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TOM TAT
Bai bdo nay dé xudt mot giai phap mdi trong thiét ké mach PHTK c6 tinh ndng loc trén cong
nghé éng dan song tich hop chdt nén SIW iing dung bg cong huwong vong kép CSRR. Bai bao da
dua ra dwoc quy ludt thay doi tré khdang ciia mach loc-PHTK khi thay doi cdc tham $6 ciia vong
CSRR va dwong truyén SIW. Bdi bdo ciing trinh bay ing dung giai phdp dé xudt thiét ké mach

PHTK dau ra cho mt bé khuéch dai cong sudt cao tan hoat dong ¢ 6 GHz. Mach PHTK thiét ké
c6 kich thuée 12.6 X 8.2 mm va t6n hao chén la 1.26 dB.
Tir khoa: Mach loc-phdi hop tro khang; SIW-6ng dén song tich hop chit nén; CSRR-b6 cong hudng vong kép.

1. MO PAU

B6 khuech dai cong suat (KDCS) va bo loc 1a nhitng thanh phan quan trong ctia hé thong thong
tin v tuyen B6 KDCS ¢6 chirc nang khuéch dai tin hi¢u vo tuyén 1én muc nang lugng 16, bd loc
dung dé 1oai bo céac thanh phan tan sd khong mong mudn [1, 2]. B KDCS va bd loc thuong duoc
két hop v6i nhau bang cac duong mach 50 Ohm, néu viéc thiét ké cac mach nay khong tot s& dan
dén mat phdi hop, gdy hu hong bong ban dan. Mot giai phap thiét ké cac mach loc-phdi hop tre
khang (PHTK) két hop cho cac bo KDCS da dugc dé xuat trong [3-7]. Ngoai ra, viéc thiét ké két
hop mach loc-PHTK giup thu nhé lai kich thudc cua toan b hé théng do dac tinh loc duoc tich
hop vao mach PHTK. Trong [3, 6, 7] cac nhom tac gia dé xuét cac giai phap thiét ké mach loc-
PHTK cho by KDCS trén cong nghé mach dai. Viéc stir dung mach loc-PHTK két hop gitip loai
bo dugc cac tén s6 khong mudn & ddu vao va dau ra gitip nang cao hiéu suét cua bd KDCS va giam
kich thude tong thé ciia toan mach. Nhuoc dlem cua cac giai phap nay 1a t6n hao 16n ¢ dai tan s6
cao do sy ton hao l6n cia mach dai ¢ dai tan s6 cao. Pé khic phuc nhuoc diém dé, trong [4, 5]
nhom tac gia Y.Gao va cac cong sy da dé xut giai phap thiét ke mach loc-PHTK trén cong nghé
dng dan song dé giam t6n hao cia céng nghé mach dai & dai tan sb cao gitp nang cao hiéu suit
cua bo KDCS. Mic du vay, viéc sit dung mach loc-PHTK 6 ong dan song lam ting kich thudc hé
thdng, kho ché tao, va chi phi san xuat cao.

Cong ngh¢ 6 6ng dan song tich hop chat nen Vol cac uu diém glong nhu c6ng nghé 6 ong dan song
truyen théng nhu cong suét chiu tai 16n, hé sb ton hao thap & dai tan sb cao, chong nhidu tdt, ma
van giit dugc cac vu diém cia cong ngh¢ mach dai nhu d& ché tao, chi phi ché tao thap, kha ning
tich hop cao [8], cong ngh¢ SIW rat phu hop trong thiét ké mach loc-PHTK cho céac by KDCS ¢
dai tin sb cao. Trong [8-10] cac tac gia dé xuat giai phap su dung ciu trac bo loc kiéu Iris dé thiét
ké cac mach loc-PHTK cho bo KDCS hoat dong ¢ bang tan X. Dic biét, trong [10] nhom tac gia
da dua ra két qua so sanh giita phuong phap thiét ké riéng 1é by KDCS, bd loc du ra va phuong
phap thiét ké mach loc-PHTK két hop, nhan thdy cac tham s khac nhu cong. sut dau ra Poy, hé
s6 khuéch dai cong suét, hiéu suat PAE cua bo KDCS st dung phuong phap két hop déu duoc cai
thién so voi phuong phap thiét ké riéng biét, dic biét giai phap thiét ké két hop giup giam dang ké
kich thudc tong thé toan mach. Mac du vy, cac phuong phap thiét ké mach loc-PHTK trén cong
ngh¢ SIW da dugc de xuét déu hoat dong trén tan sb cit cua dudng truyén SIW nén kich thude
ctia mach van con rat 16n. Trong bai bao ndy, nhom tac gia dé xudt mot giai phap méi sir dung ciu

