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This paper presents the design of a right-angle transition from
rectangular waveguide (RWG) to substrate integrated waveguide
(SIW) operating in the X band frequency in order to overcome the
limitation of the size of traditional rectangular waveguides. The
transition is designed with a metal coupling aperture with a two-step
ridge and a PCB converter, including three coupling slots, etched on
the top of the PCB board. The transition is designed to be easily
mounted directly onto the systems using traditional rectangular
waveguides. The transition is aimed to use microstrip circuit
technology to directly integrate the receiver's low noise amplifier on
the same PCB board so that the system size can be reduced
significantly. The design is simulated on 3D High-Frequency
Simulation Software (HFSS). The simulation results show that the
reflection coefficient S11 is less than -15 dB, the insertion loss S21 is
less than 1dB in the frequency range from 8.3 GHz to 9.85 GHz.
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Tich hop chat nén SIW

Ong séng tich hop chat nén
Chuyén d6i 6ng dan séng

Chuyén d6i bng séng vudng goc
Ong dén séng hinh chit nhat RWG

Bai béo trinh bay phuong an thiét ké bo chuyén doi tir dng song hinh
chir nhat RWG sang éng séng SIW hoat dong ¢ bang tan X nham
khic phuc han ché vé kich thudc cia 6ng séng hinh chir nhat truyén
thdng. B chuyén d6i duoc thiét ké gdbm phan mat mo ghép ndi bang
kim loai véi go phdi hop hai bac va phan chuyén déi bang mach in
PCB. B6 chuyén déi dugc thiét ké d& dang gan tryc tiép I1&n céc 6ng
dan song hinh chir nhat truyén thong, huong toi két hop voi cong
nghé mach dai tich hop tryc tiép khoi khuéch dai tap am thap cua
tuyén thu trén cung mot bo mach in nham giam kich thuéc hé théng
thu. Thiét ké dugc md phong trén phan mém HFSS. Két qua mo
phong cho thay hé sé phan xa S11 nho hon -15dB, hé sé suy giam
S21 nho hon 1dB trong dai tan tir 8,3 GHz dén 9,85 GHz.
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1. Mé dau

Cong nghé ng dan song tich hop chat nén (SIW) duoc quan tdm nghién ciru nhiéu trong
nhitng ndm gan day [1]-[10]. N6 1a 6ng dan séng phang duoc tich hop trong chat nén dién moi
vé6i hai 16p kim loai va hai hang 15 via. Cac hang 16 via tao thanh cac thanh hep cua 6ng dan song.
SIW c6 mét sé wu diém ndi bat nhu ton hao nho, d& ché tao bang cong nghé PCB chinh xac, gia
thanh ré, kich thudc va khdi lugng nho gon, dé tich hop véi cac thanh phan khéc trén cing bo
mach in. Ngay nay, SIW da duoc sir dung rong réi trong cac hé théng siéu cao tan. Tuy nhién,
6ng dan séng hinh chir nhat truyén théng (RWG) van dang dong vai trd quan trong trong cac hé
thdng thuc té do ton hao thap, chiu duoc cong suat I6n. C6 nhiéu thanh phan thiét bi duoc thiét ké
dé hoat dong véi RWG, chang han nhu bo khuéch dai cong suat hay bo khuéch dai tap &m thap
LNA. Ngoai ra, RWG cung hon, chic chan hon, phi hop dé xay dung cac ciu triic 3D phuc tap.
Tuy nhién, dé két ndi, truyén/nhan tin hiéu tir bo mach PCB, can phai ¢6 cac bd chuyén ddi tur
RWG sang giac ndi dong truc nhu SMA hoidc BNC, 1am ting kich thudc va gia thanh caa hé
thng. Dé khic phuc duge nhuoc diém d6 va tan dung duoc wu diém cua hai loai 6ng din song
SIW va RWG, mét cau triic chuyén ddi gitra SIW va RWG can phai duoc nghién cuu, thiét ké dé
két néi cac thiét bi dya trén cau truc SIW vai cac hé thng sir dung cong giao tiép kiéu RWG.

C6 hai loai bo chuyén d6i RWG sang SIW, loai thir nhat 12 dang thang, trong d6 truc chinh
cia SIW va RWG thang hang véi nhau [1]. Loai thir hai 13 dang vudng gbc, trong d6, hai truc
chinh caa SIW va RWG vudng géc véi nhau. Dang thang co kich thudc 16n hon, yéu ciu vé
khong gian két ndi phic tap hon, thich hop cho céc tng dung han ché cu thé [1]. Trong khi do,
dang vudng goc thuong nho gon, thuan tién cho lip dat hon nhung bing thong hep hon [11.
Trong nhleu tai liéu, cac thiét ké bo chuyén doi RWG sang SIW da duoc gidi thiéu nhung déu &
bang tan cao nhu bang V, bang Ku, Ka,... Trong bai bao nay, chdng toi trinh bay mét thiét ké bo
chuyén doi RWG sang SIW dang vudng goc hoat dong o bang tan X, bang tan duoc sir dung phd
bién trong cac thiét bi quan su nhu ra da, tén lra va céc thiét bj dan dung khéc.

