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THIET KE ANTEN VI DAI TiCH CUC CHO MAY THU GPS

Nguyén Tuin Khanh, P Hiru Hau
Khoa dién tir, Trwong Cao dang nghé Cin Tho

Tom tit: Bai viét nay trinh bay vé nghién ciru ché tao anten vi ddi tich cuc cho mdy thu GPS. Hé thong nay gom 2
phdn riéng biét la anten vi dai thu tin hiéu GPS va mach LNA 1575.42 Mhz. Cac ket qua do dac mach anten vi dai co S11=
-14.661 db, do loi dat 4.302db va do dinh hwong dat 6.01 db; con cac thong so cua mach LNA la do loi: 14.47 db, hé so

nhiéu 2.518 db
Tir khod: Anten vi dai GPS, Mach LNA.

DESIGN OF A MICROSTRIP ANTENNA FOR GPS RECEIVERS
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Abstract: This paper presents the study and fabrication of active violation antenna for GPS receiver. This system
includes 2 special parts: GPS signal violation antenna and 1575.42 Mhz LNA circuit. The measurement result of the
violation antenna circuit has S11=-14.661 dB, gain is 4.302dB and directivity is 6.01 dB; the remaining parameters of the

LNA circuit are gain: 14.47 dB, noise figure 2.518 dB
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I. GIOI THIEU

Hién nay c6 nhiéu cong trinh nghién ctru lién
quan dén anten tich cuc cho may thu GPS nhu:
“Anten tich cuc dang chip c¢6 tich hgp mach Low
Noise Amplifier” [1], nghién ctru vé anten tich cuc
co tich hop LNA thu tin hi¢u GPS sau d6 dong goi
thanh dang chip. Véi kich thude chip 10 mm(L) x
8 mm(W) x 0.8 mm (H), d6 loi 23.7dB, NF =1.99
dB. Hay “B¢ khuéch dai tap am thap thu tin hiéu
GPS ¢ bang tan L1 véi dong cap nho” [2] thiét
ké mot bd LNA thu tin hiéu GPS dung cong ngh¢
CMOS 0.18um. Két qua dat dugc gain:18.75dB,
NF=3.7 dB tai 1.8V va dong cap 14 1.07 mA. Nhin
chung cac nghién ctru nay da phan déu nghién ctru
o muc do dong goi thanh dang cac IC. Tuy nhién
bay bao nay trinh bay nghién ctru ché tao anten vi
dai tich cuc cho may thu GPS thanh dang cac mé
dun, viéc ché tao thanh cong mach LNA va anten
vi dai thu tin hiéu GPS ciing s& tao tién dé ot cho
cac nghién ctru va ung dung rong rai mach siéu
cao tan tai Viét Nam trong tuong lai.

II. THIET KE MACH LNA

2.1. Phwong an thiét ké mach LNA

Mach LNA dugc thiét ké tai tin s6 1575.42
Mhz v6i mach duoc thiét ké bang cac dudong day
microtrip. Substrate st dung la ISOLA 680-345
DK, vdi cac thong sd.

Céc thong sd nay s& duoc dua vao phan dinh
nghia substrate trong MSUB khi tién hanh thiét ké
trén ADS. Con viéc tinh toan ra cc thong s6 va w
s& duoc tinh toan bang chic ning LineCal trong
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phan mém ADS.

Theo datasheet tai tan sb 1.57542 Ghz cua
transistor ATF- 41511 dat d¢ loi cuc dai khoang
11dB. Vi thé dé dat yéu cau thiét ké 16n hon 15dB
thi mach LNA it nhét phai c6 2 tang ghép nbi tiép
nhau nhu hinh dudi:

G, Fy

Input Output

Stage 1 Stage 2

Hinh 1: So d5 mach LNA ndi tiép 2 tang
Theo 1y thuyét [3] thi d6 loi va hé s6 nhidu s&
duogc tinh theo cong thure bén dudi:
GLNA (dB) =Gl (dB) + G2 (dB)

LNA

Fo, =F+ % (cong thirc Friss)
1

Theo cong thic Friss & trén thi hé s6 nhidu cua
hé théng chu yéu do ting dau tién quyét dinh. Doi
v6i mach LNA thi hé s6 nhiu cang nho cang tbt.
Vi vay giai phap cho mach LNA 1a thiét ké 2 ting
gidng nhau voi hé s6 nhidu nho nhit c6 thé va sau
d6 2 tng nay s& duoc ghép ndi lai v6i nhau thong
qua 1 tu DC block.

