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ABSTRACT

This thesis presents crossover networks using enhancement MOSFET transistors as a
uniformly distributed RC line ( U E) . The thesis also describes about replacement of an
action single and double capacitive layers Uniformly Distributed RC Line of low-pass filter and
high-pass filter by using enhancement MOSFET transistor. Herein, a new active crossover
network using distributed MOSFET transistors is introduced. Compared to existing networks,
it has a different technique of its parameter tuning of MOSFET operating as RC element.
Experimental results are carried out. It is shown that the frequency response of both URC and

MOSFET are closed to each others.
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3.5 29930309ANINDINIU (High Pass Filter)
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31'1"1 3.5 LL1AIAY Vertival Radiation a) Conventional network b) Phase linear network
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3.10 ANUWISsUMaa (Phase Linearity) fujUnuuveaians
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Lowpass=H,_(S):H“(S) (3.11)
Bandpass = H ,(S)=e™™ *H,,(8)-H,(S) (3.12)
Highpass = H,,(S)=e™ *|e™ — H , (S)] (3.13)
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Aesiudalaoanmzdu (depletion layen sufaiiludlszyidesynsuiudunulszydon

oyt drananalugui 4.19 Arnamy Ifhvesduduyszydanou C ofluilenduvowsadu

C; =&,5,A/ W,

4 ﬂ S 0’! AJ o s
BN Wc WuanunNavulasnmivenvunuusau

(4.41)

o 1 g >
mssauveyninvey C, nu Cg Wuaung Iannudszgamludulasanmeanns
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(4.42)

P @ ' & P v a 4 a
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Fag1lmiluguauinlsegn1zUnd (normalized capacitance) A1ty
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K,sinhP,

I,(P)= PR =1
sinh [cosh B(1- K) + K|+ -2 “*sinh B cosh B, — K
R R,
P, (cosh P, —1)
R, sinh
T, (P) = Bt A (5.2)
1 (P, cosh P, N P,coshP, )\ P _ Py(cosh P, -1)
K\R,sinhP, R,sinhP, ) R, sinhP, R, sinh P,
ﬂ. Rl -~ 1 o o
o a=—t uaz K Aomonsiveousasu Idveasssvne
2
P = \/SCIRl
P, = /sC,R,
5= jo
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1

T, (P)= (5.3)
.(P) cosh P

coshP -1
T =l (5.4)
u(P) cosh P
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transfer function)  T(P)="V,, /V, ¥9929930303ANDM 112223030509 ND 1AAS

AVNIIN 5.6 LIAZ 5.7 AMUAIAY

P
T,(P)= 5.6
(P) RsinhP(coshP(1+a—aK)+K(1—a)) W
r.(P)= Rsinh P(cosh P(1 + @ —aK )+ K(1-a))- P -
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aziwileswmundnzld  7(P)=1
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10KHz

=30
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Frequency

71/ 5.13 wamovAUBIMNANUAYEITATEa TN IINITS AN 1Y DURC

4 4 /fd ad 4
A3197 5.2 LAAINANDUAUBINNANUDVDINIIATOA lortasinisanld DURC

Frequency (Hz) A Level
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Wem R Aomanudamuniu e
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L ADAIAINYIIVDY channel
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" ¥
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U 1 s ﬁ(
V,  foMANUANANA threshold
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¥ 1 3 dl A '
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3 o Y o o A 4 a .
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Abstract: This paper describes the high pass filter with notch charecteristics. The proposed circuits configuration consists of two
uniformly distributed RC line (herein after is called URC) and two gain amplifiers (K, and K;). With the appropriate K, and X, ,
the circuit has a steeper slope of magnitude response at pass band steeper than using a single gain amplifier.

Keywords: High Pass Filter, URC

1. INTRODUCTION The 3-ports floating admittance parameters matrix [Y;]

The uniformly distributed RC line with a single amplifier of the URC in Fig. 1(a) is given as follows:
have been published in many case [1], [2], [3], [4]. Herein, the
paper proposed an active high pass filters using two lumped

URC and two amplifiers. The lumped URC (R,C,) behavior as I 5 =1 el k
a high pass filter in conjunction with amplifier K, and active I |= -1 Y -(Y-1D) |V, (n
notch filter circuits with amplifier K, respectively. I3 -(Y-1) —(Y-1) 2(Y-D)|V;
2. UNIFORMLY DISTRIBUTED RC LINE
(URC) Where X=—o0 5 and Y=coshP,
A crossed sectional structure of the URC is illustrated in s
Fig. (a) The circuit symbol of Fig. I(a) is illustrated in P=+sRC , R and C are the values of total
Fig. 1(b) resistance and capacitance of the URC respectively. Ans s is
the complex angular frequency variable.
[ — ' 3. HPF USING URC
I .
1 ' RC i 2 3.1 HPF WITH NOTCH CHARACTERISTICS
i Y VIV
T,
c o3
P
i ; : c
= pom © CiRy °
C;R
V, 2R
(@) ! I
V2
1: resistive layer 2: conductive layer ° 77

Fig. 2 Active distributed RC HPF.