2. Thiét ké b chuyén d6i RWG sang SIW

Bo chuyen ddi duoc trinh bay gdom mat mé ghép ndi bang kim loai voi go phol hop hai bac,
va phan chuyen do6i SIW (hinh 1). M6t dau cua mat mo gheép ndi két ndi truc tiép véi éng dan
s6ng tiéu chuan WR90. Phan mit mé ghép ni kim loai dugc ché tao bang nhom c6 kich thudc
bang véi kich thuéc miat bich éng dan song WR90. Muc dich ciia phan nay 1a dé phdi hop tro
khéng giita 6ng song RWG véi SIW, nham mé rong bang thong ciia bo chuyén doi. Viéc sir dung
mat m& ghép ndi kim loai da dwoc trinh bay tai cac cong b [2]-[6]. Bing thong cua bd chuyén
d6i RWG sang SIW khi sir dung mat mé ghép néi kim loai dugc mé rong 1én hon 25,7% [2]-[5],
c6 thiét ké con dat duoc trén 40% [6]. Mac du sir dung mit mé ghép ndi kim loai ¢ 1am phirc tap
hoéa viéc lip ghép bo chuyén d6i RWG sang SIW, tuy nhién loi thé vé do rong bang thong gitp
cho kha ning tng dung cua né tét hon.

phan ndi kim loai

% phon hop

G = ==
Hinh 1. Cau tric bg chuyén doi RWG sang SIW dé xuat
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Dé phdi hop tro khéang giita dng song RWG véi SIW, cac go phdi hop thudng duoc sir dung.
Kich thudc cac go phdi hop duge tinh toan theo phwong phéap bién dbi chebyshev [7], [8]. Véi
ma&i mot gia tri tro khang cua cac phan tir phéi hop, kich thudc cia bac s& dugc tinh bang cdng thuc :

ZygNEra
bp = — » 1)

Trong d6, Z,,,, 1a tré khang cta 6ng séng phén tir phdi hop thi n;

a, b, 1a kich thudc dai rong caa bac tha n;

&, 1a hang sé dién moi cua mai truong;

n la tré khang séng trong khéng gian tu do cé gia tri 377 Q.

Phan tir dau tién trong phép bién dbi chebyshev la phan éng dan séng RWG va phan tir cudi
cuing la 6ng séng SIW. Gia trj kich thudc cac bac phdi hop sau tinh toan s& duoc ti wu trong qué
trinh md phong, vi trg khang caia phan tir ghép ndi SIW tich hop trén mach twong ddi phuc tap.
Phan phdi hop tro khang trén 6ng song SIW thuong duoc thiét ké vai mat ma ghép ndi hozdc l1a
cac khe ho khoét trén mat kim loai caa SIW. Trong thiét ké nay, cac khe hé duogc sir dung lam
dau do dé trich dan nang luong cao tan.

Viéc sir dung khe ho 1am dau do trich dan nang luong da duoc trinh bay trong nhiéu bai béo
[4], [9], [10]. Nguyén ly truyén dan tin hiéu cao tan cua cac khe ho gidng nhu cta cac dng ten khe
mach dai. Vi tri va kich thudc cua cac khe hé duoc tich toan dya trén tan sé trung tdm cua dai tan
lam viéc. Dé tang bang thong lam viéc cua bo chuyén doi, trong nhiéu bai bao ciing da trinh bay
viéc sir dung nhiéu khe hé véi kich thuéc khéc nhau [1], [9], [10]. M6 phéng trén HFSS ciing cho
thy ring bang thong dugc mo rong khi két hop cac khe ha c6 do rong khéac nhau (hinh 3). Trong
thiét ké dé xuat, bo chuyén doi sir dung 3 khe ho, do dai ban dau cua cac khe hé dugc tinh toén
theo 3 tan s6 1a tan sb cat dudi 8,2 GHz, tan sé trung tm 10,3 GHz va tan s cit trén 12,4GHz.
Do dai L cua cac khe hg dugc chon theo boi sé cua gia tri Acw/4 [9] (hen — budc song tai tin sb
cong huong). Aer dugc tinh theo cong thic:

Ach

C
fch\/a (2)

Trong do: C 1a van téc cua anh sang, g, 1a hing sb dién mai cua méi truong truyén, tin hiéu
truyén tir WR90 sang SIW nén ¢, bang 1.

Do rong va vi tri cua cac khe hd duoc lua chon qua qua trinh mé phong nhung phai dam bao
tiéu chuan trong quy trinh san xuat mach in.

