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ABSTRACT

In this study, design and analysis of improved
Differential Difference Current Conveyor (DDCC)
based defuzzification circuit is introduced. Since
DDCCs have got high input impedance, low output
impedance and arithmetic operation capability, these
circuit blocks is suitable for defuzzification circuit
using Center Of Gravity (COG) method. The behavior
of proposed defuzzification circuit offers high speed,
higher linearity, and wider frequency range than
CCII-based defuzzfication circuit. The performance of
the proposed circuit is illustrated on DC and AC
characteristics with SPICE simulations.

L. INTRODUCTION

In hardware implementations of fuzzy systems, CMOS-
based design and current-mode circuit building blocks are
most preferable, due to the requirement of high speed, low
power and reduced system chip size [1,2]. Current
Conveyors (CC) and CC-based new circuit topologies
such as CCII, Differential Difference Amplifier (DDA)
and DDCC are useful in many analogue signal processing
circuits [3-6]. Several applications, such as amplifiers,
filters, multipliers, dividers, oscillators and signal-
processing main blocks using these circuits have been
proposed in the literature [4-7].

The DDA was proposed [5] and different applications
have been found such as; amplifiers, a MOS grounded
resistor, four quadrant multipliers, amplitude modulators
[7]. Due to high input impedance, arithmetic operation
capability of DDA, the components of the circuits using
DDA can be lower than the CCII. Besides CCII has
another disadvantage that only one of the input terminals
has a high-input impedance which is especially evident if
processing of differential signals is needed. To overcome
these disadvantages, the DDA and CCII have been
combined and functionally extended. Hence Differential
Difference Current Conveyor (DDCC) was obtained [6].

Analogue multipliers are useful building blocks in the
realisation of functions such as automatic gain control,

modulation, filtering, defuzzification circuit, etc.
Defuzzification circuit is the output stage of fuzzy
systems. The center of gravity (COG) is the most popular
defuzzification method in Fuzzy Logic Controllers (FLC).
Various defuzzification circuits using COG method are
described in literature [8]. A high-speed digital
defuzzification circuit based on BICMOS technology has
been proposed in [9] but the fabrication cost is high. The
other defuzzification circuit design with current-mode
analog circuits [10] such as CClI-based defuzzification
circuit [11] was proposed. However, above mentioned
circuits have both frequency range is low and bandwidth
iS narrow.

In this study, it is shown that improved DDCC-based
defuzzification circuit using COG method has wider
frequency range than DDCC-based [6] and CCII-based
defuzzification circuit [11].

II. THE PROPOSED DEFUZZIFICATION CIRCUIT
In this section, we describes the defuzzification circuit
which is composed of DDCC-based multiplier and divider
circuits. Therefore, it will be explained basic DDCC,
improved DDCC, DDCC-based multiplier and divider
circuits, respectively.

The center of gravity (COG) method in voltage-mode is
expressed as
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where n represents the number of fuzzy sets on the
universe of discourse, VW; and V; represent the
membership function output and support value of the i th
fuzzy set, respectively. Eqn. (2) can be arranged with
voltage values of input/output variables as follows:
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where Vs is equal to Z V-

i=1
The proposed defuzzification circuit block (Eqn. 2) is
constructed with building blocks as shown in Fig.1. The
circuit block consists of multipliers with voltage-input and
current-output [12]. The each multiplier’s and divider’s
output are expressed as follows:

I, =F(V,; xV))
Vo = F(Io _VZ)
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DDCC-based defuzzification circuit including multiplier

and divider building blocks are presented in the next
sections.
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Figure 1. The block diagram of proposed defuzzification

circuit

2.1. Differential Difference Current Conveyor (DDCC)
DDCC whose symbol is shown in Figure 2, is a five-
terminal network with terminal characteristics described
by Eqn. (5a-5¢):

I,=1,=1,=0 (5a)
V.=V, ~V,+V,, (sb)
I =%l (5¢)

Where the plus and minus sign indicate whether the
conveyor is configured as an inverting or noninverting
circuit, termed DDCC- or DDCC+ [12].
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Figure 2. The DDCC’s symbol

2.2. Improved DDCC

Although the improved DDCC is the same structure of
DDCC [6], the building blocks of DDCC are replaced
with high-performance counterparts to extend the overall
performance of the DDCC. The Improved DDCC is
represented very low x-input resistance and very high z-
output impedance by using negative series-feedback via a
class-AB current mirror and enhanced cascode current
mirror, respectively [12]. Also, the frequency range of
improved DDCC is wider than than CCII+ [11] and
DDCC+ [6] as shown in Fig. 3.
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Figure 3. Frequency curve of improved DDCC+ (R =1K)

2.3. DDCC -Based Multiplier

DDCC-based multiplier can be constructed using DDCC-
based differential squarer as shown Fig. 4. Assuming the
pair of the MOS transistors in Fig 4 are well matched and
Vi is high enough to ensure that both MOS transistors
operate in triode region, squarer’s transfer function can be
derived as Eqn. (6).

I, =K,(V,-V,)’ (6)

Where K, is squarer constant.