2.2. X4c dinh hé s6 phan xa nguon va tai

Méi téng ctia mach LNA duoc thiét ké véi hé
s6 nhiéu nho nhit c6 thé. Khi chon hé sb nhidu

F=Fum (tkc I'; =T ) thi d¢ loi cling nhu Input
return loss s€ khong tot (1y do: khi cang xa S11*
thi d§ loi cang gidm con Input return loss cang
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xau). Vi thé dé dat dugc két qua mong mudn can
xem xét su lya chon gitra d§ 1oi hé s6 nhiu va va
Input return loss.

St dung ADS dé v& cac vong tron ding do loi
va dfmg do nhiéu dua vao d6 ta théy néu chon hé

s6 phan xa nguon ', =S, thi do loi ngudn Gs
s€ dat cuc dai, Input return loss tot nhat va hé so
nhieu F= 2.43dB. Vi yéu cau nhic¢u F=2.43 dB
thi xem nhu dat yéu cau:

Tinh hé¢ s6 T,

[ =5, =048/-154" = 0.48£-154°

1+,

= Zs=50* =18.38 -10.051

Tinh hé¢ s6 T,
H¢ s6 phan xa dugc chon sao cho dd loi dat cuc

daitae T, =T, .
Lic nay ta co:

12059622867 =( 5, +SuSul. y*

TPt

=T,=T

out

= (OM7/-3 75)+(0.071468)*(3.391463.5)*(0.484—154)
' ' 1-(0.482154)*(0.48 £ ~154)

=0.596/£-28.67
Tinh d6 loi va thong s6 nhiéu ciia mach
GT (dB) = Gs (dB) + GO (dB) + GL (dB)

)

" S8l
1-5,,I,

in — M1

(0.071.£68)* (3.391.£63.5)*(0.596.2 — 28.67)
1-(0.447.£-30.75)*(0.596 £ — 28.67)

=00.62 £ 139.62

T (0.484154)+

1-|T, P 1-10.62
= —= _=1.204
[I-T, T [1-(0.62£139.62)*(0.482—154) | —08dB
2 2
G, = il -= 17[0.5%] —=0.806=0.93dB
1=8,T, [ [1-(0.4472-30.75)*(0.5952 - 28.67) !

Go =3.391 =11.498-10.61 dB

Vay d6 loi theo (dB) ciia mach LNA Itic nay la:

GT (dB)=Gs (dB) + GO (dB) + GL (dB) = 1.2
- 0.93+10.61=10.88 dB.

Khi hé thong gém 2 mach LNA nhu trén ghép
ndi tiép thi do loi luc nay la:

Gua =2%10.88 =21.76 dB.

Hé s6 nhiéu:

1.75-1

£l 5 =1.892 =2.769dB

F,, =F+ G =1.75+

VéiFi=F. =243 dB=1.75

G1=10.88 dB=12.25

2.3. Mach phéi hop tré khang

Sau khi da tinh toan xong cac thong sd r,,
I, budc ké tiép ching ta s& tién hanh thiét ké cac
mach phdi hop tro khang ngd vao va ngé ra dung

duong day truyén song bang cach st dung gian
dd Smith.

O day ta sir dung cac mach phdi hop tro khang
dang 2L section cho ngd vao va 3L section & ngo ra.
Boi vi néu nhu chiing ta 1am cach nay thi mach s& ¢6
bang thong rong hon so véi 1L section binh thuong.

2.4. M6 phong mach va thiét ké mach

Sau khi da thiét ké mach dudi dang cac duong
day truyén séng dang Iy tuong thi budc tiép theo la:

Chuyén mach phdi hop trd khang tir dang d6
dién thanh dang kich thudc thuc té

Pua tit ca cac linh kién c6 thong s6 S vao mo phong.

