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ABSTRACT
This paper presents a simple and accurate non-
linear four termiml floating nullor Cffmft
macromodel. The FTFN characteristics 8e
simulated by using new macromodel and compared
with the simulation results ottained b[, SPICE
device models. The results strow that the proposed
FTFN macromodel represents ttre CMOS FTFN
approximately with the sarne accuracy of
semiconductor SPICE device models but with a
significantly reduced comPuter time.

l.INTROIIUCTION
Integrated circuit simulators have proven to be
useful tool for IC desigrr engureers. Since any
analysis is only as accurate as the model use4
modelling of semiconductor devices and IC
building blocks is an important frctor in sircuit
simulation. With the incteasing popularity of WSI
systems, the demand for simplified but still
acc.red;e models which handle analogue subsystems
is continuously growing. Analogue IC designer ask
for models that allow to combine as much accvacy
as possible with a maximum simulation speedup.
Resorting to macromodels instead of device model
is a widely used stratery rryhich allows the designer
to reduce the high computation time required when
simulating complex systems. A good macromodel
must fulfil two basic require,ments: namely, it must
be as simple as possible and at the same time
simulate circuits with maximum possible acrluraay

tl-3]. orr the other han4 the four lerminal floating
nullor (FTFN; has been also receiving considerable
attention recently as it has been shown that an
F|FN is the very flexible and versatile building
block in active network synthesis. This leads to
growing attention in design of amplifiers, Srrators'

indtrctance simulators, oscillators and filters which use
FTFN as an active element [4-11]. Up to now, sweral op
amp, OTA and CCII macromodels have been proposed
[-3]. Hovewer, there is no any macromodel in the
literature to represent FTFN non-idealities and to provid€
the advantages explained above using the mactomodels.
The purpose of the study is to inEoduce a simple and
accurate non-linear FTFN macromodel which is suitable
for simulation of FTIN-based analogue signal pocessing
circuits.

2. TIIE FIOIIRTER}IINAL IILOATING NI]LLOR
The circuit syn$ol of the FTFN is shown in Figure I
Circuit example for CMOS realisation of the FTFN is
illustrated in Figure 2 ll2l. T'he behaviour of the ideal
FTFN is characterised by the followingport relations;

V, =V,

I , = I r=0  ( t )

I o=1 .
Taking into consideration the FTFN non-idealities the
port relations in equation (l) can be expressed as follows;

v, = FV,
I , = d n  

Q )

where p = 1 - tv , and e, denotes voltage tracking

error and CL = I - ti, e; denotes current tracking error
of the FTFN. The FTFN is ideally a transconductanc€
amplifier featuring infinite gat mrd two ouqput curents.
The basic equ*ion describing its operation
In=1,:G..(l/rVy). For a finite open loop
transconductance gan G* the difrerence between two
differential voltages increases as G^ decreases.



v"

v,

.'ELECO'99INTERNATIONALCONFERENCE ON ELECTRICAL AND ELECTROMCS ENGINEERING'

3.IUACROMODEL DEVEII)PMEIIT
The propoeed macromodel for the FIFN stnrcture rs
shown in Figure 3. With the suitable choim of parameters
and elements, the configuratiolr models th€ circuit
beharriour for non-linoar DC, AC and largp signal
transient reponsos affurdoly. The popoeed nacromodel
is subdivided inlo tbr€e stees, narnety thc inpt stags,
the inter-stage and the output stage

Figure I : Circuit synbol of the FTFN
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Figure 3: The proposed FTFN macromodel

Tablo l: Model puameters of dcrivcd FTFN macromodel
Paraneler Vatue hramoter Value Parameter Value
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The input stage produces the necessary linear and
nolinear differential mode input characterisucs and
consist ofcapacitors Q, Q Ca, resistors R- ,& Rd,
independent voltage source Voeo V.ry and voltage.
controlled voltage sour@s V, , Vv .The voltage
source V- is innoduced for modellirg of input
voltage offset voltage. p repnesents voltagp tracking
error of the FTFN. C- , q, , Ca and R- ,& &
r€present input capacitances and resistances of
FTFN respectively. Sinco the input resistance of
the FTFN co be assumed pactically infinite, R*
,& ard & are fixed IOPO to prevent numerical
problem in simulation The inter-stage contains a
unity garn connection and introduced for high
frequency dominant pole. To introduce this pole
into the frequenry response the resistance R1 is
chosen as l/g",1. The oulput stage consist of two
current confrolled current sources, outPut
capacitances and output resistances. The ratio of

