu chung, khong phu thudc vao tinh da dang cua cac giai phap ky thuat
va két cau ting dai radar riéng 1é dé tién cho viéc phan tich cac dic diém cau trac dai
radar theo quan diém ky thuat hé théng.

| Phan loai cdc dai ra da |

theo cic ddu hidu chign thudr \ theo céc ddu higu kT thuat
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Hinh 1.2. So' d6 phan logi c&c dai radar.

Do vay thuong phan céc dai radar theo cac dau hiéu chién thuat va cac dau hiéu
k¥ thuat.



Cac dau hiéu chién thuat thuong gom: cdng dung cua dai radar, s6 lugng toa do
do duoc, mic d6 co dong cua dai, ...

Céac dau hiéu ky thuat gébm: Dai séng lam viéc cua dai, phuong phép radar,
phuong phap do cy ly, ...

Theo cdng dung c6 thé chia cac dai radar thanh cac loai sau:

- Phat hién xa cac muc tiéu trén khéng ( radar canh giai).

- Phat hién cac muc tiéu trén khong va dan duong cho may bay tiém kich dén cac
muc tiéu do ( radar canh gi6i va dan duong).

- Phét hién cac muc tiéu bay thap.

Radar canh gigi: dé trinh sat cac muc tiéu trén khong & cu ly xa. Loai dai radar
nay thuong do 2 toa do: cu ly va phuong vi cia muyc tiéu vai do chinh xac vira phai.
D cao cua muc tiéu co thé duoc xac dinh rat so lugc, cdng suat phat caa dai 1on.

Radar cdnh gigi va ddn dwong: 12 khau cung cap thong tin chu yéu trong hé thong
dan dudng may bay tiém kich bay dén cac muc tiéu trén khong. DBé dam bao dan
duong can thong tin vé vi tri khong gian cia cac muc tiéu va cac may bay tiém kich,
radar can do duogc ca ba toa d6: cu ly, phuong vi va do cao véi do chinh xac du dam
bao dan duong thanh cong.

Radar phat hién muc tiéu bay thdp: dé trinh sat cac muc tiéu bay thap. Radar loai
nay c6 blp song ra thap sat mit dat, 1am viéc & dai séng cm hodc dm, c6 thiét bi ché
&p nhiéu tiéu cuc phan xa tir mit dat, cong suat phat nho, gon nhe, co dong.

Radar chi thi muc tiéu cho tén liza phong khéng: can c6 cu ly tic dung du xa sao
cho sau khi nhan dugc chi thi muc tiéu tir nd, cac phuong tién hoa luc phong khong du
thoi gian chuan bi dé tiéu diét muc tiéu ¢ tim xa nhat. Théng tin radar (vé ca 3 toa do)
can du chinh xac dam bao cho cac dai diéu khién tén hira bam sat ngay duoc muc tiéu
ma khdng can suc sao.

Theo cac dau hiéu ky thuat: C6 thé chia radar theo dai song, theo phuwong phéap
radar, theo phuong phap do cu ly va theo sb luong kénh radar doc lap:

- Tan sb 1am viéc cua radar c6 thé thuoc cac dai tin nhu bang bén dudi. Radar
dai HF loi dung su phan xa song ¢ tan d6i luu va tang dién ly dé phat hién muc
tiéu. Radar dai VHF va UHF dé phat hién cac muc tiéu ngoai duong chan troi.
Cac radar canh gigi thong thuong lam viéc ¢ dai song m (10 =1 m), dm (10 + 1
dm) va cm (10+ 1 cm).



- Theo phuong phap radar cé thé chia thanh céac radar chi dong ( 6 tra loi thy
dong hoac chu dong) va thu dong nhu da trinh bay & muc trudc.

- Theo phuong phap do cu ly c6 thé chia thanh 2 nhém 16n: radar birc xa xung va
radar birc xa lién tyc. Radar buc xa xung c6 vu diém chinh 13 : don gian viéc do
cu ly, vé mit ki thuat cho phép dé dang sir dung chung mét anten cho ca phat
va thu. Nhuge diém cua n6 1a can phai ding may phat cdng suit xung 16n, kha
phirc tap viéc do téc do muc tiéu. Radar bt xa lién tuc cho phép tach muc tiéu
theo téc do va do don tri téc do trong dai toc do kha rong, cong suat phat khong
can l6n. Nhuge diém cua loai nay 1a viéc khu ghép gitra tuyén thu va phat rat
phtrc tap, thiét bi dau cudi ciing rat phic tap khi can quan sat nhiéu muc tiéu
theo nhiéu tham sé.

1.3. So 0 khoi may phat radar

Radar 1a hé thdng rat hoan thién va phirc tap vé mat dién va tir. Thuong ching 12
nhitng ¢ may hoan chinh. Hé thong radar 1a sy sap xép nhiing khdi nho khéac nhau,
ban than nhiing khéi nay lai duoc sap xép véi nhitng muc dich khac nhau. Su da dang
cua cac khdi tiy thuoc vao muc dich cua timg radar, nhung su hoat dong co ban va
cac khdi chinh 13 trong ty nhau. Trong so d6 khdi, toi chi dé cap dén cac khéi quan
trong ma khong thé thiéu trong cac hé thong radar.

Khoi khugéch
dai cing suit

Khdi tao — I{hﬁikn?mg

song tan
1
- \y
ry £ 2 Ehéi dao ry i
Khdi ngudn - Ehdi chuven ;
dong mach song cong h
b
Khii e Knéizely | |z, Khéi diéu
hién thi tin hidu Khot by tan 1€ khién anten
Khoi khuéch dai
tap am thap

Hinh 1.3. So' d6 khéi hé thong radar.

- Anten radar

Thiét bi dung dé phét song vo tuyén tao ra boi may phat va thu séng phan xa tro
vé dua vao 6ng dan song tgi may thu. Anten str dung cho radar 13 céc anten dinh



hudng va co bé mit phan xa 16n. Kich thuée bé mat caa anten phu thudc tan s va moi
truong ma radar d6 hoat dong. Véi tan s cang thap yéu cau dién tich bé mit hiéu
dung cua radar cang 16n [8].

Tham sé quan trong nhat quyét dinh dén pham chét cua mot anten 1a do loi G, c6
biéu thirc nhu sau:

G(0,9)=naD(0.9) (1.1)
Trong d6:  G(0,¢) : d0 loi cua anten theo goc phuong vi (6,¢).

na 1 hiéu suat cua anten (ti sé gitra cdng suit phat xa trén cong

suit dua vao anten).

D(8,¢) : hé s6 dinh huéng cia anten theo (6,¢).

V&i c4c anten siéu cao tan, do lgi cuc dai G,y Cua anten duge xac dinh theo biéu
thirc sau:

Gmax= (47/A%)Ae (1.2)
Trong do:
A : budc séng (A = ¢/fvéi ¢ = 3.10° m/s 13 van téc anh sang va f 14 tin sd).
A : dién tich bé mat hiéu dung cua anten.
T biéu thtc trén, cd thé thay, do loi cua anten ty & véi tan sé va dién tich bé mat
hiéu dung cua anten. Piéu d6 cho thiy, tan sb cang cao hoic dién tich bé mit anten

cang 16n thi do loi cua anten cang lon. Nhu vay, khi phat song dién tir, dé ting do loi
anten, nguoi ta thuong tang kich thudc anten.

Db thi phuong huéng btc xa cta anten biéu thi su bién dbi do loi cua anten theo
cac hudéng khac nhau, thuong duoc biéu dién bang toa do cuc hoic toa dé vudng goc.
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(a) Trong toa do cuc (b) Trong toa d6 vudng géc
Hinh 1.4. D6 thi phurong huréng birc xa cua anten.
Trong thuc té, thuong su dung khéi niém do rong bup séng hoic goc naa cong
suat, 12 goc hop boi hai huéng ma & 6 muac cong suat giam di mot nira so véi mic
cong suat cuc dai. Trén hinh 1.3, c6 thé thiy do rong bap séng chinh 1a 3dB, va nd la

ham phu thudc ty sé A/D. Néu xét mét anten parabol, do rong bip séng chinh 3dB cua
d6 thi phuong huéng co thé tinh bang biéu thic:

Osae = 70A/D = 70¢/fD (1.3)
Trong do:
0: d6 rong bap séng & mirc ntra cdng Suat.

A: bude séng (A = ¢/f vai ¢ = 3.10° m/s 1 van téc anh sang va f 1a tan s6).

D: duong kinh anten parabol.

Bén canh blp séng chinh con cd cac bap séng phu; néu bap séng phu cang nho thi
ning luwong tap trung cho bidp soéng chinh cang lén va kha ning tranh can nhiéu giira
cac hé théng cang cao.

Khi lya chon anten cho mot hé thong radar phai dam bao mot sé yéu cau co ban
sau [3]:

- Anten c6 thé dung chung (radar monostatic) hoac riéng (radar bistatic) cho ca
hé thdng thu va phat.

- Anten dinh huéng cao dé xac dinh chinh xéac vi tri muc tiéu.

- Anten phai c¢d kha ning quét tron duoc 360° phét hién duoc muc tiéu trén tit ca
cac huong.
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- Phai c6 tdi thiéu 10 — 12 xung dap vao muc tiéu sau mdi vong quay cua anten
véi tée do 20-24 vong/phat dé dam bao cong suat xung phan xa.

- Dién tich bé mit hiéu dung Ae cua anten du Ién dé thu nhan tin hiéu phan xa
duoc tét.

- Cuong d6 bup phu nho (mic phat bap phu khéng qua 20-30 dB).

- Vj tri dat anten cao dé nang tAm xa tac dung, anten khéng bi vuéng hay bi che
khuat, khdng dit gan cac vat 1am anh huong dén kha ning phét va thu song
phan xa cua anten.

- Lap dat anten khdng anh huong dén cac hé thong vo tuyén dién xung quanh.

Céc loai anten cha yéu thuong dung cho radar thuong 13 céc loai anten ¢ bé mit
phan xa 16n nhu cac loai anten parabol, anten Cassegrain,...hay bé mat hiéu dung 16n
nhu anten mang pha.

- Khéi chuyén mach song céng (Duplexer)

Khi chi c6 mét anten sir dung ca viéc truyén va nhan tin hiéu, thi trong hau hét cac hé
thong radar déu s dung Duplexer. Chuyén mach Duplexer s& chuyén hé thong radar
tir ché @6 phat sang ché do thu. Trong trang thai phat, chuyén mach s& néi anten voi
bo phan phat va khéng két ndi voi b phan thu. Bo thu s& duoc cach ly véi xung
truyén c6 cdng suat cao dé bao vé b thu tranh bi hong nhitng bo phan c6 d6 nhay cao.
Ngay sau qué trinh phat, chuyén mach s& ngat két ndi véi bo phan truyén va két néi bo
thu vaéi anten.

Anten

Bén phit Bén thu

Hinh 1.5. So @6 két noi anten.

