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ABSTRACT

This thesis presents the oscillator circuits based on second-generation current
conveyors by nullator and norator transformations. The first approach proposed oscillator circuits
by the use of nullator transformations. For the second approach, oscillator circuits are achieves by
norator transformations. The third approach introduced oscillator circuits that are realized by
employing RC:CR transformation. All the circuits consist of two second generation current
conveyors (CCIIs) and a minimum number of passive elements. In addition, current-controlled
oscillators using only two second generation current controlled conveyors (CCClls) and two
grounded capacitors are also proposed, hence they are expected to be suitable for monolithic in IC

technology. Simulation and experimental results are obtained to show the agreement with theory.
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aumdoy ualdoidsaomusorh W 1¥au 1dlugmanudidrg mnd
2.4.2 83nlIznoVYRIIIDIBRATALAINGS
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(2.18)

(2.19)
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31U 2.14(M)-(3) naAseRaFaamesMinauo lay Nandi R. [10] 439102395 14

3UN 2.14(n)-() vz Taaumsuaasdnuazinmizdsde I
s’C,C,R R, +s(C,—C,)R, +1=0
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* NR1OON - 1X NPN TRANSISTOR
MODEL NX1 NPN
+ RB=524.6E+00 IRB=0.00E+00 RBM=250E+00 RC =50E +00
+ RE=1.000E+00 IS=121.0E-18 EG = 1.206E+00 XTI =2.0E +00
+XTB=1.538E+00 BF=137.5E+00 IKF =6.974E-03 NF = 1.0E + 00
+ VAF = 159.4E + 00 ISE=3.600E-15 NE=1.713E+00 BR =725.8E - 03
+ IKR=2.198E-03 NR = 1.000E+00 VAR =10.73 ISC = 0.0E +00
+ NC=200E+00 TF=4250E-12 TR =0.425E-08 CJE =0.214E - 12
+ VIJE=0.50E +00 MJE=028E+00 CJC =98.30E-15 VIC = 0.50E + 00
+MIJC = 0.30E + 00 XCJC =34.0E-03  CJS=0.913E-12 VJS = 0.64E + 00

+MJS=040E+00 FC=0.50E + 00

*PR10ON - 1X PNP TRANSISTOR

.MODEL PX1 PNP

+ RB=327.0E+00 IRB=0.00E+00 RBM =24.55E + 00 RC = 50.0E +00
+ RE = 3.00E + 00 I[IS=73.50E-18 EG=1.206E + 00 XTI = 1.70E + 00
+XTB = 1.866E+00 BF=110.0E+00 IKF=2.359E-03 NF = 1.00E + 00
+ VAF =51.80E + 00 ISE =25.10E- 16 NE = 1.650E +00 BR =474.5E -03
+ IKR=6478E-03 NR=100E+00 VAR=9096E+ 00 ISC =0.00E + 00
+ NC=200E+00 TF=0.610E -09 TR = 0.610E - 08 CJE = 0.180E - 02
+ VIE =0.50E+00 MIE =0.28E + 00 CJC=0.164E - 12 VIC = 0.80E + 00
+MIC = 0.40E + 00 XCJC=37.0E-03 CJS=1.03E-12 VIS =0.55E +00

+ MIJS = 0.35E + 00 FC = 0.50E + 00
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Current-conveyor-based single-element-controlled and
current-controlled sinusoidal oscillators
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Information Technology (ReCCIT), King Mongkut's Institute of Technology Ladkrabang,
Bangkok 10520, Thailand

(Received 21 December 2004)

A new single-element-controlled sinusoidal oscillator circuit that incorporates
two second generation current conveyors (CClIls). two grounded capacitors and
two resistors is presented and analysed. The circuit is beneficial to monolithic
integrated circuit implementation by the use of grounded capacitors. In addition,
a new current-controlled sinusoidal oscillator using only two second generation
current controlled conveyors (CCCIls) and two grounded capacitors can be
achieved by replacing CClls and resistors series at X terminals with CCCllIs. The
oscillators provide extremely low passive ay-sensitivities and good frequency
stability. Moreover, the oscillation frequencies of the CCIl-based and the CCCII-
based oscillators can be controlled, respectively, by a grounded resistor and by an
external bias current. Experimental and SPICE simulation results that confirm
the theoretical predictions are given. ‘

Keywords: Oscillator; Current conveyor; CCII: Current controlled conveyor;
ccci

1. Introduction

In recent years, several schemes of grounded-capacitor sinusoidal oscillators based
on the use of current conveyors have been proposed in the literature (Nandi 1982,
1986, Bhaskar and Senani 1993, Chang 1994, Abuelma’atti er al. 1995, Liu 1995,
Abuelma’atti and Al-Ghumaiz 1996, Horng er al. 1997. Horng 2001). Due to the
employment of grounded capacitors, these oscillators provide a suitable advantage
for monolithic integrated circuit implementation (Bhusan and Newcomb 1967).
The development of the CCll-based grounded-capacitor ostillators can be described
as follows. First, two current-conveyor-based single-resistance-controlled oscillator
circuits using a minus-type CCII, a voltage buffer. two grounded capacitors, and
three resistors (one of these resistors is grounded and two resistors are floating) were
suggested by Nandi and Nandi (1982) as well as by Bhaskar and Senani (1993). In
1982 and 1986, Nandi introduced sinusoidal oscillator circuits using two CClIlIs with
two grounded capacitors and three resistors. However. the drawback of these circuits
is the use of an excessive number of passive elements. Later on. the oscillator circuits

*Corresponding author. Email: kswanlopfe kmitl.ac.th
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468 C. Fongsamut et al.

using two CClIs with only two resistors and two grounded capacitors were proposed
(Nandi 1986, Horng er al. 1997, Horng 2001). Recently, interest in a current-
controlled oscillator based on the so called second generation current controlled
conveyor (CCCII, Fabre er al. 1995b) or translinear current conveyor has been
growing, because its oscillation frequency can be varied proportionally to an external
bias current. Up to now, four oscillator circuits based on CCCIIs have been
proposed (Kiranon er al. 1996, 1997, Turkoz and Minaei 2000, Horng 2001).

