/ Chapter 8 Microwave filters

8.3 Filter design by the insertion loss method
power loss ratio, maximally flat and equal-ripple LPF
prototypes

8.4 Filter transformations
Impedance and frequency scaling, LPF — HPF, BPF, BSF

8.5 Filter implementation
Richard’s transformation, Kuroda’s identities

8.6 Stepped-impedance low-pass filters
microstrip LPF

8.7 Coupled line filters
Z- and Y-inverters, microstrip BPF

8.8 Filters using coupled resonators
BSF, BPF
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K.B Filter design by the insertion loss method
 Power loss ratio (insertion loss)

Pinc > PLr
—  filter —— | LPF
) o (lossless) [ o 1
— r v M (o)
— — PL — 1- > 5
PR Pin M (o) +N(o)
a
Discussion M (@°)
2
L.p_(=P,.,available power from source) = P_ + P, N ()
P, =P for a lossless filter
insertion loss IL =10log P, =101log FF)‘)”C (=-10logG;) (12.13)
L
(=-20log|S,|,if s =T, =0)

return loss RL =101log Pre _ —20log|T|
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M(w?)
/F(W) is an even function of w —>\F(w)\ o)+ N (0.173)

o v(t) :real = ReV (w) :even, ImV (w) :odd =V (—w) =V (W)
1 (—w) =17 (W), Z(-w) =Z (W), [(-w) =T (w)
T(W)[ = TW)T™ (W) = DW)T(-w),[F(~W)|* = T (~w)I" (= W) = [(~w)[(w)
3. Maximally flat (Butterworth, binomial) LPF
P (w)=1+ s(ﬂ)2N ,W_:cutoff frequency, e =1— P, (w,) =2 =3dB

C

stopband attenuation 20NdB / decade
4. Equal ripple (Chebyshev, optimal) LPF
Pa(W) =1+ £T ()2 Pa(W,) =1+ &
W,

c

ripple 10°9"*¥) in passband, stopband attenuation 20NdB / decade

frequency responses (p.400, Fig. 8.21)
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/5. Filter design procedure:

specification —» LPF prototype — LPF, HPF, BPF, or BSF
transformation — microstrip realization
6. Filter specification:

frequency range, BW, IL, stopband attenuation and frequencies,
Input and output impedances, VSWR, group delay, phase
linearity, temperature range, and transient response.

 LPF prototype

go=1 02
/\/\—Q 2742 —
We=1 —— o — 03 e e o %gN+1

o Bk TR




/ go=1 g1 03
—e— /Y Y YV @000 -

— 02 — 04 e e o % gN+1

we=1 ]

Discussion
1. Maximally flat LPF prototype design equations

IL =10|og[1+(wﬂ)2N]

c

(2k-D=

w, =1,0, =0,., =10, =2sin k=12,..N

N = Iog(lolL(W)/lO _l)

2 IogW
WC

o Bk TR




% Element values for maximally flat LPF prototype are given in

Table 8.3 of p.404, frequency response given in Fig. 8.26 of p.405.
3. Equal-ripple LPF prototype design equations

IL=10log[L+ &T2(~2)]
WC
ripple(dB)

e=10 © -1

cos(Ncos? ) 0<ws W,
W
T, (W) =1 ’
cosh(N cosh™ ) w> W,
W

c

ripple(dB)
N = cosh™[10"-"M"™° _1]/[10 2 —1]
Cos‘l(W)
w

c
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/ 1 N odd
2 ’
/ WC :1’ go :1’ gl :%l gN+1 = {

coth? g N even

. B
=sinh *+—
4 N
10log(e +1)
= In[coth
P [ 17.37 ]
4a, ,a,
=—*=2X k=23..N
b b,
a, =sin (2k =)z b, =57 +sin2%, k=12,...N

4. Element values for equal-ripple LPF prototype (p.406, Table 8.4) and
frequency response (p.407, Fig. 8.27)
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TABLE 8.3
=1, N=1to10)