- Khéi tgo séng Waveform Generator

Bo6 phan phat tin hiéu sé duoc xay dung bai sy lién két voi ngudn tin hiéu sé véi
bo chuyén d6i D/A. Trong qué trinh hoat dong thi bo nhd s duoc sir dung dé luu gii
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tin hiéu dang sb. Bo nhg sé doc ra cac dic trung cua dang song yéu cau. O d6 tao ra
cac dang xung mét céch rat linh hoat va mém déo.

- Khéi dao dépng Local Osillators

Khébi dao dong 1a bo phan khéng thé thiéu trong k¥ thuat siéu cao tan nhu radar.
Ban chat cua khéi dao dong 1a mot thiét bi hoat dong va truyén tan s vao bo phan
vién théng. Bo dao dong diéu chinh duoc thuong sir dung tu bién dung dé diéu chinh
tan sé dao dong. Khéi dao dong diéu chinh dién 4p(VCO) la khéi dao dong ma yéu tb
bién d6i co ban la Diode bién dung. VCO duoc diéu chinh trén bang tan cua no boi
dién &p mot chiéu DC sach ap vao Diode bién dung. Mach vong bam pha s& duoc sir
dung dé diéu khién tan sé cua VCO.

- Khgi trén tan (Mixer)

Tron tan 13 qua trinh tac dong 1én hai tin hiéu sao cho trén dau ra bo tron tan nhan
duoc cac thanh phan tan sé téng hoac hiéu cua hai tin hiéu do.

B6 tron tan c6 nhiém vu cho ra mot tin hiéu phu thuoc vao hiéu pha hozc hiéu tan
sb cua hai tin hiéu vao. Gia sir tin hiéu diéu khién va tin hiéu ra c6 dién thé dugc viét
bai cong thue sau:

u, (t) =U, sin(at +6) (1.3)
u, (t) =U,rect(aw,t + 6,)

Khi d6 tin hiéu ra cta b tach song pha sé la:

u=UU,[sin(at +6E,)sin(a,t +6,)] (1.4)
u= %{cos(a)lt +0, — ot —06,)—cos(at+6 +w,t+6,)] (1.5)
u,u (1.6)

u =1Tz[00527r(f1— f,+6 —0,)—cos2x(f,+ f,+6,+0,)]

Tir cong thuc trén ta thay tin hiéu ra cua bo tach séng pha bao gom ca tong va
hiéu tan sb cua hai tin hiéu vao. Tuy nhién mach loc thdng thap khong cho phép tin
hiéu tong di qua ma chi cho phép tin hiéu vi sai di qua.

Mixer dugc sir dung dé truyén tin hiéu trong mot dai phd nay toi mot dai phd
khéc. Trong truyén dan radar, Mixer dugc str dung dé truyén truc tiép tan sb cua tin
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hiéu (IF) duoc tao ra boi bo tao dao dong sang tin hiéu cao tan RF. Khéi thuc hién
diéu d6 duoc goi 1a bo bién dbi tang tan sé 1&n. Trong radar nhan tin hiéu thi Mixer lai
lam nhiém vu nguoc lai 1a giam tan sé thu duoc xudng tir tan sb RF vé trung tan IF.

T QRF

Hinh 1.6. M6 hinh hoar déng bé trén tan.
- Khéi khuéch dai cong sudt (Power Amplifier)

Khéi khuéch dai 1a mot thiét bi bién doi tin hiéu c6 bién do nho ¢ dau vao thanh
mat tin hiéu co bién d6 16n ¢ dau ra ma dang tin hiéu khong thay doi.

Thuc chat khuéch dai 1a qua trinh bién doi nang luong cé diéu khién, & d6 ning
lwong cua ngudn cung cap mot chidu duoc bién doi thanh ning lwong xoay chiéu c6
quy luat giéng nhu quy luat caa tin hiéu diéu khién.

Mach khuéch dai duoc chia thanh nhiéu loai khac nhau:

- Theo dang tin hiéu can khuéch dai: khuéch dai tin hiéu lién tuc (khuéch dai
micro, &m thanh...) va khuéch dai tin hiéu xung( radar, may thu hinh, céc thiét
bi tinh toan, diéu khién...).

- Theo dai tan sé tin hiéu can khuéch dai: mach khuéch dai mét chiéu (f= 0 va
tan s6 thap), mach khuéch dai tan thap (f= 16Hz dén 20KHz), khuéch dai trung
tan va cao tan (f > 20KHz).

- Theo dic tuyén tan sé: mach khuéch dai cong huong( hé sé khuéch dai K dat
gia tri 16n nhat tai tan sé cong huong), khuéch dai dai hep (K khong thay doi
trong mot dai hep tan sé va suy giam rd rét ngoai ving nay), khuéch dai dai
rong( dai tan 1am viéc ¢& vai chuc MHz).

- Theo tré tai: khuéch dai dién tré, khuéch dai bién thé, khuéch dai cong huong,
khuéch dai di¢n cam...

- Theo tinh chat cac dai luong vat ly lay ra: khuéch dai thé (KU), khuéch dai
dong (Ki), khuéch dai cong suat (Kp).
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Thong thuong cac tin hiéu can thu c6 tan sb tir hang chuc MHz dén hang trim
MHz tham chi dén hang chuc GHz. Tin hiéu thu duoc thuong rat nho, can phai
khuéch dai 18n nhiéu lan, dé c6 tin hiéu du 16n (trén vai chuc von) dap (ng yéu cau
ciia mach tach song. Néu dung nhiéu ting khuéch dai s& dan dén két cau va ky thuat
phirc tap va rat dé bi tu kich 1lam do nhay khdng cao, chat lugng kém. Ngay nay, hau
hét tat ca cac may thu déu hoat dong theo nguyén tic thu d6i tan. Tin hiéu thu tir ing
ten ¢6 tan sé thu duoc dua vao mot b bién d6i tin. Trong may thu c6 bd dao dong
noi phat ra dao dong co tan sb tan sé 1a w,. Dao dong nay ciing duoc dua vao bo bién
ddi tan tron vai tin hiéu wth. O 16i ra cua bo bién tan s& thu duoc tin hiéu co tan sé:

Wy :|a)th _a)n| (1-7)

Khi can thu tin hiéu c6 tan s6 oy, bat ky, thi du oy, bién dbi thé ndo o, ciing bién
d6i mot luong twong tu dé luén dam bao oy 6 gié tri cd dinh. Vay oy la tan sé trung
gian gitra g VA o, va duoc goi 1a khuéch dai trung tan. Khuéch dai trung tan hoat
dong & tan s thap oy nén dé& khuéch dai va hé sé khuéch dai dat dugc rat Ion, tinh on
dinh cao va ciing rat gon nhe, dé ché tao.

Pbi v6i may phat radar thi khdi khuéch dai céng suat duoc sir dung dé khuéch dai
tin hiéu cao tan trudc khi phéat. Trong lich st ¢6 nhiéu kiéu bo khuéch dai dugc si
dung trong radar, chang han nhu dng khuéch dai c6 diéu khién luégi, khuéch dai tir
truong chéo (CFAS), dng truyén song (TWTs),...Ddi véi bo khuéch dai cong suat Ion,
cac tham sb quan trong 1a hé sé khuéch dai va d6 6n dinh trong dai tan lam viéc. Hé sb
khuéch dai Ié6n ma van dam bao duoc sy 6n dinh trong dai tan 1am viéc.

- Khéi khuéch dai tap am thdp (Low Noise Amplifier)

Tin hiéu thu dugc thudng co bién d6 rit nho va cd Ian tap. Muc dich cua bo
khuéch dai tap &m thap (LNA) 1a nang tin hiéu Ién céng suét theo yéu cau trong khi tin
hiéu da bi 1an thém tap va co thé bi méo dang tin hiéu vi vay sy phuc hdi cuaa tin hiéu
c6 thé gay mot su tré trong hé thong. Bo LNA 1a bo khuéch dai véi tap &m thap. Tin
hiéu tap dugc xac dinh bang hé sé tin hiéu tap 16i vao trén hé sé tin hiéu tap 16i ra.
LNA duogc st dung ¢ phan dau cua khoi radar thu. Tham sé khuéch dai ¢6 13n tap am
thap, nhat 1a & séng siéu cao tan.

- Khéi diéu khién xa ly tin higu (Signal Processing/Data Processing/Control
Subsystems)

Cong nghé xu Iy tin hiéu tuy thudc vao tin hiéu thu dugce chua duoc tron. Mot s6
cdng nghé xir ly tin hiéu théng thudng dugc s dung trong radar 13 hé sé twong quan,
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bo loc Doppler, phan xa anh,... Khéi xa ly dit liéu st dung bo bién di dir liéu duoc
tao ra bai khdi tin hiéu truc tiép vao khi radar hoat dong. Khéi xur ly tin hiéu 1a mot
khdi rat phuac tap ca vé cong nghé 1an thuat toan.

- Khéi diéu khién anten (Antenna Positioning Systems)

Trong mét sé hé théng radar, anten dugc diéu khién theo vi tri. Trong d6 mo to
duoc sir dung dé diéu khién vi tri cua anten. Néu anten chi can quay & mét téc do don
thuan nhat dinh thi chi cAn mé to don 1a du cho viéc d6. Con néu anten quay V&i cac
tdc do khac nhau thi mot vai cac bo phan hd trg diéu khién anten sé dugc sir dung.

- Khéi nguén (Power Systems)

Radar 1a mot hé théng dién tir rat phtc tap. Mdi thanh phan déu can cé khoi
ngudn dé van hanh. Trong qué trinh hoat dong, mdi b phan lai can cac gia tri dién ap
khac nhau. Dé dap ng cac gia tri nguon khac nhau d6, chi can s dung mot nguon
bén ngoai, sau d6 dién ap duoc bién ddi thanh cac mic dién &p can thiét. Bé bién doi
dién 4p DC thanh cac muc dién ap DC thuong st dung cac nguén Switching diéu
chinh. Céc nguén Switching diéu chinh 1a mach dién tir & d6 st dung cac cudn day,
cac transistor hoac tu dién nhu 1 phan tir dy trir ning luong dé truyén tai ning luong
tir khéi vao tai cac khoi ra.

- Khéi hién thj (Display)

Khéi man hinh hién thi ¢6 chirc ning hién thi cac thong tin- thong sb ki thuat cua
hé thng radar, théng tin vé muc tiéu ma radar thu duoc. Khdi ¢é chirc ning giup con
ngudi giao tiép voi hé théng radar.

