Fral 5 £k enT 748 &t BUg ik B

Microstrip Parallel-Coupled-Line Bandpass Filter with Multi-Spurious
Suppression

g4 i1

—

TR e KR

Hr & XN e A 7 F o7 F]



Fral 3 £ enT 48 & AUt K3
Microstrip Parallel-Coupled Line Bandpass Filter with Multi-Spurious
Suppression

S e A SR L - Student : Chung-Pei Wang

R oM B4 Advisor : Dr. Jen-Tsai Kuo

2 d

b

g
5 AT

'0‘—\3

,:;,
i
=

A Thesis
Submitted to College of Electrical and Computer Engineering
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of
Master of Science
in
Communication Engineering

July 2009

Hsinchu, Taiwan, Republic of China

‘:4;3;2\@‘],{‘__].,\&/\5



FiA 1w IR e B
B o= 2+ 7 CE N ®

1% &
ARG E WAL R R P U E o R drdls o~ = s
v RAR A 0 E SRR et L%Oﬁg?] B A 4

A4 BB R S

R E ¢ P REARR KRR BAER

=102 B & h=127mm chir > 7 EE & HHAL
RAHFEE LT RS RAL T B 1T - S R E R
Z R e BAEER BRI EFEER A RPE -

I8i



Microstrip Parallel-Coupled Line Bandpass
Filter with Multi-Spurious Suppression

Student: Chung-Pei Wang Advisor: Dr. Jen-Tsai Kuo

Degree Program of Electrical and Computer Engineering
National Chiao Tung University

ABSTRACT

In this thesis, two-stage microstrip bandpass filters are designed to have a
relatively wide stopband. The“input/ output stages are designed to create a
transmission zero to suppress the second harmonic. The coupled section of
resonators is designed to generate a transmission zero to suppress the third
harmonic. In addition, open stubs are added to suppress the fourth harmonic. For
reducing the circuit size, a substrate with &. = 10.2 and thickness #z = 1.27mm is
used. This structure has two zeros beside passband which caused by symmetric
tapped in or skew-symmetric tapped in. Based on this structure, two-order filters
can suppress second, third and fourth harmonic response. Measured and

simulated results have a good agreement.
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e b T HE
Port 1+— Q :

e i = - I/—l» e
1
1

I
I
I
Zle’ Zlo | :
|
I
I

0,012, 0;,/2!

I

B 2-12. & B {4 47 2 T BT

2-3-1 % - KPR~ TiT48ER
d Bl 2-7 enE 2x R e TR AL 472 4 47 0 ¥ 7 F](2-16) % (2-17) -
I * (2-16) % (2-17) > ¥ 4 0,= 0, ¥ {7 i e ABCD 4B > 4r(2-27) o

0 0
‘Z‘ =Lyl 21 ly = (le +Zn )(le - ZZl): ~Z,, COt %Zoo cot % (2-30)

2z, |7
AB:ZH ZZl
C D| |1 Z,

7, 7,
Zo,cot% + 2, cot%) -2, c0t% 7, cot¥
7, cot 9% 7, cot 9% _Zj(z% cot 6% ~7,, cot 9% )
B 1 Zo, c0t% +2,, cot%;
_ZJ(ZOE cot 0% - Z,, cot 94) Z,, cot 9% —Z,, ot 9%
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ZOe + ZOo
ZOe - ZOo
2

