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LOI CAM POAN

To6i cam doan dé an thac si ky thuat “Nghién ciru, thiét ké bo tong hop va lai
bup song sb dua trén nén tang FPGA va IC ADRV9009” do t6i nghién ctru, tong hop
va thuc hién.

Toan bo ndi dung trong dé an tot nghiép, nhirng diéu dwogc trinh bay 1a cta chinh
c4 nhan t6i hodc 13 duoc tham khéo, tong hop tir nhiéu ngudn tai liu khac nhau. Tat
ca cac tai liéu tham khao, tong hop duoc trich xuat véi ngudn gde rd rang. Cac sd
lidu, két qua néu trong dé an tot nghiép 1a trung thyuc va chua timg dugc ai cong bd

trong bat ky cong trinh nio khéc.
Ha Noi, ngay ... thang ... nam 2025

Hoc vién thyc hién dé an

Nguyén Manh Tuin
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LOI CAM ON
Loi dau tién em xin giri 101 cam on sdu sic nhat dén giang vién hudng dan truc
tiép cta em 13 TS. Tran Thi Thyc Linh. Cam on C6 d3 ludn ling nghe nhitng quan
diém ca nhan va dua ra nhitng nhan xét quy bau, gop y va dan dit em di dung hudng

trong suot qua trinh nghién ctru, hoan thién dé an thac si.

Em xin chin thanh cam on toan thé cac thay c6 gido cua khoa K¥ thuat Dién tir
— Hoc vién cong nghé buu chinh vién thong di truyén dat nhitng kién thirc chuyén
mon sau rong chuyén nganh, giup em c6 nén tang kién thirc, gitip d& em trong toan
b6 qua trinh hoc tip nghién ctru va lam dé an tot nghiép. Poi véi em, ddy 1a mot hanh
trinh kho khin va day thir thach, ca trong thoi gian hoc tap ciing nhu nghién cuu.
Nhung nho su gitip d& va tan tinh chi day cua cac thiy ¢ trong qua trinh hoc Thac si
tai truong, em da c6 thém nhirng kién thirc, duoc tao nén tang, day cach tu duy, dinh

huéng dé em c6 thé hoan thanh qua trinh hoc tap va thuc hién dé an tét nghiép nay.

Trong qua trinh lam d¢ an tot nghiép khong tranh khoi nhirng thiéu sét vé noi
dung, cach dién giai van dé ciing nhu cac 18i vé trinh bay. Vi vy, em rat mong nhan

dugc sy dong gop ¥ kién ciia quy thay co dé bao cao dat duoc két qua tbt hon.
Em xin chan thanh cam on!
Ha Noi, ngay ... thang ... nam 2025

Hoc vién thuc hién dé an

Nguyén Manh Tuén
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DANH MUC CHU VIET TAT
Viét tit Tiéng Anh Tiéng Viét
Zero-1F Zero Intermediate Frequency Khong c6 tan s6 trung tan
TRRF Transceiver Radio Frequency | Khdi thu phat cao tan
DTR Digital Transceiver Khdi thu phat s6
ADC Analogue to Digital Converter | B6 chuyén doi twong ty sang sd
DAC Digital to Analogue Converter | Bo chuyén doi s6 sang tuong tu
DSP Digital Signal Processor B xtr 1y tin hiéu sb
QEC Quadrature Error Correction B hiéu chinh sai s6 cau phuong
TIA Transimpedance Amplifier Bo chuyén doi dong — dién ap
APD Analog Peak Detector B0 phat hi¢én dinh cua tin hi¢u
tuong tu
ABFM Analog Beamforming B tong hop bup song tuong tir
DBFM Digital Beamforming Bo tong hop bup song sb
API Application Programming Giao dién lap trinh Uing dung

Interface
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MO PAU
1. Ly do chon dé tai

Trong thoi dai cong nghé 4.0 va sy d6i méi khong ngirng trong linh vuc cong nghé,
Cong nghé tong hop va lai bip song sd ndi 1én nhu mot xu hudng trong linh vue X 1y
tin hiéu. Cong nghé tong hop bip séng sb khong chi 13 xu hudng cta cong nghé ma con

1a diém két nbi quan trong giira cong nghé Zero-IF va cong nghé FPGA.

Vi do chinh x4c cao va tinh linh hoat trong viéc xtr 1y tin hiéu, cong nghé tong hop bip
song so tro thanh tru cot trong cac hé thong radar, truyén thong va nhiéu tmg dung khéc.

Pdng thoi, véi su két hop giita cong nghé tong hop bup séng sé va cong nghé Zero-
IF khong chi mang lai chat luong tin hiéu t6t va kha nang dong bd héa cao ma con gitp
t61 wu hoa viéc quan 1y dir liéu trong moi truong s ngay nay.

FPGA, v6i kha nang lap trinh linh hoat va xur 1y da nhi€m, tr¢ thanh bo nao tinh toan
cho bo tong hop va lai bip song sd. Su két hop nay khong chi ting cudng hiéu suit ma
con tao ra su linh hoat trong viéc trién khai cac ung dung.

Nhin chung, sy hop nhét giita Cong nghé tong hop va lai bup song sb, Cong nghé
Zero-IF va FPGA khong chi 1a mot budc tién quan trong trong viéc dinh hinh tuong lai
ctia linh vue Xt 1y tin hiéu ma con tao ra mot khong gian phat trién méi.

2. Tong quan vé van dé nghién ctu

Pé an tap trung nghién ctru va thiét ké bo tong hop va lai bip song s6 dua trén nén
tang FPGA va cong ngh¢ Zero-IF trén IC ADRV9009 cua hang Analog Devices.

3. Muc dich nghién ciru

Tim hiéu, nghién ctru va ndm bat duoc 1y thuyét vé anten mang pha, nghién ctru vé
cong nghé tong hop va lai bip song s, cac vu nhuoc diém cua né.

Nam bit va lam cha dugc cong nghé truyén thong sb toc do cao va cong nghé Zero-IF.

Thuc hién thiét ké bo tong hop va 1ai bup song sb dua trén nén tang FPGA va

IC ADRV9009.
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4. Poi twong va pham vi nghién ciru

Nghién ctru thiét ké bo tong hop va lai bup song sd dua trén nén tang FPGA va IC
ADRV9009 tmg dung cho vién thong, y té hodc quén suy.

5. Phuwong phap nghién ciru

Trong dé an thyc hién phuong phap nghién ctru duva trén 1y thuyét két hop v6i méd

phong va kiém tra danh gia bang thyc nghiém.
6. CAu triic dé 4n

Ngoai phén mé dau, muc luc, két luan, danh muc hinh v&, danh muc bang biéu,
tai li¢u tham khéo, phu luc, nd1 dung chinh cua dé an dugce trinh bay trong 4 chuong

nhu sau:
Chuong 1: CO SO LY LUAN
Chuong 2: GIOI THIEU CONG NGHE ZERO-IF va IC ADRV9009
Chuong 3: MO PHONG, THIET KE BO TONG HQP VA LAI BUP SONG SO

Chuong 4: PO KIEM VA DANH GIA CAC THAM SO
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CHUONG 1: COSOLY LUAN

1. Tong quan vé hé thong anten mang pha

Anten mang pha 1a mot hé thong anten bao gdm nhiéu phan tir c6 phan bé bién do
va phan bd pha cta song dién tir dugc didu khién doc 1ap. Bang cach diéu khién su phan
bd pha cua timg phan tir b tri trong mang anten, ching ta c6 thé diéu khién dic trung
huéng cta mang anten theo huéng mong mudn. Khic véi cic anten co hoc thong
thuong, viéc diéu khién dic trung hudng ciia anten bang phuong phéap dién thong qua
cac thiét bi dién tir s& lam giam quan tinh so véi thiét bi co dién, do d6 tdc do di chuyén
clia canh song trén anten mang pha I6n hon nhiéu va nang cao tinh co dong ciia hé thong
trong qua trinh quét khong gian. Ngoai ra, phuong phap quét dién c6 thé thuc hién trén
cac phan tir cia mang cho phép anten mang pha khong nhiing dat duoc tc d6 quét cao
ma con c6 kha ning diéu khién ca dang gian d6 hudng, ting cong sut phat xa, nang
cao kha ning chong nhidu. Anten mang pha cho kha ning sir dung mot hé thong anten

de lam vi¢c dong thoi véi nhiéu may phat hodc may thu & nhicu tan so trén nhiéu huéng

quan sat.

Hinh 1. 1. Hé théng anten mang pha fully AESA trén radar 3D da nhiém EL/M-2258
cua IAI trang bi trén tau hai quan.
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Trong cac hé thng radar, str dung anten mang pha c6 thé thay déi vi tri
bup song trong khong gian véi téc d6 nhanh, tién hanh lam hep hay mé rong cuc
dai canh song trong khoang thoi gian rat ngan (dén micro gidy). Do d6, cac hé
thong radar str dung anten mang pha c6 thé dong thdi quan 1y (xac dinh toa do va
van toc) nhiéu muyc tiéu trong mot ving khong gian rong 16n. Tuy nhién, anten
mang pha sir dung nhiéu phan tir anten duoc cAp ngudn doc 14p nén cong suit tin
hiéu trén moi kénh sé& giam di, dan t6i giam hé s6 khuéch dai chung cua anten khi
so v6i cac loai anten thong thuong cé cung tinh dinh huéng, nguyén nhan dan
dén hién tuong nay 1a do ton hao trong cac bd chuyén mach dinh hudng, cac bd
xoay pha, do tac dong twong hd 1an nhau giita cic phan tir va 1am giam ty sé tin
trén tap. Dé khic phuc nhuoc diém nay, ngudi ta co thé dung thém cac bo khuéch
dai anten trén mdi phan tir (hay mdi kénh) dé ting cong suat phat xa cta ting
phan tir va clia toan hé thong.

Hé thong anten méang pha c6 kha niang lam viéc voi may phat cong suat rat
16n. Khi s6 phan tir 1a dang ké thi viéc khong phat xa (c6 thé do hong hoc hodc
nguyén nhan nao d6) cia mot vai phan tir khong gay anh hudng 16n dén dic trung
huéng ctia anten. Thong thudng gia thanh thiét ké ché tao cua anten mang pha la
tuong ddi cao, do gia tri anten phu thudc vao hé s6 khuéch dai. Do vay, khi ché
tao anten c6 hé s6 khuéch dai 16n ta thuong dung mang anten duogc cau thanh tir
cac phan tir anten c6 tinh dinh hudng. Tuy nhién, thiét ké anten mang pha ciing
dat ra nhiéu bai todn chang han nhu khi s6 phan tir anten du 16n, thi van dé kich
thich, diéu khién s& tr& nén phirc tap, anh hudng twong hd giita cic phan tir 16m,
ngoai ra dé diéu khién duoc dic trung hudng theo mong mudn can phai ché tao
cac bd xoay pha, chuyén mach, chia cong suat, khuéch dai, khur ghép, cac b0 loc
dinh hudng & mang da tan va nhiéu phan tir khac. Ngay nay, v6i sy phét trién cia
hé théng may tinh dién tir, bai toan trén dugc giai quyét bang viéc 1ap trinh, diéu
khién tu dong béng cac hé théng dién tir, s6 hoa. May tinh hién dai c6 tbc do xir

1y nhanh, khong chi dam bao vé kha ning xtr Iy tin hiéu, ma thong qua viéc xir Iy
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s6 ¢6 thé dam bao viéc diéu khién dic trung hudng cia hé théng anten mang pha
theo yéu cau.