1.4. Cac tan s6 hoat dong ciia radar

Hién nay, cac bang tan dugc str dung cho radar trude ddy trong thé chién tha 2
(tén bing tan va dai tan s6) van duoc st dung trong cac linh vuc quan su va hang
khong. Va dé co thé kiém soat mot cach tét nhat va sir dung hiéu qua, cac bing tan
radar duoc to chuc tiéu chuan qudc té ITU quy dinh va phan bo [11]. Ngoai ra, nhiéu
nudc trén thé giodi cling tu bo sung cac quy dinh trong viéc phan bo bing tan radar tai
cac nudc dé cho muc dich str dung trong quan su hay dan su.
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Biing o Bing tan con phan bé cho radar
X Dai tan so Buréc song
tan (theo ITU)
HF 3-30 MHz 10-100 m
VHF 30-300 MHz 1-10 m 138 MHz-144MHz; 216 MHz-225 MHz
UHF 300-1000 MHz | 0,3-1m 420 MHz-450MHz; 890 MHz-942MHz
L 1-2 GHz 15-30 cm 1215 MHz-1400MHz
2300 MHz-2500MHz; 2700 MHz-
S 2-4 GHz 7,5-15cm
3700MHz
C 4-8 GHz 3,75-7,5¢cm 5250 MHz-5925MHz
X 8-12 GHz 2,5-3,75cm 8500 MHz-10,680 MHz
K. 12-18 GHz 1,67-2,5cm 13,4 GHz-14GHz; 15,7 GHz-17,7GHz
K 18-27 GHz 1,11-1,67 cm | 24,05 GHz-24,25GHz
Ka 27-40 GHz 0,75-1,11 cm | 33,4 GHz-36,0GHz
126 GHz-142GHz; 144 GHz-149GHz
mm 40-300 GHz 1,0-7,5 mm
231 GHz-235GHz; 238 GHz-248GHz

Bang 1.1 — Cdc bang tan radar.

Bing tan HF: cac hé thong radar dung bang tan HF duoc st dung lan dau tién
vao nhitng nam dau thé chién 2, do Anh nghién ciu va phaét trién. Cac ung dung chit
yéu trong thoi ky nay cua radar bang tan HF 1a dé phét hién cac may bay ném bom.
Thuc té khi sir dung, cac thé hé radar nay ciing mang nhiéu nhugce diém nhu yéu cau
anten kich thudc 16n dé dat dugce d6 rong bip song hep, d6 tap am cao. Va do st dung
budc song dai nén cac muc tiéu dé roi vao ving khong dong nhat do tan xa Rayleigh
lam kho xac dinh khoang cach muc tiéu. Ngay nay, cac radar bang tan HF van duoc
str dung dé giam sat cac muc tiéu o rat xa (duong chan troi) hay radar giam sét bo bién

do budc séng dai cua bang tan sir dung.

Bing tan VHF: radar dung bang tan VHF rat pho bién vao nhiig nam 1930 phuc
vu cho muc dich quén sy. Ciing gidng nhu radar bang tan HF, cac radar dung bing tan
VHF ciing mang cac nhuoc diém nhu yéu cau kich thudc anten Ién, do tap &m cao.
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Tuy nhién do budc séng dai nén céc radar bang tan VHF duoc st dung dé giam séat bo
bién va duong chan troi.

Bdng tan UHF: cac radar dung bang tan UHF c6 d6 tap Am thap hon so véi céc
radar HF va VHF va d6 rong bup song phat ciing hep hon, kich thudc anten yéu cau
da Ié6n. Ung dung chinh cua radar bang UHF chu yéu trong viéc giam sat muc tiéu ¢
xa, phat hién may bay tang hinh hay tén Itra hanh trinh.

Bing tan L: radar dung bang tan L duoc st dung chu yéu trong viéc giam sat muc
tiéu ¢ cu ly xa va diéu khién cac muc tiéu trong khong gian. So véi cac radar bang tan
thiap nhu UHF va VHF, radar dung bang tan L chiu do tap &m thap hon.

Bing tan S: radar dung bing tan S thudng duoc trang bi cho hai quan phuc vu
muc dich giam sat cac muc tiéu ¢ cu ly xa hay giam sat san bay véi cdc muc tiéu o cu
ly trung binh. Ngoai ra, thé hé cac radar 3D méi ding trong quan sy st dung bang tan
S nham kiém soét ving troi nhu giam sat, theo ddi va bam muc tiéu.

Bing tin C: cha yéu dung cho cac radar giam séat cac muc tiéu & cu ly trung binh
nhu radar thoi tiét hay radar sir dung anten mang pha dung dé phong thu tén lira trong
guéan su.

Bing tan X: trudc day, bang tan X thuong sir dung cho muc dich quan sy nhu
giam sat myc tiéu o cu ly ngan, bam va dan duong tén lia. Hién nay, ngoai cac tng
dung trong quén su, cac radar dung bang X con duoc str dung cho c&c muc dich dan
su nhu dan duong va dinh huéng tau bé, giam sat thoi tiét. Uu diém cua cac radar
dung bang X 1a thong tin hién thi trén man hinh c6 d6 phan giai cao va anten yéu cau
c6 kich thuac nho.

Bing tan Ku, K va Ka: radar dung bang K duoc phét trién vao nhitng nim gitra
thé chién thtr 2 voi budc song 1,25 cm (¢ tan sb 24GHz). Tuy nhién, sau d6, khong
duoc str dung nhiéu do séng vo tuyén bi hap thu manh béi hoi nudc. TUy thudc vao
muc do hép thu ma sau do, bang tan K duoc t6 chiac IEEE chia thanh 3 bang con:
bang tan Ku tir tn s6 12 -18 GHz, bang tan K tir tan s6 18 — 27 GHz, va bang tan Ka
tir tan s6 27 — 40GHz. Céc ung dung cua radar bang tin Ku chu yéu dé giam sét bé
mit dit san bay do d6 phan giai cao. V¢i biang tan K, dung trong radar khi twong,
giam sat thoi tiét va cac sung radar caa canh sat dé do toc do. Bang tan Ka ding cho
cac thiét bi dé lap ban d6 c6 d6 phan giai cao va thir nghiém thdng tin.

Bing tdn mm: day 1a bang tan c6 tan sé >40 GHz, chua yéu ding cho céc hoat
dong thur nghiém thong tin, nghién ctru radar song mm hay dung gitra cac v¢ tinh
trong cum cac vé tinh [8].
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CHUONG 2 CO SOLY THUYET VE KY THUAT SIEU CAO TAN
2.1. Gi6i thiéu chung

Thuat ngit “viba” hay song siéu cao tin (microwaves) 1a dé chi nhirng séng dién
tir c6 budc song rat nho, ang véi pham vi tan sé rat cao cua pho tan sé vo tuyén dién

[1].

Pham vi caa dai tan s6 nay ciing khong c6 sy quy dinh chit ché va théng nhat toan
thé gigi. Giéi han trén cua dai thudng duoc coi 1a toi 300GHz (f = 3.10% Hz), tng voi
budc séng | = 1 mm (séng milimet), con giGi han dudi c6 thé khac nhau tuy thudc vao
cac quy udc theo nhu tdp quéan sir dung. Mot s nudc coi "song cuc ngan” 1a nhiing
s6ng c6 tan sé cao hon 30 MHz ( budc séng 1 < 10m ), con mot s6 nuéc khac coi
"viba" 1a nhitng sdng c6 tan s6 cao hon 300 MHz ( budc song 1< 1 m) [1].

Véi su phat trién nhanh caa ki thuat va nhitng thanh tuu dat dugc trong viéc
chinh phuc cac bang tan cao cua phd tan sé vo tuyén, khai niém vé pham vi dai tan
ctia "viba" ciing c6 thé con thay doi [1].

Tan s (Hz)

i i g _
song | séng | song mét Viba

|

i Héng ngoai ! sdng
dai 1 trung | ngan i (VHF} ! .

i

|

10° 10° 10 1 107 107 107 10°

Budc séng (m)
Hinh 2.1. Phé tan sé ciia séng dién tur.

Trong tng dung thuc té, dai tn cia vi ba con duoc chia thanh cac bang tan nho
hon [1]:

- UHF (Ultra High Frequency): f = 300 MHz + 3 GHz
- SHF (Super High Frequency): f = 3 + 30 GHz
- EHF (Extrtbiely High Frequency): f = 30 + 300 GHz

May phét siéu cao tan, cong suat 16n hoat dong trong dai tin 820Mhz dén 900Mhz
cua dai radar tim thap duoc xay dung dua trén phuong phap t6 hop cong suit trong
may. Khéi cong suat 1a to hop cua nhiéu modul cong suat nho dé tao ra khéi co cong
suat 16i ra 16n. Do vay ly thuyét siéu cao tan 1a nén tang dé giai quyét van dé trén.
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2.2. Co s6' 1y thuyét vé thiét ké mach siéu cao tin

2.2.1. Cdc loai dwong truyén

Puong truyén la thiét bi dé gi¢i han su lan truyén cac dao dong dién tir hay cac
dong ning luong dién tir theo hudng dd cho. Puong truyén dung dé truyén dan ning
lwong siéu cao tan goi 1a duong truyén ning lwong siéu cao tan.

Trong duong truyén ho, tai tiét dién ngang khong c6 vong kim loai bao boc viing
truyén niang luong siéu cao tan. Puong truyén hd cd nhiéu dang khac nhau nhu:
duong day d6i, mach dai, duong truyén séng mat. ..

Ddi véi duong truyén kin, trong nd 6 it nhat mot mat vat dan kim loai bao boc
hoan toan viing truyén nang luong siéu cao tan. Pudng truyén kin la cac 6ng kim loai
rdng cd tiét dién khac nhau, bén trong chira céc chéat dién méi déng nhat khac nhau
hoac khong khi hay chan khéng. Ching goi 13 dng dan séng.

Hai day kim loai Cap dong truc

/) | FEE &y &
— | — Y

Vi dai Cép phang dan song Dang dudng khe

Ong déan séng chir nhat Ong dan song tron

Hinh 2.2. Cac dang dwrong truyén song.

O dai séng mét, ngudi ta dung dudng day doi va cap dong truc dé truyén dan ning
lugng siéu cao. Pudng day déi cé cau tric don gian va cho kich thuéc ngang kha gon,
dé diéu chinh phdi hop. Nhung & dai song decimet, cap dong truc dung phé bién, day
d6i khong duogc sir dung rong rai vi tén hao do buc xa va hiéu tng bé mat. Trong dai
song centimet, duong truyén song pho bién 1a cac 6ng din song chix nhat va try tron vi
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n6 cho tiéu hao nho, kich thuéc phu hop, cap dong truc it dwoc ding vi ton hao do
hiéu wng bé mit ¢ 18i trong va ton hao trong dién méi Ién. N6 chi dung ¢ khoang cach
ngin va cong suit nho. Trong dai milimet, cac dng dan song chit nhat va tron khong
duoc dung phd bién do kich thudc nho, khd ché tao va tiéu hao 16n. O dai séng nay,
duong truyén phd bién 13 mach dai, duong truyén séng mat nhu: dng dan soéng dién
mdi, day din don c6 phu chat dién moi.