Element Values for

Maximally Flat Low-Pass Filter Prototypes (gg =1,

N 7 g2 £ g4 g3 2 g7 23 o £10 £11
1 2.0000 1.0000

2 14142 14142 1.0000

3 1.0000 2.0000 1.0000 1.0000

4 0.7654 1.8478 1.8478 0.7654 1.0000

S 0.6180 1.6180 2.0000 1.6180 0.6180 1.0000

6 05176 14142 19318 19318 14142 05176 1.0000

7 04450 1.2470 1.8019 2.0000 1.8019 12470 04450 1.0000

8 03902 1.1111 1.6629 19615 1.9615 1.6629 1.1111 0.3902 1.0000

9 03473 1.0000 1.5321 18794 2.0000 1.8794 15321 1.0000 03473 1.0000

10 03129 09080 14142 1.7820 19754 1.9754 1.7820 14142 05080 03129 1.0000

Source: Reprinted from G. L. Matthaei, L. Young, and E. M. T.

Jones, Microwave Filters, Impedance-Matching
Networks, and Coupling Structures, Artech House, Dedham, Mass., 1980, with permission.
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FIGURE 8.26  Attenuation versus normalized iqu:ncv for maximally flat filter prototypes

Adapted from G. L. Matthaei, L. Young, and E. M. T. Jones, Microwave Filters, Impedance-
Matching Networks, and Coupling Soucnres, Artech House, Dedham, Mass., 1980, with
permission.



TABLE 8.4 Element Values for Equal-Ripple Low-Pass Filter Prototypes (gg =1, w, =
1. N =1to 10, 0.5 dB and 3.0 dB ripple)

0.5 dB Ripple
£1 g1 g3 24 g5 1] 7 £8 £9 £10 £11

"

0.6986 1.0000

14029 0.7071 19841

1.5963 1.0967 1.5963 1.0000

1.6703 1.1926 23661 0.8419 19841

1.7058 1.2296 25408 1.2296 1.7058 1.0000

1.7254 12479 26064 1.3137 24758 0.8696 15841

1.7372 1.2583 2.6381 13444 26381 1.2583 1.7372 1.0000

1.7451 1.2647 26564 13590 2.6964 1.3389 25093 08796 19841

1.7504 1.2690 26678 1.3673 27239 13673 26678 126590 1.7504 1.0000
1.7543 1.2721 26754 13725 27392 13806 2.7231 13485 2.5239 08842 1.9841

L =T = R o

f—
=

3.0 dB Ripple
g1 a2 g3 a4 85 g6 a g5 g9 g10 f11

'

1.9953 1.0000

3.1013 0.5339 58095

3.3487 07117 33487 1.0000

34389 07483 43471 05920 58095

34817 07618 45381 0.7618 34817 1.0000

3.5045 0.7685 4.6061 07929 44641 0.6033 58095

3.5182 07723 46386 0.8039 46386 07723 35182 1.0000

3.5277 07745 4.6575 0.8089 46990 08018 44990 06073 58095

3.5340 07760 4.6692 08118 47272 08118 4.6692 07760 3.5340 1.0000
3.5384 09771 46768 08136 4.7425 08164 47260 08051 45142 0.6091 58095

= = I = R L

—
=

Source: Reprinted from G. L. Matthaei, L. Young, and E. M. T. Jones, Microwave Filters, Impedance-Matching
Networks, and Coupling Structures, Artech House, Dedham, Mass., 1980, with permission.
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FIGURE 8.27 Attenuation versus normalized frequency for equal-npple filter prototypes
(a) 0.5 dB ripple level. (b) 3.0 dB npple level.



TABLE 8.5

Element Values for Maximally Flat Time Delay Low-Pass Filter Prototypes
(go=1,wc=1,N=1to10)

N = g2 g3 24 25 Zs g7 g3 g9 £10 211
1 2.0000 1.0000

2 15774 04226 1.0000

3 1.2550 0.5528 0.1922 1.0000

4 10598 05116 0.3181 0.1104 1.0000

5 0.9303 04577 03312 02090 0.0718 1.0000

6 0.8377 04116 03158 02364 0.1480 0.0505 1.0000

7 07677 03744 02944 02378 0.1778 0.1104 0.0375 1.0000

8 07125 03446 02735 02297 0.1867 0.1387 0.0855 0.0289 1.0000

9 0.6678 0.3203 0.2547 02184 0.1859 0.1506 0.1111 0.0682 0.0230 1.0000

10 0.6305 03002 02384 02066 0.1808 0.1539 0.1240 0.0911 0.0557 0.0187 1.0000

Source: Reprinted from G. L. Matthae:, L. Young, and E. M. T. Jones, Microwave Filters, Impedance-Matching
Networks, and Coupling Structures, Artech House, Dedham_ Mass., 1980, with permission.




