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Tém tit: Ang ten xodn tru nhé la rat phit hop cho cdy ghép théng minh. Tuy nhién,

dang-ten xodn tru nhé khi céng hwong cé tré khdng vao rat nhé (khodng vai Q), nén doi hoi

mét giai phdp phoi hop tré khdang cho dng-ten. Trong bdi bdo nay, tdc gia dé xudt cdu triic

ang-ten xodn try nho két hop voi phdn tir thu dong ciing 1& mgt ang-ten xodn try dé phéi hop

tré khang véi dwong truyén 50 Q ma khéng can cdc mach phéi hop tré khdng, ddy dan lam
ang-ten khong phal & dang Ninh tru Ma ¢ dang mach dai. Véi cau tric ndy, kich thuée chung
ciia ang-ten van nhé gon Va c0 thé sir dung trong cdc itng dung cdy ghép théng minh.

Tir khéa: Ang-ten xodn tru nhé (NMHA), phan tir thu déng, phéi hop tré khdng, hé s6 song

ditng dién dp (VSWR), cdy ghép théng minh.

|. Pit van dé

Céc thiét bj y té d& c6 mot budc tién 16n
trong nhimg thap ky qua. Mot trong nhiing sur
kién y té dang ch(l y nhat cua thé ky 20 1a sy
phét trién ctia cAc thiét bi ciy ghép dién tir
khong day nhu thé nhan dang, may tao nhip
tim va may kich thich than kinh.

Ciy ghép théng minh duoc hinh
dung s& cach mang hda viéc cham sAc surc
khoe c4 nhan bang cach danh gia cac qua
trinh sinh 1y, chang han nhu khi chita lanh
vét thuong va truyén dat nhiing dir ligu

nay cho bénh nhan hoac béc si y khoa. Su
nho gon cia cdy ghép 1a rit quan trong dbi
v6i giam thiéu cam giac kho chiu trong va
sau khi cdy ghép. Thach thirc chinh trong
viéc hién thyc hoa cdy ghép thong minh
kich thudc nho 1a can ché tao mot ang-ten
nho gon nhung hiéu qua, ¢ tré khang phu
hop v6i 50 Q, nhu dugc ap dat bai yéu cau
cua thiét bi dién tir hién dai.

Ang-ten nho di 1a mot chu de
nghién ctru quan trong trong nhiéu thap
ky va su quan tdm ngay cang tang véi su
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phat trién cua cac hé thong théng tin moi
doi hoi ang-ten c6 bang thong rong, kich
thude da nho.

Bit ky ang-ten xoan nho nao ciing ¢6
thé duoc phdi hop tré khang dé dat duoc
VSWR thép & bat ky tan sb nao sir dung
mach phdi h0’p tro khang bén ngoai bao
gdm cac phan tir dién cam va dién dung.
Nhung mdt thach thuc trong viée st dung
mach phdi hop bén ngoai 1a cac dién tré ton
hao cua cac phﬁn tir dién cam, dién dung
thuong vuot qua trd khang birc xa ctia cac
ang-ten nho, dan dén hiéu suat tong thé
thap. Vi vay, thay vi sir dung mach ph01
h0’p bén ngoai, chung ta ¢ ging sira d6i
cau triic ctia chinh ang-ten dé dat duoc hiéu
sudt mong mudn. C4c céch tiép can co ban
trong stra d6i cdu tric cta dng-ten xoan
nho dién hinh 12 st dung ang-ten xodn cau
folder va ang-ten xoan try folder [1].

Trong mot s6 tng dung yéu cau ang-
ten co6 kich thudc hinh hoc siéu nho nhu
ang-ten cdy ghép trong co thé con ngudi,
viéc sir dung dng-ten xodn tru siéu nho 1a
rat hop 1y, tuy nhién khi str dung c4c mach
phdi hop tré khang bang cac phan tir dién
cam, di¢n dung s€ lam tang kich thudc
chung ctia dng-ten. Thach thirc chu yéu dé
thuc hién ciy ghép trong co thé 1a su tdi
thiéu héa kich thudc cia ang-ten. Doi véi
viéc cy ghép théng minh, cac ang-ten nén
hoat dong trong bang tan ISM (bing tin
cong nghiép, khoa hoc, va y té). ISM tan
s6 2,4 GHz hodc tham chi 5,8 GHz thuong
duogc chon cho cdy ghép trong co thé nhu
Ia mot su thoa hiép gitra Kich thudc ang-ten
nho (tan s6 cao) va sy tén hao chip nhan
dugc thong qua cac mo cia co thé con
ngudi (tan s6 thap hon thi ton hao it hon).

