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Truong s quan Thong tin

Tém tit: Ngay nay, nham ddp g nhu cdu thong tin téc do cao va ndng cao chdt luong trong cdc hé thong
truyén thong vo tuyén thi hang loat cac cong nghé da va dang dwoc phat trién, img dung. Pdc biét phai ké
dén s két hop ciia truyén théng bang siéu rong véi ky thudt MIMO. Trong bdi bdo nay, nhom nghién cieu
de xudt mot cdu triic anten bang siéu rong moi co kich thu’oc 32mm x 32 mm x 1,6 mm cho cdc ung dung
bdng thong siéu rong (UWB). Anten UWB don cuc dang tdm hoat dong trong daz tan tir 3,1 GHz dén 10, 6
GHz véi hé s6 song dumg dién dp (VS WR) nho hon 2. Tir do tinh todn céc tham sé nhu do thi birc xa, hé 56
tang ich cuc dai cua anten dé xudt. Thuc hién ché thi, do kiém va so sanh cdc tham sé ky thudt cua anten

Véi két qua moé phong.

Tir khoa: anten mach ddi, anten ddi siéu rong, anten UWB.

1. Diit van dé

Trong nhiing ndm gan day, truyen thong
v tuyén di co nhitng budc phat trlen nhanh
chong, trong do6 co cac thiét bi cam tay voi
két cau ngay cang nho gon hon. Dé thoa man
nhu cau thu nho cac thiét bi, cac anten gan
trén cac thiét bi cam tay ciing phai co kich
thudc nhd gon. Cac anten mach dai s€ la lua
chon thich hop véi cac yéu cau thiét ké nay.
Mit khac, dé truyén toc do cao thi viéc mo
rong bang thong 1a mot yéu cau hét sirc quan
trong d6i voi cac ung dung trong thuc té hién
nay. Do d6, viéc giam kich thudc anten di doi
véi viéc mo rong bang thong da va dang la xu
hudng thiét ké anten cho cac ung dung thuc
té hién nay ciing nhu trong tuong lai. Ciing
boi 1y do nay, k¥ thuat thiét ké anten UWB
c6 kich thuéc nho con hudng téi dé két hop
voi k¥ thuat MIMO nham nang cao toc do va
chat luong truyén dan dir liéu dé thoa man
yéu cau thuc tién dit ra.

Trong thoi gian gan ddy dd co rat nhiéu
thiét ké anten bing siéu rong. Cac thiét ké co
cac hinh dang, kich thudc va vat liéu khac
nhau nhung déu hudng téi muc tiéu nho, gon,
dé ché tao va dam bao gia thanh thap. Mot s6
dang cAu tric nhu xé khe mit phéng buc xa
[1], khoét mat phéng buc xa thanh dang nua

hinh tron [2], cat cac goc khac nhau dbi véi
tam buc xa [3], khoét mat phang dat [4], tao
ra tir cac anten chin tir [5], [6], anten phang
trén mach in [7], anten phang c6 xé khe [8],
anten khe [9]. Cac phuong phap nay déu co
thé cho ta nhiing anten dai siéu rong.

Trudc hét ta xem xét mot s6 thiét ké anten
dai tan siéu rong. Thiét ké ctia nhom Antoine
Diet, Alain Azoulay, Alain Joisel, Bernard
Duchene dung chét dién méi 1a RT5880 c6 & =
2,2 va kich thudc 60 x 80 x1,575 mm?>, anten
va mit phang dat bang dong véi bé day 70pm
[10]. Thiét ké ciia nhém Mai A. R. Osman, M.
K. A. Rahim, M. Azfar. AK. Kamardin, F.
Zubir and N. A. Samsuri st dung chét dién moi
voi & = 1,7, kich thudc anten 60 x 60 x1 mm?,
anten va mit phang dat bang dong véi bé day
30pum [11]. Thiét ké cua nhém Khalil H.
Sayidmarie, Yasser A. Fadhel st dung chit
dién mo6i FR4 voi e =43, hé s6 ton hao tand =
0,025 va kich thudc anten 12 46 x 44 x 1,6 mm?;
anten va mit phiang dat bang dong véi bé day
35um [12]. Cac thiét ké trén diéu dat duoc cac
yéu cau k¥ thuét ciia cac anten dai siéu rong tuy
nhién kich thudc anten van con 16n, chua thuc
su phtt hop véi cdu trac chung cia cac thiét bi
UWB. Ngoai ra trong cac thiét ké [13-16] trén
cac vat liéu khac nhau va c6 hinh dang, kich
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thudc khac nhau song déu cho cac anten dai
siéu rong.

