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Tom tat:

Cac bo loc bang tan séng mét va séng dé xi mét cé vai tro quan trong trong cac hé théng radar va lién lac
quan su, noi ma viéc truyén va nhan thong tin phai dién ra trong cac diéu kién khat khe véi do chinh xac
cao. Mat khac déi vai nhiéu thiét bi cu thé khéng st dung toan bo bang tan ma chi s dung nhimng daitan
cu thé trong bang tan. Do vay viéc thiét ké cac bd loc théng dai gitip t6i uu héa kha nang nhan va truyén
dirliéu trong nhiing dai tan cu thé, loai bd tin hiéu nhiéu va ngan chan thong tin gia mao, tir d6 dam bao
an ninh va hiéu qua trong cac hoat d6ng quan su va quéc phong la hét stic can thiét va cap bach, phuhagp
v@i tinh hinh hién nay. Ngoai ra, dé€ dap (ing nhiéu yéu cau chon loc tan sé chinh xac trong cac dai tan khac
nhau ma van dam bao két cau thiét bi gon nhe, nhém nghién ciu con thiét ké co cau chuyén mach dién
tl tu déng dé cé thé st dung nhiéu bo loc & cac bang tan khac nhau véi mot dau vao tin hiéu duy nhat.
Trong nghién ctiu nay nhém tac gia thiét ké cac bo loc thong dai Elliptic cho cac dai tan (100 + 150) MHz
va (220 + 400) MHz. Pong thai thiét ké ca cdu chuyén mach dién ti tu déng dap ing dugc dung cac chi
tiéu mong muén vé tan s6 cat cia méi nhanh, hé sé ton hao chén va hé s6 tén hao phan héi tai cac cong
dé c6 thé sirdung hai bo loc & cac bang tan khac nhau véi mot dau vao tin hiéu duy nhat.

Tu khéa:
B6 loc thong dai, bé tach/ghép tin hiéu, bang tan séng mét, sdbng dé xi mét
Abstract:

The bandpass filters for metric and decimetric wavelengths play a crucial role in radar and military
communication systems, where information transmission and reception must occur under stringent
conditions with high accuracy. Onthe other hand, many specific devices do not utilizethe entire frequency
band but instead operate within specific frequency ranges within the band. Therefore, the design of
bandpass filters to optimize the ability to receive and transmit data within these specific frequency ranges,
eliminate noise signals, and prevent counterfeit information is essential and urgent. This ensures security
and efficiency in military and defense operations, aligning with current requirements. Additionally, to
meet the diverse requirements for precise frequency selection across different frequency ranges while
maintaining compact device structures, the research team hasdesigned an automaticelectronic switching
mechanism. This mechanism enables the use of multiple filters in different frequency bands with a single
signal input. In this study, the authors designed Elliptic bandpass filters for the frequency ranges of (100
+ 150) MHz and (220 + 400) MHz. Simultaneously, an automatic electronic switching mechanism was
developed to meet the desired criteria for the cutoff frequency of each branch, insertion loss, and return
loss at the ports. This allows the use of two filters in different frequency bands with a single signal input.
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Bandpass filter, signal splitter/multiplexer, meter wave band, decimeter wave.
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1. GIGI THIEU CHUNG

B0 loc thong dai (band-pass filter) 1a mach
dién tir cho phép tin hiéu trong mot dai tan
s6 cu thé di qua, dong thoi ngan chin céc tin
hiéu ngoai dai tan d6. Bo loc gitp toi wu hoa
kha ndng nhan va tmyén dir liéu, loai bo tin
hiéu nhiéu va ngin chin thong tin gia mao,
tor d6 dam bao an ninh va hiéu qua trong cac
hoat dong quan sy va qudc phong. Véi su
phat trién nhanh chong cta cac hé théng vién
thong hién dai, viéc nghién ctru va phat trién
cac bo loc bang tan nham cai thién chat lugng
va hiéu suat truyén thong 1a mot yéu cau thiét
yéu. Cac hé thong nay doi hoi bo loc tan s6 ¢6
kha nang xt ly chinh xac cac tin hi¢u trong
céc bang tan twong tng, loai b nhiéu va dam
bao hiéu suét truyén tai cao.

