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CURRENT-CONTROLLED CURRENT
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A new four terminal current-controlled active element is introduced, where parasitic resistances at two current input
ports are controlled leading to the definition of current-controlled current differencing buffered amplifier. Bipolar
implementation and as application current-mode band-pass filter circuits are proposed. Simulation results using
real device parameters are included, which show device bandwidth of 35 MHz, low total harmonic distortions,
and tuning over a wide current range.
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1 INTRODUCTION

Recently current-mode circuits have gained popularity because of their potential advantages
such as wider bandwidths, higher slew rates, greater linearity, wider dynamic range, and
simple circuitry [1-4]. Several current-mode applications have thus been reported using
a number of active elements [5-9]. Tunable electronic functions have also been realized
using current-controlled conveyors (CCCII) with external current control [6,10,11].
Current differencing buffered amplifier (CDBA), a relatively new active element, offers
the advantage of high impedance current output as well as a buffered voltage output
[7]. The finite parasitic resistance at the two input ports of the CDBA (P and N) can be
used as an advantage, if made controllable. In this article, these resistances are current-con-
trolled using mixed translinear input loops and current mirrors so as to lead to the
definition of current-controlled current differencing buffered amplifier (CCCDBA). As an
application, a current-mode band-pass filter circuit is given and the circuit is tuned
using the parasitic port resistances through external current control. SPICE simulation
results using real circuit parameters of transistors NR100N and PR10ON [12] are also
given.
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2 DEVICE PROPOSED

The already reported CDBA is characterized by the following port relationship [7].
Vp=V,=0, L=1,—-1,, V,=V.. (1)

Here the two input terminals (P and N) offer a finite parasitic resistance [6]. These parasitic
resistances can be current-controlled in a CCCDBA whose symbol and bipolar implementa-
tion are given in Figure 1. The circuit implementation of Figure 1(b) consists of mixed trans-
linear loops [13] (transistors 1-6) realizing two input terminals with a ground potential. The
mixed loops are dc biased by /, using mirrors (transistors 7—13). The output Z-terminal that
generates the current difference of P- and N-terminals is realized using transistors (14-21).
The buffered output () is realized using transistors (22—25). The P- and N-terminal resis-
tance can be obtained by the following relationship [6].
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FIGURE 1 (a) CCCDBA symbol and (b) implementation of CCCDBA.
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From Eq. (2), it is clear that the P- and N-terminal resistances can be varied by external bias
current (/,) of the CCCDBAs. It is to be noted that the proposed implementation of
CCCDBA is suited for IC implementation by replacing the current sources used in the buffer
stage by transistorized circuitry. A simple arrangement for the purpose is to use the basic two
transistor current source and a steering transistor to obtain two equal currents.

3 APPLICATION EXAMPLES

Using the introduced active element, a current-mode band-pass filter (BPF1) is realized and
shown in Figure 2(a). It is to be noted that the circuit of Figure 2(a) is based on the R—L—-C
parallel resonator, where the inductor is realized using the CCCDBAs and capacitor C;
(L=R,1R,»C)). One such inductance simulator employing CDBAs and controllable metal
oxide semiconductor (MOS) resistors is available in literature [14]. The circuit used here
for the inductance simulator enjoys electronic tuning as a result of new controlled active ele-
ment (CCCDBA). The resulting inductance simulator is controllable over a wide range by
varying the bias current of the CCCDBA. Routine analysis of the circuit of Figure 2(a) yields
the following current transfer function.
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FIGURE 2 (a) Current-mode BPF1 using CCCDBAs and (b) current-mode BPF2 using CCCDBAs.
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It is to be noted that the circuit simultaneously provides two additional current transfer func-
tions given as:

ler _ (R/R2)s/RCy @
I 5>+ 5/RCy + 1/RpR, C1Cy

I 2

C2 § (5)

