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Abstract —A technique of designing linear circuit  kth oriented loop, an¥,* is product of all self-loops not-
structures using the M-C signal-flow graph theory $ touching thekth oriented loopS," is the transfer product
presented in this paper. First, the required form 6 the ¢ 40 not-touching oriented loops, ait DTS product of

transfer function denominator is discussed. Subse@utly, in . .
a number of simple steps an M-C graph is designed\s an the self-loops not-touching thiegh oriented loops. If an

example a current-mode multifunction frequency filer with ~ Oriented loop okth direct path is touching all nodes then

three second-generation current conveyors is prest. The the producl or Ay is equal to 14A; is determinant of that

properties of the proposed circuit enable to adjusthe quality  part of the graph that is not-touching tHedirect path.

factor Q independently of the characteristic frequency,. The presented design procedure starts with the

description of the required form of the transfendtion

Keywords — analogue signal processing, current conveyor, genominator, also known as the characteristic émuat

frequency filter, signal flow-graph (CE). Using the knowledge of evaluating the deteamin

of an M-C graph (2), in several steps a correspanti-C

graphs can be defined, which fulfill the conditionfsthe

) ) required characteristic equation form.
THE current-mode frequency filters using current A number of M-C graphs suitable for frequency filte

‘conveyors have recently drawn considerable at®ntiQjesign are proposed. As an example, a multifunction
mainly because of their bandwidth, linearity andhatyic frequency filter is designed, where the qualitytda€) can

range [1], [2]. Mostly the second-generation cuiren,e changed independently of the characteristicuaqy
conveyors or their modifications with one [3]-[5] more fo.

current outputs [6]-[8] are used.

In despite of the number of already presented sires Il. CHARACTERISTICEQUATION
where the authors discuss solely the final cirsolution,
the specific solution procedure is not clearly deéi. For
designing linear functional blocks a number of roelh
can be used: adjoint transformation [1], autonomo
circuits [9], [10], high-order synthetic elementkl], or
passive prototype [12].

|I. INTRODUCTION

The determinant of an M-C graph (2) represents the
characteristic equation (CE), which describes the
behaviour of the analyzed circuit. If anth-order
L1{‘?equency filter is designed, then the transfercfiom
denominator (that is CE) must contain at leastl terms,

Here, with advantage, for the frequency filter daghe Where all shogld be p(')sm\./e' becguse of the stbffor a
simple numerical design it is suitable for the nembf

M-C signal-flow graph theory is used, even if itrimre erms to be minimal. Based on the chosen ordehef t

presented as a tool for analysis of already dedign% . ) )
circuits. It is known that the transfer function afi M-C llter the basic requirements for the M-C signaiflgraph

. . ) : (including active elements) that fulfill the feaiy
signal-flow graph can be determined using the éguoat diti faf filt ith minimal bef
also labeled as Mason’s gain formula [13] conditions ot a frequency THer with minimal nunm

v 1 both passive elements and characteristic equaéanst
K=—==>"PA, (1) can be described.
X A5 A transfer function of a second-order frequencyefil
whereP; is the transfer of thith direct path from the input can pe generally described as a quotient of two
nodeX to the output nod¥ andA is the determinant of a polynomials

graph that is given as follows 9= R(s) _ b,s*+hs+h, .

A=V-Y SN Y- &Y @ “O7Ne Tasrasta
“ ' " The numerator of the transfer function defines the
frequency filter type (high-, low-, band-, all-pasand
band-stop). The denominator is valid and identicaldl
filter types and defines the parameters of theffilts the

3)
whereV is product of the self-loop&§® is transfer of the
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wherew = 2rf,. If a frequency filter is designed, where itcurrent transfer coefficient, which can be of vatile

should be possible to change the quality fac@r The design procedure of an M-C graph, that
independently of the characteristic frequenfgyby a characteristic equation fulfills the condition (8jsing rule
passive element, the corresponding characterigtiaton D2 is shown in Fig. 2.

has to be as follows 1st step
CE =$°C,C,+sCG+ GG=0 (5) G s
or
CE=sC,C,G,+sCGG+ GGG=0. (6)
Characteristic equations (5) and (6) respect the
condition of minimal number of passive elementsbdrith a)
cases, the quality factor can by adjusted via the
conductance & 2nd step
. . -C2
Q:““07C2, or Q:@, (7a,b)
Ga Gle sC, sCy
where Q O
GG -Ci a -G;
Wy :\ Cicj . ©) x| vz vx2 X2
Hence, if a second-order frequency filter is des@gn b)
the following rules for a suitable M-C graph can be
defined [14]: 3rd step

D1: in the graph there exist a single oriented loog &vo
voltage nodes, while to one or both of them two or
more passive elements are connected,

D2: in the graph there exist two mutually touching ‘ Ix2
oriented loops and two voltage nodes, to which one
passive element is connected,

D3: in the graph there exist one or more high-impedan
nodes and three mutually touching oriented loops,

SC]

which are touching the high-impedance nodes. c)
Fig. 2. Designing procedure of an M-C graph witlrent
1.  FREQUENCYFILTER DESIGN conveyors usind?2.

