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TOM TAT

Bai béo trinh bay phwong phdp thiét ké mach chia cong sudt lam viéc trén 3 bang tan 0,9; 1,6
va 2,2 GHz si dung thugt todn Toi wu bay dan. Mach duwoc thiét ké, md phong va toi wu héa trén
phan mém ADS (Advanced Design System) cua Keysight. Két qud do dac cdc tham sé tdn xa cia
mach phii hop Véi két qua md phong. Cdc tham sé do diroc ciia Mach nhw sau: mach lam viéc
trén 3 bang véi suy hao chen tot hon -3,3 dB, dg cach ly tét hon -19.1 dB, suy hao phan hai trén
cdc cong tot hon -17,2 dB trén ca 3 béang tan. So sanh véi cac mach chia cong sudt 3 bang cong
bé truede d@s, mach 6 wu diém la suy hao chén nhé, cdc tham sé con lai déu dam bdo tot.

Tir khoa: Mach chia cong suét da bang; PSO; Chia cdng suat Wilkinson; Suy hao chén; Tham s tan xa.
1. PAT VAN PE

Mach chia cong suat la phan tr quan trong trong cac hé thdng anten mang pha, mach khuéch
dai cdng suét, mach tron tan. Trong cac mach chia cong suat thi mach chia cong suat Wilkinson
[1] dugc st dung pho bién do c6 wu diém suy hao nho, do cach ly cao va thiét ké don gian. Ngay
nay, véi sy phat trién cua cac tng dung da bang, cac mach chia cong Sut Wilkinson ciing duoc
cai tién dé co thé lam viéc tdt trén nhiéu bang tan. P co nhiéu nghién ciru vé thiét ké mach chia
cdng suit 2 bang, vi du nhu [2-3], tuy nhién, mach chia cdng suit 3 bang hién nay con it dugc
nghién ctru. Mot sb ky thuat phdi hop tro khang trén 3 bang tan da dugc dé xuét trong cac cong
trinh [4-5]. Cac k§y thuat nay lam co s& dé thiét ké mach chia cong suit 3 bang. Tuy vay, cac ky
thuat [4-5] cho kich thudc mach 16n vi phai thuc hién chuyén ddi trg khang trén nhiéu budc, vi
vay kho ap dung trong cac thiét bi doi hoi kich thudc nho gon. Trong cdng trinh [6] mach chia
cdng suét 3 bang duoc thiét ké st dung so dd twong duong chit T dang mé rong, tuy nhién 3 tan
s6 lam viéc lai khong doc 1ap voi nhau, trong d6 tan so thir 3 dugc xac dinh bang trung binh cong
cua 2 tan s con lai.

Trong bai bao nay, ching t6i trinh bay phuong phap va két qua thiét ké mach chia cong suét
lam viéc trén 3 bang tan dwa trén thuét toan téi wu bay dan (Particle Swarm Optimization, ky
hiéu la PSO) [7]. So sanh véi cac thuat toan tién hoa khac, vi dy nhu thuat toan di truyén (GA-
Genetic Algorithm) [8], thuat toan PSO thyc hién don gian hon. Diém khac biét giira thuat toan
PSO so i thuat toan GA ¢ chd, néu nhu thuat toan GA dua trén viéc canh tranh giira cac ca thé
thi thuat toan PSO dua trén viéc phdi hop gitra cac ca thé. B4i vai thuat toan PSO, trong qua
trinh bay, c4c ca thé chim s& dan thay doi huéng bay va toc do bay dé hudng t6i vi tri téi wu ciia
minh trong méi twong quan véi cac ca thé khac trong bay dan. Néu nhu ta coi mdi vi tri cta ca
thé chim gan véi mot bién can tim thi vi tri tdi wu cia chung tim dwoc s& chinh la gia tri téi vu
ma ta can xac dinh.

Thong qua su dung thuat toan PSO, mach chia cong suat 3 bang duoc thiét ké c6 kich thusc
nho gon, Ngoai ra cac tan sb lam viéc co thé chon doc lap vai nhau.