Cac dng-ten xoin tru nho va siéu
nho c¢6 chu vi vong day rat nho so voi
budc song nén ang-ten lam viéc & ché do
cO hudng birc xa cuc dai vudng goc voi
truc cuia ang-ten (burc xa ngang) hay con

goi la NMHA. Céac cong trinh nghién ctru
vé phdi hop tré khang cho dng-ten xodn
siéu nho da duoc dé cap trong cic cong
trinh ctia Y. Yamada, K. Nakatani va N. Q.
Dinh [2]-[4], dd duoc dé xuat Gmg dung
trong hé théng tr dong gidm sat ap suét
hoi trong lop to (TPMS) va thé nhan
dang tan sb vo tuyén (RFID).

Trong bai bao nay, tac gia dé xuat
giai phap st dung phan tir thu dong dé
phdi hop tro khang cho dng-ten xoén nho
voi day dan lam dng-ten ¢6 dang mach dai.
Ang-ten dé xuit cé kich thudc nho gon va
¢6 thé cong hudng va phdi hop tré khang
v6i dudng truyén 50 Q & tan sé 2.4 GHz.

I1. Phwong phap nghién ciru

Pé xuit giai phap phdi hop tro
khang cho NMHA

Ang-ten xoan 0 sir dung phan tir thy
dong dé phdi hop tro khang da duge mot
s6 nha khoa hoc nghién ctru. Cong trinh
nghién ciru ciia H. Nakano [5] di dé xuét
ang-ten X04n tru véi viéc st dung thém
phan tir thy dong 1a chan tir don cuc va
ang-ten dang chir F nguoc voi phan tir thy
dong ciing 1a F ngugc dé tao ra cAc ang-ten
2 bang tan va dng-ten bing r()ng Nghién
ctru ciia Y. W. Chow [6] da d& xuat mau
ang-ten chén tr don cuc va ang-ten xoén,
¢6 str dung phan tir thy dong ciing 14 ang-
ten xoan dé tao ra dng-ten 2 bang tan ding
cho di¢n thoai di dong.

Céc két qua nghién ciru trén [2] - [6]
1a cin ctr dé tac gia dé xuat mau ang-ten
moi, ang-ten xodn véi phan tir thu dong
dé phdi hop tré khang va nang cao céc chi
tiéu chat lugng cta ang-ten.

V& cau trac, ang-ten bao gdm hai
ang-ten xodn, mot ang-ten xodn duoc cép
ngudn tai diém giira ciia dng-ten (ing-ten
cha dong), mot ang-ten xodn dat bén trong
khéng dugc cAp ngudn (Ang-ten xodn thu
dong). Hai ang-ten c6 chung truc chinh



gifta 12 truc 0z, ¢6 clng chiéu xodn va
cung budc xoan. Biém gitra cua hai ang-
ten cung nam trén tryc ox.
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a) D&y ddn dng-ten dang b)) Ddy ddin
try tron ang-ten dang
mach dai
Hinh 1. So' d@6 cdu tric ciia NMHA véi
phdn tir thu dong
Goi D, H, N, la duong kinh, chiéu

cao vasd vong cua ang -ten xodn chu dong,

D,, H,, N, la duong Kinh, chiéu cao va sd
véng ¢ua &ng-ten xoan thu dong.

Trong truong hop day dan ¢ duong
kinh nhé hon nhi¢u so véi budce xodn thi
hai ang-ten c6 thé c6 cung dudng kinh dé

cho kich thudc cua ang-ten giam, nhung
can dat tdm cua 2 ang-ten l¢éch di theo
chiéu thang ding dé 2 ang-ten khong
cham vao nhau.