2.2.2. Phwong trinh truyén séng

Thong thuong, mot duong day truyén séng c6 thé duoc mo ta nhu mot hé gom hé
gom 2 day dan song song. D6 1a vi khi truyén dan séng TEM ta phai cd it nhat 2 vat
dan.

Mot phan tir rat ngan cia duong day c6 do dai Az (hinh 2.3a) c6 thé duoc biéu
dién boi mot mang 4 cum don gian gom cac phan tir tap trung (hinh 2.3b) [1].

- - itz 1 itz +Az, 1
et L —
+= o AN ST ']
-+

viz. )

_

Az - =
o O

{a) - Az -
(o)
Hinh 2.3. Biéu dién mach twong dwong ciia doan dwong truyén séng siéu cao tan.

=
-_
ra
4
-
—
G
=
I
Il

— CAz  wiz+ 4z, 1)

Trong 46, R - Dién tré ndi tiép trén mot don vi dai cua ca hai day, Q/m
L - Bién cam ndi tiép trén mot don vi dai caa ca hai day, H/m
G - bién dan song song trén mot don vi dai, S/m
C - bién dung song song trén mot don vi dai, F/m

Phuong trinh truyén séng nhu sau [1]:

N(2) _

=—(R+iwl)1(2) (2.1)
fo4

a(2) _ (G +iwC)V (2)
oL
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Ta nhan thay y 1a mot sé phuc, 6 thé viét:

y=a+if=,/(R+iol)G +iaC

Hé phuong trinh (2.1) c6 thé duoc viét lai:

dV(2) (2.2)
dz?
d?1(z)

dz?

-V (2)=0

—7°1(2) =0

Theo ly thuyét vé phuong trinh vi phén, ta c6 nghiém cua (1.2)

V(z)=V,e” +V,e”" (2.3)

1(z)=1,e7" +1,e”"

Cong thirc (2.3) biéu thi cac song dién ap va dong dién trén duong day, trong do,

s6 hang chtra e’ biéu thi cho soéng truyén theo huéng +z (séng thuan), con sé hang

chtra e’ biéu thi cho song truyén theo huéng -z (séng nguoc) [1].

V," va 1} biéu thi cho bién d6 dién ap va dong dién song thuan.

V, va I, biéu thi cho bién d9 dién ap va dong dién song ngugc.

2.2.3. Hé s6 phin xa

Néu dinh nghia hé s6 phan xa la ty s cua sdng phan xa trén song t6i thi tir ta xéac
dinh dugc hé sé phan xa tai z = 0 (vi tri méc tai) [1].

V
rO)=2 =
Vo, Z,+Z,

R& rang 1a bién do cua hé s6 phan xa || c6 gia tri bang hodc nhd hon 1 hay |r|<1

Ap dung (1.3) ta s& viét lai nhu sau:

Vi =V, [e"ﬁZ + Fe‘/”z] (2.5)

S Z,-2Z, (2.4)
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2 :\;_O;[eiﬁz _reiﬁz] (25)

Céc biéu thuc (2.5) va (2.6) cho thiy rang dién ap va dong dién trén dudng truyén
duoc xac dinh bai sy “xép chdng” cua hai song la song ti va song phan xa. Do vay,
bién do V| va |I| tai mdi vi tri z s& c6 gid tri khac nhau. C6 nhimg diém, bién do V|
hoac [I|ludn dat gia tri cuc dai, nguoc lai c6 nhiing diém ludn c6 gié tri cuc tiéu, nghia
la bién d6 dién ap (hoac dong dién) c6 dang dao dong theo z. Song nay dugc goi la
“song dimg”. Nhu vdy song dung sé& xay ra khi hé sé phan xa T'=0[1].

Khi ' =0, trén duong truyén chi c6 mot song 1a song téi, c6 dang séng chay. Nhu
vay song chay s& xay ra khi: T'=0 hay Z,=Z,: ta néi dudng truyén dugc phdi hop tro
khang [1].

2.2.4. H¢ s6 song dirng

Cac diém ma bién d6 dién &p co gia tri cuc tiéu duoc goi 1a diém “nut” cua séng
dung dién ap, con cac diém ma bién do dién &p co gié tri cuc dai duoc goi 1a diém
“bung”. Cac diém nut va diém bung cua song dung dong dién ciing dugc dinh nghia
tuong ty nhu trén. RS rang 1a diém nlt cua song ding dién ap sé twong Gng voi diém
bung cua song ding dong dién va nguoc lai [1].

Ty sb bién do cua dién &p tai diém byung va diém nat duoc goi 12 hé sé song ding

(HSD), viét tat 1a S [1].

2.7
nep_g Ve 17N (2.7)
Vi 1=

min

Khi I'=0 (phdi hop trg khang), ta c6 hé sé song dung S = 1, nghia 14 bién d6 cua
song dién ap (hodc dong dién) c6 gia tri nhu nhau trén suét chiéu dai cua duong
truyén. Song trén duong truyén dugc coi la séng chay. Tir (2.7) ta cling rat ra dugc
quan hé giira hé s6 song dung S va hé sé phan xa T

=S (2.8)
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2.2.5. Gidn do Smith

Puoc tao ra bai Phillip H.Smith (1905-1987) nam 1939 tai Bell Lab. Su ra doi
cta biéu dd Smith dd 1am giam nhe dang ké cac tinh toan vé duong truyén. Ta co thé
nghi rang ngay nay khi may tinh da phat trién thi ing dung biéu d6 nay khong quan
trong nita nhung nguoc lai nd cho sy tién ich nhiéu hon sy tién ich cia may tinh voi
biéu d6 thong thuong. Ngay nay biéu dd Smith 1a mot phan cua thiét ké may tinh
(CAD) véi phan mém thiét ké siéu cao tan. Nhd ¢ n6 ta cé thé dé dang tinh toan, hiéu
duogc mach loc duong truyén siéu cao tan, dé dang giai quyét cac cong viéc cua Ky
thuat siéu cao tan nhu van dé phdi hop tré khang [12].

Db thi nay chinh 12 biéu dién hinh hoc cua hé thic [1]:
1+T (2.9)

Z =——=R,

1-T
Hay viét duéi dang tré khang chuan hoé:
1+T (2.10)
7, =——
1-T
Trong d6 z,=Z,/R, chinh 14 tré khang chuan hoé theo RO.

Thay I =|[|e" ta viét lai (2.10) dusi dang:

1+ (2.11)

Mot gié tri bat ky caa hé sé phan xa I’ ¢ thé duoc biéu dién Ién hé toa do cuc
dusi dang mot ban kinh vecto || va goc pha ¢. Nhu vay, tng véi mdi diém trén mat
phang cua hé sé phan xa c6 mot gia tri ciia hé sé phan xa hoan toan xac dinh, va mot
gid tri tro khang z hoan toan xac dinh [1].

Thay z_ =r_+ix_va I'=T, +il, vao (2.9) ta nhan dugc:

(1+T,) +ir (2.12)

r +iX, :(l—F)—iF.
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Trong d6, r_ va X, lan luot 1a dién tré va dién khang cua tai.
I, va T, la phan thyc va phan 4o cta hé s phan xa T.

Trén mat phang hé sb phan xa (gisi han trong vong ban kinh bing 1 va |r|<1) 6

thé v& duoc 2 ho dudng cong, mot ho gdm nhitng duong dang dién tro r = const va
mét ho gdm nhirng dudong dang dién khang x = const [1].

Can bang phan thuc va phan 4o cua (2.12) ta dwgc 2 phuong trinh:

. 1-T7 -1} (2.13)
- (1_rr)2 +Fi2
. - 2r? (2.14)
T (@-T)P T

Sau khi bién d6i (1.13) va (1.14) ta nhan duoc:

2 2 2.15

o] (e o
1+r, 1+r,

2 2 2.16

(rr—1)2+(ri—ij =[i) (216)
XL XL

MJdi phuong trinh trén biéu thi mot ho duong tron trong mat phang T, T,.
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Hinh 2.4. Gian dé Smith [6].
2.3. Phoi hop tré khang

Phéi hop tro khang 1a van dé quan trong cua k¥ thuat viba, 1a mot phan cua quéa
trinh thiét ké mach lién hé thong siéu cao tan dya trén co sé ap dung kién thic vé Iy
thuyét duong day truyén séng. Mach phdi hop tro khang 1a mach khong ton hao dé
tranh 1am giam cong suét va duoc thiét ké sao cho trg khang vao nhin tir duong truyén
c6 gid tri bang tré khang Z, caa dudng truyén. So do phdi hop tré khang co ban duoc
mo ta nhu hinh sau [1]:

Zs Mach phéi hop Tai Z,
F

Hinh 2.5. So d6 phéi hep tré khang.
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Mach phéi hop tré khang 1a phan quan trong cia mot mach siéu cao tan vi nhitng
ly do sau [1]:

- Khi ngudn va tai duoc phdi hop tré khang véi duong truyén, ning luong téi da
tir nguon s& duoc truyén dén tai con nang luong tén hao trén duong truyén la
nho nhat.

- Phéi hop tro khang s& gitp cai thién ty sé tin hiéu/tap nhidu caa hé thong khéc
trong hé thdng sir dung cac phan tir nhay cam nhu anten, bo khuéch dai tap &m
thap.

- Dbi véi mang phan phdi cong suat siéu cao tan (vi du mang tiép dién cho dan
anten gdm nhiéu phan tir), phdi hop tro khang s& 1am giam sai s6 vé bién do va
pha khi phan chia cong suit.

Sau ddy chung ta dé cap dén cac phuong phap phdi hop tré khang co ban:
2.3.1. Phoi hop tré khdng diing cdc phén tir tdp trung

Mach phéi hop don gian nhét 1a loai chi gom hai phan tir dién khang mac thanh
hinh chit L (thuan hoac nghich), dugc goi 1a mach hinh L. Gia thiét duong truyén dan
khéng ton hao (hay ton hao thap), c6 nghia Z, 1a dai luong thuan tro [1].

1X

X
- -
2,] ]R ZT Zl’ ﬂ 1H Q ?-]'
(b)

(a)
Hinh 2.6. Mach phéi hep tré khang hinh L.
- Khdo sét hinh 2.6(a)
Gia st Z, = R, + ix_. Diéu kién dé dat duoc phdi hop tré khang la tré khang nhin

tir duong truyén vao mach phéi hop bao gém ca tai phai bang Z, nghia la:

| (2.17)

Zy=iX + ———
iB+ R, +iX,

Mach nay dugc tng dung trong truong hop R, > Z,.
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| X2, Z, (2.18)

B R, BR

X

Il
|
+

- Khdo sat hinh 2.6(b)

Dé dat duoc phdi hop tro khang, dan nap nhin vao tir duong truyén vé phia mach
phdi hop bao gdm ca hai tai bang 1/Z,, nghia la:

1 (2.19)
— =5 + -
Z, R, +ilX+X,)

Mach nay dugc tng dung trong trueong hop Ry < Z,.
- Thiét ké mach phéi hop tré khdng dung gian dé Smith

Truong hop Ry > Z, tré tai chuan hda Z, = r_ + ix, s& c6 phan thuc r_ >1. Do
vay, diém dai biéu cho Z, trén gidn d6 Smith s& nim bén trong vong tron r=1.