J
ZOe _Zoo cot 0%

=¢ o

¥

e ke &
Z,

Z,

|\>|\ Nl\

-J

. 2ZOeZOo CO'[G'%
Z —

Oe Oo

ZOe +ZOo
ZOe _ZOO

] HPE e ABCD 4B 5 4o(2-35)
(ZOe tané, + Z,, tand,) = Z

(ZOL tand, - Z,, tané,) = Z

0,
‘Z‘:lezzz L2y = (le+221) (le ZZl) —Z, tane/xZ tan 4

Zy ﬂ

4 B = ZZl ZZl
C D |1 Z,

Z, Z,

Z, tan0/+Z tan'g/

0 0
—Z,, tan %ZOO tan 4

Z, tané, - Z, tan 9%

l ‘9/_ '9/

Z(Zoe tan 5 Z,, tan 5
6, 0

Z,, tan %+ZOotan %

1
J 0 0, 6’/ _ 9/
2(206 tan %—ZOO tan éj Zo 1an "¢, —Zy, tan "o/,
ZOe + ZOo ] 2ZOeZOo 1 |
4 B Zoe = Zo, Zoe =2y, cot‘g/
“lc p|” 2 Z, +7 ?
] Cot 0/ Qe + Qo
Z ZOe - ZOo _l
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(2-32)
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(2-34)
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262%&:1@%@

d[A]F M@ - BT FER L6 E’ﬁ@ﬁ%lfsﬁl\ﬁ?ABCD e o

4, B, cos 0, jZ,siné,
=| jsind,
C, D, cosd,
Z, (2-36)

2-3-3 ¥ EF RG> TFHEM
dH A EA T A B2 B R T TR A R P

TALEBFERAER > 2 ABCD EE 40T

B R
|:A3€ B3e j| =\ % (])- (2-37)
Cae Da | V57 coth,
WA R
{Aso Bﬂ _ % (1) (2-38)
G Ds] | =z coto,

2-3-4 1% ﬁ;f] F B AT

» 2

dodZ AT A FARATE - BAEREEA 4 PN R Z M b
ABCD “E'LAp R T+ o FELA 2 chif 2 ¥ r0a 5 -0 R0 B
TR S e BT R E AT
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i 4 % 4

|:Aee Bee:| |:Ale Ble:| |:A2 BZ:| |:A3e B3e:|
= X X
Cee D ee Cle D le CZ D 2 C3e D 3e
Zle + Zlo . 2ZleZlo 91@/_ .
Z. -7, J 7. -7, x cot 1o/, gqs% jZ,siné,
= ] 2 « 1 Zle +Zlo x & COSQZ
Zle - Zlo cot 9% Zle - Zlo 2
1 0
X ; 1
- jZ,,coto,,
(z, +7,)x| cosb, _ ZSinG,
1 Z,, coté,,
=g " i
e ~ 410 127,72, xcot‘g%x sin g, N cos 4,
i Z, Z,,coto,, |
B = J i ‘91
=5 x| Z, x(Zy, + Z,;)x8ING, = 27,7, x cot 1o/, x o8,
Zle Zlo
(2, + 7, )% sin g, N cos 6,
j Z, Z,cotd,,
C = X ) -
“ Z,-Z 2 Z,sing, (2-39)
¢ ° | +————x|C0S0, -——+=
cot ‘9% Z,,coto,,
D, =t |Z2%M0 (7 L7 Vscose,
Zle - Zlo cot ‘9%
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12w {7
LS TE
i eo Beo:| |:Ale Ble:| |:A2 BZ:| |:A30 B30:|
= X X
L ~eo D eo Cle D le C2 D 2 C30 D 3o
(z,,+7,)x| cosé, _ 2,80,
y 1 Z,, coto,
= X
“Z,.-Z i
e | 27, 7. xcot 918/ L[ SN o, cosd,
I 27\ z,  Z,cotd,, )|
B :+.>< Z x(Z +Z )xsin49 -27Z. 7 xcotele/xcose
eo Zl _ Zl 2 le 1o 2 le“1o 2 2
(2. +7, )% sin @, N cos o,
j Z, Ly, cotl,,
C = X . -
“ Z,-Z, 2 Z,siné, (2-40)
+ T X | €0S 92 — ﬁ
cot % 3, COLU;,
D, =~ lz x —zzesme (Z, + 2, )xcosé,
le ~ “1o cot /
F i
_Aoe Boe:| |:Alo Blo:| |:A2 B2:| |:A3e B3e:|
= X X
_Coe D oe Clo D 1o CZ D 2 C3e D 3e
(z,+7,)x| cos@, - Z,SInG,
1 Z,,coto,,
Aoe = x 1
Z,-7, 2216210 cosd,  sing,
cot ‘91/ Zs cotl,, 7,
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B, = _J Z, x (Zle + Zlo)xsin 0, + 221,21, €050,
Zle ) cot 91%
(2, + 7, ) sin g, N cos o,
j Z, Z,cotd,,
Coe B Zle _Zlo g 9 Z Sln 9 (2-41)
+ 2cot 1/ —Cosd,
Z, cotH |
D, = ~ ><[222 cotel%xsin 0, +(Z, +Zlo)><cosez}
le =~ 1o
+ W-4
_Aoo Boo — Alo 1o % AZ BZ % A30 B30
_Coo D 00 Clo D lo C2 D 2 C3o D 3o
(z,+7,)x| cos@,~ RN,
1 Z,, coto,
A = X
“ Z,-Z, _ 24,7, [ cosb, . sin g,
cot 91/ Z, cotdy " Z,
B, = S x|z, x (2, +Z,)xsing, + 22121, €080,
Zle T cot 91%
(2, + 7, ) sin g, N cosd,
j Z, Z,cotg,
Coo = Z,.-7, g 0, Z,sin6, (2-42)
+2cot / —C0s 0,
Z, cot9 |