Cac phan tiép theo cua bai bao dwoc cu tric nhu sau: Phin 2 s& trinh bay vé phuong phap

12 T.V.C.Diang, ..., N. M. Gidng, “Nghién citu thiét ké, ché tao mach chia ... lam viéc trén 3 bing.”
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thiét ké mach chia cong suat 3 bang dua trén thuét toan PSO, phan 3 trinh bay vé két qua ché tao
va do kiém cac tham so cua mach chia cong suat 3 bang. Cudi cung la ket luan dugc trinh bay
trong phan 4.

2. PHUONG PHAP THIET KE MACH CHIA CONG SUAT 3 BANG

2.1. Mach chia cong suat Wilkinson truyén théng
Mach chia céng suat Wilkinson truyén

thong duoc trinh bay trén hinh 1 [1]. Mach gom

1 cong vao va 2 cong ra. Bé thyc hi¢n viéc phoi

hop tro khang gitra cong vao va cong ra, ta sir
dung cac doan mach dai c6 chicu dai A/4, vai 4 Z
la budc song cong tac.
Céc tham sb thiét ké cua mach nhu sau [1]: .
3
z2,=2, = ZO\/E (1) Port3
Hinh 1. Mach chia cong suat Wilkinson
Z. = Z = Z ° \ 7
a2 (2) truyen thong.
Rs = 2ZO (3)

Trong d6z, la tré khang ciia cong vao cua mach chia cong suét, gia tri z, dugc lua chon bang
gia tri chuan 50 Ohm; z,, va z,, la trg khang dic trung cua 2 nhanh cia mach chia cong suét, R 1a
dién tro cach ly nhim ting do cach ly giira 2 cong ra ciia mach. Mach chia cong suat Wilkinson
truyen thong chi lam viéc trén 1 bang tan dugc thiet ke.

Dé mach Wilkinson cé thé lam viéc trén 3 bang tan, can phai thay cac doan mach dai z,, va
z,, bang nhiéu doan mach dai sao cho ¢ thé thuc hién phdi hop tro khang giitaz , vaz, va giira
z,,VaZ, ., trén 3 bang tan. Trong phan tiép theo sé trinh bay phuong phap thiét ké mach phéi hop
tré khang trén 3 bang tan.

2.2. Ung dung thuat toan téi wu bay dan trong thiét ké mach chuyén déi tré khang trén 3
bang tan

Gia sir can thyuc hién viéc phdi hop tro
khang gitra Zo va Z trén 3 tan s6 fi, f, va fs
Vol 1 < f, <f.Ta s€ dung phuong phap | I 1 I 1
chuyén ddi tro khang 3 doan [9], theo d6 Zo 0 O Zy
s€ st dung 3 doan mach dai co tré khang
dac trung Zi, Zo, Z3 va d6 dai dién twong
tng la 61, 6 va 65 nhu trén hinh 2 dé phoi . P
hop tré khang gitra Zo va Z.. Ta can xac Hinh 2. Mach chuyén doi tro khdng
dinh gia tri cac tré khang dac trung va cac trén 3 bang tan.
do dai di¢n nay.

Z, Z, Zs

Giastr z, >z, ,taky hiéu u =f,/f,u,="f/f, k=2 /Z,. Khi d6 viéc xac dinh cac gia tri
Z, va 6, c6 thé dua vé viéc giai hé phuong trinh phi tuyén [9]:
((1— k)cotu,6, —btanu,6, )
arctan +qr

, = 2a 4)

' ((1—k)cot91—btan91j
arctan
2a
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((1— k)cotu,6, —btanu 6, j
arctan +rz

2a
= 5
K ((1—k)cot01—btan91) ©)
arctan
2a
Trong do
zZ, Z z, Z
a=vk| =>-=|;b=—tk-—;06,=18
Zl 0 Zl ZO

q, r la cac sb nguyén.
Sau khi tim dugc z, va ¢,, cac gia tri con lai cia mach phéi hop tré khang duoc xac dinh nhu sau:

0 :—arctan[(l_k)COt(:’)_btan(el)J ©)
0, =0, ©)
z, =Jkz, 8)
2, -2 ©
Z

“Théy ring, hé (4) - (5) 1a hé phuong trinh phi tuyén va chi c6 thé giai bang phuong phap so.
bé giai hé phuong trinh (4) - (5), trong cong trinh [10] da dua ra nghiém dudi dang cac biéu thac
giai tich xap xi, theo d6 cac nghi¢m can timz,va 6, s& la cic ham s6 ctiau, va u, . Tuy nhién, vi
chi la biéu thirc gan ding, cho nén phuong phap [10] cho sai s6 I6n. Trong bai bao nay, ching toi
ap dung thuat toan t6i wu bay dan [7] dé xac dinh nghiém cua hé (4) - (5).