Nguoc lai, trudng hop R, < Zo, diém dai biéu Z, trén gidn do Smith s& nam bén
ngoai vong tron r=1.

2.3.2. Phéi hop tré khéng ditng mét diy nhdnh/day chém

Phéi hop tré khang bang diy nhanh 1a phwong phap duoc st dung kha phd bién
do don gian va d& diéu chinh. C6 thé mic day nhanh vao duong truyén theo so dd
song song hoic ndi tiép véi doan day hé mach hoic ngan mach, nhu hinh minh hoa
bén dudi:

e 4 o .
A A
o i hES Fan Za 1.
A A
a
V | e
{a) (b

Hinh 2.7. Phéi hop tré khang bang cdc dogn day nhanh.

Thuong viée diéu chinh vi tri mac diy chém hay d6 dai diy nhanh duoc thyuc hién
theo cach tiép xuc trugt. Pay 1a nhuoc diém vi khé dam bao su lién tuc vé tro khang
hoic tiép xuc kém. Bé khic phuc nhugce diém nay ngudi ta dung phuong phap phdi
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hop bang day chém déi dit cach nhau khoang cach ¢ dinh /8, A/4, 30/8 trén duong
truyén song. Cac day chém co thé & tinh trang hé mach hoic ngan mach dau cudi [1].

Open : Open !
or

or
short

short

(a) (b)

Hinh 2.8. Phéi hop tré khang bang ddy chém déi song song [6].
2.3.3. Phéi hop tré khing bang doan day lamda/4

Poan day /4 1a phuong phap don gian dé phdi hop mot tré khang tai thuc voi
duong truyén. Mot dac diém cua doan day M4 1a chung ta d& dang mo rong phuong
phap nay dé phdi hop cho ca mot dai tan sd. Tuy nhién, nhuoc diém cua phuong phap
st dung doan day M4 1a chi sir dung duge dé phdi hop cho truong hop tro khang tai 1a
thue. Vi mot tré khang tai phirc ching ta 6 thé sir dung mot doan duong truyén hoic
ding day nhanh dé dua tr& khang nay vé tro khang thuc, sau d6 dung phuong phap
doan day /4 dé phéi hop.

Hinh 2.9 biéu dién so do sir dung doan day A/4 dé phdi hop giira tro khang tai Z,
thuc véi dudng truyén co tro khang dic trung Zo.

Z., Zi Z‘l_ :I'Ei.l]]

r oY —
i
O
-
O

Hinh 2.9. So' d6 sir dung doan ddy /4.
2.3.4. Phéi hop tré khing bing doan ddy c6 chiéu dai bt ky

Pay 1a truong hop tong quat hon cta phuong phap phdi hop bang doan day 4.
Trong phuong phap nay ching ta dung mot day truyén song co do dai | bat ky mac ndi
tiép dé phdi hop mot trg khang phic Z, véi mot duong truyén séng cé tro khang dac
trung Zo (Hinh 2.10).



28

°
A I |

Hinh 2.10. Phéi hop tré khang bang doan day c6 chiéu dai bat ky.
O day chiing ta can xac dinh Z, va 1 dé c6 thé phdi hop Z, véi Z,.
2.3.5. Phéi hop tré khéing bing doan ddy mdc néi tiép

So do cua mach phéi hop tro khang bang hai doan day mac néi tiép duoc vé &

Hinh 2.11.
. . =
| |
| |

Hinh 2.11. Phdi hop tré khang bang hai doan day mdc néi tiép.

Trong bai toan nay cac doan day phdi hop c6 tré khang dac tinh Z, va Z, da biét
truéc, can xac dinh do dai cua chung dé co dugc tro khang nhin tir A-A vé tai dat
duogc gia tri bang Z,, nghia 1a dam bao khdng c6 séng phan xa trén duong truyén
chinh [1].
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CHUONG 3 BQ KHUECH PAI TAP AM THAP VA CO CHE BAO VE
3.1. Khai ni¢ém bd khuéch dai tap Am thap LNA
LNA 14 chir viét tat cia Low Noise Amplifier, 1a b khuéch dai tap &m thap.

Bién do cac tin hiéu phat bing vo tuyén dén phia dau thu nhan duoc thuong rat
nhé. Chinh vi vay can c6 bo khuéch dai tap am thap dé nham thu duoc cac tin hiéu
nho chinh xac.

Céac mach cao tan 1a phi tuyén, va rat nhay cam véi nhiét. Chinh tap am nay anh
huéng rat nhiéu trong qué trinh thu va khdi phuc lai tin hiéu di ligu.

Viéc khuéch dai thong thuong gidp khuéch dai cong suat tin hiéu, nhung déng
thoi ciing khuéch dai tap am. Vi vay, bd LNA duoc dung dé khuéch dai tin hiéu can
thiét dé dat dugc mot do loi Gain tét nhat, dong thoi han ché téi da khuéch dai Tap am
(Noise).

Vi tri LNA dit cang gan anten thu cang tét, vi khi dé, tin hiéu vo tuyén thu dugc
tir anten — tin hiéu rat yéu (vé cong suat) — s& duoc khuéch dai thong qua LNA. Pong
thoi, voi thiét ké dac biét, LNA s& khuéch dai cong suat tin hiéu véi muac tap am 12 toi
wu. Luc nay hé sé tap &m Noise Figure (NF) s& Ia thip nhat. Tir ddy, dwa vao cong
thire Friiss hé sb tap am NF toan may thu sé& 1a thap nhat, do anh huong nhiéu nhét ti
tang khuéch dai dau tién.

Angten

B6 tdn

Bd loc
théng dai

C huyén
mach

A
B loc
%I ‘ théng dai

Hinh 3.1. So' d6 khai mét phan bg thu phéat tin hiéu v tuyen.

3.2. Cac théng s6 quan trong ciia mach khuéch dai LNA
3.2.1. H¢ s6 tap am Noise Figure

Khi mach dién duoc cap ngudn, cac dién tir dao dong mot cach ngau nhién. Sy
dao dong nay tao ra nhiét. BSi véi mach cao tan, chuyén dong nay la vo cing 16n,
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luong nhiét to ra 1a dang ké. LGc nay nd hinh thanh mot kénh tap &m va anh huong
dén tin hiéu truyén trén hé théng. Trong hé théng RF, tap 4m duoc két hop tir nhiéu
ngudn khac nhau.

Tap &m noi: tap am duoc tao ra bén trong hé thong, nén duoc goi 1a tap &m noi.
C6 ba loai tap am noi chinh trong hé théng RF 1a: Thermal Noise, Shot Noise, Flicker
Noise.

- Tap @m nhiét (Thermal Noise)

Day 1a loai tap 4m dugc sinh ra tir su chuyén dong cua cac dién tir trong cac vat
dan dién hodc cac chat ban dan gay ra bai cac hiéu tng nhiét. Trong cac linh kién dién
tir, cac tin hiéu ngau nhién duogc tao ra trong cac cau kién dién tir cd cong suat ti 1¢
thuan véi nhiét do caa cau kién nay.

Cong suat tap am dugc dinh nghia:

P = KkT.Af (3.)
Trong &6  P: cdng suat tap am (W)
k: hang s6 Boltzmann (J/K)
T: nhiét 6 vat dan (K)
A f : bang thong (Hz)
- Shot Noise (Shottky Noise)

La mot loai tap am dién, xay ra khi c6 mot sé phan tir xac dinh mang ning luong
nhu electron trong cac mach dién ly, photon trong cac thiét bj quang du nho dé gay ra
nhitng su dao dong c6 thé do duogc trong cac thiét bi do luong hay cac thiét bi ban dan.

Gia tri cua loai tap am nay tang theo d6 16n trung binh cta dong dién hay cuong
d6 cuia anh sang. Shot Noise twong tu Thermal Noise, ciing ¢6 phan bd dang Gaussian
(tap &m trang).

12 = 2.q.1 . .Af (3.2)
Trong d6 I: Dong tap @m hiéu dung (A)

q: gia tri dién tich electron 1,6.10° (C)
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Ipc: dong dién DC (A)
Af : bang thong (Hz)
- Flicker Noise (1/f Noise)

Con goi 1a Pink Noise, thuong xuat hién & tan sé thap. Flicker Noise c6 mat db
phd cdng suét ti 1 nghich véi tan sé. Flicker Noise khong anh huéng nhiéu dén mach
& tan sb cao.

- Hé sé tap am Noise Figure (NF)
Ta c06 cong thire nhu sau:

_ SNR;, (3.3)
~ SNR,y;

SNR,, (3.4)
SNR,,,

NF (dB) =10.1g(F) =10.1g
Hé s6 tap &m hé thong (nhiéu tang) — ta c6 cong thuc Friiss:

F2_1+F3_1+...+L (35)
Gl Gle Gle "'Gn—l

F=F+

Vi Fx va Gx lan luot 1a Hé s6 tap am va Do loi tai tang thir .

Tir cdng thuc trén, ta thdy dugc Do loi khuéch dai va tap am tai ting thir nhét 1a
vO cling quan trong, anh huéng dén toan bo hé théng.

3.2.2. H¢ s6 khuéch dai

Pau tién ta can dinh nghia cic thong sé S-parameter ciia mang 2 ctra. S-parameter
| cac thong sb ciia ma tran tan xa [S].

4 AN a
u—l:!»— —?—D
Z:: i [S] ; Z::
b e VAVA 3 X

Hinh 3.2. So' d6 ciia mang 2 ciia.
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= Z—i o hé sé phan xa dién &p tai cira vao 1. (3.6)
= z—: wmo ti s6 gitra dién &p ra cira 1 khi dat séng vao tai cura 2. 3.7)
= Z— et d6 loi, hé sb khuéch dai (Gain) cia mang 2 cira. (3.8)
= z—z o hé s6 phan xa dién &p tai cira vao 2. (3.9)

Ta xét doan mach cao tan cd théng s6 ma tran tan xa [S] nhu sau:

z\

+ * ]
v Vi [S] Vi "
"/‘ Q—VI ﬁ‘lr-b Z{
A | 5

(Zy) rUUL’V*

n ’T'LH ' rl.

r
lll I

Hinh 3.3. Mang 2 ci#a véi nguon va tré khang tdi.

Ta dinh nghia cac loai d¢ loi céng suat nhu sau:

Operating Power Gain: 1a ty s6 giita cong suat trung binh tiéu tan trén tai voi
cdng sut trung binh dugc cip bai mach.