/ 8.4 Filter transformations

* Impedance scaling gJ, =1—> R, = impedance xR,
scaled values: R, '=R,,R_ '=R R ,L'= ROL,C':RE
* Frequency scaling

wilow =P' (W)= P, (ﬂ) = same impedance, W <« W
W

c

W

c

X, = j L= jwL'—>L'=
W
scaled values: ¢

c

L

WC

iB.=jVc-jwc»c =S
W W,

 Impedance and frequency scaling

R,L
scaled values: Ry;'=R ,R, '=R /R ,L'=—°
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/  Frequency scaling for HPF, BPF and BSF

LPF

HPF

1
- Wi

BPF BSF

% o #gm
7w LA T W,

w, L
g 1
c L A W.CA
WA [ pwC —~CA
"_/ Wo
A=Y 7 W fractional BW
W

o
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Discussion

1. Ex. 8.3 design a maximally flat LPF, fc=2GHz, Zo=50Q, IL(3GHZz)
=15dB

w

w

c

from Fig.8.26, IL =15dB for -1=05@3GHz —> N =5

from Table 8.3, C, =C, =0.618,L, = L, =1.618,C, = 2

C
—C,'=C.'=—2-=0.984pF
1 5 50w, P
L,'=L,"'= o0L, =6.438nH
WC
C,'== C, =3.183pF
50w

c

frequency response (p.412, Fig. 8.30) with the comparison of
equal-ripple LPF and linear phase LPF
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/ 2. LPF — HPF frequency scaling

LPF

-

PLr
\j w
-1 1

1

W.C jwL'
W

wlL 1
W jwC'
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/ 3. LPF — BPF frequency scaling

8-12

PLr PLr
\/.
11 W2 -Wi Wi Wo
0w, l->w,~1->w = We W _ Yoy, w, = Jww,, A=z
A w, W W,
fi_) 1 ) . .
jwC jC(W_Wo jw C +C_3WO C':m,l_':
LPF Aw, W W,A WA = BPF | ’
JWL—>J'£(——%)= W= +|_‘W° L':m’c:
\ A w, W WA JWA 0




/ 4. LPF — BSF frequency scaling

PLr PLr
\j ]‘WO Wc\
-1 1 W2 -W1 W1 W2
0—>t0,l>-W,-1>W, = W< A v
woow,
! 1 W, jw
wC A B jWCA+CAw
JW 1 = o -
JC(WO w) c_CA L1
ww A w,CA
LPF < W Wo :>BSF4

. . A
JwL—>JL(W )= W, W \

W
W, JWLA  Lw,A
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/5. Ex. 8.4 design a N=3, 0.5dB equal-ripple BPF, fo=1GHz, Zo=50Q2,
BW=10%

from Table 8.4, L =L, =1.5963,C, =1.0967,R, =1
—> L '= L3'=L1—50:127nH

W, A
C,'=C;,'= A =0.199pF
w, L, 50
L, '= S04 =0.726nH
w,C,
C,' == <, =34.91pF
50w, A

frequency response (p.415, Fig. 8.33)
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[

.5 Filter implementation
Richards’ transformation

w— Q, Q=tanpl =tan (w l/vp)
lumped elements — commensurate lines with S.C. or O.C. stub
: g : A
Z. = jolL L —»> Z =jaL L, Ec
Zin:i - C in:i £’£
JoC  —— JQC C 8
Discussion
e w,=1->Q =tan gl =tan2—”£= tan = =1
N . 2, 8 4
2ps=n—> 936 — 1 —> »=8nf, = 4o, = Stub response repeats every 4ax.
C
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/ - Kuroda’s identites

. I— L Y Y
T Z2 U.E. B n’ n’
U.E
- T T ] 2
Z, Z, _ n<zZ, 1
U.E U.E TNz,
21,4
U.E. (unit element) : Ac/8 line i Z,
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1:n?
|
_ £2
%Zl U.E. - n* ;é %é
| UE. | | |
1
n°Z, )
N ] ] n°:l
|1| Z, _ n°z, || |
— U.E - U.E. §
Z, [
n2=1+é
1
Discussion

