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Abstract

This project, the Research on Mixed Signal Processing with emphasizing on VLSI integrated
circuit design, is researching in the areas of analog and digital signal processing with mainly emphasis in
integrated circuit (IC) design. The objectives are to produce high quality research papers, to produce
human resources (under graduate and postgraduate students) in the area of integrated circuit design, to
form a forum in IC design, to promote research work that can be related with the microelectronics industry

and to upgrade human resource for the Microelectronics industry
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TUNABLE ELLIPTIC FILTERS USING MULTI-OUTPUT CURRENT
CONTROLLED CONVEYORS

Amorn Jiraseree-amornkun, Worapong Tangsrirat and Wanlop Surakampontorn

Faculty of Engineering and Research Center for Communication and Information Technology
King Mongkut’s institute of Technology Ladkrabang, THAILAND

ABSTRACT

The circuit topologies are proposed for realizing the
continuous time current-mode ladder filter of any or-
der. The derived technique is based on the attractive
features of the leapfrog simulation implementing using
only multi-output second generation current controlled
conveyor (MCCCII) and grounded capacitors that lead
to simple structure, easy to design and suitable for
IC fabrication. An example of the third-order elliptic
low-pass filter which retains a minimum requirement of
passive and active elements, as well as, possess the ad-
vantage of electronically tunable in cut-off frequency
has been introduced. Moreover, this method can also
be implemented by adding floating capacitors to the
relative all-pole filter. Simulation results are provided
to compare against the prototype passive RLC filter.

1. INTRODUCTION

Double terminated passive RLC ladder filters have re-
ceived well acceptance on their inherent advantage
over active filter in terms of insensibility to compo-
nent tolerances. Many methods are developed to ex-
tract this benefit from the prototype passive filter us-
ing the op-amp-based RC-active and OTA-C-based cir-
cuits [1]. Among these procedures, the leapfrog struc-
ture seem to have being more popular and welcome
than the synthetic elements replacement techniques
due to it share all the low sensitivity nature and low
component spread of the prototype RLC filter. Tradi-
tionally, the simulation is based on modeling all circuit
equations as voltage signals [1], however, interest in
current-mode signal processing has been growing due
to the fact that it possesses many good properties i.e.
retain low impedance internal node; therefore, achieve
larger bandwidth, require low voltage swing that suit
for low supply voltage operation, and perform sum-
ming of current signal at a circuit node result in sim-
plicity structure. Consequently, many suggestions of
current-mode leapfrog ladder filter had been published
employing multiple output OTAs [2] and CCIIs (3] as
the active building blocks. All of them are established
from simulating the operation of the ladder by mean of
realizing the transfer function, which require a lot of
active and passive elements and sometime the sensitiv-
ity may not necessitate being low.

0-7803-8560-8/04/$20.00(©)20041EEE

In recent, lincar transformation is acquired to re-
alized active ladder filters with good results [4], but
this method requires many math equations and the uti-
lized frequency is exactly fixed by determined passive
elements. On the other hand, the implementation of
leapfrog filter using current differential buffered am-
plifies or CDBAs [5], which perform high frequency
and fow voltage supply operation, can simplify the sig-
nal flow graph of leapfrog filter and then realize each
element one by one, hence the low sensitivity basis is
promised. Unfortunately, several floating resistors are
needed for voltage to current conversion and frequency
also can’t be tuned. Moreover, it has found hard time
in implementing transmission zero.

This paper follows the idea of realizing the voltage-
current relationships of each element corresponding to
the prototype RLC filters one by one. Current con-

“ trolled conveyor is chosen to function as a V-to-I con-

verter cell regenerating all voltage parameter into cur-
rent form. This proposed scheme possesses many ad-
vantages. Firstly, the structure is very simple and
easy to design including realization of the transmis-
sion zero. No any external resister is required and all
capacitors are grounded, which can safe area in case
of fabrication. Moreover, the cut-off frequency can
be tuned electronically by adjusting the bias current of
MCCCIIs that is useful in redeeming when the values
of passive devices are deviated; including changing the
system’s characteristic is also very comfortable.

2. PRINCIPLE OF LEAPFROG FILTER

Consider the general ladder structure in figure 1. Here
we focus on the realizing of the doubly terminated
RLC filter. The characteristic of this structure can be
expressed as following:

I =:13f%/l;—-12 )
i = 4L,
L = YBV\-Va) ,
and
ILiov = Yaoi(Vaca = V)
Vi = Zu(Ino1— 1) (n

where Z; and Y; are the impedance and admittance,
respectively.
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Fig. 1. General doubly terminated ladder network.
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Fig. 3. Basic blocks and the realization using MC-
CClIs.