In this paper, a new RC sinusoidal oscillator circuit using one plus-type CCII,
one minus-type CCII, two grounded capacitors, and two resistors is presented. It
provides the advantage of using grounded capacitors that are beneficial to IC
implementation. Furthermore, from the proposed CCIlI-based oscillator circuit, by
replacing the CCII+ and CCII— and resistors connected series at X terminals by
CCClIl+ and CCClI—, respectively, a new current-controlled oscillator circuit using
one plus-type CCCII, one minus-type CCCII, and two grounded capacitors can be
obtained. The new oscillator circuit topology has not been found in the literature,
although the proposed scheme employs the same number of active and passive
components as the previous one presented by Horng (2001). In addition, theoretical
predictions and experimental results demonstrate that the proposed circuits provide
a better performance.

2. Circuit description

Figure | shows the proposed oscillator circuit based on the use of a plus-/minus-type
second generation current conveyor (CCII+). The circuit is modified from Horng's
circuit (2001) by moving the negative immittance converter (NIC) of CCll, from the
right side of R; to the left side of R, and changirg a plus-type CCII, to a minus-type
CCII,. By straightforward analysis, if we assume that the CCII is ideal with i.=0.
vi=v, and i.==/, (Sedra and Smith 1970), the characteristic equation of this
configuration can be expressed as

SSCYCR Ry + sRi(C2 — C)+ 1 =0 (1)
The condition of oscillation and the frequency of oscillation can be given by
G =, @
and
1
= JCGRE: <

It is seen that the condition of oscillation can be adjusted by the grounded capacitor
C, (and/or C5) and the frequency of oscillation can be controlled by tuning through a
grounded resistor R, (or the floating resistor R») without disturbing the condition of
oscillation. The various passive sensitivitics of the parameter wx, of this sinusoidal
oscillator are

o =S8 =Si=Sn=- @

|
=
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X, F—MWA—1 Yo
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Figure 1. Proposed CClI-based sinusoidal oscillator.

We can see that the sensitivities from equation (4) are low. The, frequency stability
factor Sr is defined as (Bhaskar and Senani 1993)

e dg(u) )
du

u=|

where u=w/wy and ¢(u) represents the phase function of the open loop transfer
function of figure 1. With C,=C>=C, R;=R and R, = R n. the Sf factor is found

to be
SFr=2Jn (6)

For the resistor, if ratio n is much larger than unity. Sgcan be made quite high. This
means that this oscillator has good frequency stability similar to the oscillators of
Bhaskar and Senani (1993), Chang (1994) and Liu (1995).

Consider the characteristic of the CCCII+ (Fabre er al. 1995a). it has a finite
input resistance R, at X terminal, where R, = V¢/2/5. Ip is an external bias current
and Vris the thermal voltage. This type of current conveyor provides the advantage
that the value of R, can be controlled by the bias current /. Then. from figure 1. if the
CClI+ and CCII— with the resistors at the X terminals are replaced by the CCCII+
and CCCII—, respectively, a novel CCCII-based oscillator of ligure 2 can be obtained.
The CCClIl-based oscillator circuit uses only two CCCIIs and two grounded
capacitors, where its characteristic equation can be written as

S CCRGR: +sRU(C:—C)+1=0 (7)
or

SCLCVF+ 25V rlp(Cr — C) + 3o lo: =0 (8)
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Figure 2. Proposed CCCIlI-based sinusoidal oscillator.

The oscillation condition and oscillation frequency can be obtdined as

C=G; (9)
and
2 [IoyIo>
— = |
o =N CC (10

If we set /o), = Ig>» = I, then the oscillation frequency can be given by
2 Iy
Yy = =
VGG

From equations (10) and (11), it is obvious that the oscillation frequency can be
electronically tuned by the bias current /p without affecting the oscillation condition.
This means that the oscillator can be operated as a current-controlled oscillator. It is
worth noting that, since the CCCII— circuit can be realized from CCCII+ by current
replicas using current mirrors to obtain a negative output current. then the
requirement of both devices (CCCII+ and CCCII-) is not a drawback in terms of
monolithic implementation.

(rn

3. High frequency performance

In practice, it is absolutely neccessary to consider the accuracy of the frequency of
oscillation. To understand the limitations of the circuits on a large frequency range.
the realistic model for the CCII% is employed as in figure 3. The model shows
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CCII i Cc!l

: tai, i 0EC6 ? R.

C, R, v By,

Figure 3. Realistic model for the CCII+.

a widely used equivalent circuit for the CCII+, where conventional Y and X denote
the input terminals and Z denotes the output terminal of the CCII (Fabre er af.
1995a). R, and C, are the input resistance and the input capacitance looking into the
Y lcrmmal when the X terminal of the voltage follower is open. R, is the input
resistance at the X terminal. R. and C. are the resistance and the capacitance
presented at the Z terminal. The controlled voltage source gV, at the X terminal
r:-flects the voltage applied on the Y terminal, where =1 — ¢,. represents the voltage
transfer parzmeter of the CCII and ¢, denotes the voltage transfer error (|&,| < 1).
The controlled current source +ai, on the Z* or Z~ terminals.reflects the current
that flows at the X terminal, where a=1—¢,. represents the current transfer
parameter of the CCII and &; denotes the current transfer error (|¢;] «-1). Therefore,
the realistic model from figure 3 is substituted into figure | resulting in figure 4(a).
The parameters ol the modified oscillator that takes into account parasitic elements
and external passive components are listed in table I.
Re-analysis yields the characteristic equation

sZCICZRR,+sR’I(C2 ﬂzaaC)+(C C’)RL
R " Ry

, R’ ! Rl &)
s s | £
+Bla'ﬂ'+Rl(R'R'+R' R_; ) 0 (12)
where 8, and B, are the non-ideal voltage transfers of the CCII; and CCII-.
respectively, and o, and o, are the non-ideal current transfers of the CCII, and
CClI,. respectively. Since the resistances R; and R} are extrgmely high. equation (12)
can thus be approximated to

sSC|C3R R, + SR|(Cy = pre2C)) + Bra) frt = 0 (13)
The condition of oscillation and frequency of oscillation are
C; = BraxCy (14

and

= Brai B2 =
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Figure 4. Modified oscillator with parasitic components of CCII=: (a) proposed circuit:
(b) Horng’s circuit.