Trong bai bdo nay, tac gia dé xuat mot
anten dai siéu rong moi co hinh dang la mot
hinh chit nhat, dong thoi sir dung thém cac
tam buc xa phu tao ra da cong huong phang
dé mo rong dai thong cua anten. Thiét ké
anten nay khong chi cho kich thuéc nhé gon
hon rat nhiéu so voi cac anten da cong bod ma
con c6 hinh dang don gian, dé ché tao. Tir cau
trac anten dé xuat, st dung phan mém mo
phong HFSS dé khao sat va tinh toan cac
tham s6: hé s6 song ding, do thi bic xa, hé
s6 tang ich cuc dai cua anten. Trén co sé két
qua mo phong, tién hanh ché thir va do kiém
céc tham s6 cua anten.

2. Yéu cau d6i véi thiét ké anten dai siéu
rong

Tu viéc phan tich cac mo hinh tuong
duong va nguyén ly chung cua anten UWB
tién hanh thiét ké anten UWB don cuc dang
tAm kich thudc nhé. Phai lua chon cau truc
anten phu hop dé hudng t6i thiét ké anten
MIMO UWB c¢6 céau truc tiéu hinh va do
tuong hd nho. Anten UWB lua chon phéi c6
ciu truc hop 1y, kich thudc nhé gon, dong
phang, phui hop véi cau triic chung cua thiét
bi. Chinh vi vdy anten phai dit trén mot tim
dién moi dé vira c6 tac dung giam hé s6 song
dung dién ap, mo rong dai thong, vira co tac
dung nang dg anten, ca phan buc xa va mit
phan xa déu co cau triic phang, dong thoi
cling thuén tién khi ché tao dua trén cong
nghé mach in tai Viét Nam.

Pé anten thiét ké vira dam bao yéu ciu vé
mat k§ thuat cia mot anten UWB nhung déng
thoi phai thuan tién cho viéc gia cong ché tao
va gia thanh phai hop ly nén da lua chon vat
liéu lam anten va mat phang dat 1a dong, chat
dién moi 1a FR4 khong phai 1a vat liéu co chat
luong cao v6i hé sb ton hao tand = 0,02, day
la vat liéu phd bién tai Viét Nam. Khi ta tién
hanh thiét ké trén cac vat liéu chat luong cao
hon s& cho cac anten c6 chat luong tot hon.
Muc tiéu cua thiét ké 1a dua ra dugc mot
anten UWB chan tir dién c6 cau truc don
gian, dong phang, kich thudc nho, gon, hoat
dong trong toan bd dai tan tur 3,1 GHz dén
10,6 GHz v6i VSWR <2.

3. Thiét ké anten dai siéu rong don cuc
dang tAm
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3.1 Céiu triic mé hinh anten thiét ké
P61 voi anten mach dai hinh chir nhat dai
hep c6 cong thuc tinh toan so bd ban dau kich
thudc cia tam bac xa nhu sau [17]:
Chiéu rong cia tam buc xa:
< 2
21
trong do: £y 1a tan s6 cong hudng clia anten;
¢ hang soO dién moi cua anten.
Chiéu dai ctaa tam buc xa:
L=1,-2Al 2)
Trong do:

(s + 0,3)(W+ 0, 264)
h 3

)
(2, —0,258)(\Z+0,8)

Vi hla d6 day cua tam dién moi
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Day la cac tham $6 co ban cua tAm buc xa
cua anten mach dai trong truong hop la anten
dai hep. D6i v6i anten UWB thi kich thudc
phéi thay doi, cu thé la ta phai kich thudc
anten, do vy tham $6 nay chi la co so dé thuc
hién thiét ké ban dau va can phai diéu chinh
kich thudc dé dat duoc cac tham s6 k¥ thuat
theo yéu cAu dit ra, dic biét 1a vé dai tan cong
tac cua anten UWB.