2. Tinh chit phuwong hwéng ciia anten mang thang

A Z
N
/,/;57’).1'1
- R4
/’// ////;/
- - //
// -~ 7
N e
f—'
#4
#3
******* #2
Id
fffffff #1 »
y

Hinh 1. 2. Mang anten gdm N phan tir
Trén Hinh 1.2 hé gébm N ngudn birc xa, chung ta xac dinh dic trung hudng tong
hop tai diém M khi da biét dic trung hudng cta cac ngudn bic xa va dong trén cac

nguodn bire xa. Khi d6 dién truong tai diém M 1a giao thoa trudong ctua N ngudn birc xa:

— N —
E,=>F, (1.1)
i=1
I' — jkr;
E =—Lf(0,p)e’" (1.2)
.

1

—

Trong do: E;: bién do phuc
/i (9,(p) - ddc trung hudng ctia phan tir thir i
r;: khodng cach tur phan tir thir i dén diém M

A s 2
k:sosong k = -
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Thong thudng, nguoi ta sir dung cac phan tir anten c6 birc xa va dinh hudng trong
khong gian 12 nhu nhau hay: f; (9,(p) =/, (19,40) va E,/ /E, thay vao cong thirc (1.1)

va (1.2) ta co:

|~

Ey=2 E =2 "f0.p)e" (1.3)

i=l1 i=l1

3

Do khoang cach tir muc tiéu diém M dén mang anten 1a rat 16n so v6i khoang

: . 1
cach gifta cac anten nén ta c6 thé coi: — =~ — thay vao cong thuc (1.3) ta co:

no

N

I e NG
E, =71f1(«9,<o)e f"“Zl—e’ (1.4)
1

=1 41

Theo cong thirc (1.4) ta rit ra ddc trung hudng tong hop cia hé:

N ] o
ﬂh(9,(p)=ﬁ(9,(p)27’efk(“ ) (1.5)

1

< I_l _ ] ](pl .. {Alphén b6 bién d6
bit: = A;e’®t trong do: .- phan b6 pha

1

fre(8,0) = X\ Ajel®t ek (1.6)
14(0,0) = 1,(6,0).1,:(0,0) (1.7)
E,=E,. [,0.,p) (1.8)

Nhu vay:

Dic trung hudng tong hop ctia mot hé gdm cac ngudn b xa ddng nhét va dinh
huéng nhu nhau trong khong gian bang tich dic trung hudng ctiia mot ngudn birc xa (tat
ca cac ngudn burc xa déu c6 cling dic trung hudng) véi f,.(0,¢) (dic trung cho h¢ gom
N ngudn buc xa vo huéng). Thong thudng £;(8,@) co tinh dinh huéng yéu, do vay £,
phu thuge cha yéu vao f,,.

Duya trén cong thire (1.6), (1.7), Hinh 2, xét dic trung huéng trong mit phang kinh

tuyén:
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fhé(el (p) = ZIi\I:lAiej(pi ejk(rl_ri) (19)
Ta co: r,—r, =(i—-1)d sin(0)
Thong thudng ta st dung cac ngudn buic xa pha thay ddi theo quy ludt tuyén tinh,
v6i: @; = —(i — 1)kdsin(8,), trong d6 d 1a khoang cach giita hai chan tir, 0,1a goc lai

mong mudn. Do d0, ta c6 thé viét lai cong thie (1.9) thanh:

N
ﬂé(e’go) — ZAiej(i—l)kd(smG—smeo) (110)

i=l

Vi ngudn birc xa dong bién khi dé ta co:

N
fhé(e’q)):Zej(i—l)kd(sme—smé?o) (111)
i=1
JNkd (sin0-sin€y) 1
J1:(0,0) = o/ Gin0=sing) _ (1.12)

Ap dung cong thtrc Euler, 14y module va st dung cac phép bién déi luong giac

d6i voi cong thuc (1.12), ta thu duoc:

sin [];[(kd(sin 6 —sin 490))}

Jr:(0,0) = : (1.13)
sin{z(kd(sine —sin 6’0))}
bat: y'= %(kd(siné’ —sin 90)) khi d6 cong thtrc (1.13) duoc viét thanh:
siny'
Je(0,0) = Zj (1.14)

sin~—
N
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Gian d6 cua cong thuc (1.14) c6 dang nhu Hinh 1.3.

fhe( W)

-N7t ¥ min ¥ max
Hinh 1. 3. Gidn d6 huéng cta hé anten f;.(6,¢)

Theo cong thirc (1.14) va Hinh 1.3 ta xac dinh hudng buc xa cuc dai chinh khi

'

szz (n=0,£1,%2,..)

%(kd(sin@m —sin@,))=nx (1.15)

siné, _ 2505 (1.16)
d kd

bicu kién ton tai duy nhat cuc dai chinh trng vi chi s6 n:

sin 6, o1

A
+1)—+
(n+1)

sing, 1
kd

(n—l)§+

i<+ (1.17)
A 1+[sin6,|

v'=nr

Thuc hién tuong tu ddi v6i hudng khong buc xa:
n#=mN, m‘ =0,1,2....

E(kdsinQNULL —sin@,)=nx (1.18)
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A siné6,
—+
Nd  kd

sin@,,,, =n

(1.19)

Nhu vay dé diéu khién dic trung hudng ctia mang anten theo mong muén hay
quét canh soéng bang phuong phap dién ta co thé thay doi pha 6, (phuong phap pha)
ctia mang, hoic thay d6i tan sé (phuong phép tan sd).

- Khao sat hién twgng mé rong bip song va suy giam bién do khi 1ai bup song

Khao sat hé thong anten mang pha tuyén tinh gdm 32 chin tr dang hudng véi

khoang cach cac chan tir 1a 65mm ¢ tin s6 3GHz.

——— Steering 0-deg
Steering 10-deg| |
Steering 20-deg
Steering 30-deg
Steering 40-deg|—
Steering 50-deg
Steering 60-deg

Power (dB)
4 )
(&2
T

) i ” '\ |
| ( \'\ll’l.l\f I

Hinh 1. 4. M6 phong hién tuong mé rong bup song theo goc quét ciia chan tir dang
huong

l

40 50 60 70 80
Angle (Deg)

Tir két qua mo phong trén Hinh 1.4 ta c6 thé thdy sy mé rong ciia bup song theo

goc quét.

Pé giai thich su m& rong bip song, ta xét cong thic (1.10), v4i ngudn bic xa

giong nhau va v hudng:

K
(9) Z kd[szn —sin( 90)] _ Zej(z—l)kd[u—uo] (120)

i=1

v6i u =sin(f) va u, =sin(6,), Au=sin(Ad), do do:

A@ = arcsin(Au)



14

Ta quét canh song dén huéng 6, =0, u, =sin(6,).

2Au =sin(6,) —sin(6,) (1.21)
Voi:
6,=6,-A0'
0,=6,+A0'

va 2A 60" 1a d rong chum tia tai diém quét canh séng 6, , thay vao cong thirc (1.21) thu
duoc:

Au = cos(6,)sin(A0") (1.22)

D0 rong canh song & muc 1/2 cong suat:

2A0'=2arcsin( (1.23)
cos(6,)
Vi canh séng hep, ta c6 thé 1ay xap xi ham arcsin véi ddi so:
2A
200~ 221 (1.24)
cos(6,)

Vi canh séng anten hep 2Au ciing duoc xap xi cong thirc do rong canh song
do trén truc @, két qua cudi cing:

2A0
cos(6,)

2A0'~

(1.25)

Nhu vay véi canh song hep, d rong canh song clia anten méang pha tuyén tinh

m¢& rong ty 1€ nghich xap xi vdi cosin ciia goc quét.

Trén Hinh 1.4 ta khong nhan thay hién tuong suy giam bién d6 do dang s
dung cac chin tir dang hudng, dé thdy duogc sy sut dinh nay ta xét mang anten gom 32

chan tir Yagi, mdi chan tir c6 gian d6 huéng nhu trong Hinh 1.5.

So sanh Hinh 1.4 va Hinh 1.5 ta c6 thé thay 16 hién tugng mé rong va suy giam
bién d6 cua bup séng. Thong thudng ta bo qua sy anh hudng cia timg phan tir anten 1én
gian d6 huéng ctia mang anten, dan dén céc sai sot khi phan tich hoat dong ciia anten.

bicu nay xdy ra vi ta thuong tap trung vao h¢ s6 mang ctuia anten ma bé qua dé dinh
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hudng cta timg phan tir anten, ndi cach khac ta xem nhu cac anten thanh phan 13 ding
huéng. Trong thuc té thi ta khong c6 anten dang huéng va diéu nay lam cho gian dd
huéng cua mang anten rat khac v6i hé sb mang ciia mang anten, nhit 1a ¢ nhitg goc
“null” cta anten (1a gdc ma anten khong thu/phat duwge. Hinh 1.6 cho thiy khi goc quét

cang 16n thi bién do cua dac trung hudng cang suy giam manh.

Yagi Pattern

-100

Phase-Deg

Hinh 1. 5. Hinh 4nh chan tir anten Yagi va gian do hudng cia no

0 T T T T T T
\ Steering 0-deg
5 / \ Steering 10-deg| |
-10 -
Steering 60-deg
15} 1

Power (dB)
; % .
T
|

(I ‘r\‘
M";l

\; i “” m \IH : l , H M\ .,\'}}f ;| f S8 ]

40 50 60 70 80

Angle (Deg)
Hinh 1. 6. Gian d6 hudng cia mang anten gém 32 chan tir Yagi.
3. Phwong phap tong hop va lai bup séng so, wu diém ciia n6 va cac nuat thit
can gidi quyét
Gia str tai phan tir tht i thu dwoc tin hiéu dau vao si(t) va ta sir dung ngudn biic
xa tuyén tinh theo quy luat ¢, = (i —1)kdsin(6), khi d6 tin hiéu tong hop cua bip séng

s(t) c6 dang:
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N are .
s(t) = Z s, (t)e’ DI (1.26)
i=1

Gi4 trj pha diéu khién beamforming cua tirng kénh la:

2rdf

C

o, = (i—1)kd sin(6) = (i 1)

sin(@) = (i—1)g (1.27)

272'><d><fsin

Vi ila vi tri hang ang ten, gia tritr | >N va ¢ = (
C

©):

3.1 Uu diém ctia phwong phap tong hop va lai biip séng sb
3.1.1 Tang do phan giai khi quét buap song

Méi lién hé giira goc xoay pha ting kénh dng ten va goc quét bup song duoc thé

hién dua theo cong thic:

@, = (i—l)x(Msin(ﬁ)j
c

. 0. . i-Dxoe
= @ = arcsin : = arcsin (1.28)
(i—Dx 2243 (i—1)x 2243
2r
@=Beam IDxA@p, Ap= >

Trong d6 Beam ID 1a gia tri bup song mong mudn quét, n 1a sé bit biéu dién
Beam_ID. Méi lién hé d6 phan giai goc quét bap soéng A6 phu thudc vao do phéan giai
gbc xoay pha A¢ theo cong thirc:

B . Ag B . A
A = arcsin Texdn T | arcsm(—zn » dj (1.29)

C
Gié tri n cang 16n twong duong véi do phan gidi cang cao. Cac IC xoay pha tin
hiéu twong tu théng thuong cé tir 32 (hay 2°) dén 256 (hay 2°) mirc pha khac nhau
turong ng c6 thé ma héa thanh »n =5->8 bit va ¢d dinh. V&i phuong phap quét bip
song sd, cac kénh dugc xoay pha truc tiép tai tAng bang gbc trén phan mém nén hoan

toan dat do phan giai xoay pha cao va cé thé thay d6i mot cach linh hoat. Véi nén tang
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phan cimg st dung phuong phap quét bup song sé dat duoc sb n =16 bit twong duong
360" 360°

216

v6i d6 xoay pha nho nhét 1a ~0.0055 ng v6i do phan giai quét bup song

1A A@~0.0014°(tai f=2.9Ghz, d =6.5cm) va n c6 thé thay doi trén phan mém phu
thudc vao yéu cau do phan giai, do chinh xac goc quét va tai nguyén cua Chip. Gia tri

d6 phan giai n=16bit dap Gmg cac tiéu chi sai sb goc quét <0.2°va phu hop voi tai

T
PhaseContral ABFM
PhaseControl DBFM

nguyén DSP tinh toan trong FPGA.