Pé tan dung t6i da tai nguyén pho tan trong
céc mang truyén thong, cac hé théng s& khong
sir dung ca bang tan ma chi st dung nhimng
dai tan cu thé trong bang tan. Do vdy dé dam
bao yéu cau ky thuét, bao gom kha ning chon
loc tan sb chinh xac, duy tri chat luong tin
hi¢u trong dai thong, va loai bd hi€u qua
nhiéu ngoai dai thi trong cac hé thong thudng
su dung nhiéu bo loc khac nhau cho cac dai
tan sd twong tmg. D6i voi nhiéu thiét bi van
st dung cac dau vao khac nhau cho timg bd
loc véi dai tan tuong Ung, viéc st dung nhiéu
dau vao 1am cho hé thong tré nén phic tap
va cong kénh. Dé t6i wu hoa, mot s6 hé thong
sir dung bd chuyén mach co khi thu cong khi
lya chon tin hi¢u. Mac du vay, cac bo chuyén
mach co khi thu cong co tdc do chuyén mach
cham vayéu cau d6 chinh x4c thiét ké cao. Dé

khic phuc cac nhuogc diém do, cac bod chuyén
mach co khi di duoc thay thé bang bd chuyén
mach dién tr ty dong dé lya chon tin hiéu dua
dén cac bo loc véi bang tan twong tmg [1, 2].
Cac bo chuyén mach dién tir c6 kich thudce
nho gon va tdc do chuyén mach nhanh, tuy
nhién d6i voi cac hé thong cong suét 16n cac
bd chuyén mach dién tir khong con phu hop.

Bai bao nay dé xuat giai phéap thiét ké bo loc
cho cac dai tan (100 + 150) MHz va dai tan
(220 + 400) MHz su dung bo chuyén mach
tu dong LC dé tach tin hiéu cho cac dai tan
tuong ung. Bai bao ciing dua ra so d6 nguyén
1y va két qua mo phong dic tinh ctia cac bo loc
va bo chuyén mach trén phan mém mé phong
ADS (Advanced Design System) 2019. bBay
12 phan mém chuyén dung trong linh vuc thiét
ké va mo6 phong mach vién thong, dic biét 1a
cac mach RF, mach loc, va hé théng khong day
dugc phat trién boi Keysight Technologies.

2.BO LOCTHONG DAI

B6 loc thong dai 1a mot mach loc dién tir cho
phép tin hiéu trong mot dai tan sé nhat dinh di
qua, trong khi chan céc tin hi¢u co6 tan sd nam
ngoai dai tn d6. N6 két hop chirc ning cia ca
b loc thong thap va bo loc thdng cao, chi giir
lai tin hiéu trong dai tan sd gitta mot tan so cat
dudi va mot tan s cat trén. Cac tham sd chinh
ctia n6 bao gdm bang thong, tan sé trung tim,
do chan ngoai dai va h¢ sb suy hao cua no.

Thiét ké bo loc thong dai chu yéu tap trung vao
phan hoi bién do cta bod loc va coi phan hoi
pha 1a thir yéu. C6 nhiéu loai bo loc thong dai
tuong tu, chéng han nhu b loc Butterworth,
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Ideal low-pass filter

=N |H[m]|

Pass-band ripple = 0.5 dB
Filter order n =3 .

0.707

Chebyshev filter

Butterworth filter

Elliptic filter
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Y

Hinh 1.D4&p ting tan sé di€n hinh ctia cac b loc théng dai

Chebyshev va Elliptic. Cac loai nay khac nhau
vé ban chat phan hoi bién do va pha [3].