Thay s6 voi hing sb dién moi & = 4,4 va
tan s6 f, = 7 GHz, d6 day tam dién moi 2 —
1,6 mm, ta co chiéu dai tim buc xal; = 11,5
mm va chiéu rong tam birc xa ws = 13,4 mm.
Day la kich thudc so bo ban dau d6i voi anten
mach dai bang hep. Trong anten mach dai,
néu chiéu rong ctia tim birc xa 16n hon thi dai
tan sé tang do ting truong phat xa va hé sd
khuéch dai ciing tang do tang dién tich khe
phat xa... Vi vay ddi voi anten UWB, can
tang chiéu rong cua tim buc xa dé dat duoc
d6 rong dai tan. Khi tang chiéu rong cua tim
burc xa thi chiéu dai cua tim buic xa cling ting
theo. Thuc hién chon diéu chinh kich thudc
voi tan s thép f=3,1 GHz ta c6 duoc kich
thudc 7; = 13,4 mm va chiéu rong tam burc xa
ws =14 mm. Viéc tinh d6 rong mach dai tiép



dién cua anten w; can cir vao cong thirc tinh
tro khang ciia mach dai 0, 0:

781 [ so8h ) o
© Je+1,41 (08w +1

trong do: Zop la trd khang cua duong
truyén, chon Zp = 50Q
¢la hang s6 dién moi;
h 1a d6 day cua tam dién moi;
t1a do day cua 16p dong.
Ta tinh duoc d6 rong ciia duong truyén mach
dai w; = 3mm.

b) c)
Hinh 1. Céu truc cia anten.

a) Mat trén, b) Mat dudi, (c) Mat bén.

Bang 1. Tham s kich thudc cta anten

(mm).
Tham | Gia | Tham | Gia | Tham | Gia
SO tri SO tri SO tri

L 32 R 3.3 Ws 2
w 32 Wi 3 [ 14
Lg 10 ) 8,8 P
WS’

h

t

32 | ws | 144 I 1
16 | ws, | L7 | 1, |11
0,035 | ws | 2

Anten ban d4u tinh toan thiét ké theo cong
thirc bang hep ta co ket qua so bo ctia tam buic
Xa. bé giam tan so cong huong cua anten
bang cach tang chiéu rong va chiéu dai cua
tam buc xa c6 kich thudc: 13,4mm X 14 mm
luc nay ta xac dinh dugc tan s6 cong huong
cta tam buc xa la f; = 3,6 GHz va hai bac hai
la f>=2f1 ~7,1 GHz. Tan s6 f3= 8,6 GHz la
tan s6 cong huong cuia mit phang dat. Dai tan
cong tac chua dam bao, su dung da cong
huong phang ket hop véi phdi hop tro khang
dé mo rong dai tan cong tac. Su dung hai tam
phu buic xa phu co chiéu dai W= 11 mm khi
d6 tao ra tan s cong huong tai f4 = 10,5 GHz
va tam co6 chiéu dai W2 =7 mm ung vdi tan
s6 cong huong fs = 11,5 GHz. Su thay ddi
phan bo dién truong va tir truong dan dén su
thay doi dién dung va dién cam tuong duong.

Nhu vy sy gian doan trong cau trac anten
cho ta so d0 mach nhu Hinh 2:

W3

7, .7, 7,
b)
Hinh 2. C4u truc anten: a) CAu trc hai
budc;
b) mach tuong duong.
Cac gia tri duogc tinh [20]:

1
. W —1+0,264
C =0,00137—g’2 1-—|h Er + 0.3 h (pF)
: Z P

W, )| e, —0,258 % +0.8
)
L L
 =——L va L,=—"2—1L_.
L, +L,, L, +L,,

Lwi, sz la gia tn dién cam tinh trén mot don
vi dai ung vdi cac d6 rong cua mach dai
tuong ung.

