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Bandpass Filter Design
for a L-Band Satellite Receiver

Young Geun Yoo - Chong Koo An - Jae Ha Choi
Dept. of Electronic Engineering

<Abstract>

Recently, circuit device applied to microwave communication element is move on the
small size and small weight. Also the device in the field of satellite communication and
wireless mobile communication system goes ahead of the small size and small weight.
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In this paper, following this trend of the times, it is designed compact hairpin-line
bandpass filter using copper stripline on the alumina substrate with permittivity 9.7,
and this filter has a suitable structure for MIC's. Also, it is designed hairpin-line
bandpass filter and compact hairpin-line filter on equal terms, and compared the
characteristics for each filter.

Compact hairpin-line filter suggested in this paper has more improved VSWR,
RL(Return Loss) about 11 percent than that of hairpin-line filter, and can be
implemented to 3/4 size of hairpin-line filter.

1.4 &

olFFAY FaZstet RS o1& AAFHTAPCS) A =2 L-Band F3
F e Abgo] kst Utk $i4EA € FA o)FFA 59 4F FA) AEHE
A2AEL VEHo g 2y A, AIHA, Ao &o)A, dF AN Tol &£4=HE U,
oA AL A UFAAFE HAEFHAZI 2EYY vfo]ARAEY MRt

atolAz2 g qurlde F§% A3V FF 4377 e, B =AM FF A9
71& AdA sk

vlo] 323 By oy 7bd RAZFHA FEje 1/4 Hold HAFHEE HE A
et e ofnbrjoli, 19 FAFS Fel¢l interdigital o #7][1-519 comb-line < 3}7]
(6-8] =& d] Ao A gl

hairpin-line ® 3}7}+ Cristal® Frankel[9]e] 2}&] AetE o interdigital o 3}7]v}t
comb-line 9 #71o] vls) A71& 2A & 5 Uvhe FHE AU YUARE F7HSE2E A
Aste Az AT A getrEE FEr] oge @3S AU glo], BEE MA
FTAE A7l S »=geol ALHol Am Jri10-12]. ol¥Ed TGHAE ETsin
hairpin-line G #71& wlejaz s gig%a oar7id zF AMgHd, 2 olfs 7]
zZ¥zto| gt HAE & Hart glo) 2EY3 TEM-MIC(Transverse ElectroMagnetic-Microwave
Integrated Circuit)&l g al7] o &<l H[9-10].

B =5 A& hairpin-line S E3 our]e] AAo]& nigtoz AAX A4 F417]
of 33 )¢l compact hairpin-line Y E3 o712 MAASH =0, hairpin-line <
7)ol ¥)8} L-bandellA 9] MIC3 o] & vl X§e%S hairpin-line 48718 & W o H
3, YEEge FIXNE A, 9WE dAdsiA A7IE 9& FAAFRY. ST
1.75GHz, &3 W E 514%, Chebyshev €% S5A& ztc d5H 94718 & 97
¢ GFaY e A2EY MREE o] &8te] AA, AAstd 2 F4E e, o
2A AAR 877} hairpin-line ojgtzle] vjs} Aol AMHUSES Heolz] 3
hairpin-line & 9}7] £& & zpo g AAste A& B]Lﬁ}"% LER AT

compact hairpin-line ¢ 371 hairpin-line o 3}719] ¢F 3/48 59 AV|ZE AFE = 9
o, AAA comb-line®] Zo| MFELHN Fug AL 44 & & e FF ®=3 A
Ya At
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II. Hairpin—Line «3}7] A4
2.1 hairpin-line ¢{5}7]9] dA4 2 53 EA
ol o] AL WEFE hairpin-line AFH71E FHE& 97¢ EFrv 7w 2EHY
M2E o]&3te] 4 13}9&‘4

o357 &9 54 = Chebyshev
FAF 94 = 1.75GHz
23 g9 E = 514%(1.705-1.795GHz)

