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ABSTRACT

The KHN filter employing transresistance amplifiers (TRAs) is proposed and simulation
results using HSPICE are demonstrated. This TRA is composed of three positive-type second
generation current conveyors (CCII+'s) and a resistor for simulation. Simulation results that
confirm the theoretical analysis are obtained.
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L. Introduction
V. 0 0 off
Recently there is a growing interest to current-mode V_|=[0 0  O|{Z;] (ForaTRA) 2)
circuit applications [1], because the traditionally design- V out R, -R, O,
ing methods based on op-amps are no longer adequate.
Also, it is well known that the bandwidth of a voltage Obviously, both input terminals of a TRA are virtu-
mode op-amps depends on the closed-loop voltage gain. ally grounded and the output voltage is the difference
TRA is an essential building block [2-3] found wide of two input currents multiplied by a tunable
applications in multipliers/dividers [4] and MOSFET- transresistance Rm. Thus, the TRA constructing with
C integrators [5-6]. The time constant of a TRA is small three CCII+'s and one resistor is shown in figure 2 for
and insensitive to parasitic capacitances. Furthermore, simulation.
the operational transconductance amplifier (OTA),
which is widely used as a basic VLSI circuit block [7- IY

9], can also be substituted by a TRA, and its transfer
characteristic is opposite to that of the OTA.
In this paper, we propose a biquad using TRAsS,

vy o=| v Z
CCII+ 2 F—ovz

which is constructed with three CCII+'s and one resis- VX =
tor (Rm). The proposed KHN circuit can be simulta- IX
neously realized as lowpass, bandpass and highpass (a)
filters.
II. Circuit description Il
Fi 1(a), 1(b) sh CCII d a TRA v f
igure 1(a), show a + and a ,
respectively. The characteristics of a CCII+ and a TRA Rm Vout
V- 0———-
can be represented by —
12
Iy 0 00]Vy (b)
Vx|=|1 0 OffIx| (Fora CCII+) D
I, 010 v,

Fig. 1. symbol of (a) CCII+ and (b) TRA =
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We can then utilize the TRA (Figure 2) to imple-
ment the KHN biquad. The signal flow diagram of the

I1I. Sensitivity analysis

biquad is shown in Figure 3. Figure 4 illustrates its ac-

By definition, The sensitivities of the frequency w,

tual circuit.

The transfer functions for this biquad can be ob-

and Q to the transresistance parameter R,,; of the first
oy _ awo le _1

. s@0 - 9% Ky _1 .
tained through Figure 3. The output voltage of Figure 4 TRA are given by Sg,, oR,,; @ 2 while
can be expressed as
R3Rm3 leRm2Rm3
+ 2
Vi _ RyR R,R -
Vi By R3Rm23 + leRm?f"ﬁ +5(R,,C +R,,;C + RuiRugC R'"‘R"13C)+ S?C'R 3R 5
Ry RR R.R f Ry
R, R, R, C
pr —S(RSRm3C + ml mRZ md )
Vi p 2By R3R”;3 + R’"IR’"zf”ﬁ +5(R,,C +R,;C + RoRmaC R'”IR'”3C)+52C2Rm2Rm3
R,  RRR R,R Ry £
Kﬁp_ _ S2C2Rm1Rm2Rm3
Vi 14Bm R3R”‘23 + leR’"zf”ﬁ +5(R,,C +R,;C + RiRaC BBy S2CR o 3
Ry RR R,R R, Ry
= leRmZRm3 Bﬂl R3Rm3 o _ aQ ﬂl__
: Y g Rk, R RER D CEmTaR, Q"
Y ‘ ~>-0 R,1+R
i—j CCIT+ Z X [ 1Y Vout I while R, +R,3>>R,, (—%"“R ™) Likewise,
i
Vo X SR, SRY,.S %mz , and S ,%’m3 can also be obtained in
the same manner.
g IV. Simulation results
(CII+ Z
V"O: X ‘%Rm To confirm the theoretical analysis, we simulated
Ji4

Fig. 3. The signal flow of the proposed KHN filter

50

the circuit presented in Figure 4 by means of H-spice.
Meanwhile, we selected passive element values of,

opr

Fig. 4. TRA-based biquad filter = =" ’
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Fig. 5. HSPICE simulation results of the proposed circuit. A,
simulated bandpass filter response; ©, simulated lowpass
filter response; X, simulated highpass filter response.

le = Rm2 = Rm3 = 300kQ R = Rl = R2 - T}f: 159kQ, R3
=16k€), C = InF. The power supply of a TRA is £5V.

Figure 5 shows the simulation results. It appears
that these results are consistent with the theoretical
results. The difference in the high frequency region is
stemming from the parasitic impedances of the current
Conveyors.

V. Conclusion

A new biquad using tunable TRAs for realizing
lowpass, bandpass and highpass functions is presented.
Simulation results which confirm the theoretical analy-
sis are obtained.
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