L o ZaE. (H/m) . Véi %>2
C

(8)

2

L, =0,000987h| 1 -2t | et | ()
z &

om?2 re2

Voi zom la tréd khang dac tinh cua
duong truyén; & l1a hang s6 dién moi hiéu
dung, h 1a d6 day cua tAm dién méi tinh bang
micrometer
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Hinh 3. Phan bd dong tai tan s6 7 GHz

Tién hanh md phong ta thu dugc thi phan
b6 dong cua anten nhu hinh 3, ta nhan thay
tai tam cua anten co bién d6 dong nho do vay
c6 thé cat phan tAm cta tim birc xa ma khong
lam anh huéng nhiéu téi su hoat dong ciia
anten. Viéc thuc hién khoét cat tam birc xa thi
chiéu di cta dong cao tan kich thich cho anten
s& dai hon, diéu nay tuong duong voi ting gia
tri cudn cam ndi tiép cua anten nén s& gop
phan giam nhé kich thudc ciia anten. Mat
khac, khi khoét tron co kich thude R = 3,3
mm sé& cho tan ) cong huong tai tan sO fs =
16 GHz. Tan s6 nay ndm ngoai déi tan khao sat
tir 3 GHz dén 11GHz, tuy nhién cting gop phan
vao ph01 hop tr¢ khang cho anten t6t hon nén
lam hé s6 VSWR giam xudng,
3.2 Két qua md phong cac tham sb ciia
anten

Tu cu trac anten trén Hinh 1, su dung
phan mém mé phong Ansoft HFSS dé tinh
toan va khao sat cac tham sb cua anten trong
dai tan s6 tir 3,0 GHz dén 11,0 GHz.
Két qua mo phong co hé sb song ding dién ap
cuia anten dé xuét duoc biéu dién nhu trén Hinh
4. T Hinh 4, hé s6 song dung dién ap ciia anten
dat duoc nho hon 2 trong khoang tan so tir 3,0
GHz dén 11,0 GHz. Nhu vay, anten c¢6 dai tan

cong tac cua thiét bi UWB.
24-
221
20
I ~
184, ¢ N
g 1 ’ \
2 16 / '
\ ’ '
1 ’ ‘
144 , \
) U -
v 7 \\ /7 ~N-TN <
m /
12 \/f . ~<
1 f, fy
10 T T T r T T d
3 4 5 6 7 8 9 10 1
Frequency [GHz]

Hinh 3. Két qua m6 phong VSWR.
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Hinh 6. Db thi buc xa tai 7,0 GHz.
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Hinh 7. D6 thi buc xa tai 9,0 GHz.

330

Hinh 8. D6 thi buc xa tai 10,6 GHz.

Vi dai tan s st dung cho thiét bi UWB rong,
do vay phai khao sat do thi birc xa cua anten
tai nhitng tan s6 khac nhau trong ca dai tan.
D4 thi burc xa cua anten dé xuét duoc biéu dién
nhu tr Hinh 5 dén Error! Reference source
not found. 9 (mg véi cac tan sb 3,1 GHz; 5,0
GHz; 7.0 GHz; 9,0 GHz va 10,6 GHz. Trong
do, nét lién 1a do thi birc xa trong mit phang
xoz, nét dirt 1a do thi buc xa trong mat phang
yoz.

Véi két qua to Hinh 5 dén Error!
Reference source not found. 9, do thi buc xa
cla anten tai cac tan so thap birc xa dang
hudng, tai cac tan s6 cao do thi buc xa cia
anten c6 su thay doi, tuy nhién van dam bao
yéu cau dat ra doi voi anten UWB.