The proposed active distributed RC HPF circuit is shown in
Fig. 2. The voltage transfer function T(p) = Vo/V, of the

4: substrate circuit is given as follow:
b
" Y 4 =16 + XKy
Fig. 1(a) A distributed RC line and ¥ G+ XKK ~Yi-X(% - DK, +(Cp + XZW
(b) It’s symbol (2)

1972



Where
Y, = cosh Py, Y, = cosh P,
- Py _ Py
" Rysioh P, 7 R,simh Py’

Pl = -\/SR |Cl 5 Pz = \}SR 2C2 . (3)

X

__.P2_=1__B [3=C_2
sCoR, Py ' Co

K,, K, are positive gain amplifier.

Eq. (2) is reduced to the following expression:
Y —~(coshP; —1)(P, sinhP, +B)KK,
Vi (P, sinhP; +B)KK, +coshP; {y —BK; —P, sinhP, |

(C))
Where x =pcoshPp(K; -1)

3.2 Frequency response

Frequency response of Eq. (4) for the values of K, , K;
are plotted in Fig. 3(a), 3(b). The frequency response are
favorable for HPF.
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Fig. 3(a), (b) Magnitude frequency response.
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From Fig. 3(a), 3(b) it is seen that for K, = 0.9, B = 17.786
and K, = 1 will give a high pass filter with steeper slope at the
pass band without producing pass band peak.

3.3 Example

Herein, we consider a high pass transfer function. Let K, =
1, K;= 0.9 for an experiment, we choose the values of the
circuit parameters as follows:

R; =10KQ, R, =100KQ,
C, =10pF, C, =100pF, (5)
Cp =5.622pF

The experimential results for the frequency charecteristics
is shown in Fig. 4. The results gives good agreement with
theoretical values.
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o
=

Z 2f

B
£
@
Q
@
o
L}
°
> 40t 1
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1 1 1 1
10K 100K 1M 10M
Frequency [Hz]
Fig. 4 Frequency response.
3.4 Sensitivity

The sensitivity S;_ is defined as the ration of the
]

normalized incremental change of the transfer function T(p) ,
due to the normalized change of the circuit parameter X;.

X.
';- =g A )
i dX; T(p)
Magnitude sensitivity is defined as follow:
SLZ' :ReS;j 0

We can calcuation the magnitude sensitivity for the change
of K,, K;. The sensitivity S:,:‘ for the voltage gain K, is

shownas follow:

1973



5[11 _ cosh Py {x - BK, - BP, sinh Pz}
K" (P, sinh P + B)K|K; + cosh Py {y — BK, — BP, sinh Py )
t)

Where y = Bcosh P, (K, —1)

The sensitivity S;z for the voltage gain K, is shown as

follow:
S|'l'| _ ~coshP, {BcoshP, +P, sinhP, }
K2 (P, sinhP; +B)KK; +coshP, [y — K, — PP, sinhP, |

®

Where yx = Bcosh P, (K; —1)

Fig. 5(a), (b) shown magnitude sensitivity of T(jw) for
amplifier K, K, .

107 10° 10*

Angular Frequency w  (rad/s]

"

Ka

Angular Frequency w  [rad/s)
(b)

Fig. 5(a), (b) Magnitude sensitivities for
The active element K, , K,

110

From Fig. 5(a) and 5(b) , it is seen that the sensitivities of
positive gain K, are sensible than does the positive gain K, at
the pass band.

4. CONCLUSIONS

The novel active distributed RC HPF using URC elements
are proposed and discussed. The experimental results of the
frequency characteristics and the simulation by H-SPICE
showed good agreements with theoretical.
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Abstract

This paper describes crossover networks using uniformly

distributed RC networks( URC ). The proposed circuits
basically consists of the combined low pass and high pass
filters. With the appropriate parameters of the circuits
namely Q (resistance ratio) and K (positive gain amplifier),
hence the combined low pass and high pass filters achieve
[flatness in magnitude. .