The new sensitivities of the natural frequency with respect to the active components
can be calculated as

ey feiy l 1]
==z SP=

v —':5‘

55 =D (16)

o] —

From the equations (2) and (14), we can see taat the condition of oscillation
is slightly deviated from the ideal case by the ftuactor of B-a~ and the parasitic



Controlled sinusoidal oscillators 473
Table 1. Influence of parasitic components.
C, C; R| R; Ry R,
Figure 1 C, C, R, R> o0 [ore)
Figure 4(a) C,+C,y G+C2+  Ri+Ry R+ Ra RoIR,IR, Ry
Figure 4b) Ci+Cy + CZC+: 'C:C:e Rt Ry Ro#Ry R RallR IR

CI': + C:Z

capacitances cause the capacitances C, and C, to become C; and Cj, respectively.
Equation (14) also indicates that, to ensure self-starting operation, the capacitance
C) should be slightly more than the capacitance C,. Similarly, by comparing
equations (3) and (15), we can see that the frequency of oscillation is slightly deviated
from the ideal case by the factor /B B; and the parasitic components cause C;, C.
Ry and R; to become C|, C;, R| and R, respectively.

On the other hand, figure 4(b) shows the schematic diagram including the
parasitic elements in table | for Horng’s circuit (2001). The oscillation condition and
the oscillation frequency of figure 4(b) can be approximated as

C; =P C, (7
and

f Braas (18)

TV CICGRR;

The sensitivities of the active component are given by

ey __ g
Sﬂt'_s -

ay

; BF=n s (19)

@ T 5

N —

In practice, the values of the voltage transfer 8 and the current transfer «
depend on the impleinentation scheme that is used to realize the CCCII,
for example, 820999 and a=C.991 for bipolar technology with the ALA200
transistor arrays (Fabre er a/. 1995a), B~0.996 and' @=1.022 for BiCMOS
process (Fabre er af. 1998). and B2~09984 and &=1.022 for HF3CMOS
process (Fabre er al. 1996). However. it is obvious that the value of the
voltage transfer B is much closer to unity than the current transfer a.
Therefore, by comparing equation (15) with equation (18). the oscillation
frequency of the proposed oscillator is in closer agreement with the theoretical
prediction of equation (3) than that of Horng's circuit. In addition. the active
sensitivities of equation (16) indicate that the value of w, of the proposed
circuit is strongly dependent on the value of 8-. On the other hand. the active
sensitivities of equation (19) indicate that the value of w, of Horng's circuit is
strongly dependent on the value of as.
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4. Experimental and simulation results

In this section, the performances of the oscillator are verified through experiment
and simulation. For the experiment. the circuit in figure | has been implemented
with commercially available IC AD844 from Analog Devices, where the CCII+
is implemented by one AD844 and the CCII— is implemented by two AD844s with
+5V voltage supply. The parasitic components of this CCIl+ are R,=60%,
C,=8pF, R,=7TMQ. C.=14pF and R.=3MQ (Martinez er al. 1999). For
the simulation, the CCIlz will be realized by using the circuit schematic shown in
figure 5 proposed by Fabre et al. (1995a). This is due to its structure being similar
to the circuit of CCCII+.

(b)

Figure 5. Schematic implementation for translinear current converors: () CCll+:
(b) CCII-.
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Figure 6. Experimental output waveform obtained from the proposed CCIl-based oscillator
with Ry =R;=1kQ, C;=11nF and C-=10nF.

The proposed oscillator configuration in figure | was experimentally tested in
comparison with Horng’s circuit for component values R,= 1Lk, C,=11nF.
C>=10nF, and the controlled oscillation frequency being adjusted with R,. Figure 6
shows the experimental output waveform of the proposed circuit with R, = 1 k and
the output frequency is 14.29kHz. It is about 1% deviated from the prediction value
of equation (12). Figure 7 shows the plots of the oscillation frequency of varying the
value of resistor R, from 200 Q to 5k. Note that if the grounded resistor R is
substituted by a JFET, then the voltage-controlled oscillator can be obtained (Nay
and Budak 1983, Senani and Bhaskar 1992). Figure 8 shows the plots of the
simulated output voltage swing and the total harmonic distortion (THD) against
various oscillation frequencies. It is denionstrated that the proposed oscillator circuit
provides levels of THD of lower than 4% while Horng's circuit provides levels lower
than 5%. This is due to the fact that. since 8~ £>20.999 and a, ~a>~0.991. the
proposed oscillator circuit produces the oscillation frequency closer to the theoretical
prediction than Horng’s circuit.

The current-controlled oscillator of the circuit in figure 2 has been simulated
through a SPICE program. The CCClI+ was realized by using the bipolar transistor
parameters of the PRIOON and NRIOON for the PNP and NPN transistors.
respectively, where =~ f8-20.999 and o, ~a>=0.991 (Frev 1993). The circuit is
tested with &+ 5V power supplies. /o, =Ip>=1po. C,=11nF and C>=10nF. where
the current /o is varied from 0.1 pA to 100 pA. The plots of the simulated oscillation
frequencies against the external bias currents are shown in figure 9. The plots for
Horng’s circuit are also included for comparison.
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Figure 7. Simulation results of the oscillation frequency by varying the value of the resistor
R, with R-=1kQ, C,=11nF and C,=10nF.
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Figure 8. The total harmonic distortion (THD) and the output voMlage swing (v,,) at various
oscillation frequencies.

