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1. Chebyshev Filter Design 
 

SPECIFICATIONS: 
 
Center frequency, f0:    2.4GHz 
3 dB bandwidth, BW3dB:    10% 
Maximum ripple:     <0.1dB 
Stopband bandwidth:    2BW3dB 
Stopband attenuation:    36dB 
Source impedance, RS:    50 
Load impedance, RL:    50 
Relative permittivity of substrate, r:  2.31 
Thickness of the substrate, h:   31.5mil 
Thickness of the conductor:   1.2mil 

 
2. DESIGN STEPS 
 

a. Find The Order Of Chebyshev Filter Needed 
 

BW3dB = 10%  f0 = 240MHz 
 

As = 
dBBW

StopbandBW

3

 = 2 

 
Since the required stopband attenuation is at least 36dB, from the Attenuation 
characteristics curve for chebyshev filter with 0.1dB ripple, we find that the filter has to 
be at least 5th order. 
 
The 5th order chebychev LPF prototype is presented in Figure 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Rs=1

C1=1.301

L2=1.556

C3=2.241

L4=1.556

C5=1.301
Rl=1

Figure 1        5th order chebychev low pass filter prototype 
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b. Chebyshev BPF Using Discrete Components 
 

The frequency-scaling factor is, 
FSF = 2 BW = 2  240MHz 
And the impedance scaling factor is Z=50. 
 
Therefore, we can find the actual component values of C1, L2, C3, L4 and C5. 
 

C1 = C5 = 
50

301.1

FSF
 =17.26pF 

 

L2 = L4 = 
FSF

50556.1 
 =51.59nH 

 

C3 = 
50

241.2

FSF
 =29.72pF 

 
 

To convert this LPF prototype to a BPF, we need to find the parallel L for each C and 
a series C for each L element, as shown in figure 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Where,  
 

L1 = L5 = 
  1

2
02

1

Cf 
 = 

  pFf 26.172

1
2

0 
=0.2548nH 

C2 = C4 = 
  2

2
02

1

Lf 
=
  nHf 59.512

1
2

0 
 =0.085pF 

L3 = 
  3

2
02

1

Cf 
 =
  pFf 72.292

1
2

0 
 =0.148nH 

Figure 2 Chebychev 5th order BPF using discrete components 

 Rs=50 

C1=17.26pF 

L2=51.59nH

C3=29.72pF

L4=51.59nH

C5=17.26pF 

Rl=50

L3=0.148nH

C4=0.085pF

L5=0.2548nH

C2=0.085pF 

L1=0.2548nH 
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c. Microstrip BPF Design 
 

From the LFP prototype we have, 
 
K1 = K5 =1.301 
K2=K4 =1.556 
K3= 2.241 
 
 = BW3dB/f0 = 0.1 
 
Therefore, we get, 
 

J01
’ = [

102 KK 


]0.5 = [
301.112

1.0




]0.5 = 0.347 

J12
’ = 

2



21

1

KK 
  = 

2

1.0
556.1301.1

1


  = 0.1104 

 

J23
’ = 

2



32

1

KK 
  = 

2

1.0
241.2556.1

1


  = 0.084 

 
 

J34
’ = 

2



43

1

KK 
  = 

2

1.0
556.1241.2

1


  = 0.084 

 

J45
’ = 

2



54

1

KK 
  = 

2

1.0
301.1556.1

1


  = 0.1104 

 

J56
’ = [

652 KK 


]0.5 = [
1301.12

1.0




]0.5 = 0.347 

 
 
Given, r = 2.31 and h = 31.5 mil. 
Using ADS tools, the “LineCal” function, we can find that W50 = 92 mil. 
 
 
From Figure 9.25 of the reference material, we have, 
For J01

’ = J56
’ = 0.347,  

Log10 (S/h) = -0.85  S = 4.45 mil 

50W

W
 = 0.754  W=69.368 mil 
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For J12

’ = J45
’ = 0.1104, 

Log10 (S/h) = 0.04  S = 34.54 mil 

50W

W
 = 0.974  W=89.608 mil 

 
For J23

’ = J34
’ = 0.084, 

Log10 (S/h) = 0.16  S = 45.53 mil 

50W

W
 = 0.982  W=90.3 mil 

 
 

d. Simulation Using ADS Tools 
 

i. Simulation Circuit And Results For The BPF Prototype 
 

The BPF prototype circuit is shown in Figure 3. 
 

The S-parameter simulation is done for a frequency range from 2.1GHz to 
2.7GHz. The simulation results can be found in Figure 4. 
 
Marker 1 and 2 show the –3dB frequencies. The 3dB BW is calculated to be 
240MHz. The band separation of Marker 3 and 4 is 480MHz and the 
attenuations are -38dB and –44dB, respectively. 
 