#x[zzz cot 91% xsing, +(Z,, + Z,,)xcos 92}

e %o

d (2-24), (2-29)7 w2 = N Z R B2 2 > B(Z21)Even = (Z21)04a = 0
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- jZZZ3e (Zle - Zlo )COt 9% COt 936
(2, + 7, )x(Z,,sin6,cotb,, + Z, cosb, )cot 9% +27,7,,¢0s0,cotl, —272sind,

_jZZZ3o(Zle _Zlo)cot 0%(:01: 930
(z,, + 7, )x(Z,,sin, cot b, +Z,cosh,)cot ‘9% +27,7,, c0s6,cotl, —272siné,

+

A

P=(Z,+2,)x(Z,sing,cotd,, +Z,cosb,)cot 0% +27,7,, €080, cotl, —272sinb,
0=(z,+72,)x(z,sin6,coté, +Z,cosd,)cot 0% +27,7,, €086, coth, —272sinb,

- JjZ, (Zle -7, )COt 9% cot 6, x (ZBeQ + Z30P)
¥ %5’ (ZZl)Even = PXQ

= —jZ,(Z, - Zlo)cot% cotd, x(Z,, 0+ Z,,P)=0
wZ,#0, Z,-72,#0, Z,0+Z,P+#0

0

— COt 1 2 = O . 0% — 900’07_ 93 — 900 (2'43)
or cotf, =
v i#

B jZZZBe(Zle — Zlo)COt 936‘
Z,+Z7Z,)x\Z,,sinég,coté,, + Z,coso, +2cot%/ Z?sin@, - 7,7, cosé,cot o
e 0 3e 3e 2 3e 3e
B jZZZ30 (Zle — Zlo )COt 030
(2, +7,)x(Z,,sing,cotd, +Z,cosb,)+2cot 91% x(z2sin6, - 2,7, cos6, cot,))

+
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X (Zz2 sing, — Z,Z,, cos g, cot 4936)

R=(z, +2,)x(z, sind,cotd, +Z,cos6,)+2cot% 5

S=(2,+2,)x(z, sind,cotd, +z,cos8,)+2cot % H x (z2sing, - 2,2, cosd, cot )

_jZZZ3e(Zle _Zlo)COt 938 i (Z3eS+ Z30R)

Gt (221)odd = RxS =0

= —jZ,(Z,,— 2, )cotd,x(Z,,S + Z, R)=0

=cotd, =0, 6,=90° (2-44)
d (2-43)% (2-84) » 7 g B0 =00° % 6,-90° ¢ B¢ S HF AL F B o B

6,=90°0,=30° » ¥k pF s BATTEALZ 2 BATE LA S P il .