Co so Iy thuyét ciia phuong phap str

dung thém phan tir thy dong dé phdi hop
trg khang dugc trinh bay nhu sau:

2.1. So do twong dwong ciia NMHA

Ang-ten xoan nho va siéu nho ¢ so

do twong duong dugc biéu dién trén hinh

2. Tro khang vao co6 gid tri dugc tinh theo
biéu thuce (1):

Zin =(RL+Ro +Ri) + j(XL = Xp) 1)

Trong do, theo [2], [4] mét ang-ten
NMHA ¢ thé coi 12t hop ciia mot dipole
nhé va N khung nho va:

(HY

R, = 2072 \7 ) )

la dién tr¢ burc xa cua dipole nho;

(DY

RL =3207° J@ J N2 (3)

la dién tré buc xa cua cac ang-ten
khung nho;

ﬁ - /1 (4)

ladién tro ton hao ctia day dan ang-ten;

L.-1a chiéu dai day dan dng-ten; o -
la d6 dan dién riéng; d - 1a duong kinh day
dan ang-ten;

Trong bicu thiic (4), tinh gia trj
R, thudng dua vao theo ly thuyét va mo
phong, hop 1y nhat thudng chon: = 0,6

va cac ang t@n)iéhlgndgl%rh khang cda dipole

In( H J—l 1 5)
2
x - 24 7
P we 7H aC
wuDN? [ (8D \)
X, = | -
: —2—X%L ”|\a— i
Ky hi¢u R, la dién tré vao cua
NMHA, ta co:
Rin = RD + RL + R| (7)

2.2. So' dd mach dién twong dwong
ciia NMHA véi phan tir thu dong

So dd tuong duong cia NMHA
dugc biéu dién ¢ hinh 2a, goi NMHAI
dugc cap nguodn 13 dng-ten xodn chi dong
va NMHA2 khong duoc cip ngudn la
ang-ten Xoan thu dong. Khi NMHA1 duogc
nbi v6i ngudn tin hiéu cao tan s& bic xa
song dién tr va gay ra truong cam tng 1én
NMHAZ2, ang-ten xo0dn thu dong s€ buc
xa thir cdp. Anh huong tuong hd giita 2
ang-ten xoén bao gdm sy hd cam giira cac
khung nho va anh huong twong hd giira 2
dipole cua 2 dng-ten. Do do, so dd6 mach
diéntuong dwong cia NMHA véi phan tir
thu dong duoc biéu dién trén hinh 2b.
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Hinh 2. So 6 mach dién twong dwong
ciia NMHA véi phan tir thu déng
Trong hinh 2b, M 1a dién cam tuong
hd giita cac khung nho cia NMHAL va
NMHAZ2 cé gia tri:
M =k,/L,.L,
Véi: k- 1a hé s6 ghép
Z,,- la tré khang tuong hd giira 2
dipole nho ctia hai NMHA.
Theq hinh 2b, ta co:
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Trd khang vao cua ang-ten la:

( 1
Z = Y:| R, +
RN jaC,

Z,=R,+JX,

Sau khi tach phan thyc va thanh phan khang ciia (13) ta
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la tr¢ khang riéng cia NMHAL va
NMHAZ khi dung doc lap.
Tur (10) ta co:
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Dé ang-ten xodn c6 st dung phan tir
thu dong cong hudng (X, = 0) va phdi hop
tro khang voi duong truyén (R, = 50 Q)
ta can tién hanh diéu chinh cac tham s6
kich thuée (D, H, N) hop 1y. Déi véi cac
dng-ten xodn nho va siéu nho, cac dién tré
R, R, VAR, co gia trj rit nho (c& mot
vai Q), vi vay dé dién tré vao cua ang-
ten co gia tri 16n (R, = 50Q2) thi mau sb
ctia biéu thirc (16) phai co gia tri nho, hay
thanh phan dién khang cua xodn thu dong
(NMHA?2) c6 gia tri nho, tirc 13 xodn thu
dong ¢ trang thai cong huong hodc gan
cong huong. Nhin vao biéu thic (16) ta
thay c0 thé dat dwoc X, = 0 bang cch diéu
chinh thanh phan dién khang ctia xoén cha
dong (NMHAL), ttc 1a can diéu chinh s6
vong va do cao cua xodn chu dong.