A4LE low-pass prototype o 371¢ A gEL olefe} Zr}
g =1 g =

hairpin-line & #7}¢} H7=

l SCTL interdigital <=7 A73td g2

1.1468, g3 = 1.3712, g3 = 1.9750, g4 = 1

#®e

Ly =1 Ly = 1.2591, Ly = 1.2591, Ly = 1.2126

L55 = 1.2126, L66 = 1.2591, L77 = 1.2591, ng =1
L = 0.2953, Ly = 0.07945, Ls = 0.0796683
L = 0.07651, Ls; = 0.0796683, Lg; = 0.07945, Lyg = 0.2953
2 FAAL AT A9V: L8 o8, [C] = [E7 9 RAZRE ALY AT
39 AGAEs PP e gk
1.07472 —0.25306 0.01603 —0.00106 0 —0.00001 0 —0.00001
—0.25306 0.85696 —0.0543 0.00358 —0.00001 0 —0.00001 0
0.01603 —0.0543 0.80096 —0.05284 0 —0.00001 0 —0.00001
[C]-Y, = |—0-00106 0.00358 ~—0.05284 0.83146 —0.0000 0  —0.0001 0 (2.1)
0 0 —0.00001 0 —0.00001 0.83146 —0.05284 0.00358 —0.00106 )
-0.00001 0 —0.00001 0 —0.05284 - 0.80096 —0.0543 0.01603
0 —0.00001 0 —0.00001 0.00358 —0.0543 0.85696 —0.25306
—0.00001 0 —0.00001 0 —0.00106 0.01603 —0.25306 1.07472
C. | ]
Jepzsy —F = —’;—[c]- Yoo BAE o] &3dle] odurg AFHE AP
Akl Ba Cg’-g— T}

Col AXA 49 B WEo C

g Au71e] g Fo] &3 2 FutE FobAA |9l
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AB =0 2558—0.02168(C,-—8)

(2.2)
Al4tEl hairpin-line & 3}+7] ¢ %%)::% E 1o GEhi ik

C ..
# 1. hairpin-line %5719 —61L%l

Cy = 5.1249 Cyp = —1.20675
Cyp = 4.08649 Cy = —0.258%
Cy = 3.81945 Cy = —0.25198
Cy = 3.96489 Cg = —0.25084
Css = 3.96489 Css = —0.25198
Ces = 3.81945 Ce = —0.25894
Cr = 4.08649 Crp = —1.20675
Cg = 5.1249

£ 19 ANE ARAEL gGozie Wd A%Y A9 1A, S, 4 % 2EFHRY
Z. Wy 441 % Matthaciol o8} Alote A2z 292F o g3l Tooh

| nEn ]

7
—

2% 1. hairpin-line <3719 Layout =
Fig. 1. Layout of hairpin-line filter
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¥ 2. hairpin-line 9 371¢] A

W1 = 0.525611mm S12 = 0. 062241mm
W2 = 0.517434mm S23 = 1. 450430mm
W3 = 0.513993mm S34 = 0, 557346mm
W4 = 0.949404mm S45 = 0, 847420mm

W5 = 0.949405mm $56 = 0.557346mm
W6 = 0.513993mm S67 = 1.450430mm
W7 = 0.517434mm S78 = 0.062241mm

W8 = 0.525611mm
Coupled line length = 12, 3662mm
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el;:12.3662M1
cslg: B6224]1MM
cs23:1.45043MM

19 2. Hairpin-line 9 3}7]9] schematic 3 &
Fig. 2. Schematic circuit of hairpin-line filter
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1T MERN
e AN
-18.00. / - _

ane] A

-24.00.

27, o0.

-10.00.]
1.6 1.62 364 2,66 160 107 2.92 21,94 2.6 1.8 178 2.82 1.0 1.0 3 ke 3ls
Freq (QMa)

(a) Hairpin-line 1371¢] AI&Als Al

g VEWR () WFILTERY
27.00

24.00

1.00

18.00

15,00 \
12.06 \

] L—f )
N

RORARTAR M R TP TARICRFR "AFY PRSP AR TAFIL RSN ARG
Freq lGMs]