2-4 Ly gt AR B
1 * ;‘ig@] e b - BUwREAE AP R F e 42 R ERBREBRAK

(Open Stub) * & # R gL Fldrdle BAEZAA PP ho d R RBRALE &

Eoxw A2 JE T F A 2 FB A A A2 RIRIEF 2 o i E

Ak B o - BRI 225 Ik & g (non-resonating node, NRN) -
d g R prdlend e PR 0 TURRARSDE R e BAE e A2t
o B RREE A

Zy=—JjZ,cotfl =0, p= a)\/g\/ Ho&y
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Bl ekt [ ERR A NFTHIT R af i E 3T
S R R S o B 2-13 S Frdle B LR TR 0 W 2-14 G

LRl B PR AR L REE B M RE - HORE
Bi* Li+L A LiERie sz dh B HEIRERL Li+L "7 L

LR LS

Port 1
Port 2 'LW
— L — T
1 Lr = }\1/16,
O

Bl 2-13. Frflw BHERAMTT BEEA KL £ B HRT R

0
-10 —
20—
m
2,
- -30 [
N
N
40— e 6 = 15.25° |
— — 6,=18.00°
——— 6,=20.25°
50— ——— 6,=2250 |
60 | | | | |
0 f, 2f, 3f, 4f,  5f

Normalized Frequency

Bl 2-14. BEALLE RS e BFFE-E M GRH
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B2-149 §RBRALLER 2 B¢ e 22 g EpF> BT
EATFEE A HBED A B T F &7 d (2-45)FF -0, F kb
Je e, B0 IR 0, <225° 0 F s MenE BAS Tl BAF R o

e+l g -1 1

& = + X =6.42 -
<2 2 \[1+12n/w (2-45)
6. zgoozﬂzzﬁkof

ky = 24 =0.21mm
C
l= %0 5”,/;80 ) =2.96mm (2-46)

d AR A s RS T Ao I A F g r 3 2 enT (T e AT i
HERIENE PSR = 8 S e R U

e ;Exb D8 m,}% /)i o
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AERP Ao 1% - BERE £ RBR P RAE > 5B b
1o AR E A re BihAE > @ * RT/Duroid 6010 » 4 7 ¥ #ice, = 102 > £
FERA=127mm & (FHH o #rE 2 hT

AN I - 8 Vi
Bp o s Z BARFANBIFER > ¥ - F FEPrd - B ~ = B

B R #h
hAw AT P I -

-

R B AT ORA R R R By O]
*o AR R D L2 P ELRFOAN A REHEOT FHEREL TR
REFdrdls BAE A ~ Z BAEFRZ v BAE A DE S 2P 2
AT ERE S e B 0 2 A2

a0

P~ T T8 E
SR RE U IR

Bk Ftde b - B A2 R B BRA RIS e B4
oo | A EE Az @1 ~ %50 Q & & (tapped-line) » #7170 il ¥ =+
§rA2 - BRETH W31 TEM - & F 50 1TE TR TR
Rkt AR BT e BT LEFEAR D S 2
T - 4 I IE3DH RS D |

= b
3 1E D R TR ] Rt o

2
o

&

"

RS

e
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V b— ) U
=S
Sy
e
S
F3-1. ¥l Fbwss bk B T B
B P R S kg g gt A (B1) 2 (323 E S hEKiE & bR
rré,?ﬁ—l}‘]_; (External Q) o [B]3-2~ ]%]3-3%[{{;5‘;—,15_‘4%?&%@ Z AR E R R

G e d (31K dehin s AEKE S TIR33Y F @ Wh = 04pESIh =

0155 d *tig * - W R > MER > PTG ERFIEF 3+ 7/0.8mm -

K = a =0.11047
VE&18> (3-1)
8081 _ 8283
=== =222°=10.539 3-2
g-&fs_ &t (32
]

Port 1 P 5/12) @1/127‘ Port 2

—1 AL A

B 3-2. 48 & Gl K W8 T BB
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0.16

0.14

0.12 K =0.11047

0.10 —

W/h=0.2, 0.27, 0.4, 0.6, 1.0, 1.2

Coupling Coefficient K
2
P

S/h =0.155

0 | | | | | | | | | |
01 02 03 04 05 06 07 08 09 10 11 12

S/h

R13-3. ME WL RIESEHds & hHKm % F
d[23]F rR i ho BEIRBIAALY T 5 FHRR S 97
MQE s F A £ 4R ¥ (Doubly Loaded Resonator)shQfr¥ f % % 4= %
(Singly Loaded Resonator) shQ iR 4 4 :
0 =20 (3-3)