Ly~ 52 +5/RCy + 1/RpRuCICy

Here, R, is the P-terminal resistance of CCCDBA(2) and R,,; is the N-terminal resistance of
CCCDBA(1). It is clear that the pole-w, of the band-pass filter can be adjusted by varying the
parasitic resistance with external bias currents of the CCCDBAs. As compared to the band-
pass filter based on CCClIs of Ref. [6], the new active element based circuit offers indepen-
dent tuning of filter pole-w, and pole-Q. Similarly, when compared to another recently
reported circuit using CCClls, the new band-pass filter enjoys the orthogonal tuning of
pole-w, and pole-Q and unity pass band gain. However, the reported work has the advantage
of high output impedance [15]. It is also to be noted that a high-pass filter is simultaneously
realized across C, and an additional band-pass filter is obtained across Cj, a pass-band gain
R/R,. These features are additional to the above-mentioned advantage of the circuit though
the circuit complexity of CCCDBA is more as compared to the CCClIs used in other works
[6, 15]. The circuit complexity, and hence the silicon area required for IC realizations of the
proposed band-pass filter, is better compared to one of the excellent reported band-pass filters
with orthogonal control of filter parameters employing four CCCIIs and three passive
components [16]. The proposed circuit is found to be as compact as the reported appli-
cation work.

Next, some band-pass filter circuits are introduced that better utilize the current differen-
cing property of the new active element CCCDBA. One such band-pass filter circuit (BPF2)
is shown in Figure 2(b) and has the current transfer function the same as Eq. (3). The other
two current transfer functions are also found the same as given by Egs. (4) and (5). It is
further to be noted that another band-pass filter circuit (BPF3) can be obtained if R is con-
nected to the Z-terminal of CCCDBA(2) instead of CCCDBA(1) and current inputted at the
N-terminal of CCCDBA(2), P of CCCDBA(1) being grounded. The output across R and C,
then gives band-pass responses with unity gain and R/R,; gain, respectively. Another
response, namely high pass, is obtained if current through C; is sensed. Now in this config-
uration if current is inputted at P of CCCDBA(1), N of CCCDBA(2) grounded, then the
resulting circuit (BPF4) realizes the band-pass and low-pass functions through C; and R,
respectively. These applications further confirm the utility of the CCCDBAs.

4 NON-IDEAL EFFECTS

The non-ideal CCCDBA is characterized by I. = (a,/, — «,l,), where o, and o,, deviate from
unity by the transfer errors and V,, = V., where f§ deviates from unity by the voltage transfer
error. The BPF1 of Figure 2(a) is analyzed for these non-idealities of the CCCDBA and the
transfer functions given as:

S2+S/RC2—l—O(n]Oszﬁlﬂz/szRn[C]Cz ©)
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Similarly Egs. (4) and (5) are modified as:

ler _ %1 (R/Ry2)s/RCy ™
Iy 82 +5/RCy + 1021 By /Rp2 R C1 Cy

I 2

C2 s (8)

Tn 5% +5/RCy + oty By /Rpa R C1Cy

Here, indexes 1 and 2 stand for CCCDBA1 and CCCDBAZ2, respectively. It is seen from Egs.
(6)—(8) that the pole-w, is slightly affected as a result of non-unity current and voltage trans-
fer gains. For /¢, the pass-band gain is also affected. However, the sensitivities of pole-w,
and pole-Q to transfer gain are found to be 0.5 in magnitude and the sensitivity of filter
gain for /-y to these transfer gains is within unity in magnitude that represents a low
value. Thus, the circuit enjoys good sensitivity performance. Similarly the other BPFs of
Figures 2(b) and (3) are also found to exhibit good performance after accounting for the
non-idealities. It is to be noted that the transfer gains are frequency-dependent and shall
also become apparent from their frequency responses to be given later.

