Nghién ciru khoa hoc cong nghé

NGHIEN CUU THIET KE BQ GHEP CAU PHUONG BANG TAN X
TREN ONG SONG TiCH HQP CHAT NEN
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Tém tit: Bai bdo ndy dwa ra mét phirong phdp thiét ké cdu tric cdi tién ciia B ghép
cau phwong cé tinh nang hoat déng cao. Bé ghép dwoc thiét ké trén ong séng tich hop chat
nén (SIW) dang phdng, hoat dong & bing tan X véi dai thong rong. Két qua thiét ké va do
kiém da thé hién bo ghép dam bao can bang vé bién dj, chinh xdc cao vé sai léch pha cdu
phuong va cai thién vé ton hao truyén. Cong nghé SIW di cung cdp mgt giai phdp linh hoat
khi thiét ké bé ghép 3-dB 6 tinh nang hoat dong cao, gia thanh re, cdu triic dang phdng va
thich hop voi sy phat trién cia cdc ung dung song cao tan va millimet ¢é d¢ tich hop cao.
Cdu triic cdi tién ciia bg ghép dé xudt la irng vién dong vai tro quan trong dp dung trong

thiét ké hé thong anten mang pha, ra da c¢& nhé va truyén thong vé tuyén thé hé mai.
Tir khéa: Bo ghép dinh huéng; Ghép lai; Cau phuong; Ong séng SIW.
1. PAT VAN PE

Nhimng nim gan ddy, cic phan tir siéu cao t?mq(SC’T) tinh ndng hoat dong cao dua trén cong
ngh¢ SIW da va dang duoc nghién ciru, phat trién rat manh [1]. Dac biét, cong nghé¢ SIW da

dugc cac tap doan 16n trén thé gioi (Huawei, Samsung, Infineon, Honeywell,..

.) @p dung vao

thyc tién trong cac h¢ thong SCT thé hé méi véi mot sd luong cac bang sang ché da duoc ding
ky bao ho qubc té nhur mang anten phang [2- 5], b6 phan kénh diplexer [6], bo chuyén mach [7],
bo loc [8]. Bang 1 dudi day da tong hop chi tiét cac danh gia wu, nhuge diém cua SIW so véi cac
cong ngh¢ duong truyén khac hién c6, 1am co s& cho ngudi thiét ké co thé Iya chon nham dép
g yéu cau cia ting tmg dung cu thé, trong d6 c6 bd ghép can bang cau phuong.

Bing 1. So sanh dic trung cau triic SIW phdng so véi cdu tric dan song khdc [1].
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Mirc do: * = rat khong tdt; * * = khong tét; * * * = trung binh;
* % Kk k= tdt; * % k * *k = rat tot.
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Trong linh vyc ra da, cac bd ghép cén bang duong nhanh hay thuong goi 1a bd ghép cau
phuong 3-dB, 1a mét trong nhu’ng cau trac ghép dinh hudng c6 vai tro quan trong trong cac hé
thong do ludng, may phat va mang tao gian d6 hudéng anten [9, 10], nhu biéu dién trén hinh 1.
Chung con dugc sir dung nhleu trong cac mach SCT nhu bd tron cén bang, b dich pha can bang
[11], bo khuéch dai cong suat cao [12]. Thyc té hién nay, cic bd ghép cau phuong 1am viée & dai
SCT thuong 1a ciu trac thu dong dang dudng ghép hodc dang Lance ché tao trén ong dan song
(ODS) truyén théng [13], ODS dong phan (CPW) [14] hoac mach vi dai [15, 21], mach dai dan
[22]. Diéu nay dan dén khi thiét ké, can hai hoa lya chon gilta cac yeu t6 vé chu tric
phang/khong phang, d6 rong bang thong, tén hao truyen dd 1éch pha gitra cac thanh phan cau
phuong. Tur do, cau trac SIW la mét sy thoa hiép t6t gitta ODS truyén thong va duong mach dai
khi thiét ké bo ghép cau phuong 3-dB dé xuit.
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Hinh 1. Ung dung bg ghép Hybrid 3-dB: (a) Mang anten da biip séng [9];
(b) BY khuéch dai cong sudt cao [10].

Muc dich ctia nghién ciru nay 1a dua ra thiét ké cai tién bo ghép cau phuong 3-dB bing tan X,
dang phang H-plane dya trén cong nghé SIW. N6 c6 thé dugce tich hop trong cac mach SCT chat
lugng cao nho s¢ hitu mot sb dic tinh ndi bat nhu dai tin rong, do mét can béng bién do cAu
phuong nho, d6 chinh xac pha 95u phuong cao, ton hao truyén thép. Phan 2 tiép theo phan tich
thiét ké va mo6 phong by ghép cau phuong, Phén 3 danh gia cac ket qua do kiém so v6i mo phong
va véi cac két qua da cong bérdén nay. Phan 4 1a két luan vé két qua dat dugc va dinh hudng Gng
dung ctia b ghép 3-dB d¢ xuat.

