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ABSTRACT 2. ADJOINT TRANSFORMATIONS

A method focused on the synthesis of current-mode filters _ ) )
by transforming the already known OTA-C filters working Among all active devices [2], three of them are shown in
in voltage-mode using a universal active device, e.g. the Fig. 1. The CCII- is considered a universal active device

CCll-, is presented. First, the ideal behavior of the OTA (UAD) [3, 4], which is quite useful for synthesis purposes
is modeled using nullors. Second, voltage-mode filters are [5]. Bes[des, the accurate quantitative mpdellng anq .char-
transformed into its current-mode adjoint network. Third, acterization of actlye devices is an gssentlgl prerequisite for
nullator-norator pairs of the current-mode nullor circuit are the successful design and optimization of high performance
synthesized with the CClI-, which has been designed us-2nalog systems.
ing a CMOS technology of 0.36n of AMS, and biased

at 1.5V. Finally, the simulation of the frequency response i E i i . 2
using HSPICE demonstrates the suitability of the proposed Q % g %
method to be used in education. — e — X

OPAMP B OTA CClI-

1. INTRODUCTION . . -
Figure 1: Basic nullor-based analog building blocks.

Analog systems can be described at various levels of ab-

straction where the more detailed the structure, the less ab- The ideal opamp has the properties: At its input-port:
stract the description [1]. On the one hand, thilor can ~ v=i=0, and at its output port: v=i=undefined. The ideal
be used to model the behavior of many analog circuits at OTA has the properties: The differential input-voltage is by-
the most abstract level of detail [2]-[5]. On the other hand, passed directly to the conductarg;evhere the output cur-

a detailed description of an active device using nullors canrent becomes,=g,, (v;* —v; ). For the ideal CCII- has the
be done by adding parasitic elements to approximate its reaproperties: across the nullatey=v, andi, =0, and through
behavior [6]. the noratori,=i,. As one sees, an OTA can be approxi-

Filter design can be done at the most abstract level wheremated by coupling two CClI-s between a conductance, this
the required building-blocks can be represented using nul-will help us to synthesize OTA-C filters using the CCII-.
lors and the minimal impedance elements to convert volt-  The adjoint transformation process of a nullor-based OTA-
ages and currents. That way, any OTA-based circuit [7, 8], C circuit from voltage- to current-mode is done as follows:
can be represented as a nullor circuit, from which the trans-(1) Set nullator-norator interconnection-references.
formation technique to convert circuits working in voltage- (2) For each nullor, interchange the nullator/norator by the
to current-mode, and vice-versa can be easily done [5]. Thenorator/nullator, but keeping intact the external circuitry.
transformed nullor circuit can furtherly be synthesized us- (3) The independent voltage/current source is short/open
ing a basic building-block, the CCII-, by joining nullator- circuited. Now it becomes the output port where the cur-
norator pairs. rent/voltage is measured.

The adjoint transformation process using nullors is de- (4) If the output port-variable is voltage/current, connect an
scribed in section 2. The design of the CClI- is given in sec- independent current/voltage source. Now this port becomes
tion 3 along with several simulation results of practical im- the input-port where the current/voltage is supplied.
plementations using HSPICE. The synthesis of a first order  Lets consider the OTA-C filter circuit shown in Fig. 2
low-pass filter using the CCIlI-, working in current mode, is [8], which works in voltage mode. The adjoint transforma-
presented in section 4. Finally, the conclusions are listed intion process is sketched in Fig. 3. In Fig. 3a, it is shown the
section 5. nullor circuit-equivalent of the OTA-C filter. In Fig. 3b, it



is shown the adjoint circuit working in current mode.

e

Figure 3: Nullor-basedT A-C filter working in (a) volt-
age and (b) current mode.