5. Conclusion

In this paper, a new current-conveyor-based sinusoidal oscillator circuit has been
presented. The circuit uses two CClIs, two grounded capacitors and two resistors.
The proposed CCllI-based oscillator can casily be converted to a current-controlled
CCClI-based oscillator by replacing the CCll+ and resistor series at the X terminal
with the translinear current controlled conveyors (CCClI+). Therefore. the new

201



Controlled sinusoidal oscillators 477

i .. 7. Theoretical |
b, Fropeted arpe)

» » = Homg's circuit

Frequency, Hz

&

R ;L iiiien  fofdciad Piid
107! 100 10! 102
Ig. NA

Figure 9. Simulation results of oscillation frequency against the external bias current of the
CCClIlI-based oscillator.

current-controlled oscillator uses only two CCClIs and two grounded capacitors.
However, the proposed CCClI-based oscillator uses the same numbers of active and
passive components 4s the previous work presented by Horng (2001) but the
proposed circuits are the new topology. which have not been found in the previous
literature.
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Abstract— Two new sinusoidal oscillator circuits using beneficial to IC implementation. The second circuit is
current comveyors are presented in this paper. The twe gachieved by using RC:CR transformation. SPICE
;':2:"" e E“‘:‘"’ " to each other by the RC:CR gmylations and experimental tests to confirm the

lormation. Each oscillator consists of twe positive second- rmance =
generation current conveyors (CCII+) and the minimum of perfo of the proposed circuits are performed.
(Tour) passive elements, two capacitors and two resistors. One of
the escillstors can be realized by employing grounded capacitors I CIRCUIT DESCRIPTION
and is desirable for VLSI realization. The passive and active The circuit symbol of the ideal plus-type second
sensitivities of all circuits are quite low. The SPICE simulation ion ™ co r (CCII+) is shown in Fig. |
2d experimental works are performed to verify this theoretical L here Y and X are the input terminals and Z is the output
tion.
i terminal. The voltage and current relations of the CCII+

Keywords— Oscillators, Voltage-Control-Oscillators, Second  ,re given as

generation Current Conveyors and Grounded Capacitor.

I.  INTRODUCTION ¥

Sinusoidal oscillators play an important role in |- (8))

instrumentation, communication and signal processing i
applications. It has shown that the second generation current
conveyor (CCII) is very useful as an analogue building block
and receiving much attention in oscillator design [1]. Even
though the implementation of integrated circuit (IC) _{:’
technology has extremely advanced, the plus-type CClls only Vro—Y P
are available from commercial monolithic IC’s, for instance, CCll+ 2 —
PA630 (Phototronics) [2], AD844 (Analog Devices) [3] and Iy
CCII01 (LPT Electronics) [4]. Grounded capacitors are also Vie—2 X
desirable from the viewpoint of IC implementation [5]. At
present, there are a variety of reports on oscillator circuits
realized with CClls. We can categorize them to 3 groups in
the theme of oscillators based on CClls. First group; oscillator
circuits with two minus-type CCIls and six or seven of
passive elements [6], second group; oscillator circuits with a ~ Fig. 2 represents a circuit configuration of single-
minus-type CCII, a plus-type CCII, two grounded capacitors resistance-controlled  sinusoidal  oscillator  circuits
and two or three resistors [7-10], and third group; oscillator ~consisting of two CClI+s, two capacitors and two resistors.
circuits with two plus-type CClls, two grounded capacitors The characteristic equation of this oscillator is given by
and two or three resistors [11-13]. The trend of current
researches is to decrease the passive element in the circuit. squleR? +5(C,-C,)R +1=0. (2)
Therefore, we propose two new CCll-based sinusoidal RC
oscillators using two plus-type CClls, two capacitors and two
resistors. The first circuit is based on grounded capacitors

W=
1}
o = o
-0 o
o o o
=

Fig. 1. Symbol of CCII+.

The oscillation condition is

0-7803-9538-7/05/520.00©2005 IEEE 1138



C <G, (3)
The oscillation frequency is
o . - @
“ YCCRR,

LA
X, AN
Y, CCll+ —l—
4
Y:
I, CCll+ s
X A~
-=C =C
-G 2
Fig. 2. Proposed CCII+ based oscillator.

Thus, the oscillation condition can be satisfied by adjusting
grounded capacitors C, (or/and C;). The use of grounded
capacitors is particularly attractive for integrated circuit
implementation. The oscillation frequency can be also
independently adjusted by a floating resistor R, or a grounded
resistor R,. Note that we can easily realize a voltage
controlled oscillator (VCO) by replacing the grounded
resistors with JFETs whose drain-source resistance can be
controlled by the gate-source DC bias voltage [14-15].

Another sinusoidal oscillator can be derived from Fig. 2 by
the way of RC:CR transformation. Fig. 3 presents the circuit
configuration obtained by RC:CR transformation. In this
scheme, one capacitor is floating and the other passive
elements are grounded. The characteristic equation of Fig. 3
is given as,

S’C,G,RR, +sC,(R,-R)+1=0.  (5)

The oscillation condition is
R, <R,

The oscillation frequency is

6)
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1
@ =J——— :
6163R1R2

It may be noted that the oscillation condition can be
adjusted through the grounded resistors R, (or/and R;) and
the oscillation frequency can independently controlled
through a grounded capacitor C, without affecting the
oscillation condition.

X i
Yi CCll+
Z,

Y

z CCll+ G
% i1
< R <R
Fig.3.  Using RC:CR transformation of Fig. 2.

III.  EFFECTS OF NON-IDEALITIES OF CCII

Taking the non-idealities of the CCII into account, the
relationship of the terminal voltages and currents can be
rewritten as:

1t

where f =1-5 represents voltage gain from the
terminals Y to X and @ =1-§ represents current gain from
the terminals X to Z. The & and & are their voltage and
current gain error with |§{<<l and |g|<<1. Taking these
non-idealities of CCII into account, the characteristic
equations of Egs. (2) and (5) become,

S'CGRR, +5(C, - BAa,C)R + Baya, =0(9)

and



Baa,s’CC,R R, +5C,(R, - Bpa,R)+1=0.(10)

The modified oscillation conditions and the oscillation
frequencies are derived from the Egs. (9) and (10) as shown
in Table 1. From this table, it is obvious that the effects of
gain errors slightly change the oscillation condition and the
oscillation frequency.