Thuat toan t6i uu by dan thyc hién dya trén hanh vi cua dan chim bay. Trong d6, mdi ca thé
chim trong dan s& bay trong khong gian c6 n chi€u, va s€ dieu chinh huéng bay ciing nhu van toc
bay cua minh dya theo kinh nghiém cua chinh con chim dé sau moi budc dich chuyen sao cho
dat cjuqc vi tri tg‘)i uu nl}ét trong‘mc‘)i guan hé \{éi ca dan chim. Moi nghiém can tim s€ chinh la vi
tri toi vu ciia moi ca thé trong bay dan ma ta can phai xac dinh.

Ta goi ham muc tiéu 1a F, khi ¢6 ham F duoc xac dinh nhu sau:

(1-k)cotud —btanu,g, (1-k)cotu g —btanu,6,
arctan +q7 arctan +rz
F=lu — 2a +lu, — 2a (10)
(1-k)cotd —btand, (1-k)cotd —btan,
arctan arctan
2a 2a

Bai toan giai hé (4) - (5) dugc dua vé viéc tim gid tri cuc tiéu caa ham F. Bé thuc hién duoc
Viéc nay, trudc hét phai xac dinh cac tham s6 dau vao, tham sb can tim, pham vi ciia tham s6 can
tim va diéu kién cta cac tham sb trong ham t6i wu dé tién hanh thiét 1ap thuat toan theo mong
mudn. Dé tim duoc nghiém chinh xac véi sai s6 nho thi pham vi tim kiém xung quanh vi tri t6i
wu va vén tbe toi da ciia mdi ca thé trong dan can duoc giam dan trong qué trinh tim kiém, trong
thuat toan cua chung toi, gia tri toc do tdi da s& dugce giam mot nira so v6i gia tri trude do sau
mot sé vong lap nhat dinh (sé vong lap can dugc chon Ién hon 1000). Luu d6 thuat toan dugc thé
hién ¢ hinh dudi.

Cac tham s dau vao gém: Vi tri ban dau, toc d6 ban dau cua cac ca thé; cac tham sb u; =
folfs, Up = fa/ f1, K =Z( | Zo. C4c gia tri bién can tim (gia tri tbi wu) d6 la z,,2,,2, va 0,,0,,0, .

1152 1172173
Vi tri tbi wu tirc thoi ciia mdi ca thé trong bay dan duoc luu lai trong mang dir liu (ky hiéu la
VT) néu nhu tim thay dugc mot vi tri mai tot hon vi tri ban dau [8]:

14 T.V.C.Diang, ..., N. M. Gidng, “Nghién citu thiét ké, ché tao mach chia ... lam viéc trén 3 bing.”
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VT = [X1,X2,...Xn] (1)

Goi V = [vy, Va, ...vn] la mang chia gid tri
van toc toi da ban dau cua moi cac thé trong

dan. Véan ‘géc ‘Eéi da ban dau ctia dan chim s& Thidt 1ap vi tri ban dau, van tdc ban
la 16n nhat dé co thé nhanh chong tim dén dAu va tinh ham t8i wu ban dau F
nhing vi tri c6 gi tri tbt hon. Sau mdi 1an tim

kiém pham vi di chuyén cua dan chim duoc v

thu hep dan. Van toc ti da cua dan chim hién Thiét 13p pham vi va chuyén huéng
thoi dugc luu trong mot mang n chiéu. Viée tim kiém

xac dinh van toc tdi da ban dau rat quan trong

téi thoi gian thuc hién thuat toér}, no sé quyét y

dinh ving khong gian ma can tim kiém Xéc dinh vi tri va van td¢ méi, gia
nghiém xung quanh vi tri ban dau. Van toc t61 tri t6i ru m&i Emoi