106 D. X. Lgi, L. D. Manh, V. L. Ha, “Gidi phdp mdi trong thiét ké ... cong sudt tan so cao.”



Nghién ciru khoa hoc cong nghé

trac vong cong hudng kép CSRR trong thiét ké mach phdi hop tro khang. Tan sb hoat dong cua
gidi phap nay nam dudi tan sb cit cia dudng truyén SIW nén lam giam déng ké kich thudc cia
toan mach

2. NGUYEN LY HOAT PONG
2.1. Siéu vit liéu va vong cong hwéng kép CSRR

Phén loai si€u vat liéu dua trén h¢ s6 d6 dién tham € va do tir thim p cua vat lidu ddng nhat
dugc dé xuat lan dau tién boi nha khoa hoc nguoi Nga Veselago [12]. Mbi twong quan gitra chiét
suét (n) va cac hé¢ sb g, p dugce thé hién boi cong thirc sau:

n==,/&U 1)

Trén phuong trinh (1) ta thdy, gia tri ciia chiét suat n c¢6 thé nhan duoc trong 4 truong hop dugc
thé hién trén hinh 1.
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Hinh 1. Gidn do biéu dién moi lién hé giita & va .

vung | trén hinh 1 gia tri dién thim va tir thim déu duong dugc goi 1a vang duong kép, tinh
chét nay ton tai trong hau hét cac loai vat lidu va song dién tir c6 the lan truyén duoc trong vat liéu
nay. Vung II ¢6 gia tri dién tham am va gia tri tir thim duo‘ng dugc goi la vung epsilon am, loai
nay ton tai trong vat li¢u plasma. Vung IV 1a ving ma gia tri dién tham duong, tir thim am tinh
chat nay ton tai trong mot sb loai vat liéu tir (ferrites). Vung III la ving ma ca hé s6 dién tham va
tir tham déu 4m goi 1a ving am kép, loai nay khong thé tim thay trong cac vat lidu tu nhién. Trong
hai truong hop ¢ ving II va IV song dién tir nhanh chong bi tri€t ti€u khi truyén vao cac vat li€u
nay. Truong hop ¢ vung III 1a truong hop dac biét, song dién tir co the truyén qua dugc.

Vat liéu co chiét sut am nhu da dé cap khong ton tai trong tu nhién nhung da dugc ché tao va
kiém chirng, mét trong nhitng cau trac pho bién va dugc tng dung nhi€u trong thict ké cac mach
RF @6 1a bo cong huong vong kép CSRR [13]. B cdng huong vong CSRR dugc tao ra bang cach
khoét hai khung kim loai khong khép kin trén bé mat mach in (trén hinh 2).

Tan s cdng hudng ctia vong CSRR dugc xac dinh bdi cong thirc sau:

1
2nVLC (2

f=

Trong d6, L va C lan luot 1a cam khéng va dung khang ctia CSRR va duoc xac dinh boi cac
cong thirc sau [14].
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Lr = (44— G)Lo + (44 — 16W — 8F — G)Li ©)
Cr = (44 — G)Co + (44 — 16W — 8F — G)Ci (4)

Véi Lo va Co 1a don vi cam khang va dung khang dac trung ctia vong ngoai, Li va Ci la don vi
cam khéang va dung khang dac trung ctia vong trong.

A &

(@) ' (t)
Hinh 2. (@) B6 cong huwoéng CSRR; (b) Sor do twong dirong.
2.2. Ciu mach lgc-PHTK CSRR-SIW dé xuit

Dua vao dic tinh cia CSRR 14 tao ra tan sb cong hudng & dudi tan sb cat, nhom tac gia da dé
xuat mot cau trac CSRR-SIW dé€ bién doi trd khang 50 Ohm chuan cua hé thong thanh tré khang
phtrc cua tranzitor khuéch dai. Cau tric mach loc-PHTK dé xuat dugc thé hién trén hinh 3.

[IChitnén [ L&pdéng

Hinh 3. Cau triic mach loc-PHTK dé xudt.
Céu trac mach loc-PHTK gdm co duong tru}{én SIW, 2 vong cong huong kép CSRR duoc bd
tri kiéu mat d6i mat (face to face), va 2 khép noi dé két ndi mach SIW v6i cac thanh phan khac
trong mach KPCS (mach cap ngudn) hay cac thanh phan khac ctia hé thong.