Phan 6ng song SIW 1a mét dng dan song dién tir tong hop hinh chit nhat dwoc tao thanh trong
chat nén dién moi bang cach dit hai day tru kim loai (hoac 15 VIA) gitra 2 16p kim loai. CAu tric
vat ly cua ong song SIW c6 thé coi la ong dan s6ng hinh chix nhat chia day dién moi [71,[8]. Dol
véi ché do TEI10, chiéu cao h cua ong song khong guan trong vi n6 khong anh hudng dén tan sé
cit cua 6ng dan song [7], [8]. Tan sb cit £, cua 6ng song SIW chi phu thudc vao chiéu rong a,,
theo cong thuc [7]:

c
fC - Zae\/a (3)
Viéc Iya chon thich hop duong kinh d va khoang cach tuan hoan p gitra cac 16 VIA c6 thé
giam thiéu ton that ning luogng cao tan rd ri cia SIW. Bé dam bao cau tric SIW ¢ thé thuc hién
duogc vé mat vat 1y, duong kinh d va khoang céch p phai tuan thu diéu kién sau [7]:

ae
d< T 4)
 p<2 , (5)
Sau khi xac dinh dugc d va p thi ta c6 thé xac dinh khoang cach tir tim den tam cuaa hai hang VIA w la [7]:
dZ
= 6
W= et 5o, ©)

3. M6 phéng thiét ké chuyén d6i 6ng song RWG sang SIW
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Cau tric bd chuyén ddi duogc thiét ké va md phong trén phin mém mé phong trudng dién tir
Hight Frequency Structure Simulator HFSS. Phan éng song RWG sir dung dng séng tiéu chuan
WR90. Hinh 2 va bang 1 thé hién hinh dang, kich thudc céc chi tiét cua bo chuyén doi. Hinh 2.a
va Hinh 2.b thé hién kich thudc phan mat mé ghép ndi bang kim loai véi go phdi hop hai bac.
M3t mé ghép ndi voi go phdi hop hai bac duoc thiét ké bang vat liéu nhém. Phan dng séng tich
hop chat dién méi SIW (hinh 2.c) duoc thiét ké sir dung chat dién mdi ROGER4350B (TM), c6
hang s6 dién moi &, = 3,66 va hé s tan § = 0,0037. L6p dién méi thiét ké day h = 0,508 mm,
d6 day l6p dong 1a t = 35 um. Phan dng séng tich hop chét dién méi SIW sir dung 3 khe ho dé
phdi hop tro khang va trich dan nang lugng RF. Bo chuyén ddi dugc thiét ké dé sir dung trong
céc thiét bi thu phat bang tan X.

(i
L W,
60@@@0@0@ooe@oo@gpoooooeo@@oooeo =
&) s3 e}

(5} (G}
e = . CAIs(x3) o
o (&}
© Ly
O R @
o 6}
o (9)
o 16}
© o
o ®
o e
o o
© o
000000000 00B00000G—k—
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c)
Hinh 2. Cdu trdc chi tiét cia bg chuyén doi RWG sang SIW duwoc dé xuat
a), b) Kich thiéc phan ghép néi véi gor phéi hop hai bdc; ¢) kich thiréc phan chuyén doi SIW
Béang 1. Tham s kich thuréc chi tiét ciia bé chuyén doi (don vi: millimeter)

Ltapl Ltapz Htapl Htapz Rtapl Rtapz Wl L1 W d

3,39 7,62 2 2 2 2 24,26 11,56 12,25 0,5
p le Lsz Ls er WT‘Z Wsl WSZ Ws3 R

0,75 3,39 3,39 2,03 9,52 7,62 8,33 10,83 8,23 2

Cau tric bo chuyén doi dugc xay dung ban dau dya trén md phong danh gia do rong bang
thong khi sir dung s6 luong khe hd khac nhau (hinh 3). Kich thudc ban diu cua cac khe hé duoc
tinh toan theo cac cong thirc (2). Tuong tng voi cAc tan sb cong huong da chon, d dai ban dau
cua cac khe ho lan luot s& 1a 9,14 mm, 7,28 mm, 6,04 mm. Tir danh gi4 so bo bang mé phong, ta
thy rang sir dung 3 khe hé cho do rong bang thong va hé s6 suy hao tbt hon. Vi tri cac khe dugc
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bé tri bang 1/3 kich thudc canh ngan cia WR90. Bing thong bo chuyén doi khi sir dung 2 khe va
3 khe dat dugc twong ddi rong. Tuy nhién, viéc phdi hop tra khang khi sir dung 2 khe bing cac
thay d6i vi tri cac khe ho 1a rat kho, nén suy hao duong truyén Ién hon rat nhiéu so véi sir dung 3
khe ho. D6 1a loi thé khi sir dung bd chuyén d6i st dung 3 khe he.