TABLE |
0saLLATION CONDITIONS AND OSCILLATION FREQUENCIES POR
PROPOSED CIRCUITS ASSUMING NON-IDEAL CCTI

Circuit | Oscillation condition | Oscillation frequency, aﬁ
. Baa
Fig. 2 s B Ba,C. e
q A 2%2™~2 qC]ER:
1
Fig.3 | R,sBpa ——————
2 <ALk, Baa,CGRR,

IV. SENSITIVITY CONSIDERATION
The relative sensitivity of the oscillation frequency ax with

respect to a parameter x is defined as
S:" —_—ia_at (1)
o, &
TasLe I
PASSIVE AND ACTIVE SENSITIVITIES
z Sensitivities
Circuit Passi 5
53 =05
Fig.2 | S&coas =—05 Sp =0
Sy =53 =05
Sp=-05
Fig.3 [ SZc ax =-05 Sp =0
SN =53=-05

The passive and active sensitivities of the oscillation
frequency in Fig. 2 and Fig. 3 due to variations in the
resistance, capacitance, voltage gain and current gain have
been critically examined. These are listed in Table 2. It should
be noted that all the passive and active sensitivities of the
circuits are all low enough.
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V.  SIMULATION AND EXPERIMENTAL RESULTS

The proposed circuits of Fig. 2 and Fig. 3 are simulated
with SPICE and the simulstion results were also verified
by experiments. The plus-type CClls were implemented
by using IC ADS844s in the SPICE simulation and
experiment. In the simulation and experiment, the power
supplies were chosen as  SV. Fig. 4 shows the results
obtained from the structure of Fig. 2 with C,=10nF,
Cy=11nF and R;=1kQ for different values of R,. Fig. §
represents the sinusoidal output waveform at R;=Ry=1k().
The typical output waveform of experiment is also
displayed in Fig. 6. The simulation and experimental
results confirm the theoretical analysis.

k-]
i,
g 13
g
g "
E)
1 1 3 L] ]
R kQ
Figd S and experi | variations of oscillation frequency
with frequency control resistance R, for C,=10nF, Cy=11aF and
Ry=1kQ.

ve,. (V)

Fig. 5.  The smulated output waveform of Fig. 2..
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RC.CR transformation each other. In addition, the non-ideal [1)JR. Nandi, “Precise insensitive tunable RC-oscillator
effects of the CClls have been examined. All the proposed realisation using current conveyors,” IEE Proc. Pt. G, vol.
oscillators have low-sensitivity performance. The oscillators 133, pp. 129-132, June 1986.

were practically realized by using commercial CCIl. The [12]S. S. Gupta aod R. Senani, “State varisble synthesis of
workability of the proposed circuit has been confirmed by single-resistance-controlled grounded capacitor oscillators
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DCo.1
A Pipelined Architecture for a 20-point PFA
Nima Aghaee, Mohammad Eshghi

This paper presents a continuous-/O word-serial
pipelined structure for a 20-point Prime-factor FFT
Algorithm (PFA), called Pipelined PFA (P-PFA). The
20-point DFT is broken down into the 4-point and
the 5-point partial DFTs, using the PFA. The 4-point
and the 5-point partial DFTs are implemented using
the 4-point butterfly and the 5-point Winograd
Fourier Transform Algorithm (WFTA), respectively.

The P-PFA includes three register units in addition
to three shuffling units in the input, middle, and
output. The register and the shutfling units arrange
the data according to the Chinese remainder
theorem mapping, the Good's mapping, and the
natural order. '

The average signal to error ratio of the proposed P-
PFA is between 30 and 35 dB, for 9-bit word length.
The speed up of the P-PFA is about 1.2, for 9-bit
word length. The area is about 40b+376 times the
area of an adder, where b is the word length.

DCo.2

Systematic Power Minimization in Multibit Deita-
Sigma Analog-to-Digital Converters

Siu-Hong Lui, Ngai Wong

Delta-Sigma Analog-to-Digital Converters (ADCs)
have widespread applications ranging from audio

broadband communications. As portable devices
become more popular, low-power design techniques
for Delta-Sigma ADCs have lo be explored to
maximize battery life. This paper addresses power
reduction in Delta-Sigma ADCs from two
perspectives, both with practical considerations.
First, a unity-gain signal transfer function (STF) is
empiloyed to lower the opamp power dissipation in

the ADC loop filter. Second, at the architectural level,

the noise transfer function (NTF) is synthesized with
a generic topology. Loop filter coefficients are then
computed, using the latest nonconvex polynomial
optimization techniques, to further minimize dynamic
power consumption. Superiority of the ADC thus
synthesized is confirmed by numerical experiments.

DCo.3

On the Use of Nullator Transformation in
Oscillator Circuits

C. Fongsamut, K. Anuntahirunrat,
W. Surakampontorn, N. Fujii

A transformation of two nullators for generating a
class of current-conveyor-based oscillator circuit
that uses two second generation current conveyor
(CClis), two capacitors and two resistors is
proposed. The generating method is through the
representation of the nullator-norator equivalents ot
oscillator circuits. In addition, half of all circuits can
be realized by using RC:CR transformation. There
are 6 additional circuits of this kind possible that
have not been found in the published literature.

DCo.4

Novei Realization of Some Ternary Circuits for
Quantum Computing

A.l. Knan, N. Nusrat, S.M. Khan, M. Hasan

We present novel realization of temary Toffoli gate
and modified Fredkin gate for quantum computing
using generalized temary gate (GTG) which are
truly realizable quantum gates. Our realization of
ternary Toffoli gate is more efficient than the
previous results and we are the first to realize the
modified Fredkin gate using GTGs.
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On the Use of Nullator Transformation
1n Oscillator Circuits
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Abstract-A transformation of two nallators for generating a
class of current-conveyor-based oscillator circuit that nses two
second generation current conveyor (CCIls), two capacitors
and two resistors is proposed. The generating method is
through the representation of the nullator-norator equivalents
of oscillator circuits. In addition, half of all circuits can be
realized by using RC:CR transformation. There are 6
additional circuils of this kind possible that have not been
found in the published Kterature.

1. INTRODUCTION

The nullator and norator introduced by Carlin and Youla
in 1961 [1] are theoretical active devices that have found
useful in analysis, design and synthesis of lmear circuits.
This is due to that the nullator and norator can be used to
represent a variety of different active elements such as BIT,
FET, Op-amp, Curent Conveyor, Operational
Transconductance Amplifier and so on. In current-mode
network, current conveyors have been used 1o design
mmittance functions, filters, and oscillators. About two
decades back, Higashirmra and Fukui presented the
mullator-norator models of CCIl+ for realizing immittance
function [2]. Therefore, CCII circuits can be realized by
using nullator-norator technique. In a recent publication,
Homg et al proposed the nullator-norator equivalent for
realizing sinusoidal oscillators by using two CClls, two
capacitors and two resistors [3]. In this paper, we will
demonstrate that the nullator-norator equivalent of oscillator
can be transformed to derive new ones.