I11. Két qua va thao luin

Theo [7], tac gia da dé xuat ciu tric
ang-ten NMHA c6 sir dung phéan tir thu
dong ¢ tan s6 2.4 GHz. Ang-ten c6 duong
kinh bang 2 mm, st dung diy dan dang
tru tron c¢6 dudng kinh bang 0.1 mm, véi
kich thudc nhu vay thi chua thé ciy ghép
trong co thé duoc. Pé giam nho duong
kinh cua ang-ten, tac gia st dung diy dan
kim loai ¢ dang mach dai c6 do rong bang
0.1 mm, va nhu vy c6 thé ché tao ang-ten
xoan ¢ duong kinh rat nho. Day dan dang
mach dai c6 d6 rong bang h twong duong
v6i day dan dang tru tron c6 dudng kinh
bang h/2. Trong vi du thiét ké, tAc gia chon
duong kinh cta xoan thy dong (NMHA2)
va xoan chu dong (NMHAL1) bang nhau
va bang 1 mm, do cao cta xoin thu dong
Hz = 10 mm. Va dé 2 anten khéng chong
l4n I&n nhau, ching ta dat tam cua 2 anten
cach nhau theo chiéu thang dimg mot
khoang 0.12 mm.

Tan s cdng tac 2.4 GHz, ta c6 budc
song A = 125 mm. Vi ang-ten xodn don
¢6 duong kinh 1 mm sir dung day dan dang

mach dai nhu trén thi do cao cua ang-ten
khoang 42 mm thi méi cd thé phdi hop trd
khang v&i dudng truyén 6 trd khang séng
1250 Q.

St dung chuong trinh mé phong
FEKO (phuong phdp md men) dé tinh
toan cac dic trung va tham sb cua ang-
ten xo0dn co st dung xoén thu dong. Voi
duong kinh coa hai dng-ten xodn va do
cao cuia xodn thu dong cho trudc, van dé
con lai 1a can tim sd vong cua hai xodn
thu dong va chi dong dé dng-ten c6 thé
phdi hop tré khang véi duong truyén co
tro khang song 1a 50 Q.

Trong chuong trinh mé phong FEKO
c6 tich hop sin céc thuét toan tbi wu dé co
thé t6i uu cac tham sd cua ang-ten. Cac
thuat toan t6i wu bao gom: thuat toan Grid
search (chia luédi), thuat todn Simplex
(Nelder-Mead), day la thuat toan t6i wu
cuc bd dia phuong, va hai thuat toan tbi vu
toan cyc la thuat toan di truyén (Genetic
Algorithm) va thuat toan t6i wu hoa phan
tir bay dan (Particle Swarm Optimisation).

Nhu da phan tich ¢ cudi muc 2, dé
dng-ten co thé phdi hop tré khang voi
duong truyén 50 Q thi riéng xoan thy dong
phai ¢ trang thai cong huong hodc gan cong
hudng. Nén véi xoan thy dong NMHA2
c6 duong kinh 1 mm, do cao 10 mm, ban
dau chiing ta tim s6 vong dé dng-ten cong
huéng, sau d6 trong chuong trinh ti wu
st dung chuong trinh mé phong FEKO,
ching ta chon khoang bién ddi ctia s6 vong
N2 ctia NMHAZ2 gan véi gia tri d6 dé thuat
toan toi uu dé hoi tu va hoi tu nhanh.

Véi NMHA2 ¢6 duong kinh D2 =
1 mm, d¢ cao H2 = 10 mm, chay chuong
trinh mo phong FEKO ta co sd vong dé
NMHAZ2 cong hudng la: 31.1 vong.

St dung chuong trinh mé phong
FEKO dé tinh toan va ti uu cac tham sb



clia ang-ten, cac tham s md phong dugc
trinh bay ¢ bang 1.

