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The basic aim of this paper is to present a new controller circuit comprising a commercially available current-
mode active component. This active element is called as current-feedback amplifier (CFA) and exhibits excellent
properties compared to their voltage-mode counterparts, op-amps. The active element used in this work is AD844

from Analog Devices. The use of this active component yields simple implementations and faster controllers. The
proposed PID circuit is applied to a third-order attitude control system to verify the given specifications.
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1. Introduction

The proportional-integral-derivative (PID)
controllers are one of the most important con-
trol elements used in process control industry.
In practice, operational amplifiers are generally
used in analogue controllers. However, op-amps
suffer from low bandwidth and poor slew-rate
performances. On the other hand, the AD844 is
a commercially available versatile active compo-
nent providing an excellent AC and DC perfor-
mance like other commercially available CFAs. It
combines high bandwidth and very fast large sig-
nal response with excellent DC performance. It is
also free from the slew rate limitations inherent in
traditionally op-amps and other current-feedback
op-amps. It can be used instead of traditional
op-amps, however its current feedback architec-
ture results in much better AC performance and
high linearity [1]. CFA is equivalent to the com-
bination of a second-generation current-conveyor
having a positive unity gain (CCII+) and a unity
gain voltage buffer [2]. Therefore, this active el-
ement can be considered as a collection of unity
gain elements, which are high performance active
basic blocks.

In spite of the above-mentioned features, no
other work has been carried out for the genera-
tion controllers using current feedback amplifiers
except the ones by Erdal et. al. [3-5]. The main
purposes of this paper is to present a new circuit
for the realisation of PID controller using only
four CFAs and passive components. In this new
PID circuit, the PID coefficients are independent
from voltage tracking behaviour of the y-x inputs

of the CFAs comparing with the previous work
[4]. The SPICE simulations of the proposed cir-
cuit are fulfilled to verify the theoretical predic-
tions. Also the proposed PID circuit is applied
to a third-order attitude control system to verify
the given specifications.

2. Current-Feedback Amplifier (CFA)

The circuit symbol and its equivalent circuit of
a current feedback amplifier (CFA) are shown in
Fig. 1.

An ideal CFA can be defined by the following
equations [2]:

Vz = Vy, Vo = V27 Iy = O, Iz — Ix (1)

An equivalent circuit of CFA is also shown in
Fig. 1. Ideally a CFA has a zero x-input resis-
tance, whereas the y and z-terminal resistances
are infinite and the capacitances of these termi-
nals are zero. In practice however, these val-
ues can be obtained as with nonzero and finite
appropriate amounts. As example for AD844
from Analog Devices, R, = 5082, R, = 3M(Q and
C. = 4.5pF are the typical values [1].

Note that both plus and minus signs or the let-
ters y and x are used in literature to denote the in-
puts of CFA. For example see the references [6,7].
In this study, corresponding to the current con-
veyor terminology, v and x are preferred for the
inputs of the commercially available current feed-
back amplifier, AD844.

Taking also the active element non-idealities
into account, the terminal equations of CFA can
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Figure 1. a) Circuit symbol of CFA b) Equivalent
circuit of AD844, a commercially available CFA

be rewritten as follows:

Ve = ﬂVya Vo =9V2, Iy =0, I.=al, (2)

Figure 2. A signal flow graph corresponding to
the transfer function of the proportional-integral-

Here « =1 —¢; and § = 1 — ¢, denote the cur-
rent and voltage gain of the current conveyor,
and v = 1 — g, denotes the voltage gain of
the voltage buffer, where ¢;, (le;| << 1), &,
(lev| << 1), and &,, (|eo] << 1) are the cur-
rent tracking error, the voltage tracking error of
the input buffer and the voltage tracking error of
the output buffer, respectively. Furthermore, the
low output impedance of the buffer enables easy
cascading in voltage-mode operation.