60

50 0

=
5]

X 28.125°
Y 28.125°

X 22.5 ol B oz
Y 22.5°F vams ||

PhaseResponse(Deg)
[
&

[*]
o

a I 1 I 1 1
0 10 20 30 40 50 60
PhaseCtrl(Deg)

Hinh 1. 7. D9 phan giai xoay pha ctia 2 phuong phap quét bap séng sb (16 bit) va
tuong tu (6 bit).

3.1.2 Tang d¢ chinh xac khi lai bup song

Do chinh x4c quét bip song phu thudc chinh vao 2 yéu té:
e D0 phan gidi quét bup song.
e Do 6n dinh xoay pha.

Phuong phap quét bup song tuong tu st dung cac IC xoay pha tin hi¢u tuong tu
thong thuong cé tir 32 (hay 2°) dén 256 (hay 2°) mirc pha khac nhau twong (mg c6 thé
ma hoa thanh » =5 — 8 bit va d6 6n dinh hoat dong bi anh huong bdi nhiét do, do am

va su gia hoa cua linh ki¢n.
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180° 90° 45° 22.5° 11.25° 5.625°

] O U ] W 1 W 1 W Y o

e,
0—0 o—0 o—0 0—0 0—0 o—0

Hinh 1. 8. So db chirc ning cua IC xoay pha, do phén giai 6 bit.

——

V¢

SEP.

Hinh 1. 9. Céu trtc bo dich pha 90

Hinh 1.8 minh hoa cic khéi xoay pha cua mot IC d6 phan giai 6 bit:
180°,90°,45°,22.5°,11.25°,5.625° duogc tao boi cac phén tr ban dan diode (dugc thé hién
trén Hinh 1.9) ma d6 chinh x4c xoay pha bi anh hudng bdi cac yéu té moi trudng va tan sd
lam viéc. Nguyén ly lam viéc ctiia bo xoay pha trén Hinh 1.8 nhu sau: trén IC xoay pha tin
hiéu tuong tur gid tri pha mong mubn dugc diéu khién dudi dang ma héa nhi phan 6bit véi
gia tri c6 thé didu khién duoc trong khoang tir 0 dén 63 twong tmg véi gié tri pha ¢ dinh
140°, 5.625°,11.25°, ..., 354.375°. Nguoi ding muén diéu khién pha nao thi cau hinh 6bit
diéu khién pha twong tmg. Vi dy, nguoi ding mudn diéu khién gia tri pha 1a 112.5° thi gia
tri 6bit diéu khién xudng s& 1a 010100 (twong tmg véi gid tri s6 nguyén 1a 20).

Phuong phéap quét bip séng s6 dua ra d6 phan giai cao (da ching minh tai muc
3.1.1) va xoay pha tirng kénh trén mién s6 nén khic phuc cac nhuoc diém vé d6 6n dinh

xoay pha ctia phuong phap quét bup soéng tuong tu.
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Reference
DBFM
ABFM

| e

ab X 3.422 i
Y 3.5
.

Steer Angle Real(Deg)

1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8
Steer Angle Ctrl{Deg)

Hinh 1. 10. Két qua do kiém gitta ABFM va DBFM.

Hinh 1.10 minh hoa sai so giira goc quét diéu khién va goc quét do thuc té ciia 2
phuong phép quét bap song so6 (DBFM) va phuong phap quét bup séng twong tu
(ABFM). Pudng mau xanh duong biéu dién duong tham chiéu véi gia tri goc diéu khién
tring v4i gia tri goc thuc té, duong mau dé thu dugc dua trén két qua do vdi phuong
phap quét bip song s6 va dudng mau cam thu duoc duwa trén két qua do véi phuong

phéap quét bup song tuong tu.
3.1.3 Kha ning thu ddng thoi nhiéu bip séng

Trong cac hé thong thu phét cii str dung cac IC xoay pha tuong tu, tai mot thoi
diém chi thu duoc mot bup séng. Vi cong nghé tong hop va 1ai bup song sb, tai mot
thoi diém co6 kha ning thu/phat dong thoi nhidu bap song va sé lugng bup song ¢ thé
thue hién dua trén tai nguyén cta Chip. Kha ning thu da bup séng gitp ¢ nhiéu hon

thong tin tur tin hi€u muyc tiéu phan xa vé.
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9.88)

power(dBfs)

| Ll \\m\ A

Hinh 1. 11. M6 ta cac blp song thu/phét vai bup séng chinh 1a BEAMI.

3.1.4 Thoi gian quét bup song
Str dung IC xoay pha tuong tu ton tai nhugce diém thoi gian quét bip song bi
anh hudng bai cac thong sb:
- Thoi gian diéu khién bup song mudn quét.
- Thoi gian cap nhat dé 6n dinh bién do, pha cua cac kénh thu/phat.

Thoi gian quét bap song tuong ty bang tong thoi gian bat dau hé thong diéu khién

Beam ID dén lac thoi diém cap nhat va 6n dinh pha, bién dd cho tirng kénh.

Vi cong nghé quét bup song sb, thoi gian cap nhat bup song phu thude vao thoi

gian tinh toan cac bo s6 xoay pha va thoi gian nay 1 rat nho.
3.2 Cac niit thit cin giai quyét trong cong nghé tong hop va lai bip séng sb
- Vén dé dong b cac chip AD/DA:

Theo kién trac phan ctimg thu phat ciia phuong phat quét bup song s, mdi kénh
thu str dung mot kénh AD/DA. Do d6 viéc dong bo cac chip AD/DA 1a rat quan trong.

Céc tin hi¢u dong b yéu cau dg 1éch gitra cac tin hiéu clock cd ps.

- Van dé kiém tra do 6n dinh va hiéu chuin pha va bién d¢ ciia cac kénh thu/phat:
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Do 6n dinh pha, bién d¢ cia cac kénh thu/phat anh hudng bdi nhi¢t o va su mét
can bang IQ trong cac chip AD/DA. Yéu t6 nhiét d6 anh hudng 16n dén do 6n dinh so
v6i su mat can bang IQ trong AD/DA nén can tap trung do kiém cac kénh thu/phat dat
trong ti moi truong véi nhiét do, do Am thay doi theo diéu kién 1am viéc thuc té. Khi
nhiét do ting trong dai lam viéc (tir -10°C dén 60°C) va khong diéu khién pha, bién do
thi sai léch pha giita cac kénh rat 16n 16n nhat 1a 50°. Sai léch nay khong 6n dinh tai mot
gia tri va bi bién d6i lién tuc theo nhiét do.
- Van d@ truyén dit liéu toc df cao tir khdi thu phat s6 téi khéi tong hep va 14i bup

song so:

Pé dam bao truyén dit lidu tir khéi thu phat s6 sang khoi tong hop va l4i bup song
s, toc do duong truyén rat 16n (c& vai Gb/s). Giai phap thong thuong sir dung cong
Ethernet, v6i toc d6 1Gb/s thong thuong sé khong dap tmg duoc, véi cac cong Ethernet
v6i toe d6 cao hon 1a 2.5Gb/s hodc 10Gb/s thi kém theo chi phi phan cimg, chi phi IP
core 14 rat 16n va ting sy phirc tap ctia hé thong phan cing (voi 2.5Gb/s can chip PHY,
10Gb/s can cong chuyén doi quang dién néu sir dung cap quang hodc cap dién chuyén

dung), phin mém.
- Phian mém giao tiép AD/DA:

Céc chip AD/DA kém theo tai liéu hang cung cdp va cac API diéu khién ton tai

cac nut that sau:

+ Cac thuat toan xir Iy va diéu khién yéu cau tir chu ky t6i chu ky. Trong mot
chu ky ludn c6 khoang thoi gian teonwo dé diéu khién cac thong s6 AD/DA lam viéc
tai chu ky do. Cac API cua hang st dung ngdn ngir C chay trén vi xtr 1y, trong tng
dung hién tai vi xir ly chay hé diéu hanh. Piéu nay, dan t6i viée khong dam bao duoc

thot gian diéu khién teontrol

__]E_______

——eee e

time

Hinh 1. 12. Timing diéu khién trong xir 1y tin hiéu Ra-da.
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+ Tai liéu chip AD/DA kém theo khong dua ra cac thanh ghi diéu khién va mo
ta cho ngudi dung nén khi diéu khién, giam sat hoat dong ctia chip pht hop voi muc

dich sir dung 1a rat kho khan.
- Bo chinh xac géc lai:
D6 chinh x4c khi 141 bup song bi anh hudéng bsi cac thong sb:
+ D3 rong bup song.
+ Pha diéu khién timg phan tir dng ten.
+ Sai s6 hé thong do kiém bup song.

Nhu da noi & trén sb phan tir ctia dng ten anh huong dén goc 14i bip song ciing
nhu anh hudng dén sai s6 1ai cua bup song. Khi sé phan tir ang ten trén mot hang, cot
cang nhiéu thi d rong bup séng cang nho lai dan toi sai s6 khi 1ai bup song cang it.

Do chinh xac goc 1ai bup song bi anh hudng bai gia tri diéu khién pha cia timg
kénh thu/phét ciing nhu bi anh huong boi hé théng do kiém bup song 3D. Vi thé hé
thong hiéu chuan pha cho ting kénh thu/phét phai dam bao su dong pha, bién do cua
cac kénh ndi ra cac phan tir ang ten. Gia tri sai 1éch pha giita cac phan tir khong vuot

qua 5°va 0.5 dBm dam bdo dd chinh xac goc 141 < 10% do rong bup song.

Sai s6 cuia hé thong do kiém bup song 3D ciing phai nho. Pé dam bao gia tri sai
s6 hé théng do kiém bup song di nho (< 0.1°) thi can yéu cau khoang cach do phai du
16n dam bao trudng xa cua hé ang ten. Moi truong do cling phai ddm bao khong ¢6 cac

vat can hay phan xa.

Chuong 1 di trinh bay 1y thuyét tong quan vé hé théng anten mang pha, mot s6
tinh chat phuong hudng cia anten mang pha, phuong phap téng hop va lai bip song sb
cung v6i cac wu diém cia nd. Trong chuwong 2 cia dé an s& di vao tim hiéu cong nghé
Zero-IF va IC ADRV9009 day 1a nén tang cong nghé can nam trudc khi di vao thiét ké
hé théng & chuong 3.
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CHUONG 2: GIOI THIEU CONG NGHE ZERO-IF VA IC ADRV9009
1. Téng quan vé cong nghé Zero-IF
Zero-IF (Zero Intermediate Frequency), con duoc goi 13 Direct Conversion (chuyén
déi truc tiép) hoic Homodyne, 13 mét kién trac thu phat tin hiéu v6 tuyén trong do tin
hiéu tan s6 cao (RF) dugc chuyén truc tiép vé tan sb co s (baseband) ma khong can qua
budc trung gian (IF — Intermediate Frequency) nhu trong kién tric superheterodyne

truyén théng.

- So' d0 nguyén 1y ciia kién tric Zero-IF:

Analog Digital

A

T

Analog LPF |

~@~{i<=h

r(t)

@[T —C—J

Analog LPF |

Hinh 2. 1. So db nguyén 1y cua kién tric Zero-IF (Homodyne).