Cac thanh phin ghép
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Hinh 4. So do tirong dwrong mach loc-PHTK SIW-CSRR.

So d twong dwong ctua mach loc-PHTK dugc thé hién trén hinh 4. O day, cac 16 kim loai dwoc
thé hién twrong dwong nhu cudn cam ngén mach Ld. CAu trac CSRR duoc thé hién twong duong
v6i mach cong huong LG ngan mach. Két ndi cam khang gilia vong SRR ngoai cung va duong
truyén SIW dugc thé hién twong dwong 1a cuén cam Le. Két ndi dung khéng giita dudng truyén
SIW va CSRR duoc thé hién twong duong tu dién Cc [15].
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3. THIET KE, MO PHONG MACH LQC-PHTK SIW

So 6 m6 phong mach loc-PHTK SIW dugc thé hién trén hinh 5. Trén so dd mach twong dwong
hinh 4 va cong thirc (3) va (4) nhan thiy cac tham sd ciia vong CSRR: A, F, W anh hudng dén cac
gia tri cam khang va dung khang ctia vong CSRR, tirc 1a anh huong dén gia tri tro khang ctia mach
loc-PHTK SIW. D6 rong ciia duong truyén Wsiw danh huong dén cac gid tri Le va Ce.

TermG EM_SIW_ZL
TermG8

emModel TermG
Num=1 X1 TermG2
Z=Zout Ohm Num=2
Z=50 Ohm

Hinh 5. So' d6 mé phong mach phéi hop tré khang dau ra SIW.

Vi gia tri tré khang cua duong truyén SIW 1a mdt tham s6 tan sic nén viéc xac dinh su anh
hudng cua cac tham $6 vong CSRR va SIW téi sy thay ddi tro khang mach loc-PHTK SIW dugc
thuc hién bang phan mém mé phong truong dién tir chuyén dung CST. Két qua mo phong su thay
doi gia tri tré khang mach loc-PHTK SIW khi thay ddi cac tham sb A, F, W cuia vong CSRR va
d6 rong SIW Wsiw dugc thé hién trén hinh 6. Trén hinh 6 nhan thiy khi ting gia trj 46 rong duong
truyén SIW, tro khang ctia mach loc-PHTK SIW bién d6i trén duong tron theo chiéu kim dong ho
(hinh tron nét dut mau d6 va chiéu mii tén mau do trén hinh 6). Khi ¢ dinh tham s Wisiw va ting
cac gia tri A, W va F tré khang mach loc-PHTK SIW bién d6i trén cac cung tron theo chiéu kim
ddng hd duoc thé hién trén hinh 6. Trén hinh 6, mdi cung tron mau den nét dut twong tng véi mot
tham s6 Wsiw va chiéu miii tén mau den thé hién xu hudng thay ddi tré khang ciia mach loc-PHTK
khi ting cac tham s A, F va W ciia CSRR.

-1i

Hinh 6. D6 thi qud trinh bién déi tré khang mach loc-PHTK CSRR-SIW.

Mach loc-PHTK trong ndi dung nghién cru nay su dung dé bi’é’n dbi tro khang phirc
90.32+j*55.861 thanh tr¢ khang 50 Ohm cho mach khuéch dai cong suat sir dung bong ban dan
TGF2977SM tai 6 GHz. Cac tham s6 cua mach loc-PHTK CSRR-SIW dugc md phong va toi uu
hoa bang phan mém CST. Cac tham s6 ctia mach loc-PHTK dugc thé hién trong bang 1.

Tap chi Nghién citu KH&CN quin su, S6 Dic san FEE 2024, 106-112 109



Dién tir — Vit Iy ky thudt

Bdng 1. Cdc kich thuéc mach loc-PHTK SIW. Pon vi: mm.

th Wt2 Wm Wsiw Lsiw Ltl Lt2 Lm A W F G T d p
2 2 |115] 82 54 [20]20(21[29 ] 03]03]03|34|061]1
Mach loc-PHTK duoc ché tao trén vat liéu Roger 4003C v6i d6 day 16p dién moi 14 0.508 mm,

d6 day 16p dong mat trén va dudi 1a 0.035 mm dugc thé hién hinh 7. Két qua mo phong va do kiém

tra tré khang cta mach loc-PHTK duoc thé hién trén hinh 8 va dic tuyén tham sé ma tran S dugc

thé hién trén hinh 9.

