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BO LOC KHOANG CONG HUONG CAl
THIEN HIEU NANG CHO PHAN VO TUYEN
CUA TRAM GOC 5G

Nguyén Viét Hwng, Nguyén Quy Dwong, B6 Quang Huy, Pé Trung Anh
Hoc vién Céng nghé Buwu chinh Vién théng

Tém tit: Bai bao nay dé& xuit mot phuong an thiét ké
bo loc khoang cong hudng dong truc dé cai thién hiéu nang
cho tram thu phat 5G. B9 loc 6 dang rang lugc, hoat dong
tai dai tin 3.7-3.8 GHz, d6 gon < 0.2 dB, suy hao chen = -
0.64 dB, suy hao phan xa < -16 dB tai tan s trung tam fo
va bang -40dB tai fo + 110MHz, bang thong 100MHz.

Tir khéa: B loc khoang cong hudng, bo loc rang luoc,
bd loc thong dai siéu cao tan, 5G.

1. MO'PAU

Mang di dong 5G hién tai da bat dau duoc trién khai
thuong mai tai Viét Nam. Méi ddy, tap doan Buu chinh
Vién thong Vigt Nam (VNPT) da chinh thtrc dau giathanh
cdng quyén trién khai va quy hoach bang tan 3700-
3800MHz [1]. Théng ké nim 2023 cua to chac GSA
(Global mobile Supplles Association) cho thay, sb luong
thiét bi dau cudi 5G hd trg cac bing tan tam trung 2 (tu
3.700 MHz) hién dang tuong duong s6 luong thlet bi hd
tro bang tan trung 1 (dudi 2.600 Mhz) [2]. Viéc trién khai
5G ¢ tan s6 3700-3800 MH; s€ mang lai thém n,hleu lya
chon hon cho khich hang vé mdy di¢n thoai/thict bi dau
cudi. Tuy nhién, hoat dong cia mang 5G tai bang tan nay
c6 nguy co can nhiéu tir tin hi¢u v¢ tinh cua he théng
Vinasat 1. Chinh vi vay, thyuc té da dat ra yéu cu vé nhiing
tham s6 cho bo loc tai phan v tuyén caa tram 5G.

B0 loc 1a mat thiét bi mang 2 ctra (1 céng ra va 1 cong
vao) ma n6 cho phep tin hiéu duoc truyen qua tai dai tan
s6 mong mudn véi rat it suy hao va nhiéu va ddng thoi loai
bo tin hi¢u tai tan 50 nam ngoai dai thdng. Bo loc siéu cao
tan 1a mot thiét bi rat quan trong, dugc sir dung rong dai
trong hé thng vién thong, truyén tin, radar.
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Hinh 1: So do khéi don gidn héa cua dwong truyén tin
hiéu cao tan [3]
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Trong hé théng thu, phat 5G, tin hiéu di ra tir cac bo
khuéch dai cong suat (PA) & mach phat, va khuéch dai tap
am thap (LNA) & mach thu, s& di qua bd loc cong husng
vi song trudc khi qua bo diéu ché rdi toi cac thiét bi thu &
mat dat [3].

Vé mat ly thuyét thi bd loc c6 cac dang bé loc kiéu dap
ung Chebychev Butterworth, Elliptic... V¢ hinh dang vat
ly thi c6 bo loc dang Xoan b6 loc rang lugc, bo loc xen kg,
b6 loc ¢6 cau trdc ghép néi 3 hay 4 khoang [4].

Cau trlic cua mot b loc thong thuang bao gom vo hop,
cac khoang cong huaong, cac thanh cong huong, cac vit tinh
chinh, 2 dau cam port. Cac thanh Cong hudng dugc dit sao
cho mét dau ngan mach dwoc gan vao vo hop, dau con lai
hé mach két ndi véi vit tinh chinh tao thanh mot mach LC
tuong duong song song. Céc cach cap nguon cho b¢ loc
bao gdbm cap nguon truc tiép, cip ngudn kiéu ty dién va
dién cam [5].