B0 loc Butterworth 1a loai bg loc c6 dap ung
phang nhat trong dai thong, khong c6 d6 nhap
nho, va suy giam tin hi¢u mét cach tir tir trong
vung chuyén tiép. Uu diém cua nd 1a giap tin
hiéu qua bd loc khong bi bién dang, dé dang
tinh toan va thuc hién trong thuc té véi sd
luong linh kién twong dbi it, dong thoi do on
dinh cao do khong c6 do nhip nho trong bién
d6. Tuy nhién, n6 c6 nhugc diém 1a d6 dbc suy
giam gitra dai thong va dai dung khong cao,
nghia 13 tin hiéu khong mong muén & ving
bién tan s6 van co thé anh huong dén két qua.
Ngoai ra, by loc Butterworth can bac rat cao
dé dat duoc vung chuyén tiép hep, dan dén sd
luong linh kién tang va mach phurc tap hon.

B0 loc Chebyshev c6 dac diém 1a c6 do nhép
nho trong dai thong nhung c6 do doc suy giam
tin hi¢éu nhanh hon Butterworth, giup loai bd
tin hiéu khong mong mudén nhanh chéng sau
tan sO cat. Tuy nhién, sy dao dong trong dai

thong c6 thé gy bién dang tin hiéu, diéu nay
khong thich hop cho cac rng dung doi hoéi dap
g phang trong dai thong va trong thiét ké
yéu cdu tinh todn phtc tap, can nhiéu linh kién
chinh xac.

Bo loc thong dai Elliptic c6 ca do nhap nho
trong dai thong va dai dung, nhung bu lai co
do dbc suy giam cao nhét so vé&i cac bd loc
khéc gitp loai bo tin hi¢u ngoai dai thong mot
cach nhanh chéng. Hon nita b loc Elliptic
can bac rat thép dé dat duogc suy gidm tin hi¢u
mong mudn, giup giam sb luong linh kién va
chi phi san xuat. Tuy nhién, su dao dong trong
ca hai dai c6 thé gy ra bién dang tin hiéu, diéu
nay khong phu hop cho cac tmg dung can tin
hiéu mugt ma. So sanh cu thé cac tham s cua
ba bd loc nay duoc thé hién trong Bang 1.
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Bang 1. Tham sé cacbd loc

Tham s6 Bo loc B0 loc B0 loc
Butterworth | Chebyshev | Elliptic
Do nhép Khéng _Co Co
nho trong (dong déu) | (dong
dai thong deu)
Do nhip Khong Khong Co
nho trong (dong
dai dung deu)
D6 déc suy | Trung binh Cao Rét cao
giam
Pap ung | Khong tuyén Khong Khong
pha tinh tuyén tinh tuyén
tinh
Vung Rong Hep Rét hep
chuyén tiép
Bac bo loc Cao Trung binh Thép

M&i loai bé loc thong dai twong tu ¢6 nhiing
wu nhugc diém riéng phu hop véi cac ng
dung khéc nhau. B§ loc Butterworth duogc
wa chudng vi dap ung phang trong dai thong,
nhung khong phu hgp voi cac ing dung yéu
cau suy giam nhanh. Chebyshev toi uu cho
mg dung can suy giam nhanh nhung khong
quan trong do tuyén tinh cta tin hiéu. Elliptic
c6 suy giam manh phu hop tmg dung cho cac
hé thdng vién thong loc tin hiéu tan sb cao.

| E—|

3

o MLIN PLE MLIN BLC M L PLC
TermG e d plcz TS pigg LA pLCS
TermG1 Subst="MSub1 |=l2ny Subst="MSURL|3ny  Subst="MSHoY¥ELE oy
Num=1 W=19mm PLE=C2 pF W=18mm C=C3pF W=18m
Z=50 Ohm L=6mm PLCA L=8mm L=6mm

L=L1nH

C=C1pF

Trong phan tiép theo nhom tac gia xay dung
thiét ké bo loc thong dai Elliptic cho cac dai
tan ctia bang song mét va bang song dé xi mét.
Pong thoi thiét ké co cAu chuyén mach dién
tu tu dong dé co thé st dung hai bd loc ¢ cac
bang tan khac nhau véi mot dau vao tin hiéu
duy nhét.