Hinh 2.1 trinh bay so dd nguyén 1y cta kién tric Zero-IF. Tl so do ta co thé thay
tin hi¢u thu dugc tir anten s€ di qua b loc dau tién va bo khuéch dai tap am thép (LNA),
viéc chuyén ddi tin hiéu xuéng tan s co s& duge thuc hién thong qua mot cap bo tron
tan cung v4i cac tin hiéu sin va thanh phan vudng pha cta no, tao thanh mot tin hiéu
phtrc. Tin hi€u phuc nay sau d6 duoc loc qua hai bo loc thong thép, mot & nhanh I va
mot & nhanh Q, nham loai bo thanh phﬁn tan sb cao, chon dai tan mong mudn va triét
ti€u cac kénh lan can. Do do, cac bo loc thong thép nay can c6 d6 ddc 16n. Mic du ph?m
16mn xtur 1y tin hi€u c6 vé nhu dién ra trong mién tuong tu, nhung thuc té lai nguoc lai.

Mot bo thu chuyén ddi truc tiép (Direct Conversion Rx) chi thuc hién viéc chuyén doi
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tin hi¢u tir dai thong xudng dai co sd, va dé lai toan bg cong viéc xtr ly cac sai I¢ch thuc

té cho khi xir 1y tin hiéu s6 (DSP).

Dua vao so dd nguyén 1y cua kién trac thu superheterodyne va Zero-IF ta co

thé thay trong kién tric Zero-IF da khong con tang tin hiéu trung tan (IF).
- Cac thach thire ddi v6i cong nghé Zero-IF:

Viéc chuyén doi tryc tiép tin hi¢u tir cao tan xudng tan so6 co s¢ 1a lya chon hop

Iy, nhung c¢6 nhiéu thach thirc can phai vuot qua dé hién thyc hoa kién trac Zero-IF.

+ DC Offset (9 1éch tin hiéu mét chiéu): Pay 1a van dé nghiém trong nhat xay
ra tai tin hiéu dau ra dai tin co so (baseband) cua bo thu chuyén dbi tryc tiép (direct
conversion Rx). Viéc chuyén tin hiéu vé quanh tan s6 bang khong khién tin hiéu mong
mudn dé bj anh huong bai dién ap 1éch (offset voltage), co thé lam bao hoa cac ting xur
Iy tiép theo. Pé hiéu rd van dé nay, hiy xem xét rang c6 hai tin hiéu dau vao di vao bo
tron: mot tir bd dao dong tai chd (LO) va mot tir bd khuéch dai tap am thap (LNA), xem
Hinh 2.2.

Strong

o LPF
(3} interferer

LNA

o S ;e-if:l-iiixixl g

LO

Hinh 2. 2. Hinh minh hoa hién tuong DC offset.
e Do cach ly giita cac cong cia bo tron, cu thé 1a giira cong két ndi véi LO
va cong dau ra cia LNA, khong phai 13 vo han, diéu nay khién cho song
sin tir LO bi r0 sang dau vao con lai cta bd tron.

e Hién tuong tuong tu cling xay ra doi voi dau vao cia LNA.
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Gia str tin hiéu LO ¢6 dang Acos(2nft) va thanh phan tin hiéu do cta nd
la Becos(2nft - B), chung ta co6:

2Acos(2nft) * Bcos(2nft — ) = ABcos(B) + ABcos(2nft — B) (2.1)

Mac du thanh phén tan sb cao duoc loai bo thong qua bo loc thép tan,
nhung thanh phan dién 4p 1éch (DC offset 1a thanh phan ABcos(p) trong
phuong trinh (2.1) van bi cong vao tin hiéu mong mudn trong dai tin co
sO va ¢ thé 1am bio hoa cac tang tiép theo.

Mot nhiéu manh niam trong dai tin cho phép cua bo loc dau tién cling co
thé bi ro i tir diu ra b LNA sang céng ctia bo tron ndi véi LO, va do do

bi nhan vé6i chinh né tao ra thanh phan DC offset khac.

+ Léch pha va bién d¢ (IQ imbalance):

Trong b thu zero-IF, vi¢c xur 1y tin hi¢u phtrc dugc thyc hién thong qua
mach tuong tu dé chuyén pho tin hiéu muc tiéu truc tiép xudng tan sé co
s6. Dé 1am dugce diéu nay, ca cac bd tron I va Q, b loc thong thép (LPF),
va bo chuyén ddi trong tu-sé (ADC) phai duy tri gain va d6 1éch pha 900
trén toan bo bang thong tin hiéu trong cac nhanh I va Q twong tmg — diéu
nay 1a bat kha thi dbi voi cac linh kién twong tu.

Mot vi du minh hoa cho sy mat can béng gitta cadc nhanh I/Q duoc thé
hién trong Hinh 2.3 thong qua sy khac nhau vé kich thudc ctia cac bo tron,
bo loc thong thap (LPF) va cac bo ADC, ciing nhu su nghiéng 1éch cua
chung. Hé qua 13 xay ra sai 1éch vé bién d6 va pha giita timg cip cdu phan

song song trong cac nhanh I va Q.

r(t)

L=

RF Filter

N

LNA

Analog LPF

Hinh 2. 3. Hinh minh hoa va tin hi€u minh hoa hién tugng I¢ch pha va bién dg gitra

kénh I va Q.
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- Uu diém ciia h¢ thong Zero-IF:

+ C6 thé tao thanh chip tich hop: Viéc chuyén ddi tryc tiép tin hiéu xudng tan
sO co s (baseband) s& loai bo su can thiét cta bo loc trung tan (IF filter) va bo khuéch
dai trung tan (IF amplifier). Mot cip bo loc thong thap & tin s6 co s¢ c¢6 thé d& dang
tich hop dué6i dang bd loc théng thip chu dong (active lowpass filters) thay vi str dung
céc linh kién c6 ton hao va c6 dinh & tan sb trung tan. Cac bd loc chu dong nay co thé
bao phu dai bing rong vi ching 6 thé duge didu chinh tir vai trim kHz dén hang trim
MHz. M6t dai rong céc tan s RF ciing ¢ thé duoc hd tro don gian bang cach diéu
chinh tan s cta bo dao dong tai chd (LO). Su linh hoat nay, nho vao céac bo loc tan sb
co so ¢co thé 1ap trinh duoc, giup giam dang ké kich thudc mach in (PCB) cua tin hiéu

cao tan st dung kién trtc zero-IF.

+ Giam chi phi: Thong qua viéc loai bd mot sd thanh phan lién quan dén tin
hiéu trung tin gitp cho thiét ké theo kién tric zero-IF giam chi phi hé théng so véi cac
kién tric khac. Bén canh do, chi phi con dugc tiét kiém nhd vao kha nang linh hoat

trong viéc bo sung cac dai tan mé1 ma khong can thay doi nhiéu.

+ Tiét kiém dién ning tiéu thu: Vi kién tric zero-IF chuyén truc tiép cac tan sd
quan tAm xudng tan s6 gdc (baseband), nén cac mach twong tu c6 thé duoc thiét ké hoat

dong o tan s6 thap nhat c6 thé, tir d6 gitp giam tiéu thu dién ning.

2. Toéng quan vé IC ADRV9009
- Cac tinh nang chinh:
+ Hai kénh phat doc 1ap.

+ Hai kénh thu doc lap.

+ B thu quan sat chia sé dau vao kép.

+ Bing thong tdi da cua bd thu: 200 MHz

+ Bing thong tdi da cua tin hiéu phat: 450 MHz.

+ Bang thong ti da ciia bo thu quan sat: 450 MHz.

+ Cac mach téng hop tan sb vo tuyén (RF) st dung k¥ thuat phan sb-N, duoc
tich hop hoan toan trong chip.

+ B0 tong hop tin higu clock duoc tich hgp hoan toan trong chip.
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+ Cong nghé dong bo pha trén nhiéu chip.

+ Hd tro giao thirc truyén dit liéu tdc dd cao theo chuan JESD204B.
+ Dai tan hoat dong: 75SMHz dén 6GHz.
- Ung dung:

Mach tich hgp ADRV9009 ctia Analog Devices 1a m{t bd thu phat RF tich hop
cao, dugc thiét ké cho cac ung dung doi hoi hiéu suét cao va tiéu thu dién nang thép,

dién hinh 1a cac img dung sau:
+ Tram gbc 3G, 4G va 5G.
+ Hé théng radar mang pha.
+ Hé théng MIMO.
+ Hé thdng thong tin quan su.
+ Chién tranh dién tr.
+ Thiét bj kiém tra di dong.

- Cac thanh phan co ban:

Rx1
RX1_IN + —{ [po5
RX1_IN - [—> 7 ]
RX2_IN + 2 4
. il <& -
ORx1 | @ LPF <—{ SYNCINx=
ORX1_IN + —»| [ORx2 »| SERDOUTx=
ORX1_IN - —> < :@: bl
P — ane | 1 <«—| SERDINx+
ORX2_IN + [ i
0RX2'|N 3 l gl: - = Digital | SYNCOUTxx
) . oA Processing | . 1 SysREF IN=
= 4 Decimation »| GP_INTERRUPT
RF_EXT_LO_I/O+ | | o ARM pFIR
RF_EXT_LO_l/O- [ »| Synth M3 | T | PXxENABLE
QEC <—| TXx_ENABLE
LOL W=l
Tx1 ] JESD204B [<e—{ RESET
= CIF/RIF
TX1_OUT + == e > <—| TEST
TX1_OUT - |-
& ( 7(@~— <— SCLK
TX2 OUT + [= ] LPE <—| CS
TX2 OUT - [ \ - | SDO
é E ; ): X @_I— -+»{ SDIO
LPF
GPIOS, Aux ADCs, and Aux DACs I e eg'eor:rlon <—] REF_CLK_IN +
A / A - REF_CLK_IN -
\ \ \
| Y \

GPIO 3P3 x GPIO x AUXADC 0 AUXDAC x
Through
AUXADC 3
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Hinh 2. 4. So @ khdi IC ADRV90009.

Hinh 2. 4 gi6i thiéu so dd khdi tong quat cia IC ADRV9009, sau déy ta sé& di
vao tim hiéu nhiém vu cu thé cua cac khdi chinh nhu sau:
+ Khéi thu: bao gém hai bo thu doc 1ap (RX1 va RX2) véi biang thong rong, sir
dung kién trtc chuyén ddi truc tiép (Direct conversion), mdi bo thu c6 hai dau vao vi sai.
+ Khéi phat: Bao gom hai bd phat doc 1ap (Tx1 va Tx2) v6i dau ra vi sai. Trén
mdi bo phat bao gdm céc thanh phan co ban nhu: b chuyén ddi sb sang twong tu (DAC),
bo loc thong théip kha trinh, bd tron tan.
+ Khoéi xir 1y tin hiéu: c6 cic chirc ning chinh nhu sau:
e Loc va giam mau tin hiéu.
o Tri¢t DC offset, hi¢u chinh d¢ 1éch pha.
e Diéu khién AGC.
e Diéu khién bang théng dé phu hop véi yéu cau hé thong.
e Quan ly dir liéu s6 va giao tiép véi cac thanh phan khéc trong hé thong.
+ B tong hop tin hiéu ngoai sai (LO Synth): c6 nhiém vu tao ra tin hiéu ngoai
sai (co thé 14y tir bén ngoai) dé dua vao bo tron.
+ Chuin giao tiép toc dd cao JESD204B: duoc st dung dé truyén va nhén dir
lidu gitra IC va thiét bi bén ngoai.
+ Khdi tao tin hiéu clock: c6 nhiém vu tao tin hiéu clock hodc nhan tin hiéu
clock tir bén ngoai dé dong b¢ dit lidu.
+ Céac thanh phin khac: dung dé diéu khién va dong bo tin hiéu tir bén ngoai
hay gitra cac IC v6i nhau.
3. Qua trinh thu, phat tin hi¢u trén IC ADRV9009
IC ADRV9009 cho phép s6 héa va xir 1y tin hiéu véi bang thong rat 16n cho ca
tuyén phat va tuyén thu, sau day chung ta s& di vao tirng phan cu thé nhu sau:
- Qua trinh tao tin hi€¢u phat trén IC ADRV9009:

Hinh 2. 5 1a so d6 tao tin hiéu phat trén IC ADRV9009. Trén IC ADRV9009 c6
hai ché d6 phat RF, twong ung dit liéu baseband dugc ldy tr FPGA qua dudng
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JESD204b hoac tir NCO ndi. Tin hiéu baseband sau dé dugc di qua khdi hiéu chinh
gain s6 (DIG_GAIN: digital gain control), khdi ndy c6 nhiém vu diéu chinh bién do dé
phu hop dai déng cua cac tAng. Sau d6 tin hiéu dugc hiéu chinh sai 1éch giira kénh I va
kénh Q thong qua khéi hiéu chinh sai sé ciu phuwong (QEC). Sau d6 tin hiéu dugc nhan
tan 1én tan s cao tdn va di qua bo chuyén doi sb sang twong tuy (DAC). Tin hiéu sau d6
tiép tuc duoc loc va tron tan 1én tan sd RF mong mudn sau d6 duoc dua ra céng TX1

va TX2.