3. Synthesis Procodure

The transfer function of a general analog, PID
controller can be written as follows [8]:

Vo(s) K
Kps’+ K K
pS” + - PSS+ 1‘ (3)

One of the signal-flow graph models realising
the transfer function is shown in Fig. 2, assuming
that the node signals are voltages. It is not ex-
plained here how to obtain this graph, but those
interested may easily verify using the Mason gain
formula, that the graph transfer function from the
input node i to the output node o is equal to T(s)
in Eq. (3) [8].

Using this signal-flow graph, the controller
transfer function T(s) can be realised using the
active-RC circuits involving AD844s [9]. For this
realisation, it is sufficient to know the active sub-
circuits corresponding to the sub-graphs between
V;, and V,. These sub-graphs and their cor-
responding active sub-circuits including AD844s,
are shown in Fig. 3.
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derivative (PID) controller

In Fig. 3(a), an amplifier circuit and its signal-
flow graph are shown. The gain of this amplifier
circuit is —R/2R;. In Fig. 3(b), an integra-
tion circuit and its signal-flow graph are shown.
The integration time constant of this circuit is
—1/2R3C as it can be easily seen from the sig-
nal graph. In Fig. 3(c), a CFA based deriva-
tive circuit and its signal-flow graph is shown.
The derivation time constant of this circuit is
—R4C>/2 as it can be easily seen from the signal
graph. The proposed three mathematical func-
tions, i.e. multiplication, integration, and deriva-
tion, are transmitted to the output by the CFA
based summing circuit shown in Fig. 3(d).

If a given transfer function is represented by
a signal-flow graph composed of sub-graphs as
shown in Fig. 2, then the circuit corresponding to
the signal-flow graph can be realised by intercon-
necting the building blocks of Fig. 3. The PID
controller circuit realising the transfer function
T(s) can easily be obtained by interconnecting
the sub-circuits of Fig. 3 according to the overall
signal-flow graph in Fig. 2 as follows in Fig. 4:

The realisation of the analogue CFA-based,
PID controller circuit corresponding to the signal-
flow graph in Fig. 2, which is realised by using
the sub-circuits given in Fig. 3 is illustrated in
Fig. 4. Note that in Fig. 4, removing the path
IIT and path II can obtain a PI controller circuit
and a PD controller circuit respectively.

If the circuit in Fig. 4 is analysed with taking
the non-idealities of CFA into account the control
coefficients Kp, Ky, and Kp will be obtained as
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It should be noted that the Eqns. (4,5,6) are in-
dependent from the voltage gain of the output
buffers (8;, i=1,...,4) because all the y inputs
are connected to ground. In another words, the
sensitivities of PID coefficients with respect to the
voltage gains of CFAs are zero. It should be noted

+Vi
+Vi

+Vi3

Figure 3. Sub-graphs and corresponding active sub-
circuits involve AD844s.
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Figure 4. Proposed CFA-based PID controller real-
isation corresponding to the signal-flow graph shown
in Fig.2.
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that the sensitivities of the PID coefficients with
respect to the other active and passive element
parameters are no more than unity.

If the ideal case is considered, i.e.,

a=1, i=1.4, yn=1, k=1.4, (7)

the control coefficients will be given as follows:

RyRy
Kp=—"~——
P 2R1 RlT ) (8)
Ry
Kj=-——"9
I 2R3Cl R2T ) (9)
R4C5Ry
Kp=——. 1
p = T (10)

Note that the appropriate resistors can adjust
Vr an‘] Vr\

Xp, &, ana Xp
tal number of CFAs used in this design is only
four, which is minimum. Since in a general PID
function there exist three different coefficients we
need at least three CFAs and one more for sum-
ming operation in order to realise these arbitrary
coefficients.

indenendently. and alen the to-
maepenaenuyy, anGg aise vile o

4. Simulation Results

In order to confirm the theoretical results, the
PID circuit given in Fig. 4 is simulated with
the SPICE program by using the macromodel of
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Figure 5. Results of the simulation of the PID con-
troller with R1=10M$2, R2=0.1Q, Ri7=Ror=Rsr=
Ro=10kQ Cy=10uF, R3=2.5k$2, R4=100kS2, for
(C1=25nF, 50nF, 75nF, 100nF)

O(s) 2.718x10°

s(s +400.26)(s + 3008)

Oy(s)

0.309 + 45 +0.0006
s

Figure 7. Block diagram of the third-order closed-
loop attitude control system with PID control

In the following, the proposed CFA-based PID
circuit will be applied to the third-order air-
ship attitude control system represented by the
forward-path transfer function given as [8].