Tong hop cac gia tri hé s6 tang ich cuc dai
tai cac tan sb cua anten trong ca dai tin khao
sat va duoc biéu dién nhu trén Hinh 10. Hé
s6 tang ich cuc dai ciia anten tai cac tan s6
thap thi nho va ting dan theo tan sb, dat gia
tri nho nhat 1,8 dBi tai tan s6 3,1 GHz va lon
nhat 6,8 dBi tai tan s6 10,6 GHz. Trong dai

tan tir 3,1 GHz dén 10,6 GHz hé s6 tang ich

cuc dai van dam bao 16n hon 1,8 dBi.
8-

Antenna peak gain [dBi]

6 7 8 9 10 11
Frequency [GHz]

Hinh 9. Hé s tang ich cuc dai cua anten.

Hinh 11 biéu dién do tré nhom cua anten

thiét ké. Tur Hinh 11 ta c6 d6 tré nhom cua
anten thiét ké co gia tri kha nho, luén bé hon
1 ns, dam bao yéu cAu dit ra bﬁng cd do rong
ctia xung tin hiéu, do tré nhom khong dong
déu trong toan dai tan ma phu thudc vao tan
sO.

w
-
W

1.2
1.0

Group Delay [ns]
f=1
£

Vb7 T
34 5 6 7 8 9 10 1

Frequency [GHz]
Hinh 10. D6 tré nhom cta anten.
Hinh 12 biéu dién hiéu suit buc xa cla anten.
Hiéu suét btc xa cua anten kha 16n, dat duoc
trong khoang tir 93% dén 97,2%. Tuy nhién hiéu
suat burc xa khong dong déu trong ca dai tan, khi

tan s6 cao hiéu suét buc xa ciia anten giam dan.
100+

ol
-]
1

Radiation Ffficiency [%)

% T T T T T T T 1
3 4 5 6 7 8 9 10 11

Frequency [GHz]

Hinh 11. Hiéu suat bic xa cua anten
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Anten UWB dé xuat c6 bing thong bao trum
ca dai tan tir 3,1 GHz dén 10,6 GHz, kich
thudce 1a 32 x 32 x 1,6 mm’. Anten nay dap
g duogc cac yéu cau dat ra khi tmg dung
trong cac thiét bi cam tay st dung cong nghé
UWB. Mit khac anten c6 cdu trac dong
phang, don gian, nho gon, dé ché tao, do vay
anten nay la co so dé thiét ké cac anten
MIMO UWB c6 cau triic tiéu hinh va do
tuong hd nho.

4. Ché thir va do kiém anten

Tur két qua tinh toan qua mo phong, tién hanh
ché thir anten UWB dé xuat. Anten UWB sau
khi ché thit nhu & Hinh 13.

Hinh 12. Anten ché thir: a) Mit trén; b)
Mit dudi.

Véi anten UWB ché thi, tién hanh do kiém
tham s6 co ban VSWR cuia anten. Két qua do
hé s6 song dung dién ap duoc so sanh voi két
mo phong nhu trén Hinh 14. Tu Hinh 14 ta c6
VSWR cuia anten ¢6 dang nhu mo phong va
dam bao nho hon 2 trong ca dai tan cong tac,
dap g yéu cau dit ra doi voi anten UWB. O
khu vuc tan sd cao anh hudng cua su thay dbi
hang s6 dién mai theo tan so, ché tao va han
ndi nén két qua do kiém co su thay ddi so voi
két qua mo phong, anten lam viéc tir 3,2 GHz
dén 11 GHz vi c6 hé s6 VSWR <2

2.4+

2.2+

2.0

1.8

VSWR

1.6

1.4

1.2

1.0 .
3 4

w-
[=)}
~
[
o
—_
S
J—
—

Frequency[GHz]
Hinh 13. So sanh hé s6 song dung dién ap
cua anten.
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5. Két luan