Since the M-C signal-flow graph method is useds it

necessary to know the corresponding M-C graph ef th The determinant of the graph in single steps acngrdi
active element used. In the Fig. 1a, the electsyatbol 0 Fig. 2a to Fig. 2c is

of the generalized current conveyor (GCC) is shfij. A=SCC,, (10a)
Its M-C graph, which generally describes a group of A=5CC,+GacsCG, (10b)
second generation current conveyors CCIl [16] iswsh )

in Fig. 18. The symbol¥y, Yy, anin in Fig. 1t£ re]present A=CE=sCC+ qazczng+ 4G36GG=0- (100)
the sum of admittances connected to the correspgndi " the 3rd step, the determinant already geneegfges

active element port. with the required form of the characteristic equat(5).
Similarly, a group of M-C graphs shown in Fig. 3sha
) ] Yy Y been designed.
v, GCC i Q 0
vwo—y 7Fov, -Yx
vxosX oA < v, IV. SIMULATIONS
Ix 1 Further, the behaviour of the structure accordimegM-
a) b) C graph in Fig. 3f will be analyzed. In Fig. 4, tflew-
Fig. 1. a) Electrical symbol of GCC, b) reduced M-C graph of a frequency filter working in current-mode
graph of general CCII. shown. If it is valid:ay =ay,=az; =1, ¢, =¢3;=-1, and

Ci1=C=Cxn=Cy=1, then in the current-mode the
The relationship between the port voltages and otsre proposed circuit works as a high-pass filter

of the active element used can be described bgviaig K = lp _SCC, (11)
hybrid matrix HP ‘m " Cce |
Vx 0 a 0|k low-pass filter
iy [=]|0 0 Ofv, | ©) « _lo_GG, 12)
i, | [c 0 0]y, * T CE

where a is the voltage transfer coefficient amdis the
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a)

SC]
-G, -1 O a -G, -G,
VX1 ixi Vy2 VX2 ix2 VX2 Ixa
-,
VX3 ix3
d
Fig. 3. The M-C graphs with current conveyors udiiy
and band-pass filter The behaviour of the analyzed multifunction filteasv
I sC,G further simulated in OrCAD. For given values of the
K. =_BP —_=11 (13) . :
"y CE characteristic frequencyf, =1 MHz, and capacitors
whereCE is (5). C;=C,=150pF wusing (8) the conductances are

Adding up the current$p and |l p a band-stop filter

(notch) can be realized quality factor Q, values of the conductor ;Gmust be

1.88 mS, 0.94 mS, and 0.09 mS. All active elembnis

2
Kas = e *1p _ SCC,+ GG, (14) been defined by the third-level model of the unbakr
I CE current conveyor UCC-N1B [17]. The simulation result
Similarly, an all-pass filter can be realized bydimg) up of the current-mode multifunction filter are shovim
the output currentlsyp, | p, andlgp, while G; = G Fig. 5 and Fig. 6.
K, = R L T - 52C1C2— sCG,+ G1G2_ (15) “
I CE

Gain Ki [dB]

1 Ip
a)
CCIl, v
Y 7Z+ 0—_L
X 7Z-
CCII,
Y 7+~ I;
X 7+ —o—_|"_
1
CClI; J
I[l‘> Y 7Z- <II£
e X 7+
I 71
TCQ |:T:|G| |:T:|Gj TC] G, 3 o o
Frequency f [Hz]
b) b)
Fig. 4. a) The M-C graph of the current-mode filter, Fig. 5. Simulation results of the a) high-, b) Ipass filter
b) its circuit solution. working in the current-mode.
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b)

Fig. 6. Simulation results of the a) band-pas$and-stop

filter working in current-mode.

The simulation results of the analyzed multifunctiorjilo]

frequency filter are very satisfactory. The usagehoée

active elements enables to achieve higher valuetheof [11]

Serbia, Belgrade, November 25-27, 2008.

multifunction frequency filter working in currentade
has been presented. The behaviour of the propoked fi
has been verified by OrCAD simulations.

(1

[2

(3]

(4]

(5]

(6]

(71

(8]

9]

quality factorQ as shown in [18]. In the frequency area of

20 MHz, the parasitic properties of the active elata

used start to be significant. In case of the highspand
band-stop filter the magnitude decreases its vaIUﬁB]

However, in case of the low- and band-pass thipgmty
is not unsuitable.

V. CONCLUSION

This report deals with the usage of the M-C sigiakf

graphs for the design of frequency filters with uiegd

form of the characteristic equation. Based on tlesgnted

theoretical results, a number of M-C graphs withrent

conveyors have been defined that lead to the design
frequency filters, where the quality fact@ can be

changed independently of the characteristic frequén

Since a minimal number of passive and active elésnisn

used, low passive and active sensitivities canxipeced.
On the selected M-C graph further design procedéir@
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