Thuc hién dua mach cach ly RF két hop véi
két ndi thém dién tré Rg vao nham lam ting d6 6n
dinh ctia mach.

Gén thém cac doan MTEE, MSTEP, dinh nghia
substrate ISOLA 680 -345 DK.

Str dung chtrc nang Tuning va Optimazation
dé can chinh mach cho phu hop véi cac thong sb
thiét ké yéu cau ban dau.

m1

freq=1.575GHz
dB(S(1,1))=-10.337
dB(S(2,1))=13.161

m
20 h 4

-20—

40—

dB(Si2,1))
dB(S(1,1))

50—

-B0—|

frea. GHz
Hinh 2: Két qua mo6 phong S11 va S21 ctia mach
LNA dang schematic sau khi da tuning va Optimize
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m2

freq 1.575GHz
dB(S(2,2))=-18.018
dB(S(1,2))=-20.420

m2
v

dB(S{1,2))
dB(S(2,2))

25

freq, GHz

Hinh 3: Két qua mo

m3
freq=1.575GHZ
nf(2)=2.500

m3

phong S12 va S22 ctia mach LNA sau khi da tuning va Optimize

nf(2)

171

I
05 10 15 20

25 30 35 40 45 50

freq. GHz

Hinh 4: Két qua mé phong nhiu ngd ra cta mach LNA sau khi da Tuning va Optimize

1.8

MUPTrime
MWL
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Hinh 5: Két qua mo phong hé sb M va M prime cia mach LNA sau khi da Tuning va Optimize

Trong thiét ké mach cao tan thi viéc mo phong
truong dién tir 1a 1 bude thuc hién khong thé thiéu
trude khi layout. Viée thuc hién qua trinh nay sé€
glup chung ta tao ra mo hinh uéc luong cua layout
gan sat voi thyuc té. Tir d6 c6 thé thuc hién hleu
chinh va tbi wu lai kich thudc ctia mach thyuc té dé
dat hiéu qua tt nhat.

Trong bai bdo nay to6i st dung chuc ndng
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Momentum cua phﬁn mém ADS dé thue hién mo
phong EM. Sau day la cac buéc mo phong EM
dung Momentum trong ADS:

Buéc 1: (Hinh 6) Dinh nghia substrate
ma chung ta st dung gém: $d 16p vat liéu,
16 xuyén 16p, chat din dién. Cu thé truong
hop nay subtrate dugc s dung la ISOLA
[1S680-345DbK
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Budc 2: Dinh nghia port, sau khi gin cac port
1én cac vi tri cAn mo phong thi cong viée tiép theo
la gén ching véi céc loai port phu hop: TML,
TML (zero length), None, SMD, Delta gap. Thuc
hién chinh xac budc nay s& gop phan lam cho két
qua md phong EM gan gidng mach thuc té hon.

Budc 3: Thiét lap tan s can mo phong

Budc 4: Thiét 1ap Option. Trong phan nay thi 2
thong s Cells/Waveleght va Mesh 1a quan trong
nhat. Néu thong sd Cells/Waveleght dit cang 16n
thi két qua mo phong cang chinh xéc, tuy nhién

Hinh 6: Dinh nghia substrate

s& mat rat nhiéu thoi gian. Theo kinh nghiém cta
nhitng nguoi di 1am mach siéu cao tan thi gia tri
Cells/Waveleght =40 1 phu hop nhat véi két qua
thu duoc 1a kha chinh x4c.

Buéc 5: Thiét 1ap két qua mé phong thuc
hién dién céc thong sb va céc tuy chon nhu hinh
bén dudi.