If DDCC- is used in squarer circuits, same squarer’s
transfer function as Eqn. (6), have been obtained [12].
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Figure 4. DDCC-based squarer

DDCC squarer-based multiplier whose block diagram are
shown in Fig 5. Squarer-difference technique is used to
construct in this circuit and its transfer characteristic can
be obtained as Eqn. (7).

1, =K,VV, (7
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Where Ky, is multiplier constant and the sign of Ky can
be either positive or negative.
The operation constraint of multiplier is;
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Figure 5. (a) DDCC based multiplier (b) the symbol of
multiplier

This paper is shown that DDCC-based multiplier is
simpler than the DDA-based multiplier [7] and CCII-
based multiplier [11]. Because of input signal both V, and
V3 connect to drain/source of the transistors, it is not
necessary to use additional circuits to synthesis the
‘Vgt+V,’ signal at the gate of transistors in the DDCC-
multiplier circuits.

2.4. DDCC-Based Divider

The divider circuit is basically composed of a multiplier
circuit block with DDCC+ and DDCC- as shown in Fig.
6(a). A simple divider can be easily implemented using a
DDCC-based multiplier as above explained. Also, this
circuit is not required a linear voltage-to-current (V-I)
convertor for DDCC-based defuzzification circuit. The
output of divider as shown in Fig. 6 is given by

I, =K, V,V, 9)
I
VO = ° (10)
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The computation unit DDCC-based defuzzification circuit
block is shown in Fig. 7. The output current of first
multiplier block (Mul.1) is function of input voltages
product and is expressed as

I, =F(V,xV,)=K,,V,V, (11)

If the output current in Eqn. (11) is placed in Eqn. (10),
the output voltage of the proposed divider will be
expressed as follows:
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where the division ratio (Kp =Ky;/Kyy) is related to W/L
coefficients of MOS transistors in proposed circuit. If the
division ratio is determined as divider constant (Kp), the
output of divider circuit can be given by

ViV,
\£

vV, =K, (13)

Eqn. (13) is similar to Eqn. (2). If V|, V, and V; are
replaced with Vj, V;, and Vg, respectively, it will be
obtained one term of defuzzification operation in Eqn. (2)
for Kp=1.
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Figure 6. (a) Divider circuit block (b) corresponding
symbol of divider

(a) (b)
Figure 7. A computation unit of DDCC-based
defuzzification circuit . Fig.7. (a) is equal to Fig.7. (b).

II1. SIMULATION RESULTS
The behaviour of the implemented improved DDCC-
based multiplier circuit was confirmed with 0.5um
MIETEC CMOS process model parameters by PSPICE
simulations [12]. The PSPICE-DC analysis results of
multiplier circuit (Fig.5 (a)) are shown in Fig. 8, where V,
is [-0.5 V; +0.5 V] in amplitude, V, is varied DC signal
forms between [-0.5V;0.5V]in 0.1 V steps.
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Figure 8. DC transfer curves of improved DDCC-based
multiplier circuit



The PSPICE- Transient analysis results of improved
DDCC-based multiplier circuit are shown in Fig. 9, where
V,; is a 10 MHz sinusoidal waveform of +£0.5 V in
amplitude, V, is 2 MHz sinusoidal waveform of 0.5 V in
amplitude. In the simulations of proposed defuzzification
circuit, the circuit parameter values are determined as
follows: Vpp=2.5 V, Vgs=-2.5V,-0.5VSV;<+0.5V, 0
V<SVi<5V,Ve=1.76 V, R =10 KQ.
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Figure 9. Transient response of improved DDCC-Based
Multiplier circuit for two input signals [V, (10MHz; £0.5
V; sinusoidal form), V, (2MHz; £0.5 V; sinusoidal form)]

The numerical result of two-input defuzzification circuit
is obtained as follows:

V, =K ((V;, ‘Vp.l )+ (Vy -Vuz N/Vy  (14)

The numerical and simulation results of improved DDCC-
based defuzzification circuit are shown together in Fig.
10. Two input sinusoidal signals, V;; and Vj, with
different high frequencies (20 MHz and 5 MHz) are
applied to defuzzification circuit that shown in Fig. 1. The
membership voltages (V,; and V) are selected 0.5 V.
The sum of membership voltages, Vs, is 1.0 V value.
Since all multipliers in defuzzification circuit is identical,
the division constant Kp is equal to 0.5. The simulation
data is measured with a 10 k2 output resistor.

Figure 10. The numericgllmand simulation results of
improved DDCC-based defuzzification circuit for two
input signals (Vj;, 20 MHz; Vi, 5 MHz; V;;= V,=0.5 V;
V==1.0 V)

IV. CONCLUSION

In this study, improved DDCC-based defuzzification

circuit for high frequency operating is presented. The

circuit has high-speed operation and high accuracy due to
differential difference current conveyor’s features. The
defuzzification circuit is composed of DDCC-based
multiplier and divider circuits. The behaviour of the
defuzzification circuit has been verified with PSPICE
using the models for 0.5 um MIETEC CMOS process
parameters. The simulation results have been confirmed
with theoretical results. Therefore, the proposed circuit is
suitable for high-speed fuzzy logic controllers using COG
defuzzification method.
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