Bo loc dugc lam bang cac kim loai nhu ddng, nhdm,
phia mat ngoai dugc ma bac de cai thi¢n hi¢u nang. Kicu
ciu triic dong truc cho phép khoang cong hudng dugc lap
day bai khong khi. Gan day ciing c6 nhiéu thiét ké bo loc
lam tir vat ligu di¢gn moi hay siéu vat ligu. Bo loc c6 thé
ché tao thu cong bang cach cit, khoét, khoan, duc, mot
cong nghé ché tao rat phé bién hién nay la CNC, cho phép
ché tao, cat khoét chinh xéc bo loc bang méy tinh.
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Hinh 2: M hinh b loc rang hiroc 5 khoang

bé danh gia chat lwong cua bg loc, ta can khao sat cac
tham sb nhu Insertion Loss(suy hao chén), Return loss (suy
hao phan hoi), do suy hao tai dai chan(rejection),
Ripple(bién d6 dao dong), tan sb trung tam, Bandwidth (d
rong dai thong), h¢ so pham chét Q, cong suat chiu dung
Trong h¢ thdng vién thdng, mot bo loc thudng cé yéu cau
ve Return loss > 15dB, Ripple trong dai thong < 1dB, do
rong dai chuyén giao du nho dé khong gay nhieu, I4n sang
dai tan khéc, hé s6 pham chit Q cao, cong suét chiu dung
t6t. Diéu nay dac biét quan trong trong vi¢c cai thign higu
nang cua hé thong thu phat vo tuyén ciia mang 5G, tranh
can nhiéu ddi véi hé théng thdng tin vé tinh trong dai 1an
can.

Il. THIET KE BQ LOC KHOANG CONG HUONG
A. Ly thuyét chung cua thiét ké bg loc khoang
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B9 loc khoang cong huéng 12 bé loc thong dai. O tan
s0 thap, b9 loc thong dai dugc chuyén hoda tir b loc thdng
thap bao gom céc phan ta tap trung LC nhu mo ta trong
Hinh 3.
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Hinh 3: Mach tiong dirong ciia bé loc thong thap

Su chuyén doi cac phan tir tap trung tir bo loc thdng thap
1én céac loai bo loc khac
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Hinh 4: Chuyén doi tir bé loc thong thap Ién cac logi
bé loc khéc [6]

Tuy nhién, tai tan s6 cao, viéc xay dung bo loc vai cac
phan tur tap trung 12 khdng thé bai kich thudc cua ching la
mot van de, kém theo d6 su suy hao va céc hiéu tng ki
sinh, hiéu tng be mat. Vi vay ta s€ sir dung nhing doan
day dan song dé thay thé cho cau triic LC song song va cac
bo chuyén doi tré khang dé dé dang hon cho viéc xay dung
cac khoang [7].
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Hinh 5: Bé bién déi tré khang dan nap

Khi dit 2 bo bién dbi tro khang K-inverter mdi bén ngay
canh phan tir tu dién C song song, lic nay no sé trong nhu
nhu mot cuén cam L noi tlep Tuong tu khi dat 2 bo bién
d6i dan nap J-inverter moi bén ngay canh phan tir cugn
cam L noi tiép, nd sé trong nhu mot tu dién C song song

(8]

Ap dung bo bién ddi tré khéang dan nap cho mach trén

ta duoc:
§ b [ e 4 . ]%
@ : : M‘ S L . l

Hinh 6: Mach dién twong sir dung bo bién doi tré khang
dan nap.
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B. Mb hinh hoa khoang céng huong don

Vittinh chisgh. __ M6 hinh mach twong duong

Khong khi

Thanh céng hwong

TR
. h Lkhoang
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Hinh 7: M6 hinh khoang céng huong don

M4 hinh khoang cong huong don duge xay du’ng dua
trén 1y thuyét ctia cap dong truc. Trd khang vao ctia thanh

cong hudng [9]:
Zin(d) = )

Chiéu dai cua thanh try cong huorng can dap ung tiéu chi
nho gon nhung ciing khong duoc qua nho vi sé kho dé dat
trang thai cong huong, kho tunning va anh huong dén he
) pham chét Q cua bo loc:

= <L< Z(m) @

Zi+jZotan(fd)
Zo+jzitan(pd) 0

Trong d6, B 1a hing sb truyén séng, A(m) 13 budc séng,
L(m) l1a chiéu dai dién cua hop cong huong, Z, () 1a tro
khéng chuan hda cua duong truyén, Z, (Q) la try khang tai
caa hop cong huong, Z;, () 1a tré khdng vao cua hop
cong hudng.