Sau khi da thyc hién thiét 1ap mé phong EM
theo 5 budc nhu trén. Sau d6 tién hanh simulate.
Ta duoc file EM model. Lay file ndy va dem mé
phong ta duge két qua nhu sau:

Hinh 7: Mach LNA sau khi da EM

mi

freg=1 5TGHZ
08(S/1,1)}=-10.752
CBISF13 18

mi

freq, GHz req, GHz

m3
freq=1.575GHz
nf2F2.518

md
freq=265.0MHz
Mul=1652
MuPrime1=1419

m3 m4

=
\
f

Hinh 8: Két qua mo phong mach LNA sau khi d3 EM

40 45 50

TAMLY - GIAO DUC | 17



TAP CHI TAM LY - GIAO DUC

Theo két qua mo phoéng hinh 8 mach dat 46 lgi  dinh trén tan sb tir 0 dén 5 Ghz. Tir két qua trén da
1a 13.184 dB hé sb nhifu 1a 2.518 dB, cic hé sb dat yéu cau thiét ké lac dau, nén ching ta c6 thé
Mu va MuPrime déu 16n hon 1 chimg t6 mach 6n  tién hanh thi cong mach LNA nay.

Mach LNA sau thi cong c6 hinh dang nhu bén dudi:

Hinh 8: Mach LNA dang Layout Hinh 9: Mach LNA sau thi cone

2.5. Po dac va danh gia két qua May phan tich vector Rohde&Schawarz ZVB8
Cac budc tién hanh do dac bao gém cac dai tin hoat dong tir 300KHz dén 8GHz.

budc sau: May phat tinh hiéu SMR30.
Do phén cuc mach. May phan tich phd Rohde&Schawarz FSP dai
Kiém tra tinh 6n dinh ctia mach. tan 9KHz dén 30GHz.
Do d06 lgi cua mach. B6 ngudn DC, VOM ...
Do thong s6 S. Sau day 1a két qua do dac
Po tinh tuyén tinh ciia mach théng qua 2 théng Po phan cuc

s6 P1dB va IIP3. Thyc hién phan cuc mach LNA két qua
Do hé s6 nhiéu ciia mach. VCE=5V, IC=20mA kha chinh x4c véi thong sb
Céc thiét bi duoc sir dung bao gom: trong datasheet ciia nha san xuét

WAUT  SENSE '[hktmn’l DMM 4080 6+1/2 Digit Precislon Multimeter

e W

(N

@ d | () (4 ] ey |
B UBIBEEE ¢

Hinh 10: Dong Ic=20 mA

Kiém tra tinh 6n dinh Do do loi

Thuc hién ki€m tra tinh 6n dinh ctia mach véi Do loi cua mach véi may phan tich phd Rohde
may phan tich pho két qua mach on dinh khong va Schwarz FSP, dai tan 9KHz- 30GHz.
diéu kién.
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Spectrum Analyzer

Signal Generator

Py = -30dBm Attenuator
10dB

(2)

m1

freq=1.575GHz
dB(3(1,1))=-10.752
dB(5(2,1))=13.184

dB(S(2 1))
dB(Si1,17)
it

freq, GHz

(c)
Hinh 11: Két qua do loi. So d6 két ndi dé do gain ctia mach (a), Két qua gain do thuc té(b), két qua gain mo phong (c)
Nhén xét két qua do loi ciia mach dat 9.92 dB O hinh 12 va hinh 13 1a két qua do thong s6 S
tai tin sb 1575.42 MHz. Két qua mo phong 13 cua mach LNA bang may phan tich vector. Viéc
13.184 dB. C¢ su sai léch nay la do suy hao & nay dugc thuc hién béng cach do mach LNA thuc
phan day ndi gitta 2 ddu mach v&i thiét bi phat tin  té trén may phan tich vector ZVBS sau d6 xut ra

hiéu va may phan tich pho. file thong sb S. bd thong sd S ndy sau d6 s& duoc
Do thong s6 S nap lai trong ADS va chay mo phong lai.
®

| dB Mag 10dB/ Ref0dB  Calint 1 (Max)
BMag 10dB/ Ref0dB  Calint
B Mag 10dB/ Ref0dB  Calint
B Mag 10dB/ Ref0dB Calint

