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Some General Relationships for Filter Design by Image Parameter Method
See Table 8.1

k- 33
T Network I1 Network
7,12 7,72 Z
—1 1 o o ] o
Zr l_irlzz Ly Zn 272, 2Z, Zp
e, -0 [ O
ZT:\/ZE f1+42712 Zp = \/—ZE _Z1Z

142l Zr
4A,
For pass band: Both Z1 and Zj; are purely resistive.

Zy
472,

-1< <0

1/2
B=+2 sin_l(— 4271) radians
2

For stop band: Both ZT and Z are purely reactive.

1/2
i>o; o =2 sinh~}| 2L
422 4

Z,
Z1 <-l; o= cosh I |1+ Z1
47, 27,

1/2
=2 cosh™! ~Z
4Z,

Constant-k Filters
p- 3¥8,also Table 8.2, p.37

Nominal terminating resistance R =(Z;Z, )1 /2

=k
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Disadvantages of Constant-k Filters

1.

High pass
z =L R - F
joC °© \C
Z, = joL L= R o1
20, 20.R,

2C¢ 2C C

Pva. s. (1

(02 1/2 R
()]

Actual termination resistances Zt, Zyy vary greatly over the pass band.

2. The attenuation constant o varies undesirably slowly over the stop band.

m-Derived Filters
p- 33>

The m-derived filters are a considerable improvement for both of the enumerated disadvantages of the

constant-k filters.

T Network (series m-derived)

Z{=mZ; (8.39)

-2

IT Network (shunt m-derived)
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v/ :é 1-m Z, (8.41) RS = 1,
m 4m ZH m—derived Zn k—sec tion
€L _ L 1__1  d-m%)/m
Zt m—derived Zt k—sec tion Zy mZ; 4Zy
/s )
Z = Series combination of é and 1-m Z;
L m
1-m? 2
71z, “l2t 21 | _e 47,
Zy| = = Z = Parallel combination of mZ; and —————
m~—derived Zy Zr \ (1—- mZ)/m
o] le /2 le /2 |—0 lo) le
Zy/m 27, 47, 27,
| m (1- mi) /m m
1-m?
Z; .
4m o )
o | ° Full section IT

Full section T (Fig. 812, p. 3§%)

o——mZ;/2 o | mZ, /2
7 l o
Z1/2 2 27,)/(1 - m2)/m]—

222 1-m (
—=+ Z
m 2m Zr 22y Zn
m
o, 0 O O
Half section T
For Low Pass Filters
;. , 1
77 = joLm 7y =~
jo(mC)
2 2
— . 1_
h == L +1m joL —17:, ! +](DC( m”)
jo(mC) 4m Z; jo(mL) 4m



[o]

mL /2 mL /2
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mC _[_ 1—m?2 | mC
[1—m2] ST S T2
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O O o]
Full section T (Fig. 8.13) Full section I '
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oY T o N mTL ’ o
4
2 mL
mC Th - mLklhandout I\
5 2 lext 1— m2 A mC
1-m L B ]C, -~ E
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Half section T (p. <-4 )
Design of Constant-k and m-Derived Low Pass Filters
Example: Select Ry, ¢, foo (for m-derived sections)
R, = 50Q; fo =2.0 GHz; f.o=2.5GHz
YA = O 6
From Egs. 8.33, 8.34 (p. 3¢y text)
L:ZRO: 100 9:7.96nH C= 2 = 2 5 =3.18 pF
wc  2[Ix2x10 ocR, 2ITx2x107 x50
Constant k-Section_ Filters
L/2=398nH L/2=398nH L=796nH
oI\ YN o o Y YN o
Zin
Zir — CZ=3.18pF —> =~ 1.59 pF — %:1.59pF
o, O O O
T - section filter IT - section filter
2
f R
7.+ =R 1—— Toory = ———O
iT o ( féz ] ill f2
I=-=
fC

A &=-1



m-Derived Filters

2 2
From Eq. 8.44, - PR m:\/ JLZ_\/l_(l) 06
1-m? £2 2.5
= =239nH - =2.39nH YY"\
oYM Y, o mL = 4.776 nH o
mC == 1.908 pF €
Zit 2 Zg P (1om? - mC
- il — —4 m _ o ——
- (1 il jL 2.12nH — 2 / C m =0.848 pF \ 2
4m
0.954 pF 0.954 pF
(e, 0 o O
Series m-derived filter Shunt m-derived low pass filter
f2
Zir =Ro. [1-—
fC
For Stop Band
o.=2cosh™ ——g—l;— for Z) <-1
475 475
=2 sinh‘l(ﬁ,—] for 2L 50
475 47,
LI | ;
| i
! nd
| n
! I \7\
[ /1 o’ \
Bora B/ 1 A AN
P \
Ll \
il 1 RS
fC foo —» f