2. THIET KE BQ GHEP CAU PHUONG TREN ONG SONG SIW

Bo ghép cau phuong 3-dB dé& xuit c6 nguyén 1y nhu bo ghép lai truyen théng (3-dB, 90°
Hybrid) [15] nhung dugc thiét ke cai tién trén cong nghé SIW, nhu biéu dién trén hinh 2. Pay la
mot phan tir SCT thu dong 4 cong co tinh chat d6i ximg vé ciu trac co va dic tinh dién va 1a
truong hop dac biét cua bo ghép dinh hudng.
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Hinh 2. B6 ghép 3-dB dé xuat: (a) Cdu triic SIW; (b) Kich thuéc.
Do su tuong dong gitra STW va ODS kim loai v6i cung tinh chét lan truyén, ta nhan dugc mbi
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quan hé gitra chiéu rong W ctia SIW theo tan s hoat dong nhu trong ODS truyén thong, nhung
c6 tinh dén hang so6 dién mdi cua chat nén va hién tuong suy gidm khi song TEmn truyén theo
huéng truc z khi bi phan xa gitra hai thanh bén ODS v6i goc tdi 6= (20+50) @6 [16], khi do:
c
W=
2 fTE V& €OSO @)
Trong thuc té, dé tranh ro ri birc xa dién tir truong, khoang cach s giira hai 16 via lién ké can
g:?lp hai 1an so vd&i duong kinh d cua 16 via. Khi d6, ta nhan dugc chi€u rong hiéu dung Wes thuc
té€ cua doan SIW 1a [17]:

w
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Nhu vay, khi bd ghép 3-dB lam viéc ¢ bang X, dé dam bao tén hao buc xa va ton hao truyén
s6ng TE10 & muc tdi thiéu trong chéit nén c¢6 & = 2.2, ta chon goc téi = 45 dg vas=2d = 0.8
mm. Khi @0, tir cong thie (1) va (2) tinh dugc Werr =15.8 mm v6i £5=9.5 GHz. Trong khi phan tro
khang ZoN2 dugc thyc hién bang doan ODS 16m (l1xhy). Pé kich thich ché do dan séng quasi-
TEM cua dudng truyén vi dai (Winic) ph01 hop voi ché do quasi-TEio ctia bd ghép SIW, ta sir dung
ciu triic phdi hop tro khang chuyén tiép dang vudt thon véi d6 dai Liae VA d0 rong thay ddi giira
Whic = Wtape [18]

Biéu dién twong dwong cta bd ghép 3-dB trong mach SCT nhu trén hinh 3a. Khi hoat dong
v6i vai trd 1a bo chia, tin hiéu duge dua dén mot cong dau vao bat ky thi ¢ 2 cong dau ra ddi dién
s€ dua ra 2 tin hiéu c6 bién dd béng nhau, cung bi suy giam 3 dB va c6 pha Iéch nhau 90 d9,
trong khi céng con lai dugc cach ly. Vai diéu kién tré khang dau cubi 1a Zo, bang su that vé pha
cta bo ghep dugce biéu dién nhu trén hinh 3b. Ta th?iy rang, su 1éch pha 90 d6 giita 2 tin hiéu cau
phuong 6 hai cong ra (C, D) rat hiru ich trong thiét ké cac phan tir SCT nhur bd tron can bang, bo
khuéch dai cong suét, b suy giam didu chinh dién,... Khi do, cac phan xa xuét hién do sy mat
phdi hop déu duoc truyén dong pha téi cong cach ly B va léch pha 180° hay triét tiéu tai cong
vao A, din dén do cach ly giira cong A va B s& duoc cai thién.
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Hinh 3. B ghép cau phirong 3-dB déng vai tro la bé chia:
(a) Biéu dién twong dwrong; (b) Bang sw thit vé pha/bién dg.

Ngoai viéc chia tin hiéu, by ghép 3-dB con c6 thé sir dung de cong cong suét tin hiéu véi do
cach ly cao giita cac cong va giira hai céng dau vao véi ha1 cong diu ra. Bé phan tich bo ghep 3-
dB véi vai tro 1a bd cong, ta sir dung gian dd biéu dién mbi quan hé véc-to cta tin hiéu tai tat ca
cac cong khi dua hai tin hi¢u dau vao c6 bién do va tan sé bang nhau, nhung pha ngau nhién. Vi
du trén hinh 4a biéu dién khi hai tin hiéu dua vao cip 2 cong A va B, thi bién do cic dau ra C va
D thay di dua trén pha cta dau vao, trong khi pha ciia cac dau ra luon bang nhau. Mdi quan hé
vé pha - bién d6 tdng quat cta tin hidu dau ra so v6i tin hidu dua vao 2 cip céng A, B hodc C, D
cua bd ghép 3-dB dugc trinh bay trén bang su that ¢ hinh 4b.
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Hinh 4. Bj ghép cdu phuong 3-dB déng vai tro la bg cong:
(a) Cdu hinh theo nguon tin hi¢u; (b) Bang su that vé pha/blen do.