P 1
Operating Power gain = G = L (3.10)
in

Available Power Gain: la ti s6 giita cong suat trung binh hién hitu cao nhét caa
mach dién vai cong suat trung binh cao nhat dugc cap bai nguon.

Pawn (3.11)

avs

Available gain = G, =

Transducer Power Gain (d6 loi cong suat chuyén doi): 12 ti s6 gitra cong suat
trung binh tiéu tan trén tai véi cong suit trung binh cao nhit dugc cung cap boi
nguon.
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P
Transducer gain = Gy = P_L
avs

(3.12)

Hon nita, ta c6 I}, I 1a cac hé s6 phan xa tai ngudn Zs va tai tro khang tai Z,; Iy, ,
I, 12 hé s6 phan xa tai dau vao va dau ra tuong ng va duoc xac dinh bai céc cong

thirc nhu sau:

Z; — 72
FL= L 0
Z, + 27,
Le— 7
Fs= S 0
Zs+ Z,

Zin - Zo 512521FL

M Zim+Zy T 1=Sy,0

S1252115

loue = Spp + —————=
out 22 1— S, I

Trong d6  Z, la dac tinh tham s6 tré khang cua mang 2 cia.

Zi, la tré khang nhin tir ctra 1 cua mang.

S11, S12,S21, Sy 12 c&c tham s6 S cua mang 2 cua.

Tir d6 ta c6 thé viét lai cac d6 loi cong suit G, G, va Gt nhu sau:

oo P ISuPA-ILP)
Py, (1= |Tnl®I1 = S0 12
G, = Pawn _ |521|2(1 - |I?S‘|2)
4 Pavs |1_511[:§|2(1_ |Fout|2)
P, 18 1P = 1P = [1L1%)
GT == ==

Pavs_ |1_I—:9[En|2|1_52211|2

3.2.3. Tinh on dinh ciia hé thong

(3.13)

(3.14)

(3.15)

(3.16)

(3.17)

(3.18)

(3.19)

Hé théng 6n dinh 1a mach luén khuéch dai véi moi tin hiéu dua vao ma khong tro
thanh mot mach dao dong. Mach cao tan duoc dic trung boi 1 hé s6 6n dinh K, dugc

dinh nghia bai cong thic:
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1= 1817 = 155,17 + [AJ? (3.20)
2|512521|
Trong dé |A| = |S]_1$22 + 512521| (321)

Hé thdng sé& 6n dinh khong diéu kién khi: K > 1 va |A| < 1.
3.2.4. Dj tuyén tinh

Mach khuéch dai 1y twong 12 mach tuyén tinh hoan toan. Cé nghia 13 v&i moi tin
hiéu vao s& déu dugc mach khuéch dai. Tuy nhién, da sé cac mach trong thuc té chi
tuyén tinh trong mot pham vi gigi han nao do.

Khi tin hiéu vao 1a nho, tin hiéu ra duoc khuéch dai tuyén tinh. Tin hiéu vao tang
dan, tin hiéu ra khuéch dai ting theo, dén mot mac gidi han bdo hoa caa mot trong cac
linh kién cta mach. Piém nén 1-dB duogc dinh nghia 1a diém ma do loi cua tin hiéu
giam 1 dB so véi do loi cua tin hiéu nho (d6 loi 1y twong). Bang cach giam baot do loi
dé tin hiéu khdng méo dang. Piém nén 1-dB gilip can bang giira d6 lgi khuéch dai va
tinh tuyén tinh caa mach.

Out Put Power

“

Out put 3" Order Intercept
point ; S
Ideal Gain * / ractical Gain

I:l,j ;
1dB Compression Point > ' F
]dBI y

3™ order
slope
Noise floor |- ——————efeeec .
dBe v
» In Put Power
MDS In put 3" Order
10log (KTB)+NF Intercept point

Hinh 3.4. Biém nén 1-dB va Piém chan bdc 3 [11].

Pé danh gia muc tuyén tinh cia mach, nguoi ta ding thong sé Piém chan bac 3
(Third Order Intercept Point) — hay con goi la 11P3 (Input 3" Order Intercept Point).
Diém chin bac 3 1a diém ma & d6 bién d6 phd bac 3 tring véi bién d6 phd bac 1.

Theo dinh nghia, gia tri cia diém nén 1-dB va diém chan bac 3 nhu sau:
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- Bién d6 diém nén 1-dB:

p (3.22)
A = /o,145.a—z

- Bién do diém 1IP3:

o (3.23)
Aps = 5_
5
- Ngoai ra, ta cling co:
olp3=p,, + 8¢ (3:24)
2
IP3=P,, —Gain (3.25)

Trong d6  ay, ag: 1a cac hé sb trong phép khai trién Taylor tin hiéu ra.
OIP3: Ouput 3“ Order Intercept Point.
11P3: Input 3" Order Intercept Point.
dBc: do 16n cdng suat nén nhiéu.
Pout: €ONG sudt tin hiéu tai ngd ra.

Hé thong nhiéu tang:

1 _ 1 G GG (3.26)
IP3  1IP3, 1IP3, 1IP3,

Piém 1-dB Compression va diém 11P3 cang 16n, hé thong sé cang tuyén tinh.
3.3. Co ché bao vé
3.3.1. Gidi thiéu vé hé thong radar

Nguyeén Iy chung cua cac hé thong radar 1a phat séng vo tuyén (séng dién tir tan
s cao) vao khong gian theo co ché phat xung va thu lai xung phan xa tir myc tiéu
nham phat hién va xac dinh khoang cach myc tiéu. Xung do radar phat ra c6 d6 dai 1a
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T,, VGi tan s6 1ap xung 1a f, = 1/T, (T, la chu ky lap xung). Chiéu dai xung 1, thay d6i
phu thudc vao tam hoat dong cua radar nhung van dam bao chta sé lugng dao dong
siéu cao tan nhat dinh va céng suit xung phat. Thong thuong, cac radar duogc thiét ké
Vv6i hai mic xung ngan va xung dai. Khi d6, xung ngin dé ting kha ning phan giai
theo khoang cach, trong khi xung dai dé ting cong suat phat va kha nang phét hién
muc tiéu [3].

Déi vai chu ky lap xung Ty ciing phai dam bao sao cho tin hiéu tir muc tiéu xa
nhat trong tam hoat dong phan xa vé t6i anten roi méi phat di xung tiép theo, hay phai
dam bao cho:

Ty > 2RmadlC (3.27)

Vé hinh thai hé théng radar co ban duoc chia thanh hai loai 1a hé thdng radar
monostatic va bistatic [6]. Cac hé thdng radar monostatic 1a cac hé théng radar ma sir
dung chung anten cho viéc phat va thu séng dién tir. Trong khi, cac hé thong radar
bistatic s& sir dung 2 anten riéng r& cho viéc phét va thu. Thuc té, véi viéc tbi wu cu
hinh mot hé théng radar va tao sy thuan tién cho viéc khai thac sir dung, cac hé thdng
radar kiéu monostatic duoc st dung phd bién hon ca.

Anten
B chuyén Bd tao dao .
mach [* ldong cao tin [* B& tao xung
B ba BG trdn .
v;mi‘; B tach |, B4 khuéch dai
thu song | 4| xunganh
BG khir
nhig
Bé dao ding nii

Hinh 3.5. So' d6 khoi hé thong radar monostatic.

Khi chi c6 mot anten st dung ca viéc truyén va nhan tin hiéu, thi trong hau hét céc
hé théng radar déu sir dung Duplexer. Chuyén mach Duplexer s& chuyén hé théng
radar tir ché do phét sang ché do thu. Trong trang thai phat, chuyén mach s& néi anten
véi bo phan phét va khong két ndi voi bo phan thu. Bo thu s& duoc cach 1y véi xung
truyén c6 cong suat cao dé bao vé b thu tranh bi hong nhirng bo phan c6 do nhay cao.
Ngay sau qua trinh phét, chuyén mach s& ngat két ndi vai bo phan truyén va két ndi bo
thu vé&i anten. Tuy nhién do qua trinh chuyén mach thu - phat trong ché do phat cong
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suat 1on khong dong kin 1y tuéng nén cdng suat phat lot vao may thu kha 16n, diéu nay
c6 thé 1am hong cac bd phan trong may thu c6 do nhay cao (nhu LNA). Vi vay sir
dung bo han ché hay bd bao vé trude dau vao cia may thu 1a can thiét. Thong thuong,
thiét bi chuyén mach thu phat la céc thiét bj phong dién chét khi va co thé sir dung
ciing vai bo bao vé thiét bi thu ban din. Céc bo bao vé thiét bi thu ban dan nay la cac
vong ban dan nhim cung cip kha ning cach ly gitra may phét va may thu... Trong
luan van nay t6i dd nghién ciru va sir dung phuong phap bao vé thiét bi thu ding PIN
Diode vi nhitng chirc nang va kha nang tng dung cao cua PIN Diode.

To PR
antenna

Receiver protector

------------------------------------------------

PIN |
limier [ NA

From
transmitter

Hinh 3.6. Cdu tgo cua khéi bdo vé [9].
3.3.2. Co ché bdo vé sir dung PIN Diode

PIN Diode c6 cau tao nhu hinh:

W

Hinh 3.7. Cdu tao PIN Diode [12].

PIN Diode duoc Iira chon voéi tinh nang chuyén mach siéu cao tan vi cac tinh ning
wu viét cia nd so voi cac Diode thong thudng, c6 thé sir dung PIN Diode dé thiét ké
khdi bao vé cong suat lot tir may phat sang bo LNA. Hai ddc trung quan trong nhét
ctia nd 1a ¢6 dién tré vo cung 1on (6 mode dong) va duy tri 1au dai thoi gian ton tai cia
cac phan tir tai dién (charge carriers) trong 16p I, nhd d6 PIN Diode c6 thé dong vai
trd cong tac déng mé véi do cach 1i tot va khong anh hudng dén dang tin hiéu RF.
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Thém vao d6, cong tic chuyén mach dung pin Diode ¢ thoi gian chuyén mach rat
nhanh (¢& nano gidy) so véi Diode thong thuong, dam bao thoi gian dong mo LNA.

L. L,
O Y Y ¥ ™ il Y e
o mceesd 7 :;}'
o——ANN—— o——AMA
R, R,
(a) Trang thai ngit (phan cyc nguoc) (b) Trang thai dong (phan cuc thuén)

Hinh 3.8. Mach mé phéng cdc trang thai déng, ngdt ciia PIN Diode.

Khi ¢ ché do phan cuc nguoc, tré khang PIN Diode s& tuong dbi cao do tac dung
cua dién dung ndi tiép nhu mo ta trén hinh 3.8(a). Nguoc lai, khi dugc méc & ché do
phan cuc thuan, thanh phén dién dung ndi tiép trén bi loai bd, lam giam gia tri tro
khang Diode xuéng mirc thap hinh 3.8(b). Cac mach trén chi mo phong trang thai
dong ngit 1y tuong cia PIN Diode ma chua tinh téi cac thanh phan dién cam dién
dung ki sinh, trong mot s6 thiét ké siéu cao tan st dung PIN Diode, gia tri ctia céc
thanh phan ki sinh nay tré nén dang ké.

