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2. Basic theory of transfer functions Elec 441 :
2. BASIC THEORY OF TRANSFER
We are asked to design a band-pass filter (BPF). First we found the format of transfer function
(TF) of BPF as it is shown below: 3 %
P
-~ ¢ B n )
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In this formula P is a pole-frequency afid Qp is a pole-Q of a filter. To design such a filter

we have to follow the steps shown below:

5

P -

21  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

start by designing a low-pass filter.

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

values.
ms=a)a/o)<_:=(Qa2-Q§} )/(QpZ-Qpl )) (1.2)
Q0 =ya2* Nal=/p2 * Vpl (1.3)
£20=y12000%* Nat = V4000 « 1000
f2u'= v12000 + 2al =2000

f1al = 333.33

Now that we have f2al we can find the order of our filter.
Because in the desigh we are asked to design a chebyshev we have to follow the formula for

chebyshe&
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Analog Filter Design/Integrated Circuits Filter 2. Basic theory of transfer “‘j‘cii"ﬂi

D=(10%%2 _1)/(10%4#.]) (1.9

™(10°-1)/(10%5-1) =8187.286

A =(cosh"v’3)/('cos}x“(§) (1.5)
~ 4 b
AT bl
-
f/"@mwl wﬂ: n=cosh™/8187.286 /cosh™? 3.889
N w
\ n=2.55 - n=3

where ws was found from equation (1.2):

i§ = (12000-333.33)/(4000-1000)
®s=3.889 rad/sec

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

filter.

Hy(s)=(— . ) (1.6)

53+q152 +@25+a3

Variables al, a2 and a3 are taken from table A.2 from Prof Raut book.

LI T
NERS

al | a2’ - a3 o

1.2353 1.535 0.716

Table 1 Variablesof D(s)

0.716
5541,2525241.5355+0.73¢

Hx(s) =

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

- April 8, 2003 Concordia University



3. Design equations & Calculations used for giveg specifications

Elec 441

2 NEQCIFN EQUATIONS &

™

CALCULATIONS USED FOR GIVEG
SPECIFICATIONS

YW

———- e W WS W e W W W W

Cascaded Second-Order RC Active Filter

In this design we use Infinite Gain from table 4.3 in Prof. Raut book. The calculation of this

design is shown below:

1878s \& : M o
ST+18785+4°10§ V| W \)él"'
H =1878 ‘F s
op=2*10 )

op _ 10y ul
=1.06 -
T (,ﬂr'\‘\m

Gl=H =1878

G2=20pQp-H =2(2*10’X1.065)-1878 = 2382
C3=Ca4=1F

a=106

Rlnew = aRl = 5002 ' . Vo

‘R2new = aR2 = 40002
R5new=aR5=1100Q

\oc‘

. pe

W&W

fer i

~ bt
Ho(s)= / 3 2059*10)) _ —H
s +361.571869.
: S3T5*10° o 0P
H =3.2059*10°
wp® =976. 6(rad /sec)
o VT

Gl=H =3.2059*10°
G2=2wpQp- H =2(976.6)(2.7)-3.2059*10’ = 27774

G5==L -180.78
20p

R1=312%10"

D2 — 4041076

R5'=5531%10"

C3=C4=1F

a=10°

Rinew=aR1=312Q

R2new=aR2 =484Q)

RSnew = aRS = 5531Q
c 1

Clnew = — = — =10F = 1uF
10° 10° H

.

C 1

Clnew=—=——=10"°F =1uF
10° 10° o
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Analog Filter Design/Integrated Circuits Filter

3. Design equations & Calculations used for giveg specificatio

3.3

@ ps
H ==
3.2059*10°s Op

s*+1.5164%10°s +1.6776%10" o 0P .

T(s) =

o p =4.096*10°(rad / sec)
2P _15164%10°
Op

=103
4 - 3:2059*10

T 1.5164*%10°
LCtC|=C2=100;lF=C &gml=gm2=gm

=2.114

op =§Cl—;5m = 409.6m

Em _ 2P

g =151.64m

c _ op Em3
H=282_21145g  =320567m

ng ~
C,=C,=100uF L% |
)}

8m = 8m: =409.6m /‘/&)M )
8, =151.64m l Al \IWJ/‘

g,. =320.569m

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

Step 1)

R1 L3 L1
AMN L2 » ‘ lAe2
! 1 138 J- 0.798
1. .
. -
\4 : c2 E R2
1Vac 1.299 < 1
OVec\s
I I

Figure 2 - Low-Pass Filter for Operational Simulation Principle
Step 2) In this step, we have to denormalize the above circuit.

- April 8, 2008
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Analog Filter Design/Integrated Circuits Filter

3. Design equations & Calculations used for giveg speciﬁcatians

1 1
Yl(s)= =
Z() Rrest+- L
sc,,
W ’ t ()=RY(s)= ! - !
N SNSRI T 1
S 14+sTISAYI0 ——
SHA R'R'scr '*° 5 9B32%10%)
14 P pp
& /3 . 7 1
() =—
NX/E scpzd,.i
éw‘jﬂyf/\ LZS
= I
0{/\‘)/‘7 - il = : s
/ o 0T L | e I, S
e )t 02327109
1
Byt
R +sL, + -
5 p3
t()=RY.(s)= 1 :
—_ :3 —_— = p—y
‘ ; £3+S—L‘+1— Ll Ml e
ROR SCOR s(1504%10°%)
¥
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Analog Filter Design/Integrated Circuits Filter 5. Numerical simulation with matlab

5. NUMERICAL SIMULATION WITH
MATLAB

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

table below.
e
! 1=[100:10:50007]; Iﬂ" !’,\; r |
r=zeros(size(i)); A
\)[ P W M HV“J ;
s=complcx(r,i); "lw r/},, DWM 1'1 s Uf\/,,».e..f!

n=((1878%*s).*(3.2059¢3 *s)xq(S .2059¢3 *8';)

f u,\,lvaﬁ( .
d=((s.”"2+1878*s+4e6).*(s.”2+361. 5718%5+9. 5375e5).%(s.”2+1. ‘5164c3*s+l 6776e7)); 1w |'
hs=n./d; : |

figure(1);plot(real(hs));
figure(2);plot(imag(hs));

== = |
Table 3 — Matlab code for TF
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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. If we change the value of the capacitors or we did frequency scaling, we could expect a

better result. .

....................

H e R .. S ...
s ey - PR 3N C oy W prony 1tz
-~
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