3. MCCCH-BASED STRUCTURE

From above equation, fig. 1 can be represented with
block diagram in form of leapfrog structure as shown
in figure 2. It is clearly seen that the diagram comprises
of 2 operations, current to voltage and voltage to cur-
rent implication, as redrawn in fig. 3(a) and 3(c). Then
if we convert the variables to be processed in only one
type, either voltage or current, the execution would be
simpler. Transforming all voltage to its current coun-
terpart using MCCClIs will let these two operations to
be implemented using the same circuit as seen in fig.
3(b) and 3(d) that lead to ease of design. Since af-
ter the transformation, all variables are related to Ry,
therefore, altering on Ry will effect to the character-
istic of the filter. Fortunately, MCCCII has an intrinsic
resistance at port X, which can be controlled by its bias
current that brings about electronically tune ability.
Useful examples, which are employing this tech-
nique, can be found in literature in form of ladder low-
pass and band-pass filter [6]. For completion, we have
proposed the remaining missing blocks in implement-
ing the finite transmission zero here. The parallel LC
in branch and series LC in shunt tree are sketched in
fig. 4(a) and 4(c), respectively. Their correspondent
MCCCII-based blocks are shown in fig. 4(b) and 4(d),
which obtain the voltage-current relationship as equa-
tion (2) and (3). The simple structure is still promised
as well as the tunable characteristic through the resis-
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_LGT %) * ! C,
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-J
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Fig. 4. Proposed blocks using MCCCIIs.

tors at port X. It is worth noting that just one addi-
tional MCCCII is needed from the previous series LC
in branch and parallel LC in shunt arm [6].

I; = Vi (sRxCci + 1/sRxCL;) @

Vi =1;(1/sRxCc;j + sRxCL;) O

4. MCCCII CIRCUIT DESIGN

Second generation current conveyors (CCIIs) have
found useful applications especially in current-mode
world. Based on a complementary translinear loop,
the current conveyor will be possible to operate at high
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i
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Fig. 5. CMOS implementation of MCCCII.




frequency in class AB. In addition, the translinear cur-
rent conveyor has a structure as simple as basic OTA
but take less power consumption [6]. Despite this, it
has only one output terminal, so only one current sig-
nal is available only once for each signal feed back.
Therefore, in multi-loop feedback path topology like
leapfrog, multi-output characteristic seems to play an
important role [3][4][6].

Although bipolar technology provides higher gain,
wider linearity and frequency bandwidth, CMOS tech-
nology have beaten in almost all area of applica-
tions when the lIow power consumption, cost effec-
live and suitability for implementing the mixed ana-
log/digital circuit, are concerned. Accordingly, the
CMOS translinear MCCCII has come in our attention
and it schematic is shown in figure 5, which the ports
relation can be described by the matrix equation in
equation (4).

Iy 0 0 00 W
Vx | _ |1 Rx 0 0 Iy )
Iz | 7|0 1 00 Viz
Iz 0 -1 00 V_z

where Ry = (4\/1{13)_1 is an intrinsic small sig-

nal resistance of the equivalent voltage follower cell

and K = 0.5(uCox)(W/L) of transistor My — My ,
which have to be matched for both NMOS and PMOS.
Obviously, It is possible to control Ry by varying the
bias current [ 5. The multi-output topology can be eas-
ily implemented by adding the further output transis-
tors to the port +Z and -Z as required.

5. SIMULATION RESULTS

The performance of the proposed filter is verified
through HSPICE circuit simulation based on AMI 0.5-
pm standard CMOS process technology. The W/ L ra-
tios of CMOS transistors are listed in table I. The bias
current is set to Ig = 50 A under the voltage supply
of £V = 4:2.5 V. This configuration leads to open-loop
transconductance gain (G,,) of 0.734 mA/V and 183
MHz -3 dB cut-off bandwidth when using the MCCCII
as a transconductance cell.

Tablel: W/L area of MOS in MCCCII circuit
Transistors W/L Transistors W/L

My, My 5/0.5 Mg, My 18.5/0.5
Mpy, Mgs 902 Mpgs, Mpy 90/0.5
Mpgs, Mg 3072 Mgy, Mpg 30/0.5
Mp 30/1 Mp_cas 60/0.5
My 10/1 Mn_cas 20/0.5

To picture out the efficiency and flexibility of the
proposed filter technique, a current-mode third-order
RLC elliptic low-pass filter showing in fig. 6 has been
selected and yield

(s s2CyLa+1
L.(s) s* RL3(C1Ca+CaCy+CyC1)+5% La(C1+2C2 +Cs)

~
~

+5(C1R+C3sR+La/R)+2

®)

CI

——

|4 L

ol VJ
L7l
’ R l C ? l C R(l l’l’
s ] 1 1
1 1,

i Il

Fig. 6. Prototype current-mode 3"%-order elliptic low-
pass RLC ladder filter.
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Fig. 7. Synthesized elliptic filter using MCCClIIs and
only ground capacitors.

where R = Rg = R are the terminated resistances
and chosen to be 1  in prototype RLC filter. The filter
has been designed with a half-power frequency w_zq45
of 27 (5 MHz). Firstly, the proposed method using only
MCCCIIs and grounded capacitors is applied and turn
into the complete circuit in fig. 7. The minimum MC-
CClIIs and grounded capacitors are used without any
external resistor. The overall transfer function of pro-
posed filter is

L(s) s R2Cc:2Cla+1
I(s)  s*RiCra(Cc1Ce2+CaaCas+CrsCan)+s* R2C,

(Cc142Ce2 +Cc:3)+s(Cr:1 R? +C(:3R.i+Cl,2)+2

(6)

Even the terminated resistors, Rg and Ro, are also
implementing using MCCCIIs and equal to Ry of the
current conveyors. This is not only the attempt to elim-
inate the passive components, it is the necessary key
for tuning cut-off frequency feature. Furthermore, this
composition has several high impedance output ports,
which allow to be easily cascaded without any addi-
tional matching circuits.