(b) Hairpin-line d#-]2] VSWR
29 3. Hairpin-line 1719 &4
Fig. 3. Characteristics of hairpin-line filter
II. Compact Hairpin—Line & 37] A7)
3.1 Compact Hairpin-Line #37]¢9 #+*

compact hairpin-line F317]2] +2& 19 4] vehysic
compact hairpin-line 337} hairpin-line 7] ®l&] oh&3} 2L EAE /1A o}

© 49371 44 AA8FH hairpin-line 33718 ¢ 3/4AE A7 2 AT &
et
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@ AAA comb-lined) Ao} MzlEA T2 a8 44 248 = Yd.
@ A g3 e FAVNE gl oz dEEdy viE A4 WE

o & " H4A4E F Ut

29 4. Compact hairpin-line #217]¢] +%
Fig. 4. Structure of compact hairpin-line resonator

3.2 compact hairpin-line 33719 &4 %A

Zs. 6
ZC‘- ZI:O
[:D eca. 0:0
(b)
(a) J
[Y*]
L—
t¥*) (e)

Z, 9 2o B4 JdPda
fs: Bd Mz A713 A o)
Zee, Zeo - comb-line®) even- & odd-mode YW A
8 e, 8 oo : comb-line®] even- & odd-mode 713 ¢l Zo)

29 5. Compact hairpin-line #3719} 7132
Fig. 5. Equivalent circuit of compact hairpin-line resonator

29 5(a)9 hairpin-line F37) 57 38 19 5(b)9) @Y HA44Z9 comb-line
ol Y dAagx FAE 4 glu11].

TAERANLE 7 AZEY F ABCD HHVHES AA Y ojemergziyg 78
4 T
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3.2.1 @9 A$Hz9 ABCD % H

A4 29 ABCD #etvlge o539 2o,

— cos Bl jZysin B
[ABCD] [].Yosin s Bll] 31)

3.3.2 Comb-Line
comb-line®] ABCD Zelv|eje ¥d Ay A=z 2y w37,

(1) 348 2% A= 54

+ Vz + V3 E
Y
I~ o G eIy = B T By
Qi 2y, Zy, (A
Ix—; PR FE Y -1y
Vs —
1 ] -l !
0 Iz . 0 bz
(a) (b)

(a) 8 288 A2 ¥E AUy 4F
(b) B8 AFY MEY even- and odd-mode VFY

o9 6 ¥E 2" M=
Fig. 6. Parallel coupled line

%2 YE RBE even-mode?} odd-mode AF Fo2 velhnlg

Il=Z'1+Z.2, Iz=i1—i2
I3 = 2.3 + i4, 14 = ig + 2'4 (3.2)
i), A9 98 M27} even-modeZA FHE W(EE 3 4 A, TE 1 BE 2
oA M9 Aghe

cos B(l—z) .

vi(2) = vi(a) = —iZo g (33)

o], izol 93 TEHE ARZ(ZE 128 AelA LE 3 B 49 YL
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B2 = viz) = — iz, 9882 (3.4)
ot} &, iy, AFHol o8 HNE7} odd-mode2A TFE W(EZE 34& /W), TE |

cos B(I—z) ;

2 .2 - _:
vi(z) = vi(2) 71Zy, sin g7 p (35)
o]31, ol 93] TEEHE AR TE 3 49 Mg

Cos @Z .

(2 = —viz) = —iZ, sin gl (3.6)

2 Foldrh
2(32)2.2%¥ mode AFE BN ez & 5 Ut

=

le = = (Il -+ 12), ig (Il - 12)

f

i3 = (I3 + 1), ty = (Iy— I3) 3.7

DOj—  BO

JEYde MY HBYIRFH 7+  JUth

Vi = (oL + &4+ o)+ vblo
Vo = (v + 0§ + o) + vpl.=0
Vy = (v} + 05 + v+ o).,
Ve = (L + 4+ o5+ vh)l,-, (3.8)