Céu trc thanh cong huong va vit tinh chinh tao nén mot

tu dién c6 gia tri duoc tinh nhu sau:
T2 () ©)

Voi:
C: dién dung cuia ty dién
d: khoang cach giira dinh thanh cdng hudng va vit tinh
chinh
er: hang sb dién moi, véi bo loc dong truc thi e = 1
£o: La hing s6 dién thim (g, ~ 8.854187817.10712)

S: Dién tich ban cuc cua tu. Vi mit cét cia vit va thanh
cong huong 1a hinh tron nén

S =mR? véi R 1a ban kinh tiép xtc
Xét ciu triic mach L/C song song, dé dat duoc hién

tuong cong huong, tong dién dan va dién nap phai bang
khong. Tuong duong voi:

ij+.L=O
jwL

> juC + @)

1
jZotan(pd) -
1
Zywtan(fd)

2>C=
Tro khang dac chung cua mot khoang dugc tinh nhu
sau [9] :
60 b
Zy = Elogm -Q ®)

Vi chét dién moi 1a khong khi nén /&, = 1. Cong thic
tro thanh
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Zy = 60logyo= Q (6)

Dé b loc ¢ hé s6 pham chat Q 16n nhat, chon Z, = 76
Q, khi d6 ta co ty so:

-=3.6 (7

Vi b la duong kinh ctia khoang cong hudng, a 1a dudng
kinh cua thanh cong huong

111. KET QUA MO PHONG VA THUC NGHIEM
A. Tinh todn cdc kich thuwéc va két qua md phong

Bai toan dit ra: Thiét ké bo loc khoang cong hudong
dong truc bang théng 100MHz, véi tan sé trung tam f_0 =
3.75GHz, bac 5, Suy hao phan xa > 15dB, Suy hao chén <
2dB, Bién d6 dao dong trong dai thong Ripple <=0,1dB.

Chon thiét ké b loc hinh rang lugc, 5 béc, twong duong
Véi 5 khoang cong huong. Chiéu dai cua thanh cong huong
laL= g, duong kinh cua mot khoang cong huong la b = E

Ap dung céc ly thuyét va cdng thic tinh toan ¢ phan 2,
cung voi thuc hign md phong st dung phan mém CST
Studio va tdi wu ta dugc bo tham s thiét ké nhu sau:

Tén tham sb thiét ké Kich thuoc
(mm)

Chiéu dai cua bo loc 78.18
Chiéu rong cua bd loc 18.5
Chiéu cao cua bo loc 22.43
Chiéu dai thanh tru cong hudng 13.3
bo day lop vo hop 3
Khoang céach gitra vit tinh chinh va 0.45-0.55
khoang cong huong
Khoang cach gitra c&c khoang 8-85
Puong kinh thanh tru céng huéng 1.85
buong kinh khoang tru cong huong 6.67
Ban kinh vit tinh chinh 1.55

Bdng 1: Kich thiéc cac tham so thiét ké
B. Khdo sdt nang lwong dién tir trong bé loc khoang cong
hwong
Sy phén b tir truong va dién trudng trong 1 khoang
cong huong dugc miéu ta bai hinh 8 va hinh 9 duéi day.

A

...............
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Hinh 8: Su tdp trung ndang lwong tir truong (trai) va
dién truong (phai) bén trong mgt khoang cong hwong.
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Nhan thdy rang tir truong tap trung manh nhét tai
phan ddu ngin mach cua thanh tru cong huong va giam
dan vé khong khi tién vé dau ho mach. Mit khac, dién
trudng tap trung manh nhat tai phan két hop giira vit tinh
chinh va thanh tru cong hudéng nhu minh hoa trong Hinh 7

Hinh 9: Su phan bé dién truwong trong bé loc

Két qua md phong trong Hinh 9 cho thdy dién
truong trong bo loc s& co cuong d6 16n nhét tai khoang
dau tién va khoang cudi cung, nho hon tai hai khoang ¢
gitra va c6 gié tri nho nhat tai khoang trung tam.

a, port 1

b, port 2
Hinh 10: S phan bé tir trirong trong bé loc

T truong trong bo loc sé€ di tur nguén va gua cac
khoang, tur tmong manh nhét tai khoang dau tién ma né
di qua va giam dan cho dén khoang cudi cting

Pé diéu chinh tin sé cong huong trung tam ta c6 thé
thay ddi chiéu dai cua thanh cong huong, ban kinh vit
tinh chinh, kh0ang céch giita dau ho mach cua thanh
cong huong va vit tinh chinh (gap). Tuy nhién, theo thuc
te ché tao, chiéu dai cua thanh cong huong thuong duge
cb dinh va tham sé thudng dugc tdi wu nhat la gap. Ket
qua md phong su anh huéng cua cac tham sé dén tan sb
cong huong trung tam dwoc trinh bay & phan sau.