1. Use Ac/8 redundant lines to separate stubs.
2. series L (short stub) <> shunt C (open stub)
series C and shunt L change positions
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/ 3. derivation of (a) | 2| f
| | 1

/ | U.E. _

A BJ] | cosBl  jZ,sinpl 1 . °
C D| |jY,sinpl cospl | 1102 JZ— 1

-

1o
jQ 1 open-circuited shunt stub
1
1

| 10_Z—_
v v 1 =4 _ 0

1

short-circuited shunt stub

| 1QZ,
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1Z°

JQ | open-circuited series stub

1Z:<Ol
0 1 _

1 QZ
[ J 1 0}short—circuited series stub

0
[A B 1 1 0] 1 jQ Z,
= —— JQ (9
e ol 2 ,
L 1+Q 22 Zl
1 jQ Z,
> Z,
1+Q2 1Q (_ _) 1-€ Z,
i jQz, _
[A B} 1 ' n? |1 124
= . n
C D R \/1+Q2 JQ n2 1 0 1
L 4, |
1 1 (Z,+2,)
_ 2
— —— anz z —>n?=1+
W1+ 1—O /1 ':F,
. Z, 8-19 2 /ﬁhl«:tlﬁt w, I




/4. Microstrp LPF design procedure

series L, shunt C — Ac/8 series short stub, Ac/8 shunt open stub
— add redundant Ac/8 Zo lines — Ac/8 shunt open stubs
— consider discontinuity effects

5. Ex.8.5 design a 3dB equal-ripple LPF with fc=4GHz, N=3,
Zin, Zout=50Q2

Z0=3.3487 Z0=3.3487

11=3.3487 Ls=3.3487 o
A r _ ﬂl = e /8
T C2=0.7117 /

Zo:1:405 ‘

&—

=




/ 70=3.3487 Z0=3.3487

Zo=1 / Zo=1 7 s0q  “Z0=1.4057 Z0=1.299

. e

() (b)
Kuroda’s identity

Z0=4.35 Z0=4.35

500  217.5Q 217.5Q2 50Q

frequency response (p.421, Fig.8.37) | = \c/8

frequency repeats every 16GHz 64.90 70.30Q 64.90
S21 @8GHz, 24GHz (I=1/4, 3X°/4,...)
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ﬂ Similar procedures can be used for bandstop filters, but Kuroda
Identities are not useful for highpass or bandpass filters. (p.421)

[{W}j m 14 24
N % Vs

| g = Series capacitor transformation is not

available in Kuroda identities.

| pronpee]

£
- |




/ 8.6 Stepped-impedance LPF

« Short transmission line section
. |
JZ, tan % jZ, tan %I jZ,sin gl
Y Y ' YY . I 2 " VA N —
Z ﬁ I Z — ZO 1 ZO —1
o jsin gl jtanﬂI BB jtanﬁl__
low Zo w
1 1 - Z|
Z“BL<E_ T JwC Bl
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Discussion
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1. (derivation from notes 4-12, 13)
6 = pl
cotd csco
Lo 2]--1z.

cscd cotd

2,4y, Ly=Ly, Z,=-]Z,csc0

— Z,-Z2,=—]Z (cotd-cschd)=—jZ(
L1z _2sin??
=-jZ,
23in20032
_Y12
— 1 Y, = jY,csco
Y+ Y, Yoo + Y, Y +Y, =

{
}[v]=—m[ cot
—Ccscd

cosd

—csco
cot@

1

sind

= JZ, tan ¢
2

- 0
1 .cos6 1 Jani

1=

J1Z, sin® sin®6 Z

ek & B3

sind

)

|




% Microstrp LPF design procedure
L, C — select proper Zn, Zi — at cutoff frequency RoL= Zng In,

Ro/C= Zi/g i — In, l— consider parasitics of L,C and discontinuity

effects
3. Considerations of Z,
1
T L <
l<— |
4
_ _Z' I :_lc—>sinBI|:oaCZI s%a . wCy2
Jsinpl, Jo 2 |, = =sin™ ®CZ, — open stubs?
4. Considerations of Z,,
] pI<] 1 Z, > J20L — fabrication?
jZ,sinBl, = joL —sinpl, = > < —— —