H¢ bR g S (External Q) 1% BI3-4enT B HHE T 3 E Yo 30

-\

o (3-4)57 8

e

o, dB
=Rx—2x— 3-4
0= Rx2xim (3-4

dB v v A
ﬂ"%m Vi 3R BR B S afle s > ap 5 P S HES R ﬁﬁﬁ”%'@—m

froe d (3-2), (3-3)7 W H § £ 4= BehQ i 5 21.078- B 3-5 2 A% W 2 &
BE S ¥ b 3R 58T ]S (External Q) b TR E] o
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Port 1

-

1/4 1/2)

!

Bl 3-4. *hIREFF]S+  (External Q) cHH T B R

b/

W/h=0.2, 0.27, 0.4, 0.6, 1.0, 1.2

tor, Q
w w iy
o ] o
\ \

N
(¢1
|

N)
S]
\

=
(6]
\

External quality fac
H
o
|

ol
|

S/h=0.6

0 I I R W I S R
0O 01 02 03 04 05 06 07 08 09 1.0 1.1 1.2

S/h

Bl 3-5. ®F W 2 e S $ b0 gF F|+  (External Q) b % B
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3-1 P HE¥Frfl- BAEEA ~ = B F A 23K

Fo BipA BRI BAEA 2 B AS S Rk B ¢
SHEF L25GHz W HIHE R 58 % 0 0.1dB st E 2 B FERA R
FREG BB PG B F RN A R o HP SHF 25 GHZ
WOGIHE 8% T K #ie, = 1020 F d KiE 2 R AIEPRAR T I B & W
S>ie B E B % A(3-1)482L %HBK=0.11047> 1 * el 70 Q (Wh = 0.4)
o REW=05mm ¥ @9 % s peS=0.1905 mm e 8258 (3§ hT R ©
SV EIAp R g S Gl RES T A FREREMS B PIRET T
F o PR RERS T AR D B M 4ot T ORSRGE T 4 T
0.8mm . &d kA v F 3 F R4 > 8L DWW~ S, = W=05mm~S,=0.85
mm > | * B|2-10% # L3 =2.7222. mm o
d (3-3)¥ 4weh 3 g F]+  (External Q) =21.078 - §* B3-57 ¢ QB &2 M %
RFEAR GE B A EAS=07mm: d (2-46)F K e Az g L gl

%L, =11.84 mm » 15° @ﬁi%]fsmz =1.973 mm o

dATF R R a2 GRS S| S BT T ) A S
TOAh gL MBI Y o BRI E N T B A~ IESDHCE 0 Sk

vELmERDE R 5L = 11707 mm ~ Lz = 2.7222 mm % @ﬁ;f]‘eﬁlf‘? BL, =
2.2816 mmeoid & poedfdE ~ F45 5 1.22dB s B0 F B3R 4L $14dB--30dB L}

# .14 7 £3.73f (9.33 GH2) -
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3-2 e PEiralc BAEGEAL - Z BT Z w R4

2

-

B3-LH AR il BT BBEIR T 1L G v BATIA R = B
Wk R R AR RET PRLFRLA L BLY o AFIT R AR
den gk ’i‘gﬁmf%ﬂ;ﬁi&g\!‘";{ EERRREE Ok 1 I 'Eb/ﬁ» > = ’Lb/ﬁta |8

Pre ik ik B 0 R ARAT o

3-2-1 v} REEAR B Frdw P ek

d R E - BRREERT ek BRacdrdlc B - = B
TR BRI R R PRAL L BHE b o iR
BRALZRE e A2 ARAS R i d g &Prdlcaniw B

oo A ERBE T R B R R ’T‘}” gL Fh a7 T

Ao
;{}iiﬁ%fméiql’}aéAuﬁ?ami%ﬁgli°""T|j é_ﬁ;f]ﬂ',:’rﬁéﬂl"‘ l@:ﬂgﬁfé.;;;
Bokdrdlw SAEIE A5 2L R Goml Z 8L E ek B LV d (2-45),