From the figure we also can see that the maximum passband ripple is equal to 
0.1dB. 

 
ii. Simulation Circuit And Results For Microstrip BPF 

 
The microstrip BPF circuit is constructed as shown in Figure 5. 
 
The value of the width and separation of every microstrip line calculated in 
section 3 were used at the beginning. The loss tangent was set to zero for 
simplicity. The circuit was simulated. The result showed a big ripple in 
passband and the center frequency was not at 2.4GHz. 
 
Later on, some optimization was done to bring the center frequency back to 
2.4GHz and to minimize the passband ripple. The length, width and separation 
of all the microstrip lines were set as tunable variables for optimization. The 
optimization goals were set to achieve 2.4GHz as the center frequency, 0.1dB 
passband ripple and to set 2.28GHz and 2.52GHz as the –3dB frequencies. 

 
The simulation results (shown in Figure 6) were much satisfactory after the 
optimization. 

  
The final circuit of the microstrip BPF is shown in Figure 7 and the layout is 
shown in Figure 8. 
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e. Testing Of Fabricated Microstrip BPF 

 
The fabricated microstrip BPF was tested. The measured waveforms can be found in 
the appendix A. 
 
Table 1: Attenuation at different frequencies 
 

 2.4GHz 2.28GHz 2.52GHz 2.16GHz 2.64GHz 
Actual attenuation 2.8262 

dB 
5.6721 dB 8.3403 dB 35.1 dB 37.859 dB

Attenuation except 
the 
insertion loss 

 2.846 dB 5.514 dB 32.27 dB 35.03 dB 

 
From the above data, we can see that the actual filter performance is different from 
the design simulation. 
 
In the design we have steeper roll off at the lower frequency side. But the above data 
shows that the high frequency side has more attenuation. Therefore, we suspect that 
the center frequency is shifted to the lower frequency side. 
 
We also can see that the 3dB BW is narrower than the requirement. But the stop band 
didn’t provide more than 36dB attenuation. 

 

 
 
 
 
 
 
 
 
 
 
 
 

 



E

-q!l'{oEEFOf. I-FLL-|f,

y 8Pi'\
J!

I

I

I

I

I

I

I

I

I

I

IrlJr
=rr)lld JJJ

\

la
-rt=ii__

ir.-L

i* ==*:}
at

,=
=!r-:)

a:-

_---

L!
=.=1

-B-;

a=

- -+-

E}
. is'q---_--- 4 --

\i
a>j

t'i

l

E..r
J-:€

,

t'

-.l--{: :'

11

304-()JC)
ir qI ir

* eie
cftrI;irT

(alr)c!
.rrlJ-c,.i -i i,ll & Jt, :gl

l;l
lo ol
l=11

e=eLT.L

e F,p $S$
_sF# L -Y-$H

si$g;5r 33-ls
'-=l ird>url '111t

c!()
il
O

f.oI"

(a
O
I
(J

iltr

N
(J

N
J
il
J

()

N
JJ

(f,

J
(o ll
JJ

-.-- 

t 

*'t-.--

J

i-i=,

No
$ll(J(JO

NNNtr=oo=
E :\:
fo NNo
=llltilA"-E cLo-brf\ (E O 0)

l\r, P +. *@<aaa

lalx
ituiFiull>t<lxl<I(L
Itla
Ii*
I aig

o
ilo

(f)

()o

N)
-ri-5&

llrIIFIIJ
!<f)ll ri JJJ
t:}-l._-il-l-__!
Il
ll

Fio:r r-ll
C)OC) ,

l,.
?---*- r .-r-r

I
I

l-;
E

I .C
Q

EE EBi oo=ilFFZNr-__i
ii---ri

. -|-r-
+: ir



4H5

t Lr>lI .tl
I rolI soilI rcrtl
I gi-l
I EqlI o.i $l
l* hgl
I E.E:o 

I

t c,tll(olI (Ol
I rrr6.jl

tgilI sql
I o,i Stl

l= hglIt.t o I

GllrlI ruol
l-rlI rcrll
I gji-l
I uqlI o.i Srl

lo hgl
ItstEpl
to,llollruol
l-rlI rc.lllsilI oo=l
I N\^lI o,i Srl

l* HglIt.trcl

a\
+i-'+Ei-

=-R--

+t-+-

t-
-:i---

,,

!

-!,

t-i<:

+--
LrV

+>\>
=>

5a

=. 
1

b-

+
+
*t--_-}

-i
.?_i

€
.q
N

N
-I(,
(t

69(f) tt
C.j

qg
c{ O-

o-NE
T

-ao EiN u E-o-o
l-rr- Aa

c.,$..i O-

\
N

q
c{

q
c!