2(3.3) A 2(3.6)& (38 Wzt s, thFe 4E& & 5 UG

vi(0) = v3(0) = —jZy, cot b, i)
20) = 5(0) = —jZ, cot8, i
0300) = v3(0) = —jZy, cotb,is
v30) = v30) = —jZy, cot 8,1,
o210 = (1) = —jZy cscl, i
vA(1) = Vi) = —jZy, cscb,ip
(1) = vi(1) = —jZ, csch,is
(1) = vi(1) = —jZy, cscb, iy (3.9
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q71A, 0, and 8, : even- and odd-moded] ¥ Mz Ao
2(32), 37 28z BNHEFE YA DegE F& £ glon, AFd: dLn
2, '

Iy = Zy = Zy = Zy = —‘ZL [ Zye cot 8, + Zy, cot 6,]
Zy =2y = Zy=Zy = ‘“ZL [ Zye cot 8, — Z,, QOtﬁa]
Zy =12y =2y =Zp = —~2L [Z,, cscH?-FZOb cscd,]
Zy = 2y = Zpy = Zp = —*2i [de cscd, + Zy, cscl,] (3.10)

(2) Comb-lines} ABCD #&hmlel 7|4t

comb-line® 9 63} To] WE AW MzolA LE 33 48 APAASE Fejol.

a9 7. Comb-line 32
Fig. 7. Comb-line circuit

a9 694 RE 34¢ MPEHNCEE L = 002, A3 Juds PP ohen 2o

(7] = ~4L [(Zeecotbet Zgycote) (Zeo cot 8o — Zgo Ot b,) 3.11)
2 [ (Zg cotOoe— Zyyc0t 0,,) (Zg cOL O + Zoy cot O,) ’

AGBIDY duds ZFEZHEEH ABCD JEvEE 78 F dud, A493E= 312)4ez
FojA} :

Zoe Ot 0o+ Zyy 00t 8, . 22y, 20, cot 8, cot 6,
[ABCD) = | "Z cot,— Zj, cot8, 7 Zy,cotf, — Zy, cot b, (3.12)
2 Zye cot 8, + Zy, cot 8,

T Zge cot 8, ~ Zy, cot 6,  Zp, cot 8, — Z,, cot 8,
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ol

12

(3) F Adze HEad

% ABCD sHehvlEie 29 89) 7R BAE o &34 @)
14

714 48 oenRlad gste ¥4, C = Vs | p=o ol A3 &3 2o

C=1[Z.Z,cotb,cotb, — Z:]sinb,
+ Z(Z, cotf, + Z,, cot8,) cos b,
— Z(Z,cotb, — Z,cotl,) = 0 (3.13)

4B A\By + AyBy B\B,
o D3] = B, + B, B+ B,

3 3 (Az - A])(D] - Dz) Dle + D231
(Gt G+ B T B, B+ B,

79 8 ABCD #evlEe) 9g H&
Fig. 8. Parallel of ABCD parameter

g, H3.13)9AX O, = 0, = 6, o1, 42 &3} Fo} e} drl

C=1[2Z,Z,cotd, — Z:tan 8.]sin 6,
+ Z (2, + Z,) cos b,
- Z(Z,cotf, — Z,cotB,) = 0 (3.14)

3.3 J-InverterE ol &% 57132

V(1) Zy

Jy @ inverter, Y(w): 17

29 9. Inverterg ©] &% compact hairpin-line 3379 57132
Fig. 9. Equivalent circuit of compact hairpin-line resonator using inverter
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o7 A,
0 g
(L] = JA (3.15)
ih 0

Y(w) = G, + jBlw) = Go+jb0(;‘j’——% (3.16)

b, : FR719 slope getvE =

1% 99 J-inverter® ©]£ % compact hairpin-line F3719 571322 Jelugic

Egdoz g F2E VI dY5d Ayrie FIAVNEY dd AFom FAHE
T Ut F& HYgEE VR U9 5y o509 AG I3 g B Sr)e

FANE Atole AFAFY d28 TS 9F QE A Ad d8 HAE +
9,15}.