PIN Diode c6 thé st dung lam cac chuyén mach cao tan. Cau hinh phan cuc
chuyén mach dung PIN Diode duoc trinh bay nhu hinh sau:

J— 0O Bias
b
RFC L

choke g L2 DC RF I
block choke -': D(

block
DC

Zo block A DC

Z block Diode Z;,

—_—

(a) Cach méc nbi tiép (b) Cach mic song song
Hinh 3.9. Phan cuc chuyén mach cho PIN Diode.

Trong hinh 3.9(a), cong tic dong khi PIN Diode dugc phan cyuc thuan trong khi do
& hinh 3.9(b), cong tic déng khi PIN Diode duoc phan cuc nguge. Trong ca hai
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truong hop trén, cong suét 16i vao déu bi chan lai khi cong tic ¢ trang thai ngat. Hai tu
ngan thanh phan mot chiu phai c6 tré khang rat thap véi cao tan va nguoc lai, cudn
chin cao tin phai c¢6 tré khang rat cao ¢ tan sb hoat dong. Ta c6 thé sir dung nguyén
tdc d6 lam mach bao vé, han ché cong suat lot tir may phéat sang may thu, bao vé LNA
khoi bi danh thung.

Véi cau tric phan cuc cho chuyén mach PIN Diode nhu trén, ¢6 thé sir dung hinh
3.8(b) 1am mach bao vé cho LNA. Khi d6 dé déng may thu c6 thé dua dién 4p phan
cuc thuan cho PIN Diode.

Ngoai ra c6 thé st dung PIN Diode bao vé thu dong, khdng can phan cuc dugc
trinh bay trén hinh 3.10. Bién do xung cao tan s& mé PIN Diode theo ca 2 hai ntra chu
ky duong va am. Khi PIN diode m& Rs xap xi bang khong, néi tat xung lot tir may
phat, bao vé LNA dung CMOS khoi bi danh thang.

ANT1

C2

BPEI‘ c1 3PF
|
|

3PIF I

) :

D2
iDI%lDE *DIODE

Ll
1uH

Hinh 3.10. Bao vé thu déng dung PIN Diode.
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CHUONG 4 THIET KE, MO PHONG VA THU'C THI MACH
4.1. Yéu cau

Thiét ké ché tao bo khuyéch dai tap am thip (LNA) bing tan C hoat dong & dai
tan 4 - 5 GHz cd hé s6 khuyéch dai I6n hon 10dB.

4.2. Tinh toan mé phéng va thiét ké

Céc thong s6 cua bo khuyéch dai tap am thip LNA duoc thiét ké mé phong ding
phan mém chuyén dung ADS trén co s& lra chon cdng nghé phu hop 1am viéc ¢ biang
tan C. Tur két qua md phong cho thiét ké tang tién khuéch dai trén céng nghé mach
dai, tién hanh gia cong mang mach PCB.

4.2.1. Gidi thiéu Transistor cao tin SPF-3043

Transistor cao tan SPF-3043 do c¢6ng ty Stanford Microdevices ché tao. Pay 1a
Transistor ché tao theo cong nghé 0.25um pHEMT Gallium Arsenide FET, hoat dong
véi phan cuc 1y tuong 3V, 20mA cho tap &m thap nhét, sir dung pin. V&i phan cuc
5V,40mA chip hoat dong tét véi OIP3 1a 32dBm. N6 cung cap tinh nang vé dai tan
hoat dong rong, hé sé khuéch dai 16n, phi hop véi viéc thiét ké, ché tao cac bo khuéch
dai tap Am thap dung trong cdng nghiép va thuong mai.

- Pbac tinh cua SPF-3043:
e Dai tan hoat dong dén 12 GHz
e Hé s6 tap am cuc thap (NF): 0.44 dB @ 2 GHz
0.54dB @ 4 GHz

e Hé s khuéch dai cao:  19dB @ 2 GHz

22 dB @ 4 GHz
e Dong thip (3V,20mA) +32 dBm OIP3, +20 dBm P1dB (5V,40mA)
e Sirdung pHEMT c6 tinh ning cao, gia thanh thap.

C4u tric chan va chire ning cac chan cta Transistor SPF-3043:
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g Pin# | Function Description

1 Gate RF Input

2 GND & Source | Connection to ground. Use via holes to reduce lead
inductance. Place vias as close to ground leads as possible.

3 Drain  |RF Output

4 GND & Source | Same as Pin 2

2

Hinh 4.1. So' d6 va chire ndang tirng chan cua Transistor SPF-3043 [13].

Typical Gain Performance

35 I I
= = = =3V, 20mA
30 \ 5V, 40mé
AN
=25 +—=
P
© 0 === — =] Gmax
£ 15 N
O] Gain | T =
10 ==
5
0 2 4 6 8 10

Frequency (GHz)

Hinh 4.2. Hé sé khuéch dai cua Transistor SPF-3043 [13].
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4.2.2. Cdc tham sé S-Parameter ciia Transistor SPF-3043

FreqGHz | |Sqq] | Sy1Ang | [Saa| | Soi Ang | [Sia| | Si2Ang| S22 | S22 Ang
a 0.55989 | -104.836 | 6.38611 | 91.5182 | 0.06328 | 46.0981 | 0.36446 | -52.6646
4.05 0.55699 | -105.696 | 6.33797 | 90.7685 | 0.06372 | 45.892 | 0.36272 | -53.1984
a1 0.5541 | -106.557 | 6.29019 | 90.0188 | 0.06415 | 45.6859 0.361 | -53.7322
4.15 0.55123 | -107.417 | 6.24278 | 89.2692 | 0.06459 | 45.4797 | 0.35928 | -54.2659
42 0.54837 | -108.278 | 6.19572 | 88.5195 | 0.06503 | 45.2736 | 0.35757 | -54.7997
4.25 0.54553 | -109.138 | 6.14902 | 87.7698 | 0.06548 | 45.0675 | 0.35587 | -55.3335
43 0.5427 | -109.998 | 6.10267 | 87.0201 | 0.06593 | 24.3614 | 0.35418 | -55.2673
4.35 0.53989 | -110.859 | 6.05667 | 86.2704 | 0.06638 | 44.6553 | 0.3525 | -56.4011

4.65 0.52287 | -116.021 | 5.81025 B81.7724 0.0693 43.4186 0.34231 | -59.6037
4.7 0.52001 | -116.882 | 5.77388 B81.0227 0.069582 43.2125 0.3406 -60.1375
4,75 0.51717 | -117.742 | 5.73773 80.273 0.07035 43.0064 0.3389 -60.6713
4.8 0.51434 | -118.602 | 5.70182 79.5234 0.07088 42,8002 0.33721 | -61.2051
4,85 0.51153 | -119.463 5.60613 78,7737 0.07142 42,5941 0.33552 | -61.7389
4.9 0.50874 | -120.323 5.63066 78.024 0.07196 42,388 0.33385 | -62.2726
4,95 0.50596 | -121.184 | 5.59541 77.2744 0.0725 42,1819 0.33218 | -62.8064

5 0.50319 | -122.044 | 5.56038 76.5247 0.07305 41.9758 0.33052 | -63.3402

Hinh 4.3. Bang tham s¢ S-Parameter cia Transistor SPF-3043.

Mt khéc, ta c6 cong thic tinh tré khang dau vao va dau ra dua vao cac thong sé
Si1 va Sy, nhu sau:

7 1+S,
in l—Sll

(4.1)

4.2.3. Thiét ké mach phéi hop tré khdng
Tir cac tham sé S-Parameter va cong thire trén ta cé thé tinh dugc cac hé sé Z;, va

Zout Ia:

Zin = 21.0 — j*28.6 Ohm (4.2)

Zout = 58.4 — j*39.15 Ohm (4.3)

Bai toan tro vé thiét ké mach phdi hop tré khang cho Zi, va Zgy: V6i tré khang Zs
va tré khang tai Z,_ (c6 gia tri 1a 500).
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C6 rat nhiéu phuong phap phdi hop tro khang khac nhau nhu: phan tir tap trung,
day chém ndi tiép, day chém song song, doan diy A/4... Tuy nhién phu thuc vao yéu
cau cling nhu qua thuc nghiém t6i quyét dinh chon phuwong phap diy nhanh/chém
song song do sir dung dugc sy chinh xéac, on dinh caa cdng nghé mach dai.

,,,,, i Mach Mach
»hor hop ‘ hothop ]
I e g Transistor F _ l -
A trokhang | «— —» (s] « —» | trokhang Lo
\ Vao ' ra | |
L1 g Gy G, |

Is| |la T [T

Hinh 4.4. So' d6 co ban ciia mach phoi hop tré khang.

- Thiét ké mach tré khang cho 16i vao

MSUB S_Param
L R
M Bmin U SEMEADGHZ ke
- Er—d434- - - - - -Sep=50GH - - - - - - - - TEB - e

- Mur=1 - . . . Step=1.0MH . . . . . . . . . . . . .
. Cond=10E+50. . . . . . . . . . . . L.
. Hu=1.0e+033mm

T=0.035 mm

W=287mm . . . . . . . . . . .

L=1023mm

Rough=0 mm

| — | 31 N | —

| IS | Il | M| | S | | ES— |

MLIN o MLIN MTEE_ADS MLIN

L4 - - - . c1 - - |- . TL2 . Teel. . . . . L TL1 - - - .

Subst="MSub1” . . C=33pF. . |. . Subst="MSub1” . . Subst="MSub1® Subst="MSubl® .

w=28/mm . W=287mm = WI1=287mm = w=287mm

L=4 mm L=7.451 mm W2=2.87 mm L=8 mm

LoooERmme .I..N. e A St T | P

TL3 =
Subst="MSub1”
Wes BTt
dfeTpiy ® © @ 2 ° @ @ ° @ @ 6 @ @ 6 @ 986 &8 86 6 o6

Hinh 4.5. So' d6 nguyén Iy mach phéi hop tré khang 16i vao.
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m2

freq=4.500GHz
dB(S(2,1))=-1.501E-7
Max

m-1

50 freq=4.500GHz
dB(S(1,1))=-74.614
. 1Min

freq, GHz

Hinh 4.6. Két qua md phong tham sé Sy;, S,y 16i vao.