NCOTEST
TONE

JESD204B

T e ey G oy G Loy Gt (1 —
S P Sl o

INTS
AT L
™

G Gy R (G (@ —
S S (i
INTS

Hinh 2. 5. So d6 tao tin hiéu phat trén IC ADRV9009.

- Qua trinh thu tin hi¢u trén IC ADRV9009
|

Analog Domain Digital Domain

— TS outputs
< oac RF DC OFFSET CORRECTION to BBP

ssssss

HB2 HB1
OVERLOAD POWER_MEAS
DETECTOR BLOCK

GAIN CONTROL BLOCK
(AGC, MGC)

SPI GPIOs

Hinh 2. 6. So db tuyén thu trén IC ADRV9009.
Hinh 2. 6 m6 t4 qué trinh thu tin hiéu trén IC ADRV9009. Tin hi¢u RF sau khi

di qua bo suy hao s& dugc dua vao b tron va b chuyén doi dong — ap (TIA) dé lam
ting hiéu qua cia bd chuyén doi tuong tu - s (ADC). Sau khi di qua khdi TIA tin hiéu
duoc dua vao khdi do dinh tin hiéu twong tu (APD) dé kiém tra xem tin hiéu c6 bi bio
hoa hay khong, néu tin hiéu bi bdo hoa khbi gain control s& thyc hién hi¢u chinh lai bd

suy hao nham dam bao tin hi¢u dau ra khong bi bdo hoa. Sau dé tin hi¢u sé di qua bo
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chuyén d6i tin hiéu twong tu - s6 10i di qua bd loc va giam mau. Ngoai ra dé tranh hién
tugng DC Offset trong hé théng c6 tich hop khdi hiéu chuan tin hiéu DC dé loai bo tin
hiéu DC Offset. Sau d6 tin hiéu duoc dong goi va truyén qua duong JESD204b dén cac
tang x\r 1y tiép theo.

Trong chuong 2 chung ta dd duoc tim hiéu vé cong nghé Zero-IF va nhiing thach
thire dat ra dé thue hién cong nghé Zero-1F. Ngoai ra ching ta cling di vao tim hiéu IC
ADRV9009 véi cu tric tong quan va qua trinh thu, phat tin hiéu trén né. Dya vao nén

tang trong Chuong 2 chung ta s& di vao cac budc thiét ké hé théng trong Chuong 3.
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CHUONG 3: MO PHONG, THIET KE BQ TONG HOP VA LAI BUP SONG SO
3.1 Xay dung b0 chi tiéu ky thuat
Tuy vao tung linh vuc, chirc nang va nhiém vu ma ta xay dung bo chi ti€u cho
bd tong hop va lai bup song s6 phu hop véi yéu cau thue té. Bo chi tiéu trong dé 4n
duoc xay dung cho hé thong AESA 1 chiu quét dién trong mit phang goc ta, cu thé

céc tham sd ctia bd chi tiéu duoc liét ké trong Bang 3.1 nhu sau:

Bang 3. 1. Bang chi tiéu k¥ thuét cua bd téng hop va 1ai bap séng sb.

STT No6i dung Gia tri Sé cir danh gia
1 | Dai tan lam viéc 2.8+3.0 GHz
2 | S6 chan tr anten 32

3 | B9 chinh xac khi 141 bup song

< 10% 4o rong bup

song

Mo phéng Matlab

4 | Pham vi lai theo goc phuong vi

+ 200

M6 phong Matlab

yo

A¢g = arcsin( A j
2" xd

Tinh toan dua vao

cong thic (1.29)

window

6 | Thoti gian 141 blp soéng 2 us Theo tinh toan
Theo tinh toan va
phu thude vao tai

7 | Tinh nang thu da blp song Co
nguyén cua hé
thong

Tinh ning ap dung cac trong s6
8 Co Theo tinh toan

3.2 X4y dung md hinh hé thong

Tir chi tiéu ta xdy dung duoc mo hinh hé théng tong hop va lai bip song sd nhu
trong Bang 3.1:
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Hinh 3. 1. Céu trtc hé thong tong hop va 1ai bup song sb.
Chuc ning chinh cta cac khdi trong moé hinh hé théng tong hop va 1ai biip song

sb trén Hinh 3.1 nhu sau:

- Khdi ddng bd tin hiéu (SYN) ¢é chirc ning:
+ Nhén tin hiéu diéu khién tir khéi DSP,
+ Tao tin hi€u déng b6 cho cac khdi DTR va DSP.
- Khdi Xir Iy tin hiéu (DSP) ¢é chirc niing:
+ Giam st va diéu khién thong sd cac mé dun, khbi.
+ Tao tin hiéu dong bd cac mo dun, khoi.
+ Céu hinh bup song dua téi DTR dé tao bup song phat theo hudng mong mudn.
+ Xir Iy tin hiéu thu sau khi s hoa tir DTR dé téng hop va 1ai bip song theo
huéng mong mudn.
+ Thuc hi€n hi¢u chinh pha bién do toan hé théng.
- Khdi Thu phit s6 (DTR) c6 chikc ning:
+ Tao 8 kénh thu/phat cao tan dén cac khoi TRRF dai tan tir 2.8 + 3.0 GHz sir
dung cong ngh¢ Zero-IF véi IC ADRV9009.

+ Truyén nhan dit liéu téc d6 cao téi khdi DSP.
+ Nhén tin hiéu dong b cho nhiéu bo mach tir khi SYN.

+ Giam sat, diéu khién 8 khdi TRRF.
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- Khdi Thu phit cao tin (TRRF) c6 chirc niing:
+ Khuéch dai tin hiéu cao tin sau DTR 1én cong suat yéu cau va phat vao cac
dan ang-ten tuong ng.
+ Thu va khuéch dai tin hiéu thu dugc tir dng-ten dwa vé 32 dudng thu trén 4
khdi DTR.

3.3 Tinh to4n va mé phéng cic tham s

Céc tham s duogc tinh todn dua ciu tric hé thong tong hop va lai bup song sb
nhu trén Hinh 3.1.

- Tinh toan khodng cach giira cic chan tir anten:

+ Theo cong thuc (1.17) ta co diéu kién ton tai duy nhat mét cuc tri nhu sau:
d 1 A
— <> d<——
A 1+|31n9m| 1+|s1n0m|
+ Theo chi tiéu k¥ thuat vé goc 1ai phuong vi 13 + 30° va dai tan lam viéc 13 2.8 +
3.0GHz nhu trong Bang 3.1 khi d6 yéu cau ddi v6i khoang cach cac chan tir 1a:

A 0.1071+0.1
< =
1+|sin 0m| 1 +sin(30)

d =0.0667 = 0.0714m 3.1)

Tir két qua tinh toan (3.1) & dam béo ton tai duy nhat mot cuc tri trong dai tan
lam viéc 2.8 + 3.0GHz va goc 1ai phuong vi 1a £ 30° yéu cau khoang cach giita 02 chan
tir toi da khong vuot qua 0.0667m = 66.7mm.

Mo phong hé thdng anten voi tan sd lam viéc 1a 3.0 GHz, bip séng duoc 1ai mot

goc 1a 30 d6 va khoang cach giira 02 chén tir anten 13 65mm, st dung code Matlab va

cho két qua nhu Hinh 3. 2:

clc;

close all;

clear;

%% parameter

D = 65e-3; $DISTANCE BETWEEN 2 SUCCESSIVE ELEMENT (m)
N ELEMENT = 32; $SNUMBER OF ANTENNA ROW

FREQ = 3000e6; SWORKING FREQUENCY (Hz)

DIRECTION CONTROL = 30; %STERRING ANGLE (degree)

3% TEST
LAMDA = 3e8/FREQ;
TEST RANGE = 120;
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TEST STEP = 0.01;

theta in = -TEST RANGE:TEST STEP:TEST RANGE;
phi dir = D*sin(DIRECTION CONTROL/180*pi)*360/LAMDA; % PHASE SHIFT
BETWEEN 2 SUCCESSIVE ELEMENT IN BEAMFORMING PROCESS. In degree

result = zeros(length (-TEST RANGE:TEST STEP:TEST RANGE),3);
result index =1;

for theta = -TEST RANGE:TEST STEP:TEST RANGE
phi0 = D*sin(theta/180*pi) *360/LAMDA; % PHASE DIFFERENCE BETWEEN 2
SUCCESSIVE ELEMENT. In degree

sum_channel =0;diff channel=0;

for row index = 1:N ELEMENT
phi = (ph10+ph1 dir) * (row_index-1);
sum_channel = sum channel + exp(li*phi/180%*pi);
if (row_index <= N ELEMENT/2)

diff channel = diff channel + exp(li*phi/180%*pi);

else
diff channel = diff channel - exp(li*phi/180*pi);
end
end
result (result index,:) = [theta sum channel diff channel];
result index = result index +1;

end

pow _sum = result(:,2);

result(:,2:3) = result(:,2:3)/max (max(abs (result(:,2:3))));

[dir,beam width] = get beam info(result(:,1),result(:,2), TEST STEP);

figure () ;
plot(result(:,1),20*1logl0 (abs(result(:,2))));
axis ([ -TEST RANGE TEST RANGE -50 0]);

title(['Direction control: ' num2str (DIRECTION CONTROL ,'%.3f, Direction
real: ') numZ2str(dir ,'%.3f"') '. Beam width: ' numZ2str(beam width, '%.3f")
1)

grid on;

Direction control: ;0.000, Directio‘n real:-29.990. Beam widlth: 2.820

N
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Hinh 3. 2. Két qua mo phong anten khi 1ai bup séng mot goc 30 do va tan s6 lam viéc
la 3.0GHz khi khoang cach gitta 2 chan tir 1a 65mm.
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Mo phong hé thdng anten véi tan s6 lam viéc 1a 3.0 GHz, bip song duoc 1ai mot
goc 1a 30 d6 va khoang cach giita 02 chén tir anten 1a 66.7mm. Két qua mé phong duoc

thé hién nhu trong Hinh 3.3.

Direction control: 30.000, Directiqn real:-29.990. Beam widlth: 2.760
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Hinh 3. 3. Két qua mo phong anten khi l4i biip song mot goc 30 do va tan sd lam viée
la 3.0GHz khi khoang céach gitta 2 chan tir [a 66.7mm.

Tir két qua mo phong cho thay, khi khoang cach giita 02 chan tir anten ting 1én
66.7mm hién tugng “Grating Lobe” xuat hién rat manh va khi d6 khong phai chi c6 mot

ma la hai cuc tri.