Figure 2: Circuit schematic of the CMOS FTFN

To demonstrate the accurate representation of non-linear
beharriour of the CMOS FTFN, the voltage and current
DC transfer characteristics obtained SPICE simulation
using dwice models and nervly introduced macromodel
are illustrated in Figure 4 The frequency responses of
the FTFN versus voltage-gain and transconductamce are
shown in Figure 5. It can be easily observed from
Figures 4-5 that non-linear DC transfer characteristics
and the'Aequenry responses obtained from SPICE
simulation by using device models and newly introduced
FTFN macromodel are in good agreement with each

transconducanto of currcnt controlled
source represents current trackfug error

other.
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Figure 4:Simulated dots of DC current curves

current
of the

FTFN as c The non-linearity ofthe FTFN caused
by voltage and current limiting at the terminal z
and w modelled by introducing additional
elements The voltage swings at z art w terminal
are limited by voltage source-resistor-diode
combinations Vcr, Ds, Rcr - Vnr, De, Rer and V62,
Dz, Rcz - Vez, Ds, Re .To represent current limiting
voltage dependent voltage source-diode-voltage
soufce combinations Vr, Vtr,Vtz, Dr, Dz and V*
Vrr,Vuo, Dr, Dr are incorporated to the circuit. The
resistors Rcr, RBr, Rcz md Rp are introduced
resistive elements to the circuit modol which adjust
the slope of the DC voltage transfer characteristic
V"=VdViJ, V.=V,(ViJ at the boundaries of the
tinear operation region by using piecewise linear
approximation as used before in OTA and CCII
models in reference [2-3]. Modet parametors of
derived FTFN macromodel are given in Table l.

4.COMPRASION WITH SEMICONDUCTOR
DEVICE MODELS
The accuracy of the FTFN macromodel is
demonstrated by comparing the simulated FTFN
characteristics with sinrulation result obtained from
semiconductor device model. The CMOS FTFN
shown in Figre 2 was chosen for
demonstrationfl2]. The macromodel parameters of
the derived macromodel \rvpre determined ftom
SPICE simulations using device models and given
in Table L The supply voltages were taken as
Vro=SV Vss:SV. MOS fransistor asPect ratio is
grven inTable 2. Device model parameters used for
SPICE simulations are taken from TUBITAK
YITAL 3pm CMOS process

Iw(rnacromodcl)

Iz(macrornodel)

Iw(device-model)

Iz(device-model)

ils 'h

mr vD5 "---lfurr
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from the Table 3 that the computer time needed for
SPICE simulation was reduced considerably by the use
of proposed macromodel.

Table 2: Dimensions of MOS devices for proposed
circuits

Transistor W(f*)___LGD__
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Table 3: Computer times in seconds needed for SPICE
simulations

Analysis type AC Transient
Macromodel 6.54 11.03
Device model 12.35 29.11

1E+4 1E{5 lE{{ lE+1 lE{a
Frequency(fL)

(b)

Figure 5: a)simulatedptots ofvoltage gainb)
simulated plots of transconductance, versus

frequencY

To compare the accuracy of the SPICE simulations
with the macromodel and the device model, an
example of a second-order current'mode band-pass
active filter topology was chosen. The complete
filter circuit is shown in Figure 6' Passive
components were chosen as Ct=q:9.5*'
Rr=3K,fJ, &=lKA which result in 7O4Wz centet
frequenry. SPICE simulations for AC and transient
analysis were performed using device models and
macromodels. Simulations to obtain the frequency
and transient responses of the current-modo baa&
pass filter were performed by using !1!
iorresponding macromodel and the CMOS FTFN
on a Pentium-Il . Celeron 300A computer, alld
resulting computer times are given in Table 3. The
frequency response of the filter obtained from
SPICE simulations with device model and
macromodel is shown in Figure 7. It is obvious

,rf-l

T"

76

Figure 6: The current-mode band-pass filter
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Figure 7: Frequency response ofthe filter

s.coNclusroNs
A simple and accurate non-linear macromodel is
proposed in this paper. The derived macromodel is
especially suitable for SPICE simulation of FTFN-
based analogue signal processing circuit. The
FTFN characteristics are simulated by using new
macromodel and compared with the simulation
results obtained by SPICE device models The
results show that the proposed FTFN macromodel
represents the FTFN approximately with the same
accu(acy of semiconductor SPICE device models
but with a significantly reduced approximately
oZ50 computer time
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