da ban dau s& duoc thiét 1ap bang khoang i -

cach tir vi tri ban dau téi vi tri t6i da ma gia
tri can tim kiém co thé dat duoc
M3i vi tri clia timg phan tir tim kiém trong
khong gian n chiéu duge di chuyén mot cach
ngiu nhién vé hudng va téc d6 mdi lan di
chuyén trong ving tim kiém. Tur vi tri téi‘ uu Piing
hién tai két hop voi do tang hodc giam vé vi

tri do van tdc bay ngﬁu nhién vira tao dugc sé€
tao nén mot vung tim kiém xung quanh gié tri F=F_moi ; VT téi wu =VT méi
tdi wu hién tai dé tim ra diém t6t hon cho
phan tir va ctia ca bay dan. Do vy, sau mdi
budc dich chuyén, vi tri caa ca thé thae “ i ”
trong dan chim duoc ching tdi xay dung bang
ham sé:

X =VT (i) + ()™ xrand () =V (i) (12)

Trong d6, rand()la ham tao gia tri ngau
nhién trong khoang tir 0 dén 1; randi([0,1]) la
ham tao gia tri 0 hoac 1 mot cach ngau nhién.

D¢ 4p dung thuat toan PSO trong thiét ké Hinh 3. Luu do thudt todn Téi wu bay dan.
mach phoi hop tro khang trén 3 bang tan, dau
tién can xac dinh cac bien can tim la Z,va 6,. Cac bien con lai s€ dugc tinh theo cac phuong
trinh (6-9). Ta coi Z,va 6, la cac vi tri t6i wu can phai xac dinh. Gia tri ban dau cuaZz, va 6, va
van tdc cua cac ca thé duoc khai tao ngau nhién trong mién xac dinh cua cac bién. Mién xac dinh
ctia Z, la tir 0 dén max (Z,,Z, ), mién gi4 tri cua 6, la tir 0° t6i 90° theo tai liéu [9]. Sau moi
budc tinh, van téc cua cac ca the s& giam dan va duoc luu trong mang VT (11), va vj tri méi s&
dugc Xac dinh thong qua phuong trinh (12). Trong moi budc tinh, gia tri cua ham t6i wu F duoc
Xac dinh lai theo phuong trinh (10). N€u gia tri toi wu hi¢n tai nho hon gia tri t6i wu cii thi n6 s&
nhan gia tri hién tai va vi tri hién tai s€ la vi tri t6i wu mai. Qua trinh tinh ct tiép tuc dén khi ham
toi wu F ¢ gia tri nho hon mot gia tri xac dinh (ta chon 107) thi s& ding lai.

Thong qua viéc sir dung thuat toan PSO, ta c thé tinh toan dugc mach phdi hop tré khang
trén 3 bang tan. Phan tiep theo s trinh bay viéc tng dung thuat toan t6i vu bay dan dé thiet ke
mach chia cbng suat 3 bang.

Tap chi Nghién ciru KH&CN qudn su, 86 (2023), 12-20 15
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2.3. Thiét ké mach chia cong suit 3 bing

Trong phan nay, ta s& ap dung thuat toan t5i wu bay dan trinh bay ¢ phan trudc dé thiét ké
mach chia d6i cong suét siéu cao tan lam viéc trén 3 bang tan 0,9; 1,6 va 2,2 GHz. So d6 cua
mach chia cong suat 3 bang duoc thé hién & hinh 4.

Ky hiéu Zy la tré khang ciia dau vao mach chia cong suat, Z, va Zz la tré khang trén 2 cong
ra. Ta co:

7,=2,=2,-50Q (13)
Zvl z
|_> 1 Z4H 4K Céng 2
— Z,
Céng 1 911 912 e13
O—— Rs1 Rs, Rs3
Zy 01 022 023
—1 Z3

Zl ’ Z1 Zy 703 Céng3
Hinh 4. Mgach chia cong suat Wilkinson lam viéc trén 3 bang tan.

Dé tiang thém do cach ly gitra cac cong ra, ta can lap thém cac dién tro cach ly Rsi, Rsz va Rsa.
Ky hiéu tré khang vao trén moi nhanh cia mach chia céng suat la Zvi va Zv.. Vi mach thuc hién
chia d6i cong suat nén Zyy = Zv». Khi d6, dicu kién phoi hop tro khang ¢ dau vao la:

1 1 1 1

2, 1.1 14
z, Z, Z, 50 (14)

vl v2 v
Towdosuyraz,=z,=100Q.