3. THIET KE BO LOC THONG DAI VA KET
QUA MO PHONG

Vé co ban, bd loc tuong tu ludn co thé dugc mé
ta bang ham truyén mién tan sb c6 dang tong
quat, duoc hién thi trong phuong trinh 1 [4]:

(Ss—z)(s—2:)(s— z3)
(s —=pi)(s —p)(s—ps)

H(s)=K (1)

Trong d6 s 1a bién Laplace va K 1a hang sd,
hodc hé s6 khuéch dai. Bo loc duoc dic trung
boi céc cuc pl, p2, p3..., va cac sb khong z1,
72, 73..., cO thé dugc V& trong mat phéng S
phtc tap. Pap tng tan sb cta bo loc H (w),
c6 thé thu duoc bang cach thay thé s = jo vao
phuong trinh 1. Phan ting hoan chinh cta bd
loc sau do6 duoc tao ra béng cach thay ddi o
trong phuong trinh 2 gitra 0 va oo.

(J@ —2)) (jo — 22)(jo — 23)

. : : 2
(jw —pi)(jo — p2)(jw — ps)

H(w)=K

Subst="MSub1"
W=19 mm
L=6 mm

PLC
PLCS
Subst="MSUb1" | - & iy

W=18mm C=C6 pF
L=6mm

PLC
PLC7
L=L7 nH
C=C7 pF

Hinh 2. S0 d6 nguyén ly bé loc théng dai (100 + 400)MHz
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3.1.Thiét ké bé loc Elliptic dai réng

Trong phan nay nhom tac gia s& thiét ké xay
dung bo loc thong dai dang Elliptic va mo
phong két qua trén phin mém ADS. Bo loc
duoc thiét ké c6 cac tham sb co ban nhu sau:

- B§ dao dong trong dai thong (passband do
nhép nhod) 0,5dB;

- b6 chan ngoai dai (stopband atten) 40dB;
- Tré khang vao/ra S00hm;

- Tén s6 cat dudi 100MHz;

- Tén s6 cét trén 400MHz.

bé dat duoc cac thong sb ky thuat do, bo loc
dang Butterworth s& can dén bac tdi thiéu la 11,
Chebychev s& can bac t6i thiéu 1a 6 trong khi
Elliptic chi can 5 [5]. Mac du bd loc Elliptic
c¢6 diém yéu 1a c6 dap tmg pha phi tuyén tinh
nhat trén dai thong cta ching, nhung né can
bac thép nhét so véi cac bd loc khac. Do do,
cAu trac bo loc dang Elliptic tré thanh lya chon
dau tién ctia nhom tac gia trong bai bao nay.
B6 loc dang Elliptic bac 5 véi cac tham s6 da
chon dugc xay dung trong phﬁn mém ADS ¢6
dang nhu trén Hinh 2.

{1 G-

PLC3
L=L3 nH
Ca 3 g

TeemG1
Num=z=1
£ 550 Ohm

PLCH
i JEIF I
C=C41 pf

UD‘ _CE-
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Tur cac tham sd trén cua bd loc nhém tac gia su
dung bang tham sd tir tai liéu [6] dé tinh toan
cac gia tri cua cac ph?m tur trong bd loc va lya
chon céc gia tri gan nhét tuong mg trong thuc
té. Pac tuyén cua bo loc bang rong (100 + 400)
MHz dugc thé hién trén hinh 3.

1 02 03 04 05 06 07 08 09 10

Tén s6. GHz

Tham s6 S.dB

-80 s
0o o

Hinh 3. Déc tuyén bé loc thong dai
(100 + 400)MHz

Tir hinh 3 ta thdy hé s6 ton hao trong dai thong
nhoé hon 0,5dB va d6 chin ngoai dai tan 16n
hon 40dB dap ung duoc cac chi tiéu dat ra.