Duea vao két qua mé phéng trong Hinh 3.2, Hinh 3.3 va (3.1) ta cé thé thay két
quad mé phong phit hop véi Iy thuyét vé diéu kién ton tai duy nhdat mét cuc tri, tir do ta
lira chon khodng cdch giita 02 chdn tir anten la 65mm dé dam bdo khéng xudt hién da

tri, dam bao do rong bup song va gain anten.

- Tinh toan yéu cau sai so pha va bién d0 cac thanh phan deé sai so lai bup

song < 10% do rong bup séng:

Do hién tugng mé rong bup song khi lai va do rong blp song ty 1€ nghich vai
tan s, do d6 dé dam bao sai sb 1ai bip song < 10% trong toan bd dai tan va toan bd
pham vi 14i bup séng can dam bao sai s 1ai bip song cho bup séng nhé nhit. Do do
rong bup song ty 18 nghich véi budce song va goc 1ai, do d6 d6 rong bup song nho nhit

1a tai tan s6 3.0GHz va goc 1ai bang 0. Két qua mo phong do rong bup séng & tan sb
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3GHz, goc lai bang 0 cua 32 phan tir anten v6i mdi phan tir 1a 01 anten Yagi duoc md

phong nhu trong Hinh 3.4. Nhu vy, yéu cau sai sb 1ai bup song < 0.244 d6.

Direction control: 0.000, Direction real:0.010. Beam width: 2.440
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Hinh 3. 4. Két qua mo phong d6 rong bip song tai tan sé6 3GHz ciia 32 chan tir Yagi.
Bang 3.2 trinh bay céac thanh phan anh hudng dén sai s6 14i bup séng anten trong

hé théng tong hop va 1ai bup song sd nhu trinh bay trén so d6 Hinh 3.1.

Bang 3. 2. Cac thanh phan anh hudng dén sai s6 1ai bup song

STT Tén thanh phin

1 Sai s6 pha, bién do khdi DTR

2 Sai s6 pha, bién do khdi TRRF

3 Sai s6 pha, bién do day cap ndi tir khdi DTR dén khéi TRRF

4 Sai s6 pha, bién do day cap ndi tir khéi DTR dén anten

Két qua mo6 phong sai s6 1ai bup song véi cac thanh phan anh hudéng dén sai s6

1ai bap séng duogc thiét 1ap gia tri nhu trong Bang 3. 2.
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Bang 3. 3. Bang tong hop két qua mo phong sai s6 1ai bup song

STT Tén thanh phin Pon vi | Gia tri yéu ciu
Tham s6 dau vao

1 | Sai s6 pha khéi DTR Do <5

2 | Sai sb bién d6 khdi DTR dBm <0.5

3 | Sai s pha khdi TRRF P <5

4 | Sai sb bién do khéi TRRF dBm <0.5

5 | Sai sb pha day cap ndi tir khdi DTR dén khéi | Do <5
TRRF

6 | Sai s6 bién d6 diy cap ndi tir khéi DTR dén| dBm <0.5
kh6i TRRF

7 Sai s6 pha day cap nbi tir khoi DTR dén anten bo <5

8 | Sai s6 bién d6 day cap ndi tir khéi DTR dén | dBm <0.5
anten

Tham s6 dau ra

9 | RMSE cua sai sb 1ai bup song & goc 1ai 0 do - 0.047
(thdng ké trong 1000 1an)

10 | Sai s6 lai bip song 16n nhat & goc 14i 0 do | Do 0.16
(thdng ké trong 1000 1an)

11 RMSE cuia sai s 1ai bip song ¢ goc 1ai 10 do - 0.058
(thdng ké trong 1000 lan)

12 | Sai s6 1ai bap song 16n nhat & goc 1ai 10 do | Do 0.16

(thdng ké trong 1000 1an)
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13 RMSE cuia sai s6 1ai bup séng ¢ goc 1ai 20 do - 0.094
(thdng ké trong 1000 1an)

14 | Sai s 1ai bup song 16n nhat & goc 1ai 20 do | Do 0.22
(thdng ké trong 1000 1an)

Code Matlab m6 phong chuong trinh nhu sau:

close all;
clear;
clc;

oo
[CRNe)

= 3e8;
65e-3;
3.0e9;

H Q Q
Il

lamda = c/f;

oo
070

NUM ELEMENTS = 32;
DIR = 0;

PHASE_ERR DTR = 5;
PHASE ERR TRM = 5;
PHASE ERR_CABLE DTR_TRM
PHASE ERR CABLE_TRM ANT = 5;

Il
@)
~.

POWER ERR DTR = 0.5;
POWER ERR TRM = 0.5;
POWER ERR CABLE DTR TRM =
POWER ERR CABLE TRM ANT

29

070

NUM_CHECK = 1000;
ANGEL_TEST MAX = 100;
ANGLE RES = 0.01;

o O
[G2BNE)]
~.

~.

theta = -ANGEL TEST MAX:ANGLE RES:ANGEL TEST MAX;

oo
]

data yagi anten = readtable('Yagi Sband 2.7GHz Res 0.0l.csv'");

data yagi anten azi = data yagi anten.Varl;

data yagi anten gain = data yagi anten.Var2;

% find index angle yagi anten

index get = find(abs(abs(data yagi anten azi) - ANGEL TEST MAX) ==
min (abs (abs(data _yagi anten azi) - ANGEL TEST MAX)));

index start = index get(1l);

index stop = index get(2);

oe
oe

ster err = zeros(1l,NUM CHECK) ;
ster err max = 0;

phase = (O:NUM_ELEMENTS—l)'*2*pi*d*(sind(theta)—sind(DIR))/lamda;

for num = 1:NUM _CHECK
phase err dtr = random('normal', 0, PHASE ERR DTR, 1, NUM ELEMENTS) ;
phase err trm = random('normal', 0, PHASE ERR TRM, 1, NUM ELEMENTS) ;
phase err cable dtr trm = random('normal', 0, PHASE ERR CABLE DTR TRM,
1, NUM_ELEMENTS) ; - -
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phase err cable trm ant = random('normal', 0, PHASE ERR CABLE TRM ANT,

1, NUM _ELEMENTS) ;

phase err total = phase err dtr + phase err trm +

phase err cable dtr trm + phase err cable trm ant;

power err dtr random('normal', 0, POWER ERR DTR, 1, NUM ELEMENTS) ;
power err trm = random('normal', 0, POWER ERR TRM, 1, NUM ELEMENTS) ;
power err cable dtr trm = random('normal', 0, POWER ERR CABLE DTR TRM,

1, NUM ELEMENTS) ;

power err cable trm ant = random('normal', 0, POWER ERR CABLE TRM ANT,

1, NUM ELEMENTS) ;

power err total = power err dtr + power err trm +

power err cable dtr trm + power err cable trm ant;

end

amp _err total = 10." (power err total/20);

AF err = amp err total.*exp(-li*phase err total*pi/180);
AF = exp(li*phase);
AF total = AF'*AF err';

power = 20*1logl0 (abs (AF_total));
pow_sum total = power + data yagi anten gain(index start:index stop);

index max = find(max(pow_sum total) == pow_sum total);
angle ster = theta(index max);

ster err (num) = (angle ster-DIR);
if (abs(ster_err max) < abs((angle ster-DIR)))
ster err max = angle ster-DIR;

end

figure (1) ;

plot (theta, pow sum total); grid minor; hold on;
axis([-inf inf -100 inf]);

title(['Steering: ' num2str(DIR)]);

xlabel ("Angle - Deg');
ylabel ('Power - dB'");
pause (0.01) ;

figure () ;

plot (theta,pow sum total);

grid minor;

title(['Director: ' numZ2str(angle ster)]);
axis([-inf inf -50 inf]);

ster err std = std(ster err);
ster err rmse = rms(ster err);
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Steering: 0

Power - dB

100 1 1 I I I I
-100 -80 -60 -40 -20 0 20 40

Angle - Deg

60 80 100

Hinh 3. 5. Két qua mé phong 1ai bup séng & goc 1ai 0 d6 voi cac tham sb duge thiét
1ap nhu trong Bang 3.3.

Steerlpg: 10

Power - dB

1 | I
60 80 100

100 | | | | | I
-100 -80 -60 -40 -20 0 20 40

Angle - Deg

Hinh 3. 6. Két qua mo phong lai bup soéng & goc 1ai 10 d6 véi cac tham sb duge thiét
l1ap nhu trong Bang 3.3.
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: ‘ : Steeri{ig: 20

Power - dB

100 I I | I
-100 -80 -60 -40 -20 0

Angle - Deg

20 40 60 80 100
Hinh 3. 7. Két qua mo phong lai bup séng & goc 1ai 20 d6 véi cac tham sb duge thiét
1ap nhu trong Bang 3.3.
Duea vao cdc két qua moé phong dwoc tong hop trong Bang 3.3 va Hinh 3.5,
Hinh 3.6, Hinh 3.7 ta co thé thdy vdi sai so cac thanh phan dat nhu trong Bang 3.3 sé

ddam bdo sai sé theo chi tiéu ky thudt yéu cau nhw trong Bang 3.1.

- Tinh to4n sai s6 thoi gian cho tin hiéu clock diung dé ddng bd cac khdi DTR:
Ta co:

Ap=2%1* f*At (3.2)
Trong do:
+ Ag:la do 1éch pha.
+ f: 12 tAn sd 1am viéc.
+ At :1a d6 1€ch thoi gian.
Dé sai sd pha & cac dau ra cta cac khdi DTR 1a 5 do ¢ tan s6 3 GHz, khi do:

*
At < ap _ 3 ﬂ/1809= .6ps (3.3)
2¥g* £ 2% *3%10

Vay sai sb thoi gian cta cac tin hiéu clock dung dé dong bo cho cac khdi DTR
phai nho hon 4.6 ps.

3.4 Thiét ké bd tong hop va lai bup séng sb
Hinh 3.1 1a so do ddy di ca hé thong anten va hé thong thu/phat tin hiéu cao tan

cong suat cao, nhung trong khuon kho dé an do gidi han vé thoi gian va pham vi nén

chi thuc hién nghién ctru 03 thanh phan chinh lién quan mat thiét dén bo tong hop va



42
14i bip song s6 d6 1a khdi DTR, khéi SYN va khbi DSP. Sau day chung ta sé di chi tiét
vé phan thiét ké khéi DTR, SYN va DSP.

3.4.1 Chi tiéu ky thuit cia khéi DTR

Xuat phat tir yéu cau vé€ do chinh xac lai bup song, cong suat dau vao khoi
TRRF, moi truong lam vi€c va s6 phan tir anten ta dua ra chi ti€u doi véi khoi DTR

nhu trong Bang 3.4.

Bang 3. 4. Chi tiéu k¥ thuat ctiia khdi DTR

STT Tén tham s Ponvi | Chitiéu Ghi chi
1 | Ngudn dau vao \Y 24
2 | S6 kénh phat - 8
3 | S6 kénh thu - 8
4 | Sai sd pha giita cac kénh thu bo 5
5 | Sai sb bién d6 giira cac kénh thu dBm 0.5
6 | Sai sb pha gitra cac kénh phat bo 5
7 | Sai sb bién d6 giita cac kénh phat dBm 0.5
8 | Cong suét phat dBm 0+0.5
9 | Nhiét d¢ lam vi¢c °C -20 + 60
10 | P 4m % <96
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3.4.2 Thiét ké so' @ tong thé bd tong hop va lai biip séng sb

1
DTR [1] -
= 4 —] [1
‘ ’2 > 1 Data Chan I
A DDC Data Mon, Data BFM Data
a s
UnPacki N Packin;
8 channels Packing ) ctrl - nPacking x3 Chan Q 2
DRV g E
ADRV &
Z & i
= =
= =
] =
= z L,
- WF_GEN . Data s Data CTR
UnPacking Packing >
Data
Recorder
Clk, Trig
Mon, Ctrl
Data
" )
SYN BLOCK COMPUTER
=
= [«—>» COoM

Hinh 3. 8. So d6 khéi bo tong hop va lai bap song so.
Hinh 3.8 chi ra so d6 tong quat ctia khoi tong hop va 1ai bup song sd véi cac

thanh phan co ban 1a khdi 01 khéi DSP, 04 khéi DTR va 01 khoi SYNC.