_ Vinhanh trén va nhanh dudi cua mach chia doi cong suat hoan toan giéng nhau, do d6, chi
can tinh toan cho 1 nhanh. Xét nhanh trén cua mach, ta can xéac dinh gia tri cac tro khang z,, , z,, ,
Z,, Va cc do dai dién tuong tng 1 6,,, 6,,, Va 6,, sao cho mach thuc hién phdi hop tré khang
gittaz,, = 100 Q véi Z, =50 Q trén 3 tan s6 0,9; 1,6 va 2,2 GHz.

101 100
99 90
97 80
£ 2 60
O 93 S 50
=91 S 40
" 89 a) 30

20 b)

87 10
85 0

0 0.1 02 03 04 0 0,1 0,2 0,3 0,4

Thoi gian (s) Thoi gian (s)

Hinh 5. Su bién thién cia tham sé Za (hinh a)
va 611 (hinh b) theo thoi gian dé tién t6i gid tri toi wu.
St dung thuat toan toi wu bay dan duoc xay dung & phan trudc, ta nhap cac tham s6 dau vao
dé tinh toan nhu sau: f,=0,9GHz, f,=16GHz, f,=2,2GHz, f,=2,2, k=2, /Z,=0,5. Gia
tri ban dau ciaZ,, va 6, dugc chon la 100 Q va 45°, cac van toc ban dau la V, =50 va V, =90.

16 T.V.C.Diang, ..., N. M. Gidng, “Nghién citu thiét ké, ché tao mach chia ... lam viéc trén 3 bing.”
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Sau khi chay phan mém, ta tinh dugc két qua téi uu cua cac tham sé can tim véi thoi gian la

0.385 s v&i 28000 budc tinh, ham téi wu F dat gi4 tri 2,9.107 va day ciing chinh Ia sai sé cua
thuat toan.

1

35

3 Céng 2

Céng 1

Ham tbi wvu F

Céng 3
0 0,1 02 0,3 04

Thoi gian (s)
Hinh 6. Sy bién thién cua gid tri hamtéi wu F Hinh 7. Bdn vé thiét ké ciia mach chia cong
theo thoi gian dé tien toi gia tri toi wu. suat Wilkinson lam viéc trén 3 bang tan.

Két qua tinh toan nhan duoc nhu sau:

z,=2,-8698Q,2,=2_=70,71Q, 2 =2, =57,48Q

011 = 012 = 013 = 921 = 022 = 923 = 51’150

Tir céc két qua trén c6 the Xac dinh dugc kich thudc cua cac doan mach dai voi vat ligu xac
dinh. Trong thiét ké nay, vat liéu Rogers RO4003C dugc sir dung dé ché tao mach. Vat liéu c6
hang so6 dién modi ¢, =3,55; suy hao goc tang = 0,0027. Kich thudc cac doan mach dai caa mach
duoc cho trong bang 1.

Bing 1. Cdc tham sé thiét ké cia mach chia cong sudt 3 bding.

o Kich thwéc (mm)

Trérkhing Q Chidu dai Chidu réng
Zi=Zn 86,98 2073 0.6
Z12= 7 70,71 30,2 0,95
Z15= Za 57,48 28,8 14

Pé tang do cach ly giita 2 cong ra, ta sir dung 3
tré khang cach ly Rsy, Rsz va Rss dé néi gitra 2 nhanh
cua mach, gia tri cua cac trg khang cach ly dugc chon
nhu sau: Rs; =110 Q, Rs; = 210 Q, Rs3 = 365 Q. Dua
trén két qua tinh toan, mach chia cong sut 3 bing
duoc thiét ké bang phan mém Keysight ADS, ban vé
thiét ké cua mach dwoc thé hién trén hinh 7.

Trong phan tiép theo s& trinh bay két qua ché tao
va do kiém cac tham sb ciia mach.

3. CHE TAO VA PO KIEM MACH CHIA
CONG SUAT 3 BANG

Duya trén két qua thiét ké dwoc trinh bay trong e — ’
Phan 2, tien hanh che tao va do kiém cac tham so Hinh 8. Mach chia cong suat Wilkinson
cua mach. Mach dugc ché tao trén vat liéu Rogers lam viéc trén 3 bang tan sau khi cheé tqo.