F2719 QE ALY YEiME dF o=vEs EE dUU2E golof e,

t o
. A8
4
o Mo
N
r)l

(2N

AL 328A AFF AF o] 1y 99 th$ & ABCD HFH=ZHE Fgo} 3749
$A27F 4 A&Hol Jlernz ABCD ¥¥# 4¥ d¥d2E o 2o
AB1[o Llr1ofo £ _ [-1-%
col | Byl f°] [ 7
iy 0 iy 0 0 -1
Y
B= —% = Zin (3.17)
K
Ad" Z,22F3EH 4318)% o/ &3ld FYE4dS 78 + A
- 1
Alw) Tt (3.18)
Alw) = —1—[(2+&)2 + Q( ) (3.19)
4 @, 17 )
o 7] A,
r=“2e21 wxas
Qe - bO_]g;Q : 9’]% Q
b
Q = ?(:) W& Q
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FR7] Aol AgAST K& 77| 4dEde 787 A 2™ 109 FR 7130
Agtso] e dutstd 71 2 & nolsiE A
% ABCD 338 2%¥ 48 dod~& T38tH

bt Y

)T (3.20)
BT

O399 10, R4S 57 R
Fig. 10. Equivalent circuit of resonator pair

A9ed Aw)e B3 go] Eydt.

B(w)! =2 Jia— (G, + PZ)1B(w)* + [ o + (G, + 12 Z )1
AT s 2

Alw) = (3.21)

ghek 21(4.21)0] Jio > Got]oZo8) ZAS wECA, TR7] He 29 119 2o %o
7Y B3 AFgko] 10dB ¢l F e Hd Alw)E 3te

0
A(w)(dB)

w, Wy w3

oY 11 AR 2uk &
Fig. 11. Frequency response of rescnator pair
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EY 7 FRAEE 0T 0BT W, ey BANE AL 4+ g

L = L F= (G, i) 322)
ol=ulE A slope HebulE bost FA| 78] A A% Ko DAL 23222 REH
Jiz = bK - | (3.23)

Wo— Wy
K= ———

o, [qB] - (3.24)

2 Zojxn.

3.4 Compact Hairpin-Line °iﬂ-7]94 AA 2 5373 EA

compact hairpin-line <3712 HA 7#4L DA AASHLD hairpin-line o 77]2}

FdsA dAstrl. A4kE compact hairpin ~line 99712l A48 ¥ 39, layout £¢}
schematic 3|2& ¥ 1238 139 velideh. zEla, 29 14 AAd o579 4

< BRoEH

3 3. Compact hairpin-line 3718 x|

W1 = 0.39826mm S(1 2) = 0.709760mm
W2 = 0.31496mm 5(2 3) = 0.084656mm
W3 = 0.31496mm S(3 4) = 0.709760mm
w4 = 0.39826mm §(4 5) = 0.700330mm
W5 = 0.35000mm S(6 6) = 0.321630mm
W6 = 0.31303mm (6 7) = 0.240530mm
W7 = 0.831303mm S(7 8) = 0.321630mm
w8 = 0.35000mm S(8 9) = 0.700330mm
W9 = 0.39826mm S(9 10) = 0.709760mm

W10 = 0.31496mm S(10 11) = 0.084656mm
W11 = 0.31496mm S(11 12) = 0.709760mm
W12 = 0.39826mm

Length of comb-line = 5.5369mm
tap point = 4.2519mm
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%

) W vy

R nh ankl H o e

29 12. Compact hairpin-line < 3}71¢] layout =
Fig. 12. Layout of compact hairpin-line filter
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iPH2=21P+1%9x2):d

-t

 BBSLAL
AERELE

TLILRS
. RRILRL |

3, B 70 @-2PoF¥0)id

;
ponb porn SRERAGEL B en - )
puad t:é_g §'§§§ Y .:’—‘lu‘_-"'_t‘_i_j R;_,g N—'g
g | =it RO ;
[ g ’:F‘pu:'-f'_
G EEmmt | 5| ]
SevaaiE o © -
TH H z
E e

718 13. Compact hairpin-line ¥ 3719} schematic a2
Fig. 13. Schematic circuit of compact hairpin-line filter
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¢ RLOS (dB] (] ROB(dB)
0.00

]

o / \

Y )