- Thiét ké mach tré khang cho 14i ra

.. ...@IS—PARAME.TERS I

S Param

i 5_parz
MSub1 SP1
.  iEEEfn C C C c CEEA@EER ¢ o o ¢ v s s s o
. = e Ml s - - - . SEpslOMEz o . o
. e e e o oo ... . Cond=10E+RO0 . . . . . L L.
. SR mmaseae
+ Subst="MSubi” - - - - - - %Ebufas L e & 5 2 & 5 s h e e e s
. w=287/mm. . . . . . . - L
=1023mm. . . . . . . fowawomm
I |- , | LAl — 1
L L i L 7T I o
MUN - - - - MTEEADS - R R s vy T S Term . .
B T Teeld . - . . . me - - . Loe2 Ted - - - - . Temz
. . . . . Subst="MSub1® . . Subst="MSubl” Subst="MSub1” . |. . . ©C=33pF . . . . Subst="MSubi® . . . _NEIm=2 .
ag Tepn . W=287mm  Wi=28mm  w=287403mm | WwW=287mm .Z_.Sclpnr.n
Termi [=4.175 mm W2=2 87 mm [=3.6 mm =4 mm =
S waeermm o N e =
ZeBEIEBABONM ot T2 - o
I Subst="MSub1? - - - - -
W=287Tmm . . . . . . .
= L=25 mm

Hinh 4.7. So' d6 nguyén Iy mach phéi hop tré khang 16i ra.
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m2

freq=4.500GHz
dB(5(2,1))=-6.998E-7
m2 |Max

50 m1

freq=4.500GHz
dB(S(1,1))=-67.928

0] 1 [Min

-70 ,

freq, GHz

Hinh 4.8. Két qud md phéng tham sé Sqq, Syq 161 ra.
- Phéi hgp tré khang cho mach khuéch dai LNA

Sau khi thiét ké riéng cho ting 16i vao va 16i ra ching ta tiép tuc md phong lai
toan bo mach khuéch dai tap &m thap sir dung Transistor SPF-3043 bang viéc sir dung
file .S2P. Tir d6 ta c6 thé khao sat dugc céc tham sé quan trong nhu hé sé phan xa Sy,
hé sb khuéch dai Sy, dai théng caa mach ...

[vee | (@R[ SeAvaeTERS B DD

e oo
Subst="MSwb1* -

| | Ay I 1 | — LY | | — I 1

— BN 70 | M| ) i | BN i

- MLIN MLIN MLIN C MLIN TermZ
'Errrrr:_. CTL4 - - Lot - T - RS R PP T A P T X 5 MNum=2 -
Z=50 Ohm” Subst="MSubi” .C=33pF. . Subst="MiSubl" . 1" . Subst=MSubi” . =51. . . . Subst="MSubi” b17|. . C=31pF . . .Subst="MSub1" . 2=50 Obm .
THOIM We28Tmm . . .. | . We2BTmm . | . We2BTmm.  SMIT O we2a7mm ml|. . ... We2ETpm S
B o oD, LS S T e L E o oo

Subst="MSub1®

T3

Subst="MSub1 =

We2 BT .. . .. T
! L2142 vorn {13 .. . .. e

W=2ETmm . . . .
goLEEammy

Hinh 4.9. So' @6 nguyén Iy toan bé mach khuéch dai.
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m-
freq=4.500GHz
dB(S(2,1))=17.697

20 m1

15+

10—
== 07 m2
55 04 freq=4.500GHz
i dB(S(1,1))=-14.968

-20

T | T | T | T | T | T | T | T | T | T
40 41 42 43 44 45 46 47 48 49 50
freq, GHz
Hinh 4.10. Két qua md phdéng tham sé Siq, Sy1 Ciia mach.

Nhgn xét: két qua mé phong ta thay: hé sé khuéch dai (S»1) khéa cao ~18dB phu
hop véi @6 loi cua Transistor SPF-3043. Ta c6 thé sir dung két qua nay dé tién hanh
ché tao mach Layout.

4.3. Thuc nghiém
4.3.1. Ché tao Layout

Sau khi md phong toan bo hé thdng dat gié tri tét, ta di tién hanh thiét ké layout
cho mach va gia céng hoan thién ta duoc san pham 14 mach khuéch dai thuc té:
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Hinh 4.12. San pham thuc té mach khuéceh dai tap am thdp.
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4.3.2. Két qud do

Tién hanh do kiém trén mach thuc té ta duoc két qua:

Hinh 4.13. So do bo tri do kiém mach khuéch dai tap &m thap.

FORMARD TRANSHI O
B mm i REF

LOG MAGHITUDE »REF=0.088 dB 18,0688 dB/DIV

o ¥
TO HIN

G.161

Hinh 4.14. Két qua do tham sé Sy, (hé sé khuéch dai ciia mach).
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311 FORWARD REFLECTION

LOG MAGHITUDE »REF=18 18,888 dBsDIV

db

R TO MAR
R TO MIN

READOUT
N3

Hinh 4.15. Két qua do tham sé Sy, (hé sé phan Xa tai 161 vao).

Nhdgn xét: nhu vay ta da thiét ké, mé phong va ché tao thanh cong mot tang bo
khuéch dai tap &m thap (LNA) hoat dong tai bang tan C véi tan sb trung tam la
4.5GHz.

- Két qud do hé sé khuéch dai (S,1) ciia LNA khi c6 thém DIODE:

PAu tién, ta co hé sé khuéch dai caa mach LNA:

521 FORWARD TRAMSHI

LOG HMAGHITUDE B.a80 A.808 dB/DIV

Hinh 4.16. Hé so khuéch dai (S,1) ciia mach.
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Sau khi ta gan thém Diode tai nbi vao ciia mach LNA, thi ta thiy su thay d6i hé s6
khuéch dai cia mach LNA nhu sau:

S21 FORHARD TRANSHISSION CH 3 - S21
0.0000 mm REF

0.000 dB OFFSET
LOG MAGNITUDE »REF=0.000 dB 15.800 dB/DIV 0.00° OFFSET

PHARKER 1
4.500000000 GHz
8.276 dB

HARKER TO MAX
HARKER TO WIN

3 4.293750000 GHz
7.679 dB

|4 4.7986258008 GHz
6.261 dB

H : : ; i H i : . HARKER READOUT
4.000000000 5.800000000 | FUNCTIONS

Hinh 4.17. Két qud do tham sé Sy lan dau ngay sau khi nip Diode.

Tiép theo d6 ta tién hanh do thir nghiém nhiéu 1an nham muc dich do dugc hé sé
khuéch dai Ién nhat ma mach c6 thé dat dugc khi c6 Diode thi ta c6 két qua cudi ciing
cta tham sé S,; nhu sau:

$21 FORWARD TRANSMISSION CH 3 - §21
0.0000 nm REF

0.000 dB OFF
LOG MAGNITUDE »REF=3.000 dB 12.008 dB/DIV 0.00° UFFgg}

PHARKER 1
4.500000000 GHz
10.096 dB

MARKER TO MAX
MARKER TO MIN

3 4.293750000 GHz
6.513 dB

|4 4.790625000 GHz
7.642 dB

: : : : ; d H d ; HARKER READOUT
4.000000000 5.000000008 | FUNCTIONS

Hinh 4.18. Két qud do cudi ciing cuia S,y khi ¢ Diode.
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Ddnh gid két qud thu dwoc:

- Nhu vay mach khuéch dai hoat dong tt, c6 hé sb khuéch dai dat duogc la
~11dB (tai tan sb 4.5 GHz).

- Mic du hé sé khuéch dai cia mach bi giam (giam khoang 1dB) khi ta thém
Diode tai ndi vao caa mach, nguyén nhan gay ra sy suy giam hé sé khuéch dai
c6 thé 1a: do cé&c phan tur ky sinh va do xut hién dong dién nho qua Diode gay
ra sy suy giam tin hiéu dau vao. Tuy nhién, sy thay d6i vé hé sé khuéch dai cua
mach 12 nhé va c6 thé chap nhan duoc véi tinh chat hoat dong clia mach LNA.

- O day ta str dung PIN Diode bao vé thu dong (nhu hinh 3.10). Bién do xung
cao tan s& md PIN Diode theo ca 2 hai nira chu ky dwong va 4m. Khi PIN diode
mé Rs xap xi bang khong, néi tit xung lot tir tin hiéu c6 cdng suat 16n, bao vé
LNA dung CMOS khoi bi danh thung.

- Nhu vay ta thay dugc tng dung cua PIN Diode vao viéc bao vé LNA c6 thé sir
dung cho Radar sdng centimet.
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KET LUAN

Qua trinh thyc hién dé tai thue sy 1a khoang thoi gian vo ciing quy bau va hiru ich
cho em khi nghién ctu, tim hiéu vé k¥ thuat siéu cao tan, ciing nhu sy khé khin khi
trién khai tng dung Iy thuyét siéu cao tan vao thuc té. Hon nira, day ciing s& 1a hanh
trang Kkién thic rat quy gia cho em trén con dudng phia truéc. Qua qué trinh tim hiéu
thuc hién dé tai, em da thu duoc nhitng két qua chinh nhu sau:

- Tim hiéu tdng quan vé hé théng Radar.

- Nghién cau, tim hiéu tong quat vé ky thuat siéu cao tan trong d6 tim hiéu ky
thuat phéi hop tro khang dé dua ra giai phap téi vu khi thiét ké bo khuéch dai
LNA bang tan C.

- Sir dung phan mém chuyén dung ADS dé thiét ké, md phong cac mach siéu cao
tan, dac biét 1a bo khuyéch dai tap am thap LNA.

- Thiét ké, ché tao thanh cong bo bo khuyéch dai tap am thiap LNA 1 ting hoat
dong tai bang tan C voi co ché bao vé ding PIN Diode tng dung cho may thu
Radar.

- Két qua do kiém cac tham s6 S (Si; va S,1) phl hop co ban véi két qua mo
phong.

Do thoi gian c6 han, siéu cao tan lai 1a mot van dé phirc tap nén cac két qua dat
duoc con han ché va ciing chi mot phan co ban 1am co sé dé phat trién khéi LNA dai
rong thay thé dén song chay trén Radar. Pé tai ciing chi 1a mot phan nho trong ca hé
thdng thong tin lién lac va van con rat nhiéu van dé can giai quyét khi tich hop mét hé
théng 16n.

Tir viéc nghién cau, thiét ké va ché tao thanh cong mot tang bo khuéch dai tap am
thap LNA Vvéi co ché bao vé sitr dung PIN Diode thi ta c6 thé phét trién dé tai theo
huéng tiép theo nhu sau:

- Tiép tyc tién hanh do kiém va danh gia thir nghiém mach LNA trén may do
phan tich mang véi nhitng diéu kién khac nhau nhu: thay d6i cong suat tin hiéu
dau vao, thay ddi vi tri va két hop st dung nhiéu PIN Diode bao vé trén mach
LNA.

- Tich hop 2 tang khuéch dai cho phép ting hé s6 khuéch dai cia LNA va ghép
ndi khéi bao vé dung PIN Diode.

- Dé xuét giai phap sir dung PIN Diode bao vé LNA cho may thu Radar song
centimet trén co s& xay dung thanh cong bo khuéch dai tap &m thap LNA mot
tang vai co ché bao vé.
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