85 8.2ns 8.4ns 9.8ns 1.0ms

Figure 6. Results of the simulation of the PID con-
troller with R;=10M%Q, R2=0.1Q, Rir=Ror=Rsr=
Ro=10kQ C;=10uF, R3=2.5k}, R4=100kS2, for
(Co=2.5uF, buF, 7.5uF, 10uF)

AD844/AD from Analog Devices. In this circuit,
supply voltages of £12V are used. The values of
the capacitor C; are varied as 25nF, 50nF, 75nF,
and 100nF when the peak value of the input volt-
age was kept 10mV with a pulse duration time
Tpuise=100ms. The values of the capacitor Cs
are varied in the range from 2.5uF to 10uF with
the 2.5uF increments when the peak value of the
input voltage was kept 1mV with a pulse duration
time Tpyu5e=100ms. The simulation results of the
output of the CFA-based PID controller are given
in Figure 5 and 6 respectively. In both situations,
the proportional gaings are taken to he K p=10"8
ie. Ra/Ry << 1. The values of the capacitors
and resistors in simulation procedure are given
in figure caption. The capacitance values of the
integrator are selected especially smaller. In this
way, the properties of this circuit can be obtained
in a short simulation process. From Figs. 5 and 6
it is clear that the results are in good agreement
with the theoretical expectations.
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2.718 x 10°
~ s(s +400.26)(s + 3008)

. (11)

Let us take the parameters of the PID con-
troller to satisfy the time-domain performance
specifications given in the reference [8], such as
follows:

Kp=0.309,K; =455~ Kp = 0.0006s.  (12)
Then the closed-loop control system will be given
in Fig. 7 and the closed-loop transfer function
becomes as follows:

G(s) = 0,(5)/0:(s) =
2.718210° x (0.309 + 4.5/s + 0.00065s)/

s(s + 400.26)(s + 3008) + 2.718 x 10°

% (0.309 + 4.5/s + 0.00065). (13)

Figure 8 shows the unit-step response of the third-
order closed-loop attitude control system with the
proposed,CFA-based PID controller. Notice that
the unit-step response of the third-order closed-
loop attitude control system with the proposed,
CFA-based PID controlier has the same proper-
ties with the given example in the reference [8].
This proves that the proposed, CFA-based PID
circuit works very well.

5. Conclusions

In this study, a new alternative to implement
a CFA-based PID controller has been proposed.
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Figure 8. Step input response of the third-order
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closed-loop attitude control system with PID control

The proposed PID circuit has an advantage over
the previous one that was presented by the author
[4]. The new circuit result in the PID coefficients
independent from the voltage tracking behaviour
of the y-x inputs of the CFAs. The method pre-
sented here is straightforward and simple, as it
provides not only the configuration but also the
element values directly from the coefficients of
the PID controller voltage transfer function. The
use of the commercially available active compo-
nent (i.e. AD844s) simplifies implementation and
also makes possible to control the rapidly chang-
ing signals. Selecting the impedance-scaling fac-
tor properly as stated by Svoboda [7] could re-
duce the effects of parasitic input impedance of
the AD844 on controller performance. Since the
ADB844 is equivalent to the CCII+ buffered with a
unity gain voltage amplifier, the proposed circuit
is comparable with the controller circuit given in
[3].

Finally, another AD844 controller configura-
tion different from that proposed in this paper
can be derived in a similar way using a different
signal-flow graph model.
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