Half Section Filters (k-Section)

o— 7,/2 o
L — -—
Zr 22, Z
e, 0

Half section T

o 7,12 —o
— -
o 22 Z.
(e, 0

Half section I1

2yl =212y
m-Derived Half Section Filters
Series m-derived Shunt m-derived
o—mZ;/2 o o Z1/2 o
222 /m
. -— —— 222 -
Tlseries 275 | ZHlseries Z1lghunt (1- m2) /m Tishunt
m 2 m m m
1—-m
Zy
2m o o
o | o
2
_ _ fe _ __Ry
Tl series — Zt k—section — Roq1- }7 Zy shunt ~ Zn k—section 2
m~derived m _ f_C_
f2
2
1 e
Z\Z+| 2 |72
2iz 4 Ziz
ITl geries = 7. = 7 ZT shunt = Z
m—derived T T m shunt
m



_C‘M\m\ .R\‘us |
bwepose t gek & =y SIS $o © a%éa?&

Sy v = dunved .zl’.: ™2 Shwnd W»é@&éz,= 2.
. S
0
2 Z,.
Z,
+ 2L
%2,
Crse LT Low pass—fillg

™ L/'z. N

O 50 -0
Loe
W@Q;-,—“—-i‘)t

Z'\: Zlﬂ.Z;:Ru(\—
T Z T
3Mm-c§ww‘e“ T




8-\
Z - ;_L 2 ZL: J"‘)L
{ J"JC
-
— QL - : ) w Zl -
4ZL @ W o= e o=
')Zw NS - -_"_‘3:
t= c‘;‘( v Lo :c;;'('\ 2 o T
o xrz, . o
+2 S _“*—é;_ f 9 ( - |
Step bl V2 (o4
tp b L l
0( = 2 o T2, |
; | (o]
- o w
= 2 Calu (WA ‘ §
—_ Wt = ‘L
T= N
L
- Ro l “-"JC,L
Zin — / = ) ! kznk
Zi’r Rod — — - ===
Z;n ) Z-‘-lz

‘-:"[vw N

- dennd (S P }’5‘?‘%1 Tebeg. )

ZC/M

\ iﬁ ]
- L
‘/ \

2=
i.o

"y
—2 /\AQ




y - P~SS
\0‘3('8\] COm;Pm_t‘c \-G“’

eult,

%%
Ex . %‘Z ﬁwz e
<

g

0§ MW
foe &

J;-é;,
o

:,50"“‘

“3ﬁ§%

_R (\—@

m\ Snwyi&

z{zi



&
‘gm g eveo MH2
' I's
fo, = 3075 MUz
= 3078

= = F 72 0048
wi i%z,, ped @@Zﬂ,g%ﬁ

o>

W oo 280 _[3e. e SRR
Z "y TS % 1500
g
= 5.3 nH
v

L=z Sl ow 21%F% PF

K‘f“}é &éﬁw@f&%w

e = R \GV

c.iw\,é,e, Ls ‘Gav 2150 aad O ’s h% tma)

Radvawm, ¢ @@ Py, 819 Kas%z(

[PE 1 ) © =
$ 2B R @\aé%gasﬁﬁ& 2%
5. %2 T2280 2 b
D nR 2 a2
. \ £36.5 . o 6“%5
T TE T\ s s
OveYd h
?% T \Tﬂ ) A
¥ ! = U §
\ Conshomt fn |
"~ =006

| 4
) /
- e Lo = 3000 MWz & ) - S :
\"‘a» K49 A thaam;ﬁ}m %wttm N\%?L “F@ 2 "%@ = 307S MY
{"(‘aei-(wm} mTeang

Crmfoeey |

e = 315 &k
e efww® ‘gf‘\ ggwﬁém %‘}x’f;}}{ﬁaé } (o= 9.6 )
. }
e . - = 3.0756H2
%-N o . ?g:;,‘&zﬂ &ﬂ_\}@,ﬁ?gx 5"293’ ﬁ:;‘%%%% {% M- I %%}



" dB(S(1,2))

dB(image10..5(1,2))

Frequency response for the low-pass filter of Example 8.2
with cut-off frequency of 2 MHz. RO = 75 ohm.
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freq, MHz

Frequency response for the scaled microwave filter with cut-off
frequency of 3 GHz, designed on pg. 10 of classnotes. RO = 50 ohm
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