Do c6 tinh d6i xtng, khi tat ca cac cong duoc phdi hop tré khang thi bat ky cong nao cua bo
ghép ciing co thé ap dung la cong dau vao. Vi vy, ma tran tan xa cua bo ghép cau phuong 3- dB
dé xuat cling c6 dang d6i xtmg nhu biéu thirc (3), trong d6, mdi hang déu 1a su chuyén vi ciia
hang thtr nhat [16].
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 Cac déc trung cta bo ghép 3-dB dugc phan tich bang phan mém thuong mai M6 phong hé
thong SCT (HFSS 15.0), gom:
- b6 ghép (Coupling):

Cae = 10log(A/D) = -20log|S(1,3)| (4a)
- Bg cach ly (Isolation):
lse = 10log(A/B) = 20log|S(1,4)| (4b)
- Binh hudng (Directivity):
Dgs=10log(D/B)= -20log(|S(1,3)|/|S(1,4)|) (4c)
- D6 ton hao chén (Insertion L0ss):
Lss = 10log(A/C)= -20log|S(1,2)| (4d)

Tir cac biéu thirc (4) ta ciing nhan duoc d6 cach ly lgg = Cag + Das, 1y tuong thi D va I tién
dén oo (khi Si = 0). Hinh 5 biéu dién phan b dién truong cia bd ghep SIW 3-dB tai tan s6 9.5
GHz. Ta thay rang khong co phan dién truong nao dugc phén phéi tir cong vao dén cbng cach ly,
trong khi cac cong thong va cong ghép déu co.
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Hinh 5. Phdn bé dién trirong ciia b ghép 3-dB tai tan sé trung tam 9.5 GHz.
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Sau ddy, cac dic trung cua bd ghép dé xuat duge phan tich khi thay doi tham sb dién hinh 1a
chiéu dai ctra s6 ghép Lo, cac két qua duoc trinh bay trén hinh 6. TUr hinh 6a, ta thiy rang chiéu
dai cira s6 ghép cang ting thi do cach ly giita 2 cong ra ciing nhu giira 2 cong vao cang duoc cai
thién, trong khi dic trung vé do6 ghép céan bﬁng 3-dB tai 2 céng ra chi nhan duoc khi Lgot =
(19+21) mm. Trong dai gi4 tri ndy, hinh 6b ciing thé hién sai léch pha cau phuong nhan dugc
nam trong pham vi lan cin 90 d9, trong khi dai thong dap tng 12 rong nhat dén 40%. Ngoai ra, ta
thdy rang khi Lot 210 mm, bd ghép cau phuong 3-dB trg thanh bo ghép dinh hudng thong
thuong, trong do, do tdn hao chén nhan duge 1a nho hon 1 dB va do ghép tiém can dén 25 dB
trong khi van dam bao do cach ly giita cac cong vao/ra nhé hon 15 dB. Nhu vay, thiét ké nay
ciing rat linh hoat khi c6 thé diéu chinh, t&i vu tham s hinh hoc dé ap dung cho timg tmg dung
ghép cu thé.
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Hinh 6. Anh hudng ciia chiéu dai khe ghép Lsiot [én cdc dic tring ciia b ghép.
bé dap Ung tinh nang la bo ghép cau phuong 3-dB cai tién trén SIW, trén co s6 phan tich cac
tham s0 hinh hoc va tham s6 dién tir truong nhu trén, ta sur dung phan mém HFSS dé tién hanh
t6i ru hoa. Bang tham sb kich thudc bd ghép sau téi wu duoc trinh bay trén hinh 2b, trong khi
hinh 7 biéu dién két qua phan tich cac dic trung chinh cta b ghép sau tdi wu voi dai tan rong
dén 40% va do sai léch pha cau phuong dat 1an can 90 do.
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Hinh 7. Két qud mé phong B ghép SIW 3-dB dé xuat: (a) Tham sé S; (b) Sai léch pha.
3. KET QUA PO KIEM VA PANH GIA, THAO LUAN
Bo ghép cau phuong SIW 3-dB sau ti uu duoc tién hanh ché tao trén chit nén Rogers
RT/Duroid5880, voi do day h = 0.508 mm, hing sé dién moéi & = 2.2, do day 16p dong t = 0.017
mm, nhu bi€u dién trén hinh 8. Cac tham s6 dic trung cia Bo ghép 3-dB sau ché tao dugc do
bang May phan tich mang véc-to N9918A cua Keysight, két qua do duge mo ta trén hinh 9.
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Hinh 9. Két qud do kiém bg ghép SIW 3-dB: (a) Tham s6 S; (b) Ty s6 séng ding.