4
/ \

-24.00. /
pLs 1 b
.zv,nn. /

4 -
-30. 00

v g Y .v T v Y T T
106 1.62 1.64 1.66 1,60 1.7 1,72 1.9¢ 1.96 1.98 1.8 102 1.8¢ 1.36 1.58 1's
Preq 10Ha)

(a) Compact hairpin-line S37]18] AHI&EAT A4

g VSHR | ) HFILTERL

27.00

4

N /

.00

6.00 \

\HENERED
] N AN

T v v v T T 7 T T r - - T
J.6 1.62 2.64 1.66 1.68 1.7 1.72 1.4 1.76 1.70 1.8 1.82 1.84 1.86 1.8 1.9
Praq (GHs)

(b) Compact hairpin-line «{3~7]2] VSWR

¥ 14. Compact hairpin-line & 37)9} 54
Fig. 14. Characteristics of compact hairpin-line filter

3.5 Haripin—Line ¢ % 7] 9} compact hairpin-line ¢ 3712 54 ulx&

B 4o AFEH AlEdoAE B3 AT B3 U9 2w compact hairpin-line o 3}
7] ¢} hairpin-line & #7]¢o] 3 SAS velligich
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L-Band 94 £47189 d9Fa 7] 47

¥ 4. Compact hairpin-line & 3}7)$} hairpin-line o =}7]¢] EA

= 512 [GHZ] compact hairpin-line hairpin-line
T RLOS[dB] VSWR RLOS[dB] | VSWR
1.700 -8.62 2.18 -6.20 2.92
1.705 -6.10 2.96 -4.94 3.61
1.710 -5.03 355 -4.38 4.05
1.715 -461 3.85 -4.20 422
1.720 -4.55 3.91 -4.24 - 418
1725 -4.68 3.80 ~4.42 4.01
1.730 -4.90 3.64 -467 3.81
1.735 -5.14 3.48 -4.93 3.61
1740 -5.33 3.36 -5.14 3.48
1.745 -5.40 3.32 -5.24 3.42
1.750 -5.34 3.36 -5.20 3.44
1.755 -5.18 345 -5.06 3.54
1.760 -4.97 359 -4.83 3.69
1.765 -4.81 3.71 -4.62 3.85
1.770 -4.74 3.75 -4.47 3.98
1775 -4.86 3.66 -4.43 4.00
1.780 -5.28 3.39 -4.59 3.87
1.785 -6.16 2.94 -5.02 3.55
1.790 -7.79 2.38 -5.89 3.06
1.795 -10.46 1.86 742 2.48
1.800 -12.90 1.59 -9.81 1.95

hairpin-line &} 37]o W& o&o] FHF E4o] AHIANSTE & + UTh

_ﬂ
[e]
5

73
o
=

wAEA 0 @ 3[dBIA
1.705[GHz] : 23.48%
 1.795[GHz] @ 40.97%
FAF94(1.76[GHz]) © 2.7%
Q@ THF o] FEEk ¢ 11.37%

VSWR : @ 3[dBJ#
1.705[GHz] : 21.96%
1.795[GHz] : 33.33%.
@ FAF9(175[GHz])  2.38%
Q@ FANAoM e HFF - 11.47%
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9] @Fel Al compact hairpin-line ®{ %71 hairpin-line & 3}7]e] Hl& Y&
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20 foE - AT A%

V.4 &
B = e #4897 ¢Fry 7199 e A4 003556 mm¢ FEE AHEste &
Hd A4M 22 hairpin-line 99718 AP, £3 hairpin-line & 157]2] AAlo]&

¥t O 2 hairpin-line o 37]1e] AAFAY FYE 2HE ZEE compact hairpin-line
%71& A A
o5}7]9] X4 Matthaeio]l 93] Atd AAAG THZE o] &3l ZARE A,
compact A}9} ‘Microwave Harmonica'®} ‘Serenade’ L EZ IS o] g3l HEF EAS
zke Aqur] AFE AMSAEH, AT AA M AdEd S A5 JdEgHE A4
g5 YAHE Fotfe FQo AUk

B =894 AAR F F29 A5r] EHES wusE AR, FH dgolA
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