Z, 2 L= Lint (Z—L —> capacitor coupling?
h
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K:Ex.&G design a maximally flat LPF with fc=2.5GHz, IL(4GHz)=20
dB, Zin, Zout =50Q), Zn=120Q), Z1 =20Q—N=6

>=1.414 L4=1.932 Le=0.517

. Y'Y YN /YTY N

In =Rol/f Zn,
I =CZi/SRo

C:1=0.517|C3=1.932 |Cs=1.414

frequency response (p.425, Fig.8.41)
no repetition of frequency response
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8.7 Coupled line filters
 Coupled line BPF element

) — Mh— @ »-jc1-c?

_ =» = —jCyJ1-C’

«— C
l— o —_—
c* (v Q) - -i-c
— jv1-C?

€.+ (-jV1-C*)(-jv1-C?)
(1) [C2-(1-C2)]2=4C4—4C2+1
() [-j2CVI-Cz]e =4C2(1-C?) = —4C+ +4C
D+ (@) =1
ifC=%,_> (D=, @ =1
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— C

-

@
b, ] o —ji-c?
b,| |-jv1-C? 0
b || ¢ 0
.| 0 C
1| 0 -ii-c?
b,| |-iW1-c2 0
b| | ¢ 0
.| 0 C
| [-@-C)+Cla, |
) 0

0
[-jV1-C%C - jy1-C*Cla,

—j\i-c?

C
0
0

C




«Impedance and admittance inverters (p.422, Fig. 8.38)

Impedance inverter admittance inverter
I ] -
K, £90° 7. J,£90° YL
- T 5
2 J*
Zin = l;— " W 1 2\
: Kii& _1i_
4 J 4
/2 o2 0 K 0/2, 612 ,_ Olg__ 7
. - ° K_Zotang‘,X—l_(K)2 —| | — J—Yotang‘,B_l_(J)2
Z, é X Z, z,” Y, jB Y, Y,
. | ¢ 0_ _tan ZZX o * 59— _tan 2B
-C —C (0] C (0]
_{ }_ K :i _CI I _C J :(DC
_T'(: oC 1T T L
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(derivation of impedance inverter)

0/ 2 0/ 2
o o ¢ * v A B 1 0
K,_& Zo JX Zo C D| |y 1
4 @ , 9
@ 9
_ . Z =Kag-=* — K
A B cospl  jZ sinpl| “o~ P2 0 -l
= . . , _) H
C D|7|jY,sinpl cospl |1=-* _J 9
B 4 K
oS — jzosmg 1 0] cos2 jZosin9 cos0+—2-sin 0 jZo(sin6+£sin29)
2| 2| X X 2
Jsin2  cos2 j_X L sing cosg j(isin E)—icos2 9) CcosO+—2-sin6
L Z Z, 2 Z, X 2 X
2X M)-(@2) > X =—~
coS0+—2>sin®=0 6=—tan™ 1_(£)2
1 1 0 1 0 0 Zo
—>j(—sine)——cosz—):—i—>sine——°cosz—=——°...(1)—> 0
Z, X 2 X 2tan
2X  2K/Z 0
i7 (sin0+Zesin? 9y = — ik Sin9+£sin2§:_£ (2) tan|0| = == = K= ) ,K=Zotan5
JZ,(sin +75|n E)__J > 2 0 1_(?)2 1—tan? 2‘
8-30
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/ (derivation of impedance inverter)
Cc C —L_F A B [1 z
. . 4{ l l l Z C D| |0 1

A
K,Z -
4 C

— O R

{A B}_{ cosfl jZOsinBI} Zo =K

C D JY,sinBl cospl
A BT |1 -1 o1 -—1
c Dl JoC i ¢ 1
o 1 |Y 0
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(derivation of admittance inverter)