I Cmcurr DESCRIPTION

The ideal CCII+ is characterized by the following
equations

=0 (1a)
Ve =v, (1)
L=t (1)

Consider the relations between termmal voltages and
currents of a CCII+. Since the X and Y terminals are related
to the input terminals of the CCII, Equation (1a)-(1b) can be
represented with the nullator properties as shown m Fig.
1(a). The Z and X terminals are related to its output
termimals. Eq. (Ic) can be represented with the phus-type
norator properties as shown in Fig. 1(b). Consequently, the
symbol of an ideal CCII+ and the nullator-norator model of
the CCII+ can be shown m Figs 1(c) and 1(d), respectively.

1-4244-0549-1/06/320.00 ©2006 IEEE.

+

o0

(b) Plus-type norator

o O—0

(a) Nullator

Y
1Y
CCll+ 2f—a
o—X
&
X Z

(c) Symbol (d) Nullator-nocator model
Figure 1. Nullator-norator model of CCIL

From the configuration of sinusoidal oscillator m [4] as
shown m Fig. 2(b), by replacing the CCIl+s with their
nullator-norator models (CCIh represented by NU),, NOy
and CCIL, represent by NUs, NO,), it can obtain the nullator-
norator equivalent of the oscillator circuit as shown in Fig,
2(a). The charactenistic equation for the oscillator can be
given as

S CCRRrH(C—CHR1+1=0. @)

The oscillation condition and oscillation frequency can be
expressed as

G=G 3)
and
1
= A 4
ﬂ)o CICIRI& ( )

From (3) and (4), it may be seen that oscillation condition
and ey tuning can be done by selecting equal-valued
capacitors and varying a grounded resistor R, or a floating
resistor R,, respectively. Alternatively, in Fig. 2(a) by
replacing each the nullator-norator pairs with their CCll+s
(CCH, represented by NU,, NO, and CCII; represent by
NU;, NOy), we can obtain a new oscillator circuit as shown
in Fig. 2(c). Interestingly, from the nullator-norator
equivalent of Fig. 2(a) the attractive nullators NU, and NU,
at points i-j-k, they can be transformed for nullator pairs that
share a common terminal as shown in Fig. 3. The nullator
transformation of Fig. 3(b) has been applied to the nullator-
norator equivalent of Fig. 2(a). Thus we will obtain another



(2) Nullator-norator equivalent of oscillator in [4]

[

4 CCliA

R
X AAA

CCll+ 2
X

W
p— Y
cenfrz Y
v - ccnbz
X
(I A Qi
(c) The new oscillator circuxt

Figure 2. The first nullator-norator representation of oscillator.

the nullator-norator equivalent of the oscillator circuit as
shown in Fig. 4(a). By replacing each the nullator-norator
pairs with their CCll+s (CCII, represented by NU,, NO, and
CdII, represent by NU,, NO;), we can obtain two oscillator
circuits. One of them was proposed in [5] as shown in Fig.
4(b). The other is the new oscillator circuit as shown in Fig.
4(c). Similarly, the nullator transformation of Fig. 3(c) has
been applied to the nullator-norator equivalent of Fig. 2(a).
Another nullator-norator equivalent of the oscillator circuit
is shown in Fig. 5(a). By replacing each the nullator-norator
pairs with their CCII+s (CCII, represented by NU,, NO, and
CdI, represent by NU,, NO,), we can obtain two oscillator
circuits as shown in Figs. 5(b) and 5(c), respectively. Both
were proposed in [6]. From Figs. 2, 4 and 5 by using RC:CR
transformation (7], six sinusoidal oscillators can be obtained.
The passive sensitivities of all oscillators obtaned as
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@

M

©
Figure 3. Nullator transformation.

@G _ 0% _ Ty _ -
SQ =SR =S5 =5p=-12. (5)

It is shown that all passive sensitivities of the parameter ay
are less than unity.

II. NoN-IDEAL EFFECT OF CCII

Taking the non-idealities of the CCII into account, the
terminal of (1) can be rewritten as tions

L,=0, v,= pv, and i,= ai, 6)

where = 1-5 and a = 1-5, & (|a|<<1) and & (|g<<1)
represent the voltage and current tracking error, respectively.
The oscillation condition and oscillation frequency of all
circuits are re-determined. Table 1 and Table 2 summarize
the oscillation condition and oscillation frequency of all
oscillator circuits and RC:CR transformation of oscillator
circuits, respectively. The £, B, ay, and g are the non-
ideal voltage and current transfers of CCII; and CCIL;,
respectively.

IV. CONCLUSION

In this paper, a technique of nullator transformation has
been presented for the topological generation of CClI-based
RC oscillator circuits. Through the use of nullator-norator
model of the CCII+ it is shown that the recently proposed
sinusoidal oscillator circuits [4] relate to ones in [5] and [6]
evolving the both forms of nullator-norator equivalent.
Although the previous authors of [4-6] have derived these
circuits through difference approaches, all these circuits are
equivalent to one another and the same group of oscillator
with two CClI+s, two capacitors and two resistors. Another
outcome of the present discussion is the finding that, from
the nullator-norator equivalent of oscillator circuits
considered here, 6 additional circuits of this kind are



possible which have not been found or considered in the
open literature earlier.
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TABLEI

OSCILLATOR CIRCUITS ASSUMING NON-IDEAL CURRENT CONVEYORS

o;g::« Oscillation Condition Oscillation Frequency | Remakes
1 Fig. 2(b} G =BAfa,C (B, /C.CRR,) (4
2 Fig. 2(c) G =Gfpap, (“z/ﬂlalcnczﬂiﬂz)w new
3 Fig. 4(b) G = paG, (ﬁl‘zlaz/clclﬂlk‘l)vz [5]
4 Fig. &(c) G =GCfha, (B [a,CICRR, )lf-l Hew.
s | Fig sy G = BaC, (B CCR R f6]
6 | Figse G =Gl ey (Ben] B GCR R [6]

