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2. BASIC THEORY OF TRANSFER

110('" Qp).r~'2(.) = R(s) = N(o»"/Qp)S+up.
Vl(I) ,

we have to follow the steps shown below:

2.1 Design of Low-pass transfer Function
The base of all kind of filters are low-pass filter. so for designing a band-pass filter we have to

by designing a low-pass filter.start
,',.

We are given the specifications for band-pass filter. However, we have to find other unknown

values.

Now that we have flat we can find the order of our filter.

Because in the design we are asked to design a chebyshev we have to follow the formula for

chebyshev.

FUNCTIONS

'h.;

(1.1)

To design such a filt~ .

\
~r

( 1.2)

( 1.3)

cos=coalcoc=(Oa2-~.l )/(Op2-0p 1)'. , . . . -
no ="\:nal" Dal=JJ}p2. \',,1
00="'12000* D41:: "4000-1000
Uu '= v'12000. nal =2000
not = 333.33

t

.
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where o>s was found from equation (1.2):

At this point we have all the specification that we need for designing a chebyshev low-pass

filter.

Variables ai, a2 and a3 are taken from table A2 from Prof. Raut book.

The low-pass transfer functIon ot H(s) is:

- April 8, 2008

D=(10o.1Aa -1)/(lOo.1Ap-l)

.~(103-1)/(10a.os-l) =8187.286

(1.4)

n=( cosh-1 {ij)fC cosh-1('itl.)Qt: ( 1.5)

n=cosb-1 "8181.286 /cosh-13.889

n=2.SS ~ n=3

..

'* = (12000-333.33)/(4000-1000)
(08=3.889 Tad/see

1/.1."-1. )
~(S)=(Sa+Q1S:Z +a2S+c3

t.
(1.6)

. 1 "1' '. , ,
al a2 . . a3

1.2353 1.535 0,716

Table 1- Variables O(D(I)

.-

0.71.6HN(S) = SS+1.2S3s2+1.S3SS+0.71~

Concordia t JniVf'.r~fV



3. Design equations & Calculations used for giveg specifications mec 441

3. DESIGN EQUATIONS &

81.
Cascaded Second-Order RC Active Filter3.1

In this design we ~se Infinite Gain from table 4.3 in Prof. Raut book. The Ca1C~lation of this f'
design is shown below: . <;.k '. 1""'" """'--~ H J.~l'~~ 'r;""

. I ~ '" '\- " N't

. ,,\\..J'I' . J ~ ('I' H s - (3.2059.1) - -8s
18788 ~ L ,_i' . 2()-S2+ S37S.1ct- ~ CUD 2, x ,. -"'-~ . T+;;.L.+CUP

.f2+1878.u4.10 I 1'- " Qp

H=1878 ~ ~ ")f' H=3.2059.10' . 0

DJp = 2*10' r'"1"-f~ ~ '~1r., O1p2 = 976.6(rad Is«;)

Qp = t»p = 1.065 UtA ~ 1.'°lMt . O1p
1878 ~. l cJrV J Qp = - 2.7

GI-H-1878 ;, 361.5718
G2 = 2mp(}p - H = 2(2 *10')(1.065)-1878 = 2382 G~';" H = 3.20S9.1ct
C3 = C4 = IF G2 = 1A>pQp-H = 2(976.6)(2.7)-3.2059.10' = :~'7.74

as..: -939 as= ;~ =180.78

IRI---OOOOSC Rl=312.10-61878 .
D"- AOA*tn-6
n_-~~ .~

R2 ,.. ~ - 0.00040 R5'~ 5531*10-'

~~ ci=~=~
RS---O.OOIIC 10'~9 a=
a=IO' Rlnew=aRl=312!1.. ,

Rlnew,.. aRt =: soon \ .1 . " R2new = aR2 = 4840 . ".
'R2new = aR2 = 4000 R5new = aR5 = 55310
RSnew = aRS... 11000 C 1

C3new = - = 10" F = IpF
Clnew _.£ = J... -10'" F -1,uF 10' 10'

~ ~ C I
C 1 C4new=-=--IO"F=lpFC2new l0"'F-lpF 10' 10'
10' 10',.

8

SPECIFICATIONS

.
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Analog Filter Design/Integrated Circuits Filter 3. Design equations & Calculations used tor giveg specificatkl

HOJPS
1: (s) = 3.20S9*I~s = Qp

3 s2+1.S164*1~s+1.6776*107 S2+OJP +OJp2

Qp
OJp =4.096.1~(rad I see)

OJp = 1.5164*1<Y

Qp
H = 3.2OS9.1~ -2.114

1.5164*1<Y

LaC, =C2 =l00pF=C &g"'l =g"'2 =g",

OJp = g", ,' g.. = 409.6m
C

g"'3 = OJp ~ gm3 = 151.64m

C Qp

H = glff4 = 2.114 ~ g = 320.567m .~
gm3 "..- ii!Z .

C. = C2 = l00,u~ L 1GJ f""" I ,..,

g",,=g"'2=4~'.km i~WU" -.~ .
g"'3 = 151.64m ; \l

,g",4 = 320.S69m .

3.3 Operational Simulation Principle
To complete the final circuit, we have to follow the steps that are described below:

Step 1) !.

~ U U
1 2 1 2 .

1 .,1.141 1."\. '0.'" ,
. . ' , . .

., I ' C2 (' . R2,.', '1.. 1

.Y~ij\i,!J ~fV; iUNUJ(l JJ.H1 . ,

, w '

70

Figure 2 - Low-Pass Filter for Operational Simulation Principle

Step 2) In this step, we have to denormalize the above circuit.

o. - ~ - - -
- April 8, 2008 Concordia University 1



Analog Filter DesignlIntegrated Circuits Filter 3. Design equations & Calculations used for giveg specificatiOns

1 1...1;(1)= Z(s) = R1+s1,+ ..:.,

~~r 1 . . . J . -' ,'. , . 1I,(s): R,Y(s) ~ II, ~ ~+,-!- I +s1IM~I,~;' + :i(913.~"'to"')

R, R, sCp.R,
~~)

t~<. ~ wJf,. Z,(s) = I,
. _r/\ sC 1

J. "1 fIJ"'" ,,+ L,I

v

:..-
~
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Analog Pilter Design/Integratcd Circuits Filter S. Numerical simulation with matlab

5. NUMERICAL SIMULATION WITH

We use Matlab to draw the transfer function of our design. The Matlab code is shown in the

table below.

~

v \Y' ~
~ ~;~" ~~of~~

\ O~
I ~.... ~
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MA TLAB

.

!
'" .

v ,.

~
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Analog Filter Design/Integrated Circuits Filter 6. Simulation results using pspice

6. SIMULATION RESULTS USING
PSPICE

6.1 Cascaded Second-Order RC Active Filter
In our specification, we were supposed to get a bandwidth of 3000Hz; however, we did not

observe that. Ifwe change the value of the capacitors or we did frequency scaling, we could expect a

better result.

J,-:- ,~E ~1
'~' .

,f~,~, ~

,J.;~~:~,i]~~\~j,~:,",i;~~~:-j;~~~~ " "',: 'T'~ ,: !, ,"1t..1!i4',~:,<,-';;:
~""""n""'_"""""~"'-"'-""""""""""""""""h':"'"...J."h n.., ,., """"",,""""" "oo , ,"""-"",

'1'-""U'tH-" "";,.. . "J . ~ "1' "..: .._' ,~ ,-~

,',c,: ,,>[;>1.[ ,; !~~;U~i'~'fi:;"~ '°., ---..---......-.--
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Figure 10 - Second-Order RC ActiveFilter Response