0/2  6/2 —1_ F— 1A B
¢ * o—o—I I—.—. _
1. Y iB Y Z {C D} {
J 4 o | 0
@ _J
@ 9
. . Y = T i
{A B} { cospl jZOSInﬁl} o =J =3 ¢ _Ji
= . . , }\‘ -
C D Y sinfl cosfl == .
COS— ismg 1 CoS— lsm— cose+Y—°sine (—sme—lcos29
. 211 = ) 2B Y B 2
B =
. . .Y . ,0 Y, .
jY,sin— cos— |0 1 || jY,sin— cos— JY,(sin®+-—=sin” —) cosO+—2sin0O
L i B 2 2B
J
1 2B 1)-(2) >B=
C0s0+-2 sin0 =0 0=—tan" - 3y
2B Y, 1-G)
— j(isine—lcos2 9) —d S sing—Tecos? 9 - —Y—°...(1) — 0
Y B 2 J B 2 J 2tan|—
° 2B _ 211, 2
JY, (Sin9+Y—°sin29)—_'J sin9+Y—°sin29——i..,(2) tan ‘9\ T,
e g 7 B o oY -t
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/ (derivation of admittance inverter)
c — L = [aB] 12
. . _% F_ Z C D| |0 1

A
2 cC__~ <

1
J

A B cosBl  jZ,sinpl Yo=Jn-3 ¢ i
=l .. . : A — JJ
C D jY,sinpl - cosBl | I=—= :

4 J 0
. . . —>J=nC
A B 1 ol — 1 o 0 —
c ol jec 1]l ¢ jec 1|7 JoC
-le o 1 |11° _joC 0
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Discussion

1. @ — 0 — @
1/2 -1/2 -
1/2 1/2 ==pp

For the left circuit: V, =V, +V,, +V,, +
V,=Vie " +v e’ +Vie P +v e’ 1, =
Vv, :V1: +Vi, _Vl; Vi,

@

@

design equation #1

Vie  Vie

Ay =
lo? "3 Z Z

oe oe

J
Zo, 0 Zo, 0
_900
K {zoe =Z [1+3Z, +(J3Z,)?]
=, ,
2 Zoo — Zo[l_ ‘]Zo + (‘]Zo) ]
Vlg, |1 — Vle _ Vle + Vlo _ Vlo
oe ZOG ZOO ZOO
Vie gio _Vie gio , Vio g-io _ Vio g0
oe ZOE ZOO ZOO
VLY
ZOO ZOO
V;r -0 —£6j6 _ﬁe_je +£eje
oe ZOG ZOO 00
- ek T

BikE /




/

V4 Z14 Z11 |4 I1 1,=0 I1 1,=0
Vi :Vl;e—jze J
ports 2,3 open, |2 = |3 =0 Vlz - Vl:; _ 211 = _E(Zoe + Zoo)CO'[O
|4 = 0 Zoe ZoO Z]_4 — _i (Zoe _ ZOO)CSCG
Vie _Vio :
Zoe ZOO
(7., Z,Z I (Z..-Z. ) - 2c0s0
11 11744 Zl4 Zoe + Zoo COSG 21 (Zoe Zoo) (Zoe +-Zoo) COSG
{A B}_ Z,, Zy, | Ze -2, (Z,.,-2,,)sin0
C D| |1 Z | s
e Lu pjNY 0 Zoet 200 0
B Z41 Z41 4 L Zoe o Zoo oe  “oo
8-35 Vo) S =




/////,V Zo, 0 / Zo, 0

-90°

cosd  JZ,sin@ | o _J [ coso JZ,sin@
jY,sind  cosé Y OJ jY,sind  cosé

(z,J +:—°)sin @cosd®  jZZJsin? 9—\]icos2 0
- 2

— jJ cos? O+ jYT"sinze (Z,d +T]—°)sin<9c030

2
"="=(Z,J +Y—°)sin @ cos 0 :Mcose,—p cos” 6 + jY—°sin2 0=
J Zoe_Zoo J
9:£:>—Zoe+zoo - Zo‘J +Y_O’Zoe_zoo = zizz ZJZC?
2 Zoe_Zoo J YO

Z,,=2,(1+3Z, +J?Z2)

j—
Z,,=2,(1-3Z,—J3%22)
8-36
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20, 26 = 2, % - C__ T_%
|

. : 27 T
design equation #2 L=—2,C =
®, T 20,2,

I Zl le_ | Zl le_
cs20  jz,sin20] |T7, Atz -1 0] Mz, fAtg,
jY,sin20  cos 26 1 4,4 |0 1 1 .4

| 2 ZZ _ | 2 ZZ _

iz .
22: —— VA
sin 20 L, =—"—
= = % sin20

Z
-1+ Z—l) =C0s20 Z,=-jZ, coté
2
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/jZOCOte _jZoCOte 1:-1 1:-1