6
c!
c{r

e.i

cf)
E

r
Na
o
+a.n
o

{-ao
l-o-E

F-

ooooooo
rNCqtiftf)(Otrttrt

?>7

/

r' -/
,/

>\-

\

\
El \

(( t,'z)s)ap(( t,'z)s)gp



$

.'l
I

I

I

I

I

I

'0,
>ra\[o
l,l>r
_EI'..>=

\o- ooo
ee.0, (u\g,u,\.
ff

i..

*tll'
I
I

.E

=EE3i = 
tr,r)

t#ri{
r-, I

......'".,.....-.a-i. . l\ | 
^

i .t :' ' ,or
FC
!

t @ E'=ilSEsu,
i I ir q^eP
I lz 6Hts "i l-:c\r!i-i(', Ii l=la*_55

++
f.dL\--*. -+a
t

*";
i\

t:

r
l*i

n
r-

'l
rl

. Ctlt'!D ' 
I

'il [ [,lr I I
-N(Ot'()(.o

= 999999 '(fIF.FFFFFI
L(!(E(o(E{g(Er

a- ST.ZZZZZZ 
i

o=,.qroooroo0J .1. () (J (') (, (.) ()

" 
(! C C C tr C COIF

0i.;> ggggEg@\ :

-c-o_ou20t,o.tw€Fl
= q, q, t: ci C g g 3 ll ll lll(E o, cr===--== E o.o.,l
;>>E===EC(gO(ui
o-aaaaaaaoaa_a

-r-l

tr
lurI u.t1>l>
laItluJ
I t--rtrl
t>I<Itt<lo-

EI

-< E-U) ^-2'eCF
ll !l Ye
4 > O-i
-o ii o..ig
:+ll lt
U'=AJ

a

:o

-.Yall
iE!o
t-

J=

I

I ;J

I il! c
! lo=I r=ol*l rr

rfil,e*1
r:l*-gEH n

,'1.')
1/'

-t\E€
!--
'--*. :

!\--h

t

H
\_=:

5

i.rs,.r

l.

le'=
IA.F

IJts^.? g.i i=
lZ-Lh

I lJ [ ! xor

Ll E5Hgrf
= .Nj!t 56
9 oc,t

- [ 'rH 
H

^LF-E ;-oJ$
e e6 ++:
=_a 6 - E=.-
,HgET us€€
=1. 

2- -c o o, o
- 

E lt ! ri ll CDOOO

5 oa,r-,; € s g E E E
+i. lJ# ;-+'

& (9u .-,
I og -=lr : o,= '-a!

=i IBE <:r---

=F* .. [[g ,'; 
j

? g 
= 

or == 
x

.iPgEq=**E*
=.EiitiL.ePPP,i5,fr.isg*eEe

= s#f, 66
,^! 'tE H
-e 

q,
^!;'E ic.iqrs*6 ,,, +5i

rYi= cD ==x,EFa;F*iE*
-trll!ri 

[ trooEDot

3 Es.; € s s E E p

:

o -='=
Etr:
i,9I

z 6Htsi - ! ,4'ro

=d6i_5oE i

= gl-g=' 
=

ia raarslglltpi EEifi
l--.i---r

H

H

H

=E i- E ')*'eB er*fil

;F; 
$|*Et#ffimflffi

=fn t -9il ^t Efii 

El,BrE,,rE*F [],BgE**'FFu

H,srE ,ltg H,Bgg ,itg

ll =t ,HH n ^t ,HH

Ll,BggsiTFFE L{,BHEr,'EFB

H,*fiut,iHg H,gBi=,,tHg

il =i $r* n -? 
'HH

E],gB#E,FFFE Ll,gB#i*iFFF

H,srl,t,gHH H, 
gri,,,iHi

-:-
i
i: oi=
1A

=__i _
I t :J,o]l
ltt,l.-A

,__l I gJ;
i

i
t-r :-EJ_-b

a 
r F ^.g,i d,

Z-;

i ) -.9= E

-3;;+,[I
a

I

i,:
-- tr)--.a

=2 
g=

l-r 1€ Pc.rI lcEE 
= 

*E,- .gJ;*JfI

ai

oo(\ t() (g
'oo
o loo
@eGl

v

q. o. o.ooo
cD o) o)(\$o(n o) (,
egdl,
qdo
@(tl.,
llllil
-(\a(',q)o)o,

,o .S ro .i r- .E
tr.E2 EEo tE_9ss* ssH ss*
,E] i:;r- f;a.l i,_lr a:i

silH.E$g$l cD o)ot-; S I I
O-- e! o) ol
:99 i6 .r, tc,
Gr(l(E, - - -O-- O. Q. cl.