Sau khi t6i wu thuat toan hoi tu, két
qua md phéng' sd vong ctia xodn thu dong
N, =32.19, sO vong ctia xoan chi dong N, =
15 OO budc xoan S =0.31 mm, d6 cao cua
xo0dn chu dong D1 =4.65 mm, tré vao, hiéu
suat, hé sb song dimg, hé sb tang ich cuc dai
tai tan sb trung tim 2.4 GHz tuong tng 13
Z,=32.73+j12.04 Q,n, = 21.4 %, VSWR
= 1.67,G,,,, =-4.92dB . Hinh 3md ti ciu
trdc ang-ten d& xuét va Hinh 4 chi ra db thi
hé sb séng dimg cua ang-ten sau khi tbi wu.
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Hinh 3. Cdu triic dng ten dé xudt

Tir két qua md phong ta thay ang-ten
6 dai thong kha rong khoang 14 MHz véi
VSWR < 2, chiing t6 dng-ten ¢ su ph6i hop
tro khang tot voi duong truyén. Ang-ten
thiét ké co kich thudc nho gon véi duong
kinh bang 1 mm, d¢ cao bang 10 mm va cAc
tham s6 dién dép tmg dugc Cac yéu cau ciia
mot ang-ten trong y hoc & bang tan ISM, tan
s6 2.4 GHz va mot s6 hé théng khac ma &
d6 y&u cau ang-ten c6 kich thudc nho gon.

IV. Két ludn

Trong bai bao nay, tac gia dé xuat
cdu tric dng-ten xoan tru nho két hop voéi
phan tir thu dong ciing 12 mot ang-ten
xoan tru dé phdi hop tré khang voi duong
truyén 50 Q ma khong can cac mach phdi
hop tré khéng. Voi cau tric nay, kich
thudc chung cua dng-ten van nhd gon va
c¢6 thé sir dung trong mot so tng dung.
Két qua ctia vi du str dung chuong trinh

Bdng 1: Cac tham sé mo phong

Phan mém mo phong FEKO 7.0 (MoM)

Tan so trung tam f_ 2.4 GHz

b0 rong duong mach dai 0.1 mm

Kim loai bong

Puong kinh NMHA2 1mm

Do cao NMHA? 10 mm

DBuong kinh NMHAL1 1mm

Mesh tam giac Budc s6ng/1200

Khoang tham so toi uu N> 28+35

Khoang tham so toi uu Ny 14+20

Phuong phap toi tuu Thuat toan Simplex
e Hg s6 song ding

Muc dich to01i vu VSWR cue tiu

2 20 E3 2@ I3 2m 2 2@

gy Pt

Hinh 4. D6 thi hé so song ditng

mé phong FEKO dé tinh toan va tdi wu
céc tham sb ctia dng-ten cho thay hiéu qua
clia giai phap sir dung phan tir thy dong
dé phdi hop tré khang cho ang-ten. Biém
quan trong cua giai phap 1a trudc khi tién
hanh t01 uu dé cho ket qua VSWR nho
nhit, can t01 vu tim s6 vong ciia xodn thy
dong de xoan thu dong cong huong va dé
rut ngan khoang bién thién sd vong cua
xodn thy dong, gitip thuat toan tdi wu hoi
tu, khong bi tac & cuc tri dia phuong.

Han ché cua bai bao 1a méi chi dé
Xudt mot dng-ten xodn nho gon co thé
cong huong va phdi hO’p trd khang véi
duong truyén 50 Q ¢ tan sb 2.4 GHz trong
khéng khi. Huéng nghién ciu tiép theo
1 thiét ké, mé phong ang-ten khi dng-ten
dugc cay ghép trong co thé.
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THE PROPOSED SMALL HELICAL ANTENNA WITH
PARASITIC ELEMENTEND APPLICATION

Hoang Dinh Thuyen', Nguyen Manh Hung™,
Hoang Trong Nghia’’, Pham Thi Loan#
Email: hdthuyen@gmail.com

Abstract: Small cylindrical helical antennas are well-suited for smart implants.
However, small cylindrical helical antennas in resonance have a very small input impedance
(about a few Q), so an impedance-matching solution for the antenna is required. In this
paper, the author proposes a small cylindrical helical antenna structure combined with a
parasitic element that is also a cylindrical helical antenna to match impedance with a 50 Q
transmission line without the need for impedance matching circuits, antenna conductors not
in the form of a cylindrical but in the form of a strip line. With this structure, the overall size
of the antenna remains compact and can be used in smart implant applications.

Keywords: Small cylindrical helical antenna (NMHA), passive element, impedance matching,
voltage standing wave factor (VSWR), smart implant.
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