__—T%

= _jZoWo
AW T
|
forﬁz%, cotéd =0
W, W +Aw : : Aw . Aw Aw
20=p[l=—I= o " T —>sin20 =sin(r+—unx)=-SIN—rx~—rx
C W, W, W, W,
7 1 _ogwL o j(w, +AwW)L
in o 2 o 2
WC + .1 1-w’LC  1-(w, +Aw)°LC
JwL

2

—J(w, +Aw)L —Jw (W, +AW)L  — Jw; ]

(2w, AW+ AW?) 12 2AwW 2Aw
WO
- 2 -
N L w,Z Lo 27, C 1 T
2AW AW T W1
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%. derivation of design equation #3 (8.121)

3 _i 7Z'_A J A 3 B 1 A
YzoN20, ' 22,49,0, 0 T Zo\ 200 Oha

“N=2" (p.434-435, Fig. 8.45 (e), (f))

YY) |

||
N L” 2 C
C’ Fj?'—’l S Zo

Yin
J1 _ % Jo _
"_l

y R = L > 2 y Vi
8-39 Bk ® BB

J3 % 7

L




Yin

J2

-90°

ZoJ:1 1: ZoJ
—‘ o
3¢ Zo, hol4
] 8
iz, 0 ]| 1 |
1 JZO |: O _Jzo:|
0 -J)Y, O
oz || o oz,
1: ZoJ3
—C2 3 L2 %g v
|
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4. Coupled line BPF design

Z

°  shunt element
) (’Oogi
gizo

| ®,A

series element




T e

Ji | J2 _ IN+1
: : 1 |nA A 1 A
design equation #3 Ji1 = — /—,JiZ CJNa =
o e : Zo \| 201 2Z0+]gi-10i " Zo \| 20NQgN+

Zo| N Zo, 20 J2 Z0,20 , , | I+ Zo
— -90° -90° -90° p—

Zoe =Zo[l+JZo +(JZo)*°

/ W@_n, oe o[l+JZ0+(JZ0) "]

2 |Zoo=Zo[l-IZo+(IZ0)?]

1 23 N+1 \
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ﬁMicrostrp coupled line BPF design procedure
LPF prototype gi — Ji — Zoei, Zooi — microstrip line Wi, Si

— consider discontunuity effects

3 _i 7z_A ] A 3 B 1 A
zoV29, T 22,00 " Z,\ 20090

Z. =2 1+3Z,+(3Z2,)).Z,, =Z,[1-3Z, +(IZ,)°]

5. Ex.8.7 design a 0.5dB ripple equal-ripple coupled line BPF, N=3,
fo=2GHz, BW=10%, Zo=50Q

i of ZolJi Zoe Zoo
frequency response
1.5963 0.3137 70.61 39.24 (p.436, Fig.8.46)

10067 0.1187 56.64 4477  ||(18GHz)= 20dB

1.5963 0.1187 56.64 44.77

1.0000 0.3137 70.61 39.24
8-43 WA TRAER /
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/ 8.8 Filters using coupled resonators
* M4 stub design equation

= C
Z0, hol4|0.C. | A, W 748
| j C
OC. line:z, =—2o g pl=Wh W C AW _ 7W+Aw
jtano c4 c4f, 2w, 2 w,
Zi, = = = jZ, tan AW iz, (W= W,)
T T AW W

series LC:Zinzij+_L=j\/E(w LC — 1 ):j\/z(ﬂ_%)
jwC C w+/LC Cw w

= L (W wo ) (W—w,) ~ j\/EM: j2L(w—w,) = Z, :M
C W, W C W, T

design equation

T ] wl
Z0, \o/4|S.C. —C % L = <,
[ Vi¥e))




Iscussion

D
/1. BSF using A/4 open-circuit stub

__— 01 9 —_ Qg3 e o _— ON %
O
_|_ _I_ [ J o

% J=1/Z0 _é_ J=1/Z0 _é o o J=1/Z0
-90° | T -909° I -90¢°
8-45




ZO, Mol
Zol, \ol4
. A - 4z,
design equation BSF: " open-circuit shunt stub Z ; = Y
(BPF: % short-circuit shunt stub Z ; = ”ZOA)
gi