ADRV #1 |

RF#1 ADRV #4 FPGA

TRX
x8

om0 TRANS

JESD DATA
RX WE_GEN UN-
x4 Phase, PACKING
Amp,
WF

SYSREF
| CLK SYSREF_GEN

DISTRIBUTE

Hinh 3. 9. So d6 khéi khéi thu phat s6 (DTR).

Hinh 3.9 dua ra so d6 chi tiét ciia khdi DTR, sau ddy ching ta s& di vao nguyén

4
A

1y hoat dong ctia bo tong hop va l4i bup song sd.
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3.4.3 Nguyén ly hoat dong

Bo tong hop va lai bp song sb bao gom 4 khéi DTR, 01 khéi SYN va 01 khéi
DSP nhu trong Hinh 3.8, trong do:

- Bén khéi DTR tng v6i 32 kénh thu phat. Mdi bo mach DTR dugc tich hop 4 IC
ADRV9009, mbi IC c6 2 kénh thu, 2 kénh phat va két hop FPGA téc do cao dé xtr Iy tin
hiéu dong thoi 8 kénh thu/8 kénh phat truyén thong giao tiép toc do cao vé khdi xir Iy tin

hiéu DSP. Ché d6 thu/phat dugc chuyén mach luan phién bang chuyén mach cao tan.
- Quy trinh hoat dong ctia DTR chia lam hai giai doan:

+ Giai doan 1: khoi tao hé théng. Trong giai doan ndy, FPGA trén DTR sau khi
duoc ciu hinh s& diéu khién thiét 1ap thong s6, update firmware cho cac ngoai vi nhu

HMC7044, ADRV9009,...

+ Giai doan 2: ché d0 hoat dong. Trong giai doan nay, DTR hoat dong theo chu
ki dya trén diéu khién tir DSP. Pau mdi chu ki, DTR hoan thanh viéc truyén nhan di
lidu giam sat diéu khién voi DSP va thiét 1ap lai cac thong sb theo yéu cau trudc khi
phat tin hiéu ma va xir 1y tin hiéu thu. Cac thong sé giam sat thong thuong s& duoc cip
nhat lién tuc trén DTR va duoc chdt & cudi mdi chu ky trude khi duoc guri di & dau chu

ky sau.

3.4.4 Thiét ké b tao tin hiéu phat

FPGA

ADRV (1 Channel)

SYSREF IN

Clock i Clock DTR
ek Distributor l
Sysref Gen
i
i

iy RF
RF Switch ouT

Data High High Javeform JESD JESD
from Dsp [ Speed Speed Ge ™ [ rx
Tranceiver Controller ‘

Hinh 3. 10. So db thiét ké ctia bd tao tin hiéu phat trén khéi DTR.

Hinh 3.10 mé ta so do thiét ké khéi DTR véi nguyén 1y hoat dong nhu sau:
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- Mach FPGA trén DTR nhan cac thong s diéu khién lién quan dén tin hi¢u phat
tir DSP qua duong transceiver ¢ dau chu ky. Cac thong sé bao gdm: dang tin hiéu,
chiéu dai tin hi¢u phat, tin sé RF, cong suit RF, phase RF,...

- Sau do, FPGA xac dinh waveform va gui tin hi¢u baseband dén ADRV qua
giao tiép JESD204b. Dong thoi, FPGA gtri thong tin ciu hinh ADRV (cdu hinh bé loc,
suy hao, khuéch dgi, hé sé nhén tdn,...), thong tin tin s6 RF dén ADRV thong qua
giao tiép SPI. ADRV nhan dit li¢u baseband, dua qua cac b loc va tron tan 1én RF tan
s cao.

- Dya vao thong tin waveform, FPGA ciing diéu khién m¢ phat RF, chuyén tan
va diéu khién RF switch thong qua cac GPIO.

- Sir dung FPGA tao tin hiéu Sysref dé dong bd RF PLL trong cac IC ADRV trén
mot khéi DTR. RF PLL & cac khdi DTR khac nhau duoc dong b qua tin hiéu Trigger.

3.4.5 Thiét ké bo xir Iy tin hi¢u thu

Clock Clock DTR
ockim Distributor l

FPGA ADRV (I Channel)
R Sysref Gen SYSREF IN
Trigger in |- -

RX Data High
wDsp [  Speed
Tranceiver

JESD
TX

—( RF Switchiﬂ— RF IN

High Speed .
Controller GPIO

MicroBlaze SPI core

Hinh 3. 11. So db thiét ké hé théng thu trén DTR.
Hinh 3.11 mb ta so d6 nguyén 1y hé thdng thu trén khdi DTR véi nguyén 1y hoat

dong nhu sau:

ADRYV thu tin hiéu RF, qua bd suy hao va mixer dé dua vé baseband. ADRV
tiép tuc dua tin hiéu baseband qua cac b loc, giam bang thong tin hiéu trudc khi guri vé
FPGA qua JESD204b. FPGA tiép tuc giam bang thong tin hiéu va c6 thé xir Iy nén xung

trudc khi gui cho DSP qua duong Transceiver.
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3.4.6 Xay dung mé hinh truyén dir liéu toc dd cao

- FPGA sir dung giao thitc Aurora 64b66b dé nhan tham s6 diéu khién tir DSP
va gtri cho DSP thong tin giam sat va dit liéu cac kénh thu, mé hinh dwgc thé hién trong
Hinh 3.12.

- Céc théng tin giam sat diéu khién dugc trao d6i hoan toan ¢ dau chu ki trude
khi phat RF.

- Dt 1i€u 8 kénh thu sau khi dugc xtr 1i s€ dugc gop lai theo thong s6 location va

guri di lién tuc toan chu ki.

reca] DTR
RF_RX Data
RF_Buffer [« RF_RX Process
S-AXIS | M-AXIS - -
S-AXI Normal
Monitor
Data .
DSP Data Register - MicroBlaze
+ Aurora Realtime
Block Transfer Monitor
core Data
M-AXIS S-AXIS Control Data High Speed
M-AXIS > Controller

Hinh 3. 12. M6 hinh truyén dit liéu toc do cao.

- Tinh toan tdc d6 truyén dit liéu gitta DSP va DTR:

+ S kénh thu: 8.

+ S6 kénh tin hiéu / kénh thu: 2.

+ 86 bit dit liéu/kénh thu: 24.

+ S6 bit thong tin/kénh thu: 16.

+ Tbc do truyén dir liéu: 4Msps.

— S bit dir liéu/mau: 8x(2*24 + 16) = 512 bit.

— Tdc do truyén dit lidu gitta DTR va DSP: 4 x 512 = 2048 Mb.
3.4.7 Thiét ké khdi SYN

- So dd khdi cua khdi SYN:
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SYN

@)

CMOs

|

O
Trig_in

clk_in0

Trig_out

MOS

) 4

MOS

d

FPGA

Ck_in1  Clk_in2
Q Q

A

ocxo

!

CLK_DIVIDER

1MH

SPI(4)
SYNC(1)
RST(1)
GPIO(4)

»0CLK_DIVIDER(1:8)-

v

5

MOS

MOS

L

)/ (e]

-

© Fin

© 0SCin

HMC

) 4

LVDS

LVDS———— ()

LVDS

Yy v

LVDS

Hinh 3. 13.S0 d6 khdi ctua khdi SYN.

- MO hinh tao clock ddng bo trong khéi SYN:
+ Clock déng b0 tao b1 HMC. Reference clock cho HMC 1a OCXO va VCXO.
Pau ra két ndi téi DTR ¢ ché d6 CMOS. Clock cip cho FPGA dang LVDS.

+ FPGA str dung clock dong bo tir HMC va TRIGGER tir DSP dé tao ra
TRIGGER déng bo cho hé théng, va st dung clock thach anh dé chay phﬁn

mém, cau hinh ngoai vi...

TRD1_TRIGGER
TRD2_TRIGGER

TRD5_TRIGGER
DSP_TRIGGER

TRD1_CLK

TRD2_CLK

TRD5_CLK

DSP_CLK

Trong chuong 3 ching ta d di vao tim hiéu qua trinh tir xay dung chi tiéu k¥

thuat dén mo phong, tinh toan cac tham sd dé tir d6 dwa ra chi tiéu cho timg khéi cu thé.
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CHUONG 4: PO KIEM VA PANH GIA CAC THAM SO

4.1 Do kiém tham sb khoi DTR
4.1.1 Danh muc cong cu, dung cu do

Bang 4. 1. Danh muyc cong cy, dung cu do tham s6 khdi DTR.

STT Thiét bi do S6 lwong Yéu céu
1 | DTR 01
2 | SYN 01
3 | May phan tich mang 01
4 | May tinh 01 Co phan mém do kiém,
lay dit li¢u cua DTR
5 | Day Ethernet 03
6 | Switch mang 1G 01
7 | Cap 2 dau SMA 01

4.1.2 So do do

- So dd do kiém tuyén phat:

TRIGGER——» SIGNAL ANALYZER

®

FPGA
MASTER )4—SYSREF—(

AD9528

ADRV9009

& D= =
FPGA (=)
CLOCK HMc

Hinh 4. 1. So db do kiém tuyén phat.



- So @6 do kiém tuyén thu:
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020,60

FPGA AD9528 ADRV9009

MASTER )4—SYSREF—(
O A=)
)4—REFCLK—(
()
1 e °
FPGA 020 HMC
CLOCK

Hinh 4. 2. So db do kiém tuyén thu.

- So @6 do kiém dong b tuyén phat:

FPGA
Slave

FMC_
HPC

]V%REFCLK

TX1

ADRV9009
RX2|

<

FPGA
MASTER

T

TXL

ADRV9009

OSILOSCOPE

HMC7044

Hinh 4. 3. So d6 do kiém d6ng bo tuyén phat.

- So dd do kiém dong b tuyén thu:
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FMC_

HPC 0200
N FPGA AD9528
Slave 3 > 12
0,6,

1

I, e

FMC >
HPC O

FPGA
MASTER  Qe—svsrer—

rREFCM

)
T FMC_ ==
LPC
FPGA 0LC
cLOCK HMC7044

Hinh 4. 4. So d6 do kiém dong b tuyén thu.

4.1.3 Cac budc thuc hién
- Qua trinh thyc hién do kiém tuyén phat:

+ Céc budc do sau dugce thyc hi¢n tai mot tan so, két thic tan s6 nao thi chuyén
qua do tan so khac sao cho do kiém va danh giad dugc toan bd dai tan. Cac budc thuc

hién nhu sau:
+ Budie 1: Sir dung may tinh diéu khién tan sd va cong suat phat mudn kiém tra.
+ Buée 2: Sir dung may phan tich phd kiém tra cong suat tin hiéu phat va hai
cua no.
+ Buée 3: Ghi gia tri thu dugc vao bang tong hop va so sanh voi chi tiéu.
- Qua trinh thyc hién do kiém tuyén thu:

+ Céc budc do sau dugc thuc hién tai mot tan sb, két thic tan sb nao thi chuyén
qua do tan s0 khac sao cho do kiém va danh gid dugc toan bd dai tan. Céc budc thuc

hién nhu sau:

+ Buée 1: Sir dung mdy tinh diéu khién tan s6 mudn kiém tra.
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+ Bwée 2: Sir dung may tinh diéu khién cho phép phat tin hiéu, sau d6 cho tin
hiéu phat loopback vé tuyén thu. Str dung mdy tinh c6 phan mém thu va phan tich tin

hiéu thu duoc tir DTR.
+ Buée 3: Ghi gia tri thu dugc vao bang tong hop va so sanh véi chi tiéu.
- Qua trinh thyc hién do kiém dong b tuyén phat:

+ Céc bude do sau duge thyc hién tai mot tan s6, két thiic tin sd nao thi chuyén
qua do tan s khac sao cho do kiém va danh gia dugc toan bg dai tan. Cac budc thuc

hién nhu sau:

+ Buée 1: Sir dung may tinh diéu khién tin sé va cong suat phat mudn kiém tra.