TABLEDI
RC:CR TRANSFORMATION OF OSCILLATOR CIRCUITS FROM TABLE I

R | Oxcillation Condition Oscillation Frequency | Rermakes
1| Fig.20) R, = iR, (YAmaCCR R (4]
2 Fig. 2(c) Ry =R/ (B aCCRR,) g
3 | Fig 4) Ry = B, (B0, CCR R, (5]
4 Fig. 4(c) R =R [Be, (@f faiCIGRR, )Vl new
5 Fig. 5(b) Ry = fhayR, (VBa8a,CCRR) TEw
6 | Fig 5o R, =R /Bty (B paCCRR)? | new
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proposed in the literature such as shielding, coding
elc to minimize delay in bus lines. This paper
concentrates on minimizing delay on bus lines by
suitably encoding the data on the bus. A coding
scheme has been proposed for reducing the delay
by incorporating spatial and temporal redundancy.
Theoretical proof and experimental results elucidate
that the proposed coding scheme eliminates the
crosstalk classes 4, 5 and 6, thereby accelerating
the propagation delay by 5. 7 and 6.19 for 2mm and
Smm length bus respectively.

PO3.16

Simulation Acceleration for Dynamic Timing
Analysis with Static Timing Analysis

Ma Lin, Haihua Shen, Hu Weiwu

Simulation for Dynamic timing analysis (DTA) with
the delay information is now the most time-cost step
of VLSI design. Although recent years, static timing
analysis (STA) is developed well for timing analysis
and check, it is no use for such designs as multi-
clock-domain designs, so the DTA can not be
replaced. In the paper, we propose a STA based
simulation acceleration methodology for such
designs that STA can not work well. We simulate
the design with the mixture of the delay information
of some modules and others of no delay information,
so that we can finish simulations in very shorter time.
The time saved is depended on the design's
realization. In the Godson2's work, we get a very
good rasult that we finish the simulation in one-sixth
time of ordinary method.

PO3.17

On the Use of Norator Transformation in
Oacillator Circuits

K. Anuntahirunrat, C. Fongsamut,
W. Surakampontomn, N. Fujii

This paper presents a transformation of two norators
for generating a class of current-conveyor-based
oscillator circuits using two second generation
current conveyor (CClls), two capacitors and two
resistors. The generating method is through the
representation of the nullator-norator equivalents of
oscillator circuits. In addition, half of all circuits can
be realized by employing RC:CR transformation.
There are 5 additional circuits of this kind possible
that have not been found in the published literature.

PO3.18

Sliding Window Algorithm for Space-Time Turbo
Trellis Coded Modulation

Kim Chi Nguyen, Upul Gunawardana,

Ranjith Liyana-Pathirana

Motivated by the remarkable performance of Turbo
codes, the design of space-time turbo trellis coded

modulation (ST Turbo TCM), which is based on the
Turbo structure, has been proposed in the literature.
However, like other Turbo based coding schemes,
its complexity and decoding latency are drawbacks
making them unattractive for time sensitive
applications. To achieve memory savings and
reduce decoding latency, we propose a simplified
ST Turbo TCM decoder using sliding window
technique. In particular, the performance of QPSK
ST Turbo TCM schemes on slow flat Rayleigh
fading channels for various system parameters are
considered. Based on simulation results, optimum
siiding window sizes will be given for different
configurations.

PO3.19

Enhanced Reactance-Domain ESPRIT Method
for ESPAR Antenna

An-Min Huang, Qun Wan, Xin-Xin Chen,
Wan-Lin Yang

Hexagonally shaped 7-element electronically
steerable parasitic array radiator (ESPAR) antenna
possesses three translational invariance
configurations. However, the original Reactance-
domain (RD) ESPRIT algorithm exploits only one of
these configurations. In this paper, an enhanced RD
ESPRIT method is proposed to improve the
direction of arrival (DOA) estimation by taking
advantage of more structural information about the
received array data. Simulation results are provided

to show that the proposed method performs better
than the onginal RD ESPRIT method.
PO3.20

Considering Both Failure Detection and Fault
Correction Activities in Software Reliability
Modeling

Jung-Hua Lo

Software reliability is widely recognized as one of
the most significant aspects of software quality and
is often determined by the number of software
uncorrected faults in the system. In practice, it is
essential for fault correction prediction, because this
correction process consumes a heavy amount of
time and resources to predict whether reliability
goals have been achieved. Therefore, in this paper
we discuss a general framework of the modeling of
the failure detection and fault correction process.
Under this general framework, we not only verify the
existing non-homogeneous poisson process (NHPP)
models but also derive several new NHPP models.
In addition, we show that these approaches cover a
number of well-known models under different
conditions. Finally, numerical examples are shown
to illustrate the results of the integration of the
detection and correction processes.
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Abstract-This paper presents a transformation of two
norators for generating a class of current-conveyor-based
oscillator circuits using two second gemeratiom current
conveyor (CCIls), two capacitors and two resistors. The
generating method is through the representation of the
nulator-norator equivalents of oscillator circuits. In addition,
halfl of all circuits can be realized by emplbying RC:CR
transformation. There are 5 additional circuits of this kind
possible that have not been found in the publshed literature.

I. INTRODUCTION

The nullator and norator introduced by Carlin and Youla
im 1961 [1] are theoretical active devices that have found
useful in analysis, design and synthesis of lmear circuits.
This is due to that the mullator and norator can be used to
represent a variety of different active elements such as BJT,
FET, Op-amp, Cumemt Conveyor, Operational
Transconductance Amplifier and so on. In current-mode
network, current conveyors have been used to design
immittance functions, filters, and oscillators [2]. About two
decades back, Higashimura and Fukui presented the
nullator-norator models of CCII £ for realizing mmittance
function [3]. Therefore, CCII circuits can be realized by
using nullator-norator technique. In a recent publication,
Homg et al proposed the nullator-norator equivalent for
realizing sinusoidal oscillators by using two CClls, two
capacitors and two resistors [4]. In this paper, we will
demonstrate that the nullator-norator equivalent of oscillator
can be transformed to derive new ones.