Tir hinh 9, ta thiy rang bo ghép hoat dong trong dai thong dat dén 40% (tr 8.15 GHz dén
12.15 GHz) g v6i gia tri ty s6 song dung cho phép khong 16n hon 1.5, dién hinh tai tan s6 10.2
GHz c6 VSWR=1.12:1. Tai cdc cong dau ra nhan dugc do ghép can bang 3 dB, d6 ton hao chén
nho hon 1 dB va do ton hao phan hdi nh6 hon 15 dB trong toan dai. Két qua do duoc so sanh voi
gia tri mo phong va dugc biéu dién trén hinh 10. Ta thdy rang do sai 1éch (mét can bang) vé bién
do va sai léch ve pha gitta cac thanh phan ciu phuong nhan dugc tir thuc nghiém van cé sy sai
khac nhé so véi gia tri md phong, diéu nay 1a do dung sai gia cong ché tao va c6 thé chip nhan
duoc trong pham vi dai thong bo ghép.
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Hinh 10. So sdnh két qud mé phong va thue nghiém giita 2 thanh phan cau phwong
cua bg ghép 3-dB: (a) Do sai lech bién do, (b) Do sai léch pha.
Dudi day la bang so sanh cac dac trung nhén dugc cia b ghép SIW ciu phuong 3-dB dé
xuat so voi cac cong trinh lién quan da dugc cong bo. Ta thay cau trac ghép dé xuat da hai hoa
duoc gitta cac cong ngh¢ khac nhau khi s¢ hitru dai thong rdng va d6 can bang pha on dinh.
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Nghién ciru khoa hoc cong nghé

Tham Cong nghg Tinsé | D4 | Do ghp | Do sai lgeh K‘c(‘:ntr;‘)“"’c
khio ché tao (GHz) % )g (dB) pha (o)
[13] SIW-GCPW 17.0 30 46+04 | 91+3 100 x 60
[14] Rectangular 185 228 |35+03| 93+25 25 x 20
Waveguide
[19] Multilayer- 8.7 345 | 44+05 | 875+25 | 105x 65
HMSIW
[20] Ridge gap 14.65 14 37+02| 90+2 230 x 230
Waveguide
[21] Microstrip 4.0 20 | 39+07| 933 40 x 30
Coupled line
[22] BIDACSICE 9.25 188 | 48+02| 90+5 97 x 46
Stripline
Pé xuit | Doublelayer-SIW | 10.2 40 39+0.2 90 +2 90 x 45
4. KET LUAN

Mot ciu triic cai tién ciia bd ghép cau phuwong Hybrid 3- dB bang cong nghé SIW da duoc
trinh bay trong bai bao nay. B6 ghep so hiru nhimg déc trung noi bat vé dai thong rong dén 40%,
d6 chinh xéc cao vé can bang pha gitra cac thanh phan cau phuong dat 90+2 do, trong khi do ton
hao truyén nho hon 1.0 dB, dé dang thiét ké tich hop trén cic mach phang dic biét 1a trong cac
mach yéu cau cao vé do can bang pha nhu mang tao da bup soéng, may phat cong cong sut can
bang, bd tron cin bang,... Ngoai ra, bang cach tang/giam kich thudc cira sd ghép, thiét ké dua ra
¢6 vai trd nhu bo ghép dinh hudng truyén thong véi do ghép 1én dén 25 dB. Bo ghép SIW 3-dB
dé xuat khong nhiing co tinh ning hoat dong cao, ma con so hitu kich thudc nho gon, dé dang
san xuit bang qua trinh PCB gia ré va pht hop v6i hau hét cac yéu cau thiét ké va ung dung cu
thé trong linh vuc ra da, SCT va truyén thong v tuyén thé hé méi.
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ABSTRACT

DESIGN OF X-BAND QUADRATURE COUPLER BASED
ON SUBSTRATE INTEGRATED WAVEGUIDE

In this paper, an improved structural design method of a 3-dB quadrature coupler with
high performance is presented. The H-plane wideband coupler is designed on the
substrate-integrated waveguide (SIW). The design and simulation results show that the
coupler has a low amplitude imbalanced and quadrature phase difference, small VSWR,
and improved insertion loss. SIW technology has provided a flexible solution when
designing a 3-dB coupler that features high performance, low cost, plane structure. It has
been suitable for the development of microwave and millimeter wave applications with a
high degree of integration. The proposed X-band quadrature coupler is an important
candidate for application in the design of compact radar, phased antenna array, and radio
communication systems.

Keywords: Quadrature coupler; 3-dB Hybrid; Substrate integrated waveguide; Coupling.
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