-= 
< c O O

-49o-o o i\ € So--- g B R$E; 'r? q q

EsE ! I fi

'PIII "ilE "EE 'EEss_E-E-E 5S; SS; SSE
til;;;;
.r-l >ui tul ,ral

:-
E ='E

P i.g=r ll E:(o
ii ? i6'= ii qg;;g.[t

\



t

'*f1
a-+\+

--E\..

h
J =-.

'.__-rl\

..}i-:

\+)

=++

i:

+-
JJ

@:*
$J>.\
N ':ua

)

=;li
!'*

f
-->ar:

NT..*
(, \.i

t-o IlolI cqlI rusl
I rcDl
l gi-l
I EqlI 

"J 
SJ,l

l= hgl
Its.tsa I

[- cillolI crlI s.r'l
tgilI co=l
I r\^l
I 

".i 
AJ,l

l" H3l
Its.Eatl

\
c!

q
c{

Nq!at

ct\€p+
ni :i=

,.: .:

rt
i__:_.

.., -()c.i O-
o-

SE
-J- lrl

RO EE..i o E-(D -Ol-'r. Aa
cD(U
^i O-

LL
o-
m
o-

a-

l-
It'\a
ol-
fJ

.I

Jq-

,2T-E e(-
-

@
Gl
c{

c\,l
c{

r
o.i O r C{ CD $ lf) (O l'- @ O) O r C{(:)OOOOOOO()OTTT

dddcjdocjdddcic;c;
llltlttttttl

ooooooo
-- c{ 0o tir ro @tttttt

O)
O)

NO)rN
gA
@=
N\F

Cti Q9

5eomtst;

\
I
l>,
7

r' -/
./

)x \_ \--\
\

;
E \

(( t,'z)s)ep(( l'z)s)Ep



c!. lt
r,#I-
ll-L

I oc! =r o. o-z

t,

?

l=o)
=-Ci-o'=

. A EEE,SEE46
tqcS, ,_ p(rlo?' 4 * I ? 3 t

= 
i a i _5 5

i
I

I

I-

E=E E
tJI-c a - --_ (\:

= E :'=5 E
-t

-I E 5 HE fff I$!
+

-{>
)

-!

-'-s*

F
Et '-+]'-\<

.,_ 1.

.t

r\
*l=i

tl
I

=-

*}
.*

+.\
+
>-

lr

=-
€= E E E

e 5 E= E E4,r-l-,-+r+, L--
--rlVVl!p tq!'E 

=S f f E n &,i= ii, ! 
= 

B

_1_
, l-r

l-tf)
I ltl-C, l(JfI 'E()

Ii1=-
€= = E E

e : E= E IA,et_rfy
L--

- 4 ,i g g

* E [2 F Fonool,t,
A;J[ -t =;

- 
r--,

-s, . rl.l_ Ci , (Jf
i >o :0)O)O)Nstco(f, CD |f'

r-$(A
o;33
ll illl

c{(f)
@o)o)

ro .E ro .c t- .c
EE 9 tE I EE c)ssF ss* ssF
i-l] -l -'lsgl sFl gEl
1l rl :l

g-
t"- |

:

I

J
=J>:+--11 

-

!-:-

:_
\F

A->
Lbb

LL

'i = g- N c')
< cr, = 

-= -c. -c.
A,rr,-ti

L-*

-€atggt; FE i i
A*,,5 -1 E;

:-
€= tr 

= =) > 
-.

92:'d: r- (r)

=P €=EE
= E i'i -EE

E 5 # Effr g g

l-i:-
i ;LU CI i():, l>()

i---lill,l
Ii
I

I

I

i

I

T

i-l t-llllil-

N@$

r(v) g 3 S(\@- lI) @ (O
o) t4) rf);d+ 3 5 ts,\@@ il ll I@60 1! sEtrEI&g o,ti "E! Ex.i

E iEEl i#=-\.
L

g.-L
L

)F-

3=P=EE
t F rr I E
d=b!E=

I

I--l -rrr,_r! : ,lt c
I r I i()'-'i
;_ | :=9

I

i;
EE

rOr =lo-o-z
I

3E o?voE.--- E gI=q5
,E EEiIiiIflSEg. E tdlrf : a IrE 

='l>>=d>O=i--til

;O)
C

L.t
L

Ju)'F.ao
5<:!-o

L

ir qq?

#sig

?
l_-

il=.
Ll!=



APPENDIX A

TESTING RESULTS FOR MICROSTRIP CHEBYCHEV BAND PASS FILTER
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