- N N S e M 22 ER
I
WMTwMﬁNW
L~ 1V
A Ty
il N | M / Wy A
; \ -
- |

Hinh 12: Két qua do thong sb S bing may VNA v6i Pin=-30dBm
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Sau déy 1a phan so sanh két qua bo thong sd S ctia mach LNA giita mo phong va mach thuc

dB Wlag 10dB/ Ref0dB Calint R(E
dBMag 10dB/ Ref0dB  Calint
dB Wlag 10dB/ Ref0dBE  Calint
S dB Wlag 10dB/ Ref0dB Calint »
] ] J\ M1 [ 1575000 GHz 14456 oB
M1 1575000 GHz -1§521 dB
EAY
e N N
/ 1V
I \f | \/
hr* w V \ ]
-70
Ch1 fb Start 300 kHz Pb -20dEm Stop 3 GHz

Hinh 13: Két qua do thong s S bang may VNA véi Pin=20dBm
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Hinh 14: So sanh bo thong sb S gitra mé phong (mau do6) va két qua do thyc té (mau xanh)
Nhan xét S43, S33, S34 rat gibng mo phong. tot. Can cai thién van dé nay sé& khong bi tinh

Chi c6 S44 1a khac so v6i mo phong nguyén nhan  trang nhu thé nay.
Po diém nén dj lgi P1dB

la do phan han connector ¢ ngd ra khong dugc

chinh xé4c va k¥ thuat [am mach in khong dugc

Pin(dBm) Pout(dBm) Gain(dB)
-30 -49.8 10.2
-27 -45.5 11.5
-24 -42 12
21 -38.65 12.35
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-18 35.6 12.4
-15 -32.55 12.45
-12 -29.48 12.52
-9 -26.45 12.55
-6 -23.46 12.54
-3 -20.5 12.5
0 -17.8 12.2
1 -17.16 11.84
2 -16.5 11.5
3 -15.92 11.08
4 -15.44 10.56
5 -15.03 9.97

Bang 2: S6 lidu do diém nén do loi P1dB
Dua vao bang trén ta thay IP1dB dat khoang 2dBm.

Pout (dBm)
10 -,
15 148 ‘__,_,"/
0P 1 f ',o‘
20 e
2% ',/"'
30 e
3 ‘,.""
40 "ﬂ"‘
45 ”,/’"
" i 2 13 10 a o Pl
Hinh 15: D6 thi diém nén d¢ loi 1dB
Do IP3 (3rd order intercept point) Chon cong suat phat 1a Pin= -10dBm ( dang
bé do dugc IP3 ta c6 thé dua vao biéu thirc sau:  song sin) ta thu dugc: Po= -30.84 dBm, PIMD =

P, ~P,=20P~E,) (*) -83.67 dBm

Hinh 16: Két qua Pout va PIMD twong tmg v&i Pin=-10 dBm.

TAMLY - GIAO DUC | 21



TAP CHI TAM LY - GIAO DUC

Tir cong thic (*) ¢ trén ta dé dang tinh dugc  Dé do hé s nhiéu ctia mach ta dya vao tai lidu
IP3 =16.415dBm. s0 tham khao [10], bang 3 gié tri nhiéu do duoc
Do hé s6 nhiéu (sir dung may Spectrum analyzer) trén may Spectrum analyzer trong 4 truong hop

Truong hop Noise Source DUT (LNA) Noise( dBm)
1 OFF Khoéng co -95.1
2 On Khoéng co -93.92
3 OFF Co -93.42
4 On Co -85.08

Bang 3: Gi4 tri nhidu do duoc trén may Spectrum analyzer

Dua theo hudng dan trén tai liéu tham khao s su 6n dinh khong diéu kién. Po lgi cua mach
[10] ta tinh duoc NF(dB)=2.518 dB dat 14. 456 dB gan nhu chinh xac voi két qua

III. KET LUAN mo phong. Hé sé phan xa ngd vao 1éch rét it so

Bai bao nay ciing da dat dugc mot sé két qua  voi két qua mo phong dat -16.631 dB. Hé s6
nhét dinh d6 1a thiét ké duoc anten vi dai hinh nhidu NF = 2.518 dB, IP1dB = 2dBm, IP3 =
chitr nhat thu GPS. Riéng mach LNA dat dugc 16.415 dBm.
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