C. Khao sat s anh huong cua cac tham so kich thwsc
den dac tinh cua b loc

1) Sw anh hwéng cia gap tdi tan sé cong huong trung
tadm cua bg loc
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_Hinh 11: Sy anh huong cua ban kinh vit tinh chinh tei
tan sé hoat déng cua bg loc
Hinh 11 cho thay, tin s cong hudéng trung tim sé ting
I1én khi khoang cach gap tang 1én. Diéu nély c6 thé ly giai
1a khi tang khoang céach gap, ta 1am giam gia tri cia C trong
cong thirc cua tan s6 cong huong, tir d6 lam ting tan s6
cong hudng trung tam.
2) Sw anh hwéng ciia ban kinh vit tinh chinh t6i tan sé
cong huong trung tam
'Ban kinh cua vit tinh chinh tdc dong tryc tiép dén ph%in
tiét dién cua vit phia trén thanh cdng hudng. Thanh phan
nay dong vai tro nhu ban tu dién. Do vay khi tang ban kinh
cua vit chinh s€ 1am tang gia tri cua tu va tr d6 1am giam

tan s6 cong huong nhu két qua tong hop minh hoa trong
Hinh 12
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Hinh 12: Sur anh hu’ong cua ban kinh vit tinh chinh
1Gi tan s6 hoat dong ciia bé loc

Khoang céc giita cac khoang ciing anh huong téi tan sd
cong huong trung tam nhu dugc minh hoa trong Hinh 13
va 14.

3) Su dnh huong cua khodng cdch cdac khoang tdi do
rong bang thong ciia bg loc
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Hinh 13: Sy dnh hudng ciia khodng cach khoang 1 va
khoang 2 t¢i d¢ réng bang thong
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Hinh 14: Sy danh hudéng cua khodng cach khoang 2 va
khoang 3 tgi do rong bang thong

Nhan thay khi tang khoang cach giita 2 khoang lién ké
nhau thi d6 rong bang thong cta bd loc giam va nguoc lai.

D. Két qua tham sé hoat déng cua bé loc sau toi wu

Tham sb hoat dong cuia bo loc sau t6i wu duoc thé hién
trong Bang 2:

Bing thong tai 3dB 103 MHz
S6 khoang cong hudng 5
Return loss >16,5dB
Insertion loss min 0.63dB
Ripple <1dB
Tan s6 cong hudng trung tam 3.75 GHz
Bo suy hao tai dai chan tai -40 dB

f = fy £ 100MHz

VSWR trong dai théng 1.14-1.35

Bang 2: Cac két qua dat duwoc

S-Parameters [Magnitude in dB]

X
12
g
g0
1
B0

36 3.7 38 39
Frequency / GHz

Hinh 15: D4 thj tham sé tan xa S, (dB)

Két qua tham s6 S21 trong Hinh 15 cho thay bo loc dat
duoc bang thong yéu cau tir 3700 MHz — 3800 MHz, véi
béng thong tai 3dB = 103 MHz. Vi suy hao chen rat nho
chi 0.63dB tai tan s trung tam. D6 dbc cua bo loc cung
tuong ddi tot véi suy hao dai chan -40dB. Cac két qua nay
cling dugc minh hoa trong Hinh 16 va Hinh 17
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16671 37 38 I

Hinh 16: D4 thj hé s6 VSWR

S-Parameters [Magnitude in dB]

9 (3.7589, -16.586) b
(3.7785, -23.345)|
4 (3.7326,-22.562)|

i PA
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AL :
t2 \3.8 39
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Hinh 17: B¢ thj tham sé tan Xa S, (dB)

Cic dic tinh nay thoa mén yéu cau cua mach thu phat
5G. Tuy nhién co the thay, dai tan phia dudi tan s6 cong
hudng trung tdm cho dac tinh chon loc tan s6 t6t hon dai
tan bén trén. Bo loc c6 suy hao phan xa, suy hao chén va
d6 gon & muc kha, tuy nhién d¢ loai bo hay suy hao dai
chén chua dugc t5t Vi dai chuyén tiép con rong, do déc
chua 16n. Do d6 viéc ma rong nghién ctu, &p dung céac ky
thuat chuyen sau dé cai thién hi¢u nang cua bg loc nhu tng
dung cac thanh coupling, cau trdc  khoang cong huong theo
khong gian 2 chiéu... s& duogc tién hanh trong cac nghién
cau tiép theo.