Hinh 7. Mach loc-PHTK CSRR-SIW thuc 6.

48% Budrc vong PAE: 1%

Budre vong Pout : 1 dB
x Nguyen ly

|| @ MO phong EM
@ dothycté
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® Mb phong EM
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(a) (b)
Hinh 8. Tro khdng mach loc-PHTK:
(@) Mach loc-PHTK SIW, (b) Mach loc-PHTK va mach thién ap.
Trén hinh 8 thé hién cac gia tri tré khang ciia mach loc-PHTK va mach loc-PHTK két‘ hop véi
mach thién ap khi m6 phong nguyén 1y, mé phong EM va két qua do mach thyc té€ déu nam trong
vung tro khang toi uvu mong muodn (Pout=34 dBm va PAE 48%).

Trén hinh 9 thé hién dic tuyén tham s6 ma tran S giita mo phong va do thuc té, nhan thay dic
tuyén c6 tinh chat cua bo loc thong dai voi tan sb trung tim 6 GHz va ton hao théng qua ctia mach
thue té 14 1.26 dB.

Két qua md phong va do mach thuc t& chimg t6 mach loc-PHTK d& xuét dap g dwoc cac chi
tiéu dé ra dé bién doi tro khang 90.32+j*55.861 Ohm thanh tré khang chuén 50 Ohm va c6 dic tuyén
ctia bo loc théng dai dé loai bo cac thanh phan khong méng mudn sau bd khuéch dai cong sut.

110 D. X. Lgi, L. D. Manh, V. L. Ha, “Gidi phdp mdi trong thiét ké ... cong sudt tan so cao.”



Nghién ciru khoa hoc cong nghé

0
-5
& -10
=
e
)
%o 15
g
=
= -20
R S S — E o
i i ==—=-- M6 phong
— Do thuc té
-30
5 5.5 6 6.5 7

Tén s6 (GHz)
Hinh 9. Pdc tuyén tham s6 S ciia mach loc-PHTK.
Bang 2 thé hién so sanh két qua mach PHTK d& xuét so vdi cac cong bd khac. Nhan thdy, giai

phap dé xuét gitip giam kich thudc dang ké cia mach PHTK so vdi cac cong bd khac.

Bing 2. Két qud so sanh véi cdc cong bo khdc.

Cong b 6 Tan sb hoat Kiéu bo loc Kich thudc Vat licu
dong, GHz (LxW), mm T
[8] 8 GHz Iris 46.46 x 19.8 RT5880
[9] 10 GHz Iris N/A RO4003
[10] 10 GHz Iris 43.65 x 15.65 RT5880
Pé xuit nay 6 GHz CSRR 12.6 x 8.2 RO4003
4. KET LUAN

Bai bio da trinh by mot giai phap méi trong thiét ké mach phéi hop tré khang c6 dic tuyén

ctia bo loc thong dai trén cong nghé SIW gitp tdi uu hoa kich thude ciia mach. Giai phap dé xuét
dugc ung dung trong thiét ké mach loc-PHTK dé bién ddi tro khang phuc 90.32+j*55.861 thanh
tro khang chuan 50 Ohm véi kich thude 12.6 x 8.2 mm. Két qua do mach loc-PHTK thuc té cho
théy mach loc-PHTK hoat dong tot dé bién dbi tré khang phirc thanh tré khang chuin 50 Ohm va
t6n hao chén dat duoc 14 1 26 dB. Két qua cho thay giai phap dé xuat hoan toan phu hop dé thiét
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ABSTRACT

A novel methodology design for matching network
based on SIW technology for microwave power amplifiers

This paper presents a novel method for creating a matching network (MN) with filtering
functionalities on substrate intergrated waveguide (SIW) using Complementary Split Ring
Resonators (CSRR). It defines principles for modifying the MN impedance through
adjustments to the parameters of the CSRR and SIW transmission line. Additionally, it
demonstrates the practical implementation of this approach by designing an output MN for
a high-frequency power amplifier operating at 6 GHz. The MN is configured with
dimensions of 13.6 x 5.4 mm and exhibits an insertion loss of 1.26 dB.

Keywords: Filter matching network; Substrate integrated Waveguide-SIW; Complementary Split Ring Resonators-
CSRR.
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