Tap chi Nghién ciru KH&CN qudn su, 86 (2023), 12-20 17
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RO4003C. Mach c6 kich thudc nhd gon véi chiéu dai va chiéu rong la 41,5 mm x 26,5 mm

(hinh 8).

Cac tham s tan xa cia mach dugce do trén may phan tich mang Vec-to. Két qua do dac va mo
phong suy hao chén S21 va S31 cua mach dugc thé hién trén hinh 9.

===5(2,1) - mod phong
—5(2,1) - do dac

Suy hao chén (dB)

040608 112141618 2 22242628 3 3,2

(@)

Tan sb (GHz)

(b)

-3

-3,1
-3,2
-3,3
-3,4
-3,5
-3,6
-3,7
-3,8

===5(3,1) - mo6 phong
—5(3,1) -/do /dac

040608 112141618 2 22242628 3 3,2
Tan s6 (GHz)

Hinh 9. Két qud do va md phong suy hao chén S21 (a) va S31 (b).

Tu hinh 9 ¢4 thé thay, ket qua do dac phu hop Vvéi két qua md phong. Két qua do suy hao
chen trén cac cong tai 3 tan s6 lam viéc déu tot hon -3,3 dB, nghia la chi 1¢éch - 0,3 dB so vei ly
tuong. Didu nay cho thdy mach chia céng suat 3 biang duoc thiét ké co suy hao nho.
Tham s6 tiép theo cn khao sat d6 la suy hao phan hoi trén cac cong 1, 2 va 3. Két qua do va
mo phong cac tham so6 trén dugc thé hién trén hinh 10,

0 0
o -10 ===15(1,1) - m6 phong & -10 ===15(1,1) - m6 phong
3T S(1,1) - do dac ) S(1,1) - do dac
3 20 (4 <g -20
& =
=] s
% -30 % -30 3
o v v\ o v vy
& -40 ‘|'f &40 “"
= EN
£ 50 ¢ Z 50 ¢
-60 -60
040608 1 12141618 222242628 3 32 040608 1 12141618 2 22242628 3 3.2
a) Tan so (GHz) b) Tan so6 (GHz)
0
o -10
= --
3 20 -~ =
=30 \ -7
= \ el ——=S(33 5 phe
S 10 v (3,3) - mo6 phong
=7 \ ¥
e “t —5(3,3) - do dac
a2 -50 .‘l
-60
040608 1 12141,61,8 2 22242628 3 32
Tén s (GHz)
c)

Hinh 10. Két qua do va md phong suy hao chen S11(a), S22(b) va S33(c).
C6 thé thdy, két qua do kha phu hop véi két qua mo phong. Suy hao phan hoi trén cac cong
tai 3 tan so lam viéc 0,9; 1,6 va 2,2 GHz déu c6 gia tri tot hon -17,2 dB.

18 T.V.C.Ding, ...,

N. M. Gidng, “Nghién ciu thiét ké, ché tao mach chia ...

lam viéc trén 3 bing.”



Nghién ciru khoa hoc cong nghé

Tiép theo, két qua do va md phong h¢ so cach ly S23 giira 2 cong ra ciia mach duoc thé hién
trén hinh 11. H¢ s6 cach ly S23 do duoc gitra 2 cong ra tai cac tan so lam viéc 0,9; 1,6 va 2,2
GHz c6 gié tri lan lugt Ié’ —32,8 dB; —19,1 dB; va -25,9 dB. Cac tham so trén cho thay, d¢ cach ly
gitta 2 cong ra tai 3 tan s6 déu ¢ muec tot.

Tur cac két qua nhan duoc & trén, bang tong hop cac tham sb cua mach duoc thé hién nhu
bang 2.