Another source of non-ideality are the parasitic impedances at various ports. The finite
parasitic resistances at P- and N-terminals have already been used to advantage and are
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FIGURE 3 (a) Current-mode BPF3 using CCCDBAs and (b) current-mode BPF4 using CCCDBAs.
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key to the new controlled active element. The effect of parasitic capacitance at Z-terminals
(C,) is minimized since capacitors are employed in the proposed circuit configuration at
those terminals of both the CCCDBAs.

5 SIMULATION RESULTS

The proposed CCCDBA is simulated using transistor NR100N and PR100N parameters [12]
with supply voltage £2.5V. The short circuit current gain of the CCCDBA is shown in
Figure 4(a) that shows a bandwidth of 35 MHz. Similarly, the output voltage (V,,) is mea-
sured with a load of 1kohm at the Z-terminal [Fig. 4(b)] and an equal bandwidth obtained
for a bias current /, =100 pA in both cases. The variation of port resistances (R,, ;) with the
bias current of CCCDBA is shown in Figure 5, which shows a wide variation and good
matching between theoretical ‘R, ,, )" and measured values ‘R, ,, (o). Thus, the realizations
based on the new CCCDBA would enjoy a wide range of electronic tuning by varying the
bias current. The CCCDBA is also studied for harmonic distortions. The total harmonic dis-
tortions (THD) for the proposed active element are measured at the output terminal by insert-
ing sinusoidal current inputs at the P- and N-terminals. The THD results obtained for R, ,, are
tabulated in Table I and show low THD for two different frequencies (100 kHz and 1 MHz)
for varying values of the bias currents. Next the CCCDBA is biased at /,=100pA and
100 kHz sinusoidal inputs are applied at the input terminals such that /, =0.1 mA constant
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FIGURE 4 (a) Short circuit current gain of CCCDBA and (b) frequency characteristics of buffered output.
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FIGURE 5 Variation of parasitic resistance (R,,,,) with bias current (/,).

TABLE I The THD for Varying Bias Currents of R,, ..

I, (HA) 10 100 200 500 1000
THD (%) at 100 kHz 0.96 0.76 0.46 0.26 0.13
THD (%) at 1 MHz 1.9 0.73 0.60 0.40 0.27

TABLE I The THD at /,=100pA, 100kHz Sinusoidal Inputs to CCCDBA
for Varying Magnitude of , and 7, =0.1 mA constant.

I, (mA) 0.2 0.5 0.8 1.0 2.0 5.0
THD (%) 0.33 0.47 0.61 0.69 0.70 1.08

and for varying magnitudes of /,. The THD obtained are tabulated in Table II and show low
values. It is thus concluded that the CCCDBA also enjoys good THD performance.

The current-mode band-pass filter of Figure 2(a) is next designed for varying pole-w,. The
designed values used are C; =C,=10nF, R=1kohm. /,; and /,, are varied from 100 to
150 pA in steps of 25 pA to obtain frequency tuning in the range from 100 to 150 kHz.
The center frequency tuning of the current mode band-pass filter circuit by bias current
variation of CCCDBAs is shown in Figure 6 and verifies the BPF1. Next, the circuit of
Figure 3(a) (BPF3) is also designed for center frequency 100kHz. The designed values
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FIGURE 6 Frequency response of BPF1 showing pole-w, tuning.
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FIGURE 7 Frequency response of BPF3 showing two band-pass and a high-pass response.

are C;=C,=10nF, I, =1,,=100 pA and R =0.25 kohm. The pole-Q with the designed
values is approximately 1.7. The frequency response of the circuit as shown in Figure 7
depicts the two band-pass outputs and the high-pass output, thus verifying the BPF3 circuit.

6 CONCLUSION

New CCCDBA is introduced along with its bipolar implementation. As application, current-
mode band-pass filter circuits are shown realized with the new controlled element. The
CCCDBA enjoys large bandwidth, low THDs, electronic tuning over a wide range with exter-
nal current and shows promising results using real device parameters. The new controlled
active element is suited for IC implementation and active network synthesis applications.
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