Keywords:

Crossover Networks, URC

Introduction

The main considerations of Crossover networks is the
flatness in the magnitude of the combinationed low pass and
high pass filter. As it as know, there are many type of analog
filter circuit configurations used for Crossover network such
as Butterworth, Chebychev, Bessel etc. Each of them have
difference in magnitude and phase characteristics.

The most popular analog Crossover networks are
Linkwitz-Riley because it has rolls off at 20dB/decade for
second-order filter[1].

In this paper, the Crossover networks using Uniformly
distributed RC circuits is investigated. With paper parameter
a, flatness output can be achieved. The advantage of this type
of Crossover networks is that the circuits is simple and will
be suitable for LSI fabrication.

The Uniformly distributed RC circuit

The basic Uniformly distributed RC circuit |URC) and

equivalent lumped circuits are illustrated in Fig. la and
Fig. 1b respectively.

X
1 2
10—A\AN\—o02
T X(Y-1 X(Y-1)
3 3
Fig. la Fig. 1b
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The admittance parameter lny of the URC in Fig. 1 is
given as follow:
XY =¥ =Xl
b= -x Xy  -x-1|m
-X(Y-1) -xr-1) 2x(r-1)
Where ,__ P
Rsinh P

P =+/SRC , R and C are the values of total
resistance and capacitance of the URC respectively and s is
the complex frequency.

and ¥ = cosh P,

Designation and Simulation results

Fig. 2 shows the proposed circuit of Low paa filter and High

pass filter. Both filters used two {JRC and one positive gain
amplifier.

R1,Cl,

IRZI'CZI

Fig. 2a Low pass filter using Uniformly Distributed RC Line

R1,.Cly,

Fig.2b High pass filter using Uniformly Distributed RC Line



The voltage transfer function for both low pass and high pass
filters are given respectively as follows:

K, sinh 7, @)
Ti(P) = A R
sinh A [cosh A, (1 —K)+K]+F2R—'sinhp, coshP, - K
172
A(coshA -1) 3)
T,(P) = R, sinh A,
" 1(ARcoshA Pacoshﬂ]_ A _Alcoshp -1)
K{Rysinhf ~ Rysinh#A, | R, sinh A R, sinh A,
R, : i g :
where 3 = —2 and K is the positive gain amplifier.
R
1

In order to meet the flat magnitude response requirement, it
is seen that with @ = 1 and K=1.
Eq. (2) and (3) yields;

1
T,(P) = 4)
(P) cosh P ¢
coshP -1
T —Wtatat O ) 5
#(P) cosh P #

that is

T.(p) =T (p)+ T, (P) =1

Transferfunction(dB)

10° 10
frequency

Fig. 3 Crossover networks response

Fig. 3 shows the magnitude of asymmetrical crossover with
20 dB/decade.

Stability considerations

The stability of the circuits can be obtained from the
denominator of Eq.(4) and Eq.(5). For stability
considerations the Nyquist contour is encircled at the origin
as show in Fig. 4.
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StabilityLPF
T

Imag

%6 4z 0@ 5 A 2 0 2

Fig. 4a Stability of high pass filter circuit
Itis seen that a=1 and K=1, the circuit is conditionally stable.
Sensitivity

The sensitivities S7(") is defined as the ratio of the

normalized incremental change of the transfer function T(P),
due to the normalized change of circuit parameter Xj

rey _ dT(P) Xi

S ! (6)
u axi "T(P)
5
‘ —al
. g

Magnitude Sensitivity

o t;)’ !l.] 10
Frequency (Hz)
Fig. 5a Sensitivities with respect to R1,C1,R2,C2 of LPF

5 L
w0’ 10'



5 ~r
- Rl
4 == 1 |
...... (7]
3 - 02
2
=
§ 1
s
< of
3
=5 J
at
-4 4
5 i L i i
10° 10' 10’ 10’ 10* 10*
Frequency (Hz)

Fig. 5b Sensitivities with respect to R1,C1,R2,C2 of HPF
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Fig. 6a Sensitivities with respect to gain K of LPF
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Fig. 6b Sensitivities with respect to gain K of HPF

From Fig. 6a and Fig. 6b, it is seen that the magnitude
sensitivity with K=1 has a very low sensitivity for both LPF
and HPE.

Conclusions

The design of crossover networks using 2 URC and a
positive gain amplifier for both Low pass and High pass
filters is proposed. The results from Matlab and Pspice
achieve flat output, stable and low sensitivities.

Moreover, the advantage of {/RC has a small size and will
be suitable for LSI fabrication.
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