Derivation for N=2 is given in p.439-440.
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/2. Ex.8.8 design a 0.5dB ripple equal-ripple A/4 stub BSF,
N=3, fo=2GHz, BW=15%, Z0=50Q)

i gi Zoi
1 15963 265.9
2 1.0967 387
3 15963 265.9
frequency response (p.440, Fig.8.49)
3. Design procedure for microstrip BPF or BSF using A/4 stub
LPF prototype gi — A/4 open-circuit or short-circui stubs Zoi
— microstrip line — consider discontunuity effect

4. BPF using capacitively coupled series resonator

C——

Zo| N1 Zo, § J2 Zo, ¢ e o | IN#1 Zo
| 900 900

G——
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/ B2 2 6,12 4,12 Buinl 2 Byl 2
|
|

| | | | |
| || |
Zo |B1 Zo, ¢ jB2  Zo, ¢ jBn+1 Zo

| ] S

jBl Zo, 01 jBZ Zo, 62

deSigf‘ o, = (I =£),6- e P G = —(tan™ 2B | tan? —ZB‘“)
equation 2 2 2 Y,
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ﬂ'_)esign procedure for microstrip BPF using capacitively coupled
resonator

LPF prototype gi — Ji — Bi, ¢i — Ci, 6i — microstrip gap width
and line length — consider discontunuity effect

6. Ex.8.9 design a 0.5dB ripple equal-ripple BPF using capacitively
coupled resonators, fo=2GHz, BW=10%, Z0o=5002, IL(2.2GHz) >
20dB

o] ZoJi  Bi(x10°) Ci(pF) 0i(deq)

|
1 15963 0.3137 6.96 0.554 155.8
2 1.0967 0.1187 241 0.192 166.5
3 15963 0.1187 241 0.192 166.5
4 1.0000 0.3137 6.96 0.554

frequency response (p.443, Fig.8.51)
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%BPF using capacitively coupled shunt stub resonator

Jo1 — % J12 — é * o T % INN +1
. 1-90° |C1 Ll| -90° | C2 L2, : =CN LN -9Q0
Co1 C12 CN,N+1

|l || . . |
I

% i __%,. %T
-Co1| C1 L1 -C12| -C12 Cz_l__2| . _CN__|_N| -CN N+t )

design equation z,J,, = |72,z =— "2 73 .= |2
491 4 gngn+1 4gN gN+1
J J J
C01 = 2 ’Cn,n+1 = ’CN,N+1 = ML
Wy /1= (Zod 1)’ W Wo 1= (Zd y na)”
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design equation

Cn — Cn _ C:n—l,n T C:n,n+1
| = A N Z W,AC, 2
4 21T

—=C,+AC,, AC, =—C

8-51
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/ (derivation of the change of stub length due to a shunt capacitor)

— ACn

Zo, 4 ‘—L —

YL

Y =Y, + jw, aC,

JWAC, = jﬂz—Alz J

(0]

.

Y

Y =

Zo, Al4 <—! A|<—‘

YL Y
_ 1 1 Z,+ jZ, tan BAl

1
Z 5 Zi+iZtanpAl 7 7 +jz, tan BAl
> Z,+ jZ, tan Al

Y, + jzltan LAl

PAl<<1
1 - o ~ Y, 4 LA
Zo * 4 JY, tan pAl 0
ZO
_27Al oAl Z W,AC_ P
Z A 271

(0]
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%Design procedure for BPF using capacitively coupled shunt stub
resonator

LPF prototype gi — Ji-1i — Ci— ACi — Ali — resonator length —
consider discontunuity effect

9. Ex.8.10 design a 0.5dB ripple 3rd order equal-ripple BPF using
capacitively coupled shunt resonators, fo=2GHz, BW=10%, Zo=50(2,

i gi Zodi-1i Ci-1i(pF) ACi(pF)  Ali(A) I

1 15963 0.2218 0.2896 -0.3652 -0.04565 73.6°
2 1.0967 0.0594 0.0756 -0.1512 -0.0189 83.2°
3 15963 0.0594 0.0756 -0.3652 -0.04565 73.6°
4 1.0000 0.2218 0.2896

frequency response (p.447, Fig.8.54)

ADS examples: Ch8 prj
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