3.2. Thiét ké bé loc Elliptic bang s6ng mét
va dé xi mét

Trong thuc té thiét bi nghién cru cia nhém
tac gia khong sir dung ca dai tan tir (100+400)
MHz ma sir dung hai dai tan khac nhau 13
(100+150)MHz va (220+400)MHz. Chinh vi
vy dé dam bao loai bo nhiing tin hiéu khong

& | TormG2
LeL51 6H 'i Lo

LelB9 aH
CCE1 pF CaCH1 p

1 PLCT
AP :;: I':':‘.r-.ln;.:
I

Hinh 4.S0 d6 nguyén ly bé loc théng dai (100 + 150)MHz
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can thiét trong dai tan nhom tac gia thiét ké 2
bd loc khac nhau phuc vu cho hai dai tan néu
trén.

a) Thiét ké bo loc bang song mét véi cac tham
s6 chinh:

- P§ dao dong trong dai thong (passband
ripple) 0,5dB;

- D6 chan cubi dai (stopband atten) 40dB;
- Tré khang vao/ra 500Ohm;

- Tén s6 cit duéi 100MHz;

- Tan s cat trén 150MHz.

B0 loc bing song mét ciing duge thiét ké theo
kiéu b loc dang Elliptic bac 5, so do nguyén
1y ctia bd loc dugc thé hién trén Hinh 4.

Str dung bang tham s6 cho bd loc Elliptic bac
5 tur tai li€u [6] ta tinh toan céc gia tri cua cac
phén tir trong bd loc va lwa chon cac gid tri
gan nhat tuong mg trong thuc té nhu trong
Bang 2.

Tham s6 S.dB

Tén s6, MHz

Hinh 5.Dac tuyén bd loc théng dai
(100 + 150)MHz

bac tuyén cta bd loc bang séng mét duoc thé
hién trén Hinh 5. Tir Hinh 5 ta thay dac tuyén
cua bd loc dap tng duogc céc chi ti€u dat ra
nhu dai tan 1am viéc (100 + 150)MHz, d6 chin
ngoai dai (> 38dB) va ton hao trong dai thong
(<0,5dB).

Bang 2. Gia tri cac phan ti bo loc thong dai
(100 + 150)MHz

Ky | Giatri Giatri | Ky | Giatri | Gia tri
hi¢u| tinh todn | thwc té |hi¢u| tinh todn | thuc te
(PF) (PF) (nH) (nH)
Cl1| 55,3746 56 L11| 30,9639 31
C21| 13,7546 12 L21| 47,3525 47
C31| 38,3125 39 L31| 99,595 100
C41| 88,1911 82 L41| 18,9717 19
C51| 52,0189 56 L51| 16,6101 17
Col| 95,438 100 L61| 31,607 32
C71| 38,7278 39 L71| 40,4182 40

b) Bo loc Elliptic bing song déximét duoc
thiét ké voi cac tham sd chinh nhu sau:

- B§ dao dong trong dai thong (passband
ripple) 0,5 dB;

- Do chan cubi dai (stopband atten) 50 dB;
- Tré khang vao/ra 50 Ohm;

- Tén s6 cat dudi 220 MHz;

- Tan s cit trén 400 MHz.

So dbd nguyén ly cua bd loc dugce thé hién
trong hinh 6.
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PLC
PLCE

L=L62 nH
C=C62 pF

PLC
pPLCT

L=L721nH
C=C72 pF

Hinh 6.S0 d6 nguyén ly bé loc théng dai (220 + 400) MHz

Tuong tu st dung bang tham s6 cho bo loc
Elliptic bac 5 tur tai liu [6] ta tinh todn cac gia
tri cia cac phén tur trong bo loc va lya chon cac
gid tri gan nht twong tng trong thyc té.

Bang 3. Gia tri cdcphan tu bé loc théng dai
(220 + 400)MHz

Ky | Giatri Giatri | Ky |Gidtritinh| Gia tri
hiéu| tinh toan | thuwcté |hi¢u| toan (nH) | thuwe té
(pF) (2] (nH)
Cl12| 40,5453 40 L12| 9,95696 10
C22| 12,1885 12 L22| 16,6076 16,8
C32| 23,5134 22 L32| 32,8266 33
C42| 59,6057 60 L42| 6,61626 6,8
C52| 36,2127 36 L52| 6,6629 6,8
C62| 58,0863 58 L62 | 11,4945 12
C72| 27,9752 27 L72| 13,8898 14

Dic tuyén cia bo loc bang song déximét duogce
thé hién trén Hinh 7.