IV. KET LUAN

Trong bai béo nay, ching t6i da dé xuit mot thiét ké bo
loc khoang cong huong ddng truc nham cai thién hiéu nang
cho tram vé tuyén 5G, tranh can nhiéu tir va dén cac hé
thong thong tin v¢ tinh, dac biét trong dai tan hoat dong
ctia hé théng Vinasat 1. B¢ loc khoang cong hudng dang
rang luge béc 5. Cac tham s0 th1et ké ctia b loc duge khao
sat dé tim klem két qua t6i wru. Két qua dat duoc, bo loc ¢6
kich thude tong thé chiéu dai 1a 78.18 mm, chiéu rong la
18.5 mm, chiéu cao 14 22.43 mm. B6 loc hoat dong tai tin
s6 trung tim f,= 3.75 GHz, biang thong 103MHz, Return
loss > 16,5 dB; Insertion loss min = 0.63 dB, VSWR max
= 1.35, Ripple < 1 dB. Xét vé dic tinh chon loc, loai bo,
bd loc ¢6 suy hao sy, = -40dB tai f, £ 100MHz. Céc dic
tinh nay thoa mén yéu cau clia mach thu phat 5G. Tuy
nhién c6 thé thdy, dai tan phia dudi trai tan $0 cong huong
trung tdm cho déc tinh chon loc tan sb t6t hon dai tan bén
trén. BY loc o cac ddc tinh suy hao ¢ mirc kha, tuy nhién
do loai bo hay suy hao dai chin chua duoc tot vi dai
chuyén tiép con rong, do déc chua 16n. Do d6 viéc mé rong
nghién cuu, ap dung cac ky thuat chuyén sau dé cai thién
hiéu niang cta bd loc 1a can thiét.

LOI CAMON
. Cac nghién cuu trong bai bao nay nay duoc hd tro boi
de tai khoa hoc va cong nghé cap Hoc vién Cong nghé Buu
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chinh Vién thong: “Nghién cuu thiét ke va ché tao bo loc
khoang cong hudng cai thi¢n hi¢u sut cho phan vé tuyén
ctia tram thu phat 5G”. M s6: 18-HV-2024-VT1.
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CAVITY FILTER FOR ENHANCING THE
PERFORMANCE OF 5G BASE STATION RADIO
UNIT.

Abstract: This paper proposes a design approach for a
coaxial-based resonator cavity filter to enhance the
performance of 5G base stations. The filter features a
comb-like structure and operates within the 3.7-3.8 GHz
frequency range, with a ripple of less than 0.2 dB, an
insertion loss of -0.64 dB, a return loss of less than -16 dB
at the center frequency fo, and -40 dB at fo+ 110MHz,
with a bandwidth of 100 MHz.

Keywords: cavity filter, 5G, comb-like filter,

Nguyen Viét Hwng, received his PhD in
Signal Processing and Telecommunications
| from University of Rennes 1, France in

- 2013. He is currently a lecturer/researcher at
- Faculty of Telecommunications and is the
V7 Head of Wireless Communication
Department, in PTIT, Vietnam. His research
activities are focused on next generation

TAP CHI KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG 40



BO LOC KHOANG CONG HUONG CAI THIEN HIEU NANG CHO PHAN VO TUYEN CUA TRAM GOC 5G

SO 04 (CS.01) 2024

wireless communication systems. trong cac
hé thong thong tin vo tuyen thé hé mai.

Email: nvhung_vtl@ptit.edu.vn

— Nguyen Quy Duong, currently a third-year

student majoring in Electronics and
Telecommunications Engineering at the
Posts and Telecommunications Institute of
Technology. Your research interests focus
on intelligent communication systems for
next-generation networks.

Do Quang Huy, currently a third-year
student majoring in Electronics and
Telecommunications Engineering at the
Posts and Telecommunications Institute of
Technology. Your research interests focus
on intelligent communication systems for
next-generation networks.

Do Trung Anh, He received the B.S. and
M.S. degrees in Telecommunications and
Electronics Engineering from Hanoi
University of Technology, Hanoi, Vietnam,
in 2009 and 2011, respectively. He received
the Ph. D degree at Posts and
Telecommunications Institute of
Technology, Hanoi, Vietnam in 2021. His
research  interests  include  wireless
communications, loT networks with
applications of Artificial Intelligence.

Email: anhdt@ptit.edu.vn

TAP CHI KHOA HQOC CONG NGHE THONG TIN VA TRUYEN THONG

41


mailto:nvhung_vt1@ptit.edu.vn