0 — Biing 2. Két qua do cdc tham so tan xa cua
5 ===5(2,3) - md phone mach chia cong sudt 3 bing.
~.-10 —8(2,3) - do dac h R X X
5 s Tham so Tan so
220 tanxa | 0,9 GHz | 1,6 GHz | 2,2 GHz
3 §§ S21(dB) | -3,1 -3,2 -3,3
S 35 s3si(B)| -32 | -33 | -33
£ 40 S11(dB) | -252 | -17,2 33
- S22(dB) | -280 | -228 | -240
040608 1 12141618 2 22242628 3 32 S33(dB) | -26,3 21,1 -24,7
Tin 6 (GH) s23(dB) | 328 | -191 | -259

Hinh 11. Két qua do va md phang hé sé cdch
ly giira 2 cong ra S23.

Pé danh gia hi¢u qua cua phuong phap thiét ké, ta tién hanh so sanh cac tham s6 ciia mach
chia cong suit dugc thiét ké voi mot sé mach chia cong suit 3 bang da cong bd truge do. Cac
tham s6 duoc so sanh do la: suy hao chen, suy hao phan hoi, va do cach ly giira 2 cong ra. Két
qua so sanh dugc thé hién trong bang 3.

Bing 3. So sanh cac tham sé cia mach chia cong sudt 3 bang dwot thiét ké theo cdc phwong

phap khdc nhau.
Mach dé xuit| [6] [11] [12] [13] [14]

Tan sb 0,9/1,6/2,2 | 1/3/4,7 |1/1,5/2,5|1,5/1,9/2,35|1,65/2/2,27|2,4/3,5/5,2
A (dB) >-0,3 >-064 | >-08| >-045 | >-144 >-1

Suy hao phan hoi (dB)|  _ _,,, <-15 |<-122| <-13 | <-163 | < -42

P9 cach ly (dB) <-19,1 <-2524|<-18,8 <-15 <-16,3 <-27

Trong bang 3, ky hiéu A 1a do chénh léch vé suy hao chén gitra két qua do so véi Iy tuong.

Tir bang 3 ta thay, mach chia cong suat duoc thiét ké trong bai bao c6 suy hao chen nho hon
khi so sanh v&i mét so mach chia cérng suat 3 bang dugc céng bo trude do. Gia tri xau nhat caa
suy hao cheén cua mach dugc thict ke la -3,3 dB, chi suy hao -0,3 dB so vdi ly tuong. Trong khi
do, cac mach chia cong suat 3 bang trong cac cong trinh [6, 11-14] c6 suy hao chén déu ¢ muc
ngudng kha cao la -3,64 dB, -3,8 dB, -3,45 dB, -4,44 dB va -4 dB. Ngoai ra, cac tham so khac
cua mach dé xuat deu qat ¢ muc tot, véi suy hao phan hoi dat tot hon -17,2 dB, d¢ cach ly tot
hon -19,1 dB trén ca 3 tan s6 cdng tac.

4. KET LUAN

Bai bao trinh bay kég qua thiét ké mach chia cong suét lam viéc trén 3 bang té}n 0,9 GHz; 1,6
GHz va 2,2 GHz. Be thiet ke mach phoi hop tré khang trén 3 bang tan, thuat toan toi uu bay dan da
dugc su dung va thuc hién trén phén mém Matlab. Két qua do kieém cac tham so tan Xa cua mach
cho thay, mach c6 suy hao chén tot hon -3,3 dB trén ca 3 tan s6 cong tac, suy hao phan hoi trén cac
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cong tot hon -17,2 dB, d¢ céch ly giira cac cong tot hon -19,1 dB. So sanh voi mot s6 mach chia
cong suat 3 bang khac da cong bo truge do cho thay mach dugc thict ké co uu diém la suy hao
cheén nho, cac tham s6 khac gom suy hao phan hoi va d6 cach ly gitra cac cong déu dam bao tot.

TAI LIEU THAM KHAO

[1]. D. M. Pozar, Microwave engineering, New York: Wiley, (2012).

[2]. 1. Sakagami, X. Wang, M. Fujii and M. Tahara, "Planar dual-frequency three-way Wilkinson power
dividers with open-circuited stubs,” 2013 European Microwave Conference, pp. 144-147, (2013),
doi: 10.23919/EuMC.2013.6686611.

[3]. Jin-Gul Lee, Choon-Sik Cho, Jae W. Lee, Sang-Ki Eun, "A Novel Dual-Band Wilkinson Power
Divider Using Branch-line", 2008 Asia-Pacific Microwave Conference, pp.1-4, (2008).