IS11](cB)
IS21](dB)

8 B.5 9 8.5 10 10.5 11 11.5 12
Frequency (GHz)
Hinh 3. Khdo sat tham sé S khi thay doi sé lwong khe ho
Vi tri va kich thuéc cac khe ha 12 nhitng tham sé anh huong rat 16n ti pham chat caa bo
chuyén d6i. Thong qua két qua mo phong trén HFSS chiing ta s& thuc hién téi wu hoa cac tham sb
vé vi tri va kich thude cua cac khe h.

[S11](dB)
|S21|(dB)

b —+—Ls1=Ls2=3.7Tmm
251 i - - Ls1=Ls2=3.6mm
\ / —-—-Ls1=Ls2=3.5mm
¥ —Ls1=Ls2=3.4mm o

Ls1=Ls2=3.3mm x
¥ Ls1=Ls2=3.2mm Hdas

Ls1=Ls2=3.1mm

1 1 1 |
8 8.5 9 95 10
Frequency(GHz)

Hinh 4. Khdo sat s phu thugc ciia tham sé S vao khodng cach cac khe ho

-35
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Hinh 4 thé hién sy phu thudc cua céc tham sé S vao khoang cach cac khe. Khi khoang céch
cac khe cang Ion, tan s6 thip cong huong tét hon va bo chuyén di co hé sé suy giam, hé sé phan
xa t6t nhat. Nguoc lai, khi khoang cach gitra cac khe nho, bo chuyén do6i c6 hé sé suy giam va
phan xa tét ¢ tan sé cao hon.

0

1S11](dB)

Ws3=7.62mm
= = Ws3=7.82mm
----Ws3=8.02mm .
——Ws3=8.22mm ‘-'X
Ws3=8.42mm
e Ws3=8.62mm

[S21(cB)

8

85 9
Frequency (GHz)

95

Hinh 5. Khdo sat sir phy thugc cia tham sé S vdo kich thude d@é dai khe so 3

Kich thuéc cac khe duoc xac dinh ban diu dya trén tin s6 cong huong mong mudn theo cong
thic (2). Tuy nhién, viéc sir dung nhiéu khe ho, cac khe tac dong vao tan sé cong huong 1an
nhau, nén kich thudc cac khe duoc lya chon sau khi téi wu hoa bang phan mém mé phong. Hinh
5 thé hién qua trinh lya chon kich thuéc cua khe hé s6 3. Khi d6 dai caa khe ha sé 3 W3 cang
nho, xu huéng dai tan lam viéc cua bo chuyén doi dich chuyén Ién tan sb thip. Nguoc lai, khi do
dai cua khe ho s6 3 W5 tang 1én, tai cac tan sé thap bo chuyén ddi kém di rd rét. Viéc lya chon

kich thuéc khe duoc dat ra dé lva chon tham s tdi uu cho toan dai.

Sau qua trinh md phong va téi wu céc tham s6 cua bo chuyén doi, cau tric va tham sé kich
thuéc chi tiét cac phan tir trong bo chuyén doi duoc thé hién trén bang 1 va hinh 3.

o r-

i
)]
T

I511)(dB)

20 [

S11 (dB)
—— S22 (dB)
S12 (dB)
........ 821 (dB}

i
iyl

|S21)(dB)

£
5y}

B85 9
Frequency (GHz)

95

10

Hinh 6. Tham sé S cia bg chuyén doi RWG sang SIW dwge dé xuat.
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Két qua md phong bo chuyén doi cudi cting (hinh 2) trén phan mém HFSS duoc thé hién trén
hinh 6. Ket qua cho thay h¢ so suy hao cua by chuyen doi xap xi bang -0,5 dB va c6 hé s6 phan
Xa dudi -15dB trong dai tan tir 8,3 GHz dén 9,85 GHz.

4. Két luan

Trong bai béo nay, bo chuyén doi tir dng dan song RWG sang SIW da duogc dé xuat thiét ké
va md phong trén phan mém HFSS. Qua trinh chuyén d6i duoc thuc hién thong qua mat mé ghép
néi bang kim loai voi go phéi hop hai bac va phan chuyen dodi SIW (hinh 1). Két qua md phong
phu hop véi muyc tiéu cua g dung trong cac hé thong thu phat bang tan X. Uu diém cua nd la
khéi lugng, kich thudc nho, dé dang trong bé tri hé thong va chi phi ché tao ré. Muyc tiéu tlep theo
cua nhom tac gia la tich hop mo dun khuéch dai tap am thap LNA truc tlep I1én bo chuyen doi
nham dua bd LNA dén gan ang ten nhat, giam suy hao cao tan va tang hé sd tin/tap cua tuyén thu.
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