The computation of the symbolic transfer functions of
the circuits shown in Fig. 3, have the following relationship:

Vo

Vi

I, 1

I; :1+é—c

@)

By synthesizing each pair of nullors-arrangement from
Fig. 3b with the OTA, the resulting OTA-C filter working
in current mode, is shown in Fig. 4. However, using the

=

Figure 5: OTA implemented with two CClI-s

whose ideal behavior can be represented by a single nullor.
That way, the design of the CCII- presented herein is based
on the topology given in [3, 4]. It has been designed using
CMOS technology of 0.3@m of AMS with the BSIM3v3
MOSFET model. The proposed CMOS design of the CClII-
is shown in Fig. 6 [9].
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Figure 6: CClI- designed with CMOS technology

The designed CCII- is biased &b p=1.5V andVgg=-

CClI- an OTA can be approximated by coupling two CCII-s 1 5V. The WIL relationships are shown in Table 1.

as shown in Fig. 5.

Figure 4:0T A — C filter working in current mode.

3. DESIGN OF THE CClII-

Table 1: MOSFET dimentions

MOSFET WIL relation
M1,M4,M5,M8,M12 180

M2,M3,M6 440
M7,M16,M17,M18 90
M9,M13,M14,M15 38

M10,M11 76

HSPICE simulations of the CCII- shows that the para-

sitic impedance at node X, as shown in Fig. 7, has several
hundreds of ohms in magnitude, equalig =480 ohms, as

Besides, there are many current conveyors proposed in theshown in Fig. 8. UsingRx, the simulation of an inductor
literature, the one considered as a UAD is the CCII- [2, 3], by coupling two OTAs [3, 7, 8, 9], which are implemented



by the CCII- as shown in Fig. 5, and by changing only the
value of the capacitor, agree with practical realizations as
shown in Fig. 9.
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Figure 7: CCII- including its parasitic impedance.
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Figure 8: Parasitic impedance of the CCII- at node X.
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Figure 9: Implementing an inductor

4. SYNTHESISOF NULLOR CIRCUITSUSING A
UAD: THE CCII-

The parasitic impedancRy of the CCII- has been used to
implement the conductance associated to an OTA, as shown
in Fig. 5. In this manner, the resulting OTA implemented
by two CClI-s has a transconductance equ@qglé—x. Us-

ing this implementation and by setting C=1.62nF, the low-
pass filters approximated by equation (1) have a dominant-
pole at 100kHz (-3dB), as shown in Fig. 10. As one sees,
both transfer functions in voltage- and current-mode present
the same frequency behavior leading us to conclude about
the suitability of the proposed adjoint-transformation tech-
nique.
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Figure 10: HSPICE simulations of the adjoint lowpass
filters with a cut-off frequency of 100kHz.

By changing the capacitor value to have a dominant-
pole at 1MHz (-3dB), the simulation results are shown in
Fig. 10. As one sees, both transfer functions in voltage- and
current-mode nearly-present the same frequency behavior,
the error occurs due that the designed CCII- has a band-
widh of around 30MHz, at which the gain is 0.7 instead of
1. However, simulation results lead us again to conclude
about the suitability of the proposed adjoint-transformation
technique to be used within a synthesis methodology.

5. CONCLUSIONS

A method focused on the synthesis of current-mode filters
by transforming the already known OTA-C filters working

in voltage-mode using a universal active device, has been
presented. It has been shown that using nullors, the ideal
behavior of many active devices can easily be done. That



Frequency response
T T

— Voltage-mode filter
— da2nt-mode filter

-2

Magnitude (dB)

-6

-7 I I I I
1
Frequency

25
x10°

Figure 11:. HSPICE simulations of the adjoint lowpass
filters with a cut-off frequency of 1IMHz.

way, the OTA has been modeled using two nullors which
can be replaced by a CCII-.

It has been shown that any OTA-C circuit can be trans-
formed into its adjoint network by manipulating nullator-
norator pairs. The nullator-norator pairs in the current-mode
nullor circuit are synthesized with the CClI-, which has been
designed using a CMOS technology of Q.85 of AMS,
and biased at 1.5V. Finally, simulation results of several im-
plementations using the CCII-, demonstrates the suitability
of the proposed method to be used within synthesis method-
ologies focused on analog design automation.
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