II. Cmrcurr DESCRIPTION
In general, the ideal characteristic of CCIs are
represented by the following equations

L,=0
Ve =,
=1,

(la)
(1b)
(1)

where the plus and minus signs of the current transfer ratio
m (Ic) denote positive and negative curemt conveyors,
respectively. From the nullator and the plus and minus-type
norators of Figs. 1(a) and 1(b), respectively, the CCII+ and
CClI- can be represented by the nullator-norator models as
shown in Figs. 1(c) and 1(d), respectively [3]. Considering
the nulator-norator equivalent of the oscillator circuit in [4]
as shown in Fig. 2(a), we obtained two oscillator circuit
configurations as shown in Figs. 2(b) (CCII,— represented

1-4244-0549-1/06/320.00 ©2006 IEEE.

(a) Nullator (b) Plus and mimus-type norator

X

o—v
CCll+ /ey mm

o0—qX
+
X z

(c) Nullator-norator model of CCIT+

Y

CCli=2}—o =

hY £

(d) Nullator-norator model of CCI=
Figure L. Nullator-norater model of CCIL

by NU}. NO\ and CClIrt+ represent by NU;, NO;) and 2(c)
(CCIhy + represented by NU,, NO; and CCII, — represented
by NU,, NO,). The characteristic equation for the oscillator
can be given as

FZCICZRIRz"'-‘{Cz—Ct)RI'H:o- (2)
The oscillation condition and oscillation frequency can be
expressed as

G=C 3
and
1

@ JCCRE,

The oscillation condition can be adjusted by grounded
capacitor C; or/and C,. The oscillation frequency can be
independently adjusted by a floating resistor R; or a
grounded resistor R, Interestingly, from the Fig. 2(a), let us
consider the tree connection of two norators NO, and NO,
between the points i-j-k that form the differential currents
(i1-iz). From Fig. 3, two norator equivalents of the two
norators that generate the differential current can be shown

“
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Figure 2. The first nullator-norator representation of oscillator.

m Figs. 3(b) and 3(c), respectively. Substituting the tree
comnection of two norators in Fig. 3(b) into Fig. 2(a), we
have a new nullator-norator equivalent of the oscillator
circuit as shown in Fig. 4(a). By replacing each the nullator-
norator pairs with a CCII- (CCIL represented by NU,, NOY)
and a CCII+ (CCLL represent by NU,, NOy), two oscillator
circuits can be obtained. One of them was proposed in [5] as
shown m Fig. 4b). The other is a new oscillator circuit as
shown in Fig. 4(c). Similarly, substituting the tree
connection of two norators in Fig. 3(c) into Fig. 2(a), we
have another nullator-norator equivalent of the oscillator
circuit as shown in Fig. 5(a). By replacing each the nullator-
norator pairs with their CCll+s (CCIL represented by NU,,
NO, and CCII, represent by NU,, NO,), we can obtain two
oscillator circuits as shown in Figs. 5(b) and 5(c),
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respectively, where both were proposed in [6]. From Figs. 2,
4 and 5 by using RC:CR transformarion [7], six sinusoidal
oscillators can be obtained. The passive sensitivities of all
oscillators obtained as

g _ o _ oy _ =
SR =SR2 =SR=5p =12 (5)

It is shown that all passive sensitivities of the parameter ax
are less than unity.

(©)
Figure 3. Norator transformation.

IIL. NON-IDEAL EFFECT OF CCII

In general, the ideal characteristic of CCIs are
represented by the following equations

L,=0, v,=f, and 4= +ai, 15

where f= 1-g and @ = 1-¢, & (|&|<<1) and g (|g/<<I)
represent the voltage and current tracking error, respectively.
Table 1 and Table 2 summarize the oscillation condition and
oscillation frequency of all oscillator circuits and RC:CR
transformation of oscillator circuits, respectively. The £, £,
a, and g are the non-ideal voltage and current transfers of
CCII, and CCIL,, respectively.

IV. CoNcLusioN

In this paper, through the use of nullator-norator models
of the CCIIs a technique of transformation of two norators
has been presented for the topological generation of CCII-
based RC oscillator circuits. It is shown that the oscillator
circuits in [4] are a nullator-norator equivalent of oscillator
circuits in [5] and [6]. Although the previous authors of [4-6]
have denived these circuits through difference approaches,



all these circuits are equivalent to one another and the same
group of oscillator with two CCIIs, two capacitors and two
resistors. Another outcome of the present discussion is the
finding that, from the nullator-norator equivalent of
oscillator circunts considered here, 5 additional circuits of
this kind are possible which have not been found or
considered in the open literature earlier.
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TABLEI

OSCOLLATOR CIRCUITS ASSUMING NON-IDEAL CURRENT CONVEYORS

222

O:;i?:" Oscillation Condition Oscillation Frequency Remakes
1 Fig. 2(b) G =a G (BB /CCLR R, [4]
2 | Fig 20) G =Clapa (Bl BrasCiCaRiR) (41
3 Fig. 4(b) G = AaC (Ba Ao [C.CR\R, )vz (5]
4 Fig 4(c) G =Glha (ﬁ:al/ﬂzqcaﬂx”z)w new
5 Fig. 5(b) G = paC (BB fCCR R (6]
3 Fig. 5(c) G =Cfpa (B ) B, GO R Ry (6]

TABLE DD
RC:CR TRANSFORMATION OF OSCILLATOR CIRCUTTS FROM TABLE [

n—anftgrﬁl:tion Oscillation Condition Oscillation Frequency Remakes
1| Fig2m) Ry = afacs Ry (YBaBCCRR, ) 4]
2 | e 2 R = Ryfa fyay (Bl BGCRR)" 4]
3 Fig. 4(b) Ry = ey Ry (/B picCoriky) new
4 | Fig 4o Ry = Rof Braty (Ba/ B CCrR )" new
5 | Fig.sw) R = Bk, VB GCRR)" | new
6 Fig. 5(c) R =Ry fBrcty (ﬂzaz/ﬁiﬂlqczﬂl&)w new
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