(2-46) 2 R2-143+ & (9 40L, =2.348 mm > S 7 (7L, =2.2341 mm o B 4 ch
TR E- R T AI* 3-1)~(3-3)& Bl3-2 ~ BI3-4KiE fr?t 3t &
B %+ (External Q) ek B A FFTE L 4T (AT HW =05 mm -
RFES; =07 mm~ S, =085 mm M F L4gEMmE AL = 11707 mm~ L3 =
2.7222 mm % gk R L, = 2.2816 mm o it B A PR A G
1.23dB> &) F 543542 14 dB>-26.5dB # 1 F 4+ £4.63f (11.57 GHz)-
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Boo e B R audrdl s BARG A C Z BMGASR A REBEZBAT U
:I"L'PT:‘,LIJ_: i% *};Eggb/ﬂ ~ _:_ I’ ‘}};Fl ’Pb/ﬁ» % - lﬁ '}};FI "’b/ﬁ QK}{?J. ) g_ = ﬁﬁé"‘%’f#%l”% '_%‘J’%i‘ o

d0 R HAETERT AU F R O ATI2 de LA 4T 0 AR R R A

F_L
B
Iz
E

Mo Aet TRSBHTS LARETR £ d (2-24) ~ (2-29)F

w

FELA AR > BT UG D B - Z BAEEA R v B
Beo41* (3-1)~(3-3)% & * F|3-2% BI3-4:1K & vt #1855 5]+ (External Q)
BB A REP TR FIEEAT @RTW = 05 mm - RES, =
0.85mm ~ S, = 0.85 mm 12 2 [, = 2.417-mm > % {8 & R L B 5 Ly = 10.907
mm ~ Ly = 3.0222 Mm% 3 50K 7 L, 22.2816 mm o 0 10 cd » 3 45
51.09 dB > ] F 544542 16,5 dB > -28 dB + # 1 4 ¥ :£4.72f, (11.81

GHz) -

3-2-3 Z FBRARKDHHLRE

dONHER D RS LB - TR PREETR - FHER
Beood % - (2-39)2 (2-40)F A M T BRI HFE TR EA L EE
FAle o AT f gt TR Y AR S BT~ 2 B2 B A
Tor G ARl ok o BT EZ TR o B B D B DR R
1% (3-1)~(3-3)% i * BI3-2% W3-4:hKEfoeh 2825 F|5 (External Q) &

34



TR B A REITR T D ITEATERTW=05mm- #iES; =0.85
mm-~S,=085mmm % [, =2417mm - %48 & i B 2Ly =10.907 mm »
L3;=3.0222mm % & ﬁﬁjﬁﬁ Bl =22816 mme i@ F pid 4 cdd ~ 442 5 1.1

dB > & -] & B35 42 516.4dB > -25dB F £ 1+ F X7 i£4.75f (11.88 GHz) -
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C

A

¥
w1
Jui
s
7
g
_"‘7
¥
S
i
¥
«.L\_;:
@3
i
¥
&
W
ot 2

Wt eoh R & oAt ke
TR Rzt o F1* IE3D 1% 5 Sk de > & Bgene S 2 5 25GHz
HOBMEE G 89 0.1dB < FE v £ A SR IR F 0 B A e
FHrEFL 50Q F i3 5 0 A * 5 RT/Duroid 6010 » 4 7 %#ikc s g =
102 A FEAE h=127mm- & * £ Pk B 5 HPST20D e A 45 ik o &

22 N4 2) - P N 3‘ 2| S
B A BT R B B R

i\

41 Frflz BAFERONEHM R B(TE-)
FRRI-LE AR 2 > W - BB P S BAER ~ 2 B

ek P HE K L25 GHzZ o W PR R 58% 0 0.1 dB ¥t 2 A FR s f

T T e mBPBpERPrd| - BARFAL 0 F - ek R X T T4 L MP)
Lo s R RARE o N2 BRI o R R S BRI el E