+ Buére 2: St dung Oscilloscope kiém tra pha tin hiéu gitta cac kénh.

+ Buée 3: Ghi gia tri thu dugc vao bang tong hop va so sanh véi chi tiéu.

- Qua trinh thuc hién do kiém dong bé tuyén thu:

+ Céc budc do sau dugc thuc hién tai mot tan sb, két thic tan sd nao thi chuyén
qua do tan s6 khac sao cho do kiém va danh gia dugc toan bo dai tan. Cac budc thuc
hién nhu sau:

+ Buée 1: Sir dung may tinh diéu khién tan s phat mudn kiém tra.

+ Buéc 2: Sir dung may tinh diéu khién cho phép phat tin hiéu, sau dé cho tin
hiéu phat loopback vé tuyén thu. Str dung mdy tinh c6 phan mém thu va phan tich tin

hi¢éu thu duoc tir DTR.

+ Buée 3: Ghi gia tri thu dugc vao bang tong hop va so sanh véi chi tiéu.



4.1.4 Két qua do

- Bang tong hop két qua do:
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Bang 4. 2. Két qua do kiém khdi DTR.

STT Tén tham s Ponvi | Chitien | K IR A Gy eng
1| Cong sut phat dBm | 0+05 | -0.46+0.40
Sai s6 bién d giita cac
2 kénh phét dB <0.5 <0.5
3 Salr s0 pha gifra cac kénh Po <5 <4
phat
Sai s0 bién do gitra cac Hiéu chinh
4 | kénh thu dB <0.5 <0.5 tai nhiét do
50°C
Sai sO pha gifra cac kénh Hiéu chinh
5 thu bo <5 <3 tai nhiét do
50°C

- Mot s6 hinh anh két qua do kiém:

RBW: 3 MHz
VBW: 3 MHz

SWT: 20 ms

11/03/20 09:33

Ref Level:

e W O W —
Level Ref Pos

Offset

Span:400 MHz
“TRFAtt/

Amp / Imp

Trace: Clear/Write
Trig: Free Run Detect: Auto Peak

il .
ok Bt f Ol o
AL IS A LN Al IO M

ducer

Hinh 4. 6. Tin hiéu ma LFM thu duoc tai tuyén thu.




TB:6ns  Ti0s Auto  CH3: 0V/DC
® CHT 200mVz (& CHZ 200mv_ AFLTTTE ) CH4: 200mV=
v

Auto Measure

Meas. Place

TB:6ns  Ti0s Auto  CH3: 0V/DC

® CHT 200mVz (& CHZ 200mv_ AFLTTTE ) CH4: 200mV=
v

Auto Measure

(™ Meas. Place Meas. Type

Measure 1 ‘

Cor )

Hinh 4. 8. Tin hiéu phat sau khi dugc déng bé.

dPhase Master RX1 - Master RX2
16.5 v T T T |
A R TR T PRI
15.5 L L L " )
1] 500 1000 1500 2000 2500
dPhase Master RX1 - Slave RX1
82 T T T .
]
80t — e
L v —
78 L L L " )
1] 500 1000 1500 2000 2500
dPhase Master RX1 - Slave RX2
104 T T T .
02f e ‘
L T
100 L L I J L )
1] 500 1000 1500 2000 2500

dPower Master RX1 - Master RX2

0.35 T T T —
0.3 Y = ™
Y| I il
L] ! U
.25 | L L " "
0 500 1000 1500 2000
dPower Master RX1 - Slave RX1
0.2 T T : .
0.1} M —
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Hinh 4. 9. Do 1éch pha, bién d6 cac kénh thu trudc khi dong b tai tan s6 2.9 GHz.
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Hinh 4. 10. D6 léch pha, bién do cac kénh thu sau khi dong bo tai tan s6 2.9 GHz.

4.2 Po kiém tham sé bd tong hop va lai bup séng sb

Mo hinh téng quat do kiém bo tong hop va lai bip song so:

€

MAY PHAT/

32 chan tir

—

—
-

PHO

4.2.1 Danh muc cong cu, dung cu do

- D (m)

-

Hinh 4. 11. M6 hinh do kiém b6 tong hop va 1ai bap séng sb.

Bang 4. 3. Danh muc cong cu, dung cu phuc vu bai do tong hop va 1ai bup song sb

STT Thiét bi do S6 lwong Yéu ciu

1 |DTR 04

2 | SYN 01

3 | Bé quay 01

4 | Angten chuan 01 Loga

5 | Chén tir ang ten bang tan S 32 anten yagi, thu va phat
6 | May phat tin hi¢u (VSG) 01

7 | May phan tich pho (SA) 01
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STT Thiét bi do S6 lwong Yéu ciu
8 | May tinh 01 Co phan mém do kiém,
lay dir liéu sau BFM
o | Day ethernet 1G 03 1 day 100m
10 | Switch mang 1G 01

4.2.2 So d6 do kiém

/ N
DSP m TRD1 |€e——m 55
sTH TRD 2 l—— <
Packing BFM D =9%m >
m TRD3  [€—— | :
ETH m TRD 4 [€&—
: VSG
T<
May
tinh
Hinh 4. 12. So d6 do kiém tuyén thu.
[ <
DSP >

m TRD 1  |—p | g
—<

o TRD2 —>
Unpacking BFM D = 90m S
m TRD3  f— | °

o TRD4  |—>

Y

ETH

SA

.

May
tinh

Hinh 4. 13. So d6 do kiém tuyén phat.

4.2.3 Cac buéc thuce hién
Qua trinh thuc hién do nhu sau:

- Tai mdi tan s6 thyc hién do ¢ cac goc quét 1an luot ting dan tir -30° dén +30°

vGi bude nhay 10°,

- Po kiém trong toan b dai tan tir 2.8 + 3.0 GHz vdi budc nhay 10MHz.
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- P6i véi bai do tuyén thu tai m&i géc quét twong ng véi tirng tin so thue

hién nhu sau:
+ Budc 1: Thiét 1ap tAn sé lam viéc cho mdy phat.

+ Budc 2: Piéu khién may phat phat tin hiéu CW vao ang ten chuan voi cong

sudt phat 1a 15dBm.
+ Budc 3: Cho anten quay quanh bé quay voi toc do 2v/p.

+ Budc 4: Dit lidu IQ va gia tri encoder s& dugc truyén t6i may tinh thong qua
cong ethernet 1Gb/s dé xur 1y va v& duoc beam pattern phan thu. Cac dir liéu doc vé déu
duoc ghi dudi dang csv file, phuc vu cho viée chay lai di liéu thu va kiém tra két qua

do.

+ Budc 5: Sau khi thu xong sir dung may tinh diéu khién goc quét moi, tan sb
ma&i theo yéu cau bai do. Sau d6 quay trd lai thuc hién tir Budc 1 cho dén khi hoan thanh

do kiém & cac goc quét khac nhau tuong trng v cac tan so trong dai tan lam viéc.

- P6i véi bai do tuyén phat tai mdi goc quét twrong ing véi tirng tin so thue

hi¢én nhu sau:

+ Budc 1: Thiét lap tan s6 1am viéc cho may phan tich pho, cai dit “Sweep time

=120s".

+ Budc 2: Cho anten quay quanh bé quay voi toe do 2v/p.

+ Budc 3: Str dung may tinh thyuc hién diéu khién tan sé phat, cong suat phat,
gbc lai.

+ Budc 4: Khi goc encoder 14 0 may tinh s& reset may phan tich pho va bat dau
léy dir liéu thu tir dng ten. Céc dit li¢u doc vé déu duge ghi dudi dang csv file, phuc vu

cho viéc chay lai dir li€u thu duoc

+ Budc 5: Sau khi thu xong dit liéu sitr dung may tinh diéu khién goc quét méi,
tan s6 mai theo yéu cau bai do. Sau d6 quay trd lai thue hién tir Bude 1 cho dén khi
hoan thanh do kiém & cic goc quét khac nhau twong tng véi cac tan sb trong dai tin

lam viéc.



4.2.4 Két qua do
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Bang 4. 4. Bang két qua do tham s6 bo tong hop va lai bip song sd.

. Két qua dat
STT | Ténthamsé | Ponvi Chi tiéu AU Ghi cha
dugc
~ SR < 10% AA ;
1 Bo c%unh’ xéac khi Do <10% d(:) rong bup 0.18°—0.04°
141 bup séng song
2 Pham vi goc lai bo +20° +20°
5 phan giai l4i A 00014 | e tham
3 EO p ,an glat il Do A¢g = arcsin(zn p, ’ s6 n=16 ,
up song % £ =2.9Ghz
Th\ . . 1 /& b 4
4 | otelanialbup us 158xchu ky clk 0.61ps
song
Tinh nang th
5 {n r}angt u da i Co Cé
bup song
Tinh nang 4p dung
6 céc trong s6 - Co Co

window

Angle-Deg

Hinh 4. 14. Két qua do bup séng phat tai tan s6 2.8 GHz.




58

Angle-Deg

Hinh 4. 15. Két qua do bup séng thu tai tan s6 2.8 GHz.
4.3 Panh gia két qua dat dwoc
- Tur két qua dat duoc nhu trong Bang 4.2 va Bang 4.4 ta c6 két ludn sau:
+ Két qua thu dugce dam bao theo ding chi tidu di dé ra.
+ Két qua thu dwgc phu hop véi tinh toan 1y thuyét.

Chuong 4 di timg budc xay dung phuong phap do kiém tham s6 k¥ thuat cia

tirng khdi tir budc xay dung so dd do dén timg budc do kiém trong qua trinh do.
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KET LUAN

Dé 4n “Nghién ciru, thiét ké bo tong hop va 1ai bup song sb dwa trén nén tang
FPGA va IC ADRV9009” di dat duoc cac két qua nghién ctru sau:

Nim duoc 1y thuyét chung vé hé thdng dng ten mang pha, cac phuong phap tong
hop va lai blp séng.

Lam chu dugc cong nghé truyén théng s toc d6 cao va cong nghé Zero-IF.

Niam duoc trinh ty thiét ké va phuwong phap do kiém hé théng tong hop va 1ai bup
song so.

Trong dé 4n méi chi dimg lai & phuong phép quét dién tir mot chiéu va sai s6 14i
bup song con 16n. Do @6 dinh hudng trong thoi gian tiép theo cia dé an ¢6 s& mé rong
nghién ctru thém nhu: phuong phap AESA 2 chiéu, ting d6 chinh xac goc l4i ...

Trong qua trinh lam dé an tot nghiép, voi sy nd luc cta ban than va su giup d& chi
bao tan tinh cia ¢o gido TS. Tran Thi Thyc Linh, cing cac thay gido trong khoa K§
thuat Dién tir, d& an da hoan thanh dam bao dung nodi dung, tién d6 va dat duoc muc
tiéu dé ra.

Em xin chan thanh cam on!
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