[4]. X. Liu, Y. Liu, S. Li, F. Wu and Y. Wu, "A Three-Section Dual-Band Transformer for Frequency-
Dependent Complex Load Impedance,” in IEEE Microwave and Wireless Components Letters, vol.
19, no. 10, pp. 611-613, (2009), doi: 10.1109/LMWC.2009.2029732.

[5]. M. A. Maktoomi, R. Gupta, M. H. Maktoomi, M. S. Hashmi and F. M. Ghannouchi, "A genaralized
multi-frequency impedance matching technique,” 2016 16th Mediterranean Microwave Symposium
(MMS), pp. 1-4, (2016), doi: 10.1109/MMS.2016.7803869.

[6]. B. Li, X. Wu, C. Hua, N. Yang, D. Zhu and W. Wu, "A tri-band Wilkinson power divider using
extended T-shaped stubs,” 2011 China-Japan Joint Microwave Conference, pp. 1-4, (2011).

[7]. D. Bratton and J. Kennedy, "Defining a Standard for Particle Swarm Optimization, " in IEEE Swarm
Intelligence Symposium, pp. 120-127, (2007).

[8]. G.R. Harik, F. G. Lobo and D. E. Goldberg, "The compact genetic algorithm," in IEEE Transactions
on Evolutionary Computation, vol. 3, no. 4, pp. 287-297, (1999), doi: 10.1109/4235.797971.

[9]. M.Chongcheawchamnan, S. Patisang, S. Srisathit, R. Phromloungsri and S. Bunnjaweht, "Analysis
and design of a three-section transmission-line transformer," in IEEE Transactions on Microwave
Theory and Techniques, vol. 53, no. 7, pp. 2458-2462, (2005), doi: 10.1109/TMTT.2005.850408.

[10]. M. Chongcheawchamnan, S. Patisang, M. Krairiksh and I. D. Robertson, "Tri-Band Wilkinson Power
Divider Using a Three-Section Transmission-Line Transformer,” in IEEE Microwave and Wireless
Components Letters, vol. 16, no. 8, pp. 452-454, (2006), doi: 10.1109/LMWC.2006.879488.

[11]. Z. Wang, J. -S. Jang and C. -W. Park, "Tri-band Wilkinson power divider using resonators,” 2011
IEEE Radio and Wireless Symposium, pp. 287-290, (2011), doi: 10.1109/RWS.2011.5725493.

[12]. B. M. Abdelrahman, H. N. Ahmed and A. I. Nashed, "A Novel Tri-Band Wilkinson Power Divider for
Multiband Wireless Applications," in IEEE Microwave and Wireless Components Letters, vol. 27,
no. 10, pp. 891-893, (2017), doi: 10.1109/LMWC.2017.2746685.

[13]. Li, Yibing & Zhou, Xin & Sun, Xiaohang & Gu, Xiaojun & Xu, Bin & Zhang, Xinde & Ping, Kang.
“A new triple-band four-way filtering power divider with highly improved performance”. Frontiers in
Physics, (2022). 10. 862516. 10.3389/fphy.2022.862516.

[14]. Farzad Khajeh-Khalili, M. Amin Honarvar, Abdolmehdi Dadgarpour, Bal S. Virdee & Tayeb A.
Denidni, “Compact tri-band Wilkinson power divider based on metamaterial structure for Bluetooth,
WiMAX, and WLAN applications ”, Journal of Electromagnetic Waves and Applications, 33:6, 707-
721, (2019), DOI: 10.1080/09205071.2019.1575287

ABSTRACT
Design and fabrication of a tri-band high-frequency power divider

This paper presents a method of designing a power divider operating at 3 bands 0,9; 1,6
and 2,2 GHz. The circuit is designed, simulated and optimized by using ADS software. The
measurement results of the scattering parameters were consistent with the simulation results.
The measured parameters of the power divider are as follows: insertion loss at three operating
frequencies are better than -3.3 dB, isolation level better than -19.1 dB, return loss better than
-17.2 dB. Compared with previous tri-band power dividers, the designed power divider has the
advantage of low loss, and the remaining parameters are all good enough.

Keywords: Multi-band power divider; PSO; Wilkinson power divider; Insertion loss; Scattering parameters.
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