EP-30dB ~ ez BAE A e r w i2-30 dB v i d dE O~ 4 4L 5 1.23
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dB > & | F B43F4£ 914 dB > -30dB + # 4+ F ¥ :£3.73f; (9.33 GHz) - % 4-2
P RBNEEE 0 B4-1@) 5 TEB O B4-1(b) 5 T BeniikR e B R g
TP AR g B B4-1(0) 5 RER Y o

% 4-1.0.1dB st ¥t 2 £ Ml R A S lic(go =1, Qc = 1)

N g1 22 g3 g4 8s o)

1 03052 | 1.0

2 | 0.8431 | 0.6220 | 1.3554

3 |1.0316 | 1.1474 | 1.0316 | 1.0

4 |1.1088 | 1.3062 | 1.7704 | 0.8181 | 1.3554

5 |1.1468 | 1.3712+ 1.9750 | 1.3712 | 1.1468 | 1.0
Fe 4-2. Pl BARIEAZ BARFAZ w BAFAA S PARA BT R (R

- ~w)

N=2,f.=25GHz, BW=8%,0.1dB % 2 % B
KR OK o (mwr/n) (rTLlrln) (rff;l) (n];rzn) (nfrzn) (n];fn) (rTfrrn)
- 10.11047 | 10539 | 0.5 |11.707 | 0.7 |2.2816 | 0.85 | 2.7222 | ¥
=~ ]0.11047 | 10.539 | 0.5 |11.707 | 0.7 |2.2816 | 0.85 |2.7222 | 2.2341
= 10.11047 | 10.539 | 0.5 |10.907 | 0.85 |2.2816 | 0.85 |3.0222 | 2.417
» | 0.11047 | 10.539 | 0.5 |10.907 | 0.85 |2.2816 | 0.85 |3.0222 | 2.417
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4-2 J}’VP’FH ;Eb/ N 4{? 'Pb/ﬁt;‘ T ‘i ;Eb/ //a
e
WP 3-2 &7k anz fpipik B 0 1% 1% hliks 6=102 4 7

Fo BRI EE B ERE AT o

4-2-1 § B EA R AR B(T R )

B oORRER R BRI G 2 B R B
CHE K L25GHZ 2 BE R 5 8% 0.1 dBR I T & B R R - 48
ERIMPIrR - KPP PR e L2 B E T FMER
kedrls Ak 0 0 B RIEF L2 A R i R T 7 4R 8 Sk

=

1:\4«

WL B BB = BRAL e BT -
TE G- AT e b T i £]28 dB ~ B 4 gk e 4] T 230
dB ~ fw BARIF L | ¥ iE-28 dB o i A erdE - #F%“ »123dB > 3| &

B4 914 dB > -26.5dBF # 1 # 7 £4.63f (11.57 GHz) » £4-2 5 T B ch

\\\xr

BE 0 Fl4-20@) = TR E 0 Bl4-2(b) 5 T R POEES E R 5 Fl4-2(c)

vz .y
 RELAPR T o

4-2-2 § B EA B HALAR B(TE2)
CER R Lt SRR e PR P R

d TR ELD K LEHE Ay A Bhe )t BEAE R P LR
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R R kg 3 S A P e iE S S 25 GHZ v B RS 8
%01 dB v = X MR- Rk F o ,‘*ﬁ&frf EER - R SVA ) O
TEmeEM kgl GAHA P BRRY L2 A2 R RIS T 48
EMmkPrdl= BAEFRA 0 B ;.tﬁ%l:'ﬁ A A - w2 R DR Ry
B % e BAEIRR o PR BARE A g T 1 E 1]-28dB >~ = &

HE 3k cdr g T 30 dB ~ w BE A g T 2 -28 dB o i dE ~ 34
51.09 dB s & | F 5442 516.5 dB > -28 dBF # 1k F v #4.72f, (11.81
GHz) - £4-2% § i cnddicid » B4-3) 5 T H. Bl > B4-3(D) 5 T B chfise o

Rl oo Bl4-3(C) 5 R ER T S

4-2-3 7 B RA R R B(R )
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