Noi dung co ban cua bai bao la da dé xuat
mét thiét ké anten UWB méi va da dat duoc
mot sb két qua cu thé 1a: cau tric don gian,
nho, gon, dong phang, s dung cac vt liéu
phd bién, nén thuan tién cho ché tao theo
cong nghé mach in va lam giam gia thanh.
Anten c6 VSWR <2 tur 3,0 GHz, bao trum
toan bo dai tan cua thiét bi UWB. Mic du voi
dai tan siéu rong nhung dd thi birc xa trong
toan bo dai tin dam bao tinh buc xa gﬁn nhu
dang hudng theo dung yéu cau dat ra ddi véi
anten st dung cho thiét bi UWB. Hé sb tang
ich cuc dai ma anten dat duoc trong ca dai tan
stt dung cho UWB trong khoang tur 1,8 dBi
dén 6,8 dBi. Két qua do kiém va mo phong
vé VSWR rét tuong dong véi két qua mo
phong va dap tng yéu cau ky thuat dat ra ddi
v61 mot anten UWB.

Dé 5 hon ta tién hanh so sanh anten UWB
dé xuat voi mot s6 cong trinh nghién ciru vé
anten UWB cong bd gan day vé kich thudc,
dai tan cong tac cua anten trong diéu kién
VSWR < 2 va vit liéu chat dién méi nhu
trong Bang 2.

Tu bang so sanh trén ta thdy anten UWB
dé xuat c6 uu diém hon hin so véi anten
UWB dé xuat trong cac cong trinh trén, dic
biét 1a kich thudc nhd kha nhiéu so véi cac
anten trong cac cong trinh nghién ctru nay béi
vi anten lam cung vat liéu FR4 véi cung tham
s6 [17] nhung do c4u tric ti uu. Chinh vi vay
anten UWB dé xuat la co s dé tién hanh thiét
ké anten MIMO UWB c6 cau truc tiéu hinh
va d6 tuong hd nho sir dung cho cac thiét bi
bang thong siéu rong cam tay trong tuong lai.

Bang 2. So sanh anten d€ xuat vdi cac cong
trinh d& cong bo.

Cong tﬁ‘;hc Daitin | Vat
trinh (mm®) (GHz) Liéu
Error! 60 x 3,1+10,6 | RT5880
Reference | 80 GHz cOe=
source | x],575 2,2
not
found.
Error! 60 x 3,1-10,6 | ¢=1,7
Reference | 60 x1 | GHz
source
not




found.
Error! 46 x 3,1+10,6 | FR4;6=
Reference | 44 x GHz 4 3:tand
source | 1,6 =0,025
not
found.
0 60 x 3,1+10,6 | FR4; ¢
45 x GHz =
1,6 4,3;tand
=0,02
0 44 x 3,0-10,6 | FR4; ¢
44 GHz =
x1,6 4 4:tand
=0,02
0 60 x 3,1+10,6 | RT5880;
70 x GHz €= 2,33’
0,79 tand =
0,0009
0 36 x 3,1+10,6 | € =4,5;
68 GHz tand =
x0,8 0,0197
Error! 130 x| 3,1+10,6 | FR4; ¢
Reference | 130 x | GHz =
source 1,6 4 4:tand
not =0,02
found.
Anten de | 32 x 3,0+11,0 | FR4; ¢
xuat  [32x | GHz =
1,6 4 4:tand
=0,02
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UN ULTRA-WIDEBAND ANTENNA SUGGESTION
FOR HANDHELD DEVICES

Le Trong Trung, Ngo Thanh Tung, Vu Anh Tuan, Duong Manh Thanh

Air Force Officers College

Abstract: Recent years, a variety of technologies have been developed and applied in order to meet the
requirement of high-speed information and improve the quality of radio communication systems. In
particular, the combination of ultra-wideband communication with MIMO technology must be mentioned.
In this paper, a new ultra-wideband antenna structure with dimensions of 32 mm x 32 mm % 1.6 mm for
ultra-wideband (UWB) applications is proposed. The plate-type monopole UWB antenna operates in the
frequency range from 3.1 GHz to 10.6 GHz with a voltage standing wave factor (VSWR) less than 2. From
that structure, parameters such as radiation pattern, maximum gain of proposed antenna are calculated.
The prototypes of this antenna were also built and went under testing to compare its specifications with

simulation results.

Keywords: microstrip antenna, ultra-wideband (UWB) antenna
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