Tu Hinh 7 ta théy b6 loc ¢6 hé sb chan ngoai
dai tan rat tot (>50 dB). Hé s ton hao trong
dai thong nhé hon 0,9dB.

Tham s6 5. dB

—s21
T}

0 100 200 300 400 500 600 700

Tén 6, MHz

Hinh 7.Déc tuyén bé loc théng dai
(220 + 400)MHz

D6i vai thiét b truyén thong yéu cau kha ning
kha ning chon loc tot giita cac tin hiéu mong
mudn va khong mong muén trong khoang tan
s6 rat hep ¢ ca bang tin song mét va song dé
xi mét nhu nhom nghién ctru dang hudng dén
thi khong thé sir dung bd loc dai rong nhu muc
3.1. Do vay phuong an t6i wu van phai sir dung
2 b6 loc cho hai dai tan, viéc nay dan dén viéc
phai chon loc tin hi¢u dau vao phu hop trudce
khi dua qua cac bo loc. Phan tiép theo nhom
nghién ciru s& thiét ké, xay dung b tach ghép
tin hiéu tu dong dé khic phuc van dé nay.

4, THIET KE BO TACH GHEP TiN HIEU TU

PONG

D¢ t61 uu cho qua trinh lgc nhiing tin hi¢u can
thiet va loai bd cac tin hi€u trong cac dai tan
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Hinh 8. So d6 nguyén ly b tach/ghép tin hiéu

thap, dai cao va dai tan trong khoang (150 + 250)
MHz chiing ta phai str dung 2 bo loc ddc 1ap cho
hai dai tan can sir dung. Dé két hop hai bo loc dai
v6i cac bang tan khac nhau vao thiét bi, nhém
nghién ciru da thiét ké bo tach ghép tin hiéu dé
chon loc tin hi¢u phu hop [7]. B tach ghép tin
hiéu vé6i so d6 nguyén Iy nhu trén Hinh 8 dugc
thiét ké va mo phong trén phin mém ADS.

Trong d6, cac mach cong huong thong thap
(L15-C18 va C17-L17) dugc tinh toan dé co
duoc tan sb cat khoang 185MHz va cudn L18
dugc diéu chinh dé tao ra gia tri tro khang
két hop véi bo loc thong dai (100+150)MHz
& phan trude. Mach cong huong théng cao
(C14-L5, C6-L20) duogc tinh toan dé co tan
sb cat khoang 205MHz va tu C19 duogc diéu
chinh d¢ tao ra gia tri trd khang két hop voi bo
loc thong dai (220-400)MHz. Pic tuyén cia
bd tach ghép tin hi¢u dugc thé hién trén hinh 9.

Két qua trén hinh 9 cho thay, dic tuyén ciia bd
tach/ghép tin hiéu dap img dugc ding cac chi
tiéu mong mudn vé tan sb cat ciia mdi nhanh,
hé s6 ton hao chén va hé s6 ton hao phan hoi
tai cac cong.

0+

5]
04
54§

14
204§
k|
-30-}
.35{;
~40?

451

-50- ; :
0 100 200 300 400 500 600 700

Tén sé, MHz

Tham sé §.dB

—8521
k|
—S531
— 532

Hinh 9.Déc tuyén bo tach ghép tin hiéu

5. KET LUAN

Bai béo di trinh bay cac phuong an thiét ké
bd loc thong dai dang Elliptic cho cac tin hi¢u
trong bang tan song mét va déximét. Pong
thoi danh gia dua ra phuong an sir dung két
hop cac bo loc dai hep cung véi bo tach ghép
tin hiéu tu dong tng dung cho cac thiét bi sir
dung nhiéu bang tan hep xen ké& va yéu cau
cao vé su tinh loc tin hiéu. Céc bo loc va bd
tach ghép tin hi¢u ty dong do nhém tac gia
thiét ké da duoc mo phong, danh gia qua phan
mém dang tin cdy ADS 2019. Cac két qua md
phong hoan toan dap tng cac tham sb dat ra
cac b loc va bo tach ghép tin hiu.
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