After scaling by dividing all original passive de-
vice values with MCCCII's intrinsic resistance Rx (or
1/G' ), the corresponding capacitances become Cry =
Ces = 28.106 pF, CL = 22.485 pF and Cgy = 4.71
PE The simulated frequency response of the designed -
circuit and prototype RLC filter are compared. Test of :
electronic tuning ability by varying bias current to 6.25
1A, 50 pA and 400 pA is also performed and shown
together in figure 9. From the results we can see the
well agreement between the proposed structure and the
passive prototype before signals have reached the de-
viation at frequency beyond 100 MHz. This is due to
the frequency limitation of MCCCII itself, which can
be improved later.

Because this technique derives each element with
one-by-one replacement concept. We can separate the
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Fig. 8. Synthesized elliptic filter using MCCCIIs with
a floating capacitor.
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Fig. 9. Simulated frequency response of fig. 7

floating capacitor C, from the passive filter figure 6
and then realize the canonical MCCCII-based low-pass
ladder filter first [6], afterward, adding the capacitor Cs
to the synthesized circuit at corresponding node will
give result as complete circuit in figure 8 with the trans-
fer function of

I,(s) $2R2C2CLa+1

L(s) s*R2C12(Ce1Ce2+CaaCis+CasCer)+52REC 2

(Cenn+2Ce2+Cea)+s Ry (Ce1+Cea+Clra)+2

M

The simulation outcome in figure 10 shows the even
better performance. This structure is very attractive
when the floating capacitor is allowed.

6. CONCLUSIONS

A method for the synthesis of leapfrog ladder filter us-
ing multi-output current controlled conveyors is pre-
sented. The design strategy is very simple and cov-
ers all type of precedent passive LC ladder filter. This
strategy requires the minimum passive and active com-
ponents. The characteristic frequency can be tuned
electronically by adjusting the bias current of current
controlled conveyors, which is very helpful in compen-
sating unmatched components as well as varying the
characteristic without changing any device. Besides
using only MCCCIIs and all grounded capacitors, the
high frequency elliptic filter can also be efficiently re-

232
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Fig. 10. Simulated frequency response of fig. 8

alized by adding floating capacitors to the reiative all-
pole filter. Third-order elliptic low-pass filter is derived
as an example. HSPICE simulation results give a good
agreement with the theoretical expectation.
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ABSTRACT

A multi-output second generation current conveyor
(MOCCII), that can be used to realized first, second and
third generations current conveyors, is proposed. The
MOCCII consists of a CMOS differential stage for the
voltage input, push-pull stage and the improved cascode
current mirrors for the current output. Feedback
techniques are proposed in order to provide a voltage gain
of 0.991, a current gain of 0.992 and low impedance at

the current input node of about 1 ohm, with +2.5 supply
voltage.

Keywords: current con veyor, current mode signal
processing, cascode current mirror, differential amplifier

1. INTRODUCTION

A current conveyor is an active circuit element that
very useful in analog domain, which can widely used to
implement significant number ofhigh performance signal
processing functions. The first generation current
conveyor (CCI) and the second generation current
conveyor (CCII) was introduced by sedra and smith in
1968 and 1970 [1,2], respectively. Since the introduction,
the conveyors have been shown to be a very versatile and
important building block used for realize, for examples,
amplifiers, integrators, negative impedance converters,
voltage to current and current to voltage converters and
filters. Later, in 1995, a third generation current conveyor
(CCIII) was introduced as a new active element by
Fabre{3] and Piovaccari[4]. This new active element can
be considered as a current controlled current source with
unity gain. It provides the advantage of taking out the
current flowing through a floating branch of a circuit
which can easily be utilized in the realization of various
immittance functions. Some application examples using
CCIII have been reported in technical literature [5]-[6]. It
should be noted that each type of the conveyors has its
own limitation on the applications and on realization. In
addition, most of the proposed current conveyor
realization methods have been concentrated on realizing
cach individual type only. In the absence of commercially
available integrated circuit current conveyor, if a building
block that can implement the first, the second and the
third generation current conveyor in the same circuit is
available then clearly this is an attractive feature.

2. BASIC PRINCIPLE

Generally, a second generation current corveyor
(CCII) is an analog device which provides voltage input
at node Y, a current input and voltage output at node X,
and a current output at node Z. It is characterized in terms
of the voltage following between nodes Y and X and the
current following between node X and 7.

In this paper we modify the CCIl to provide both
positive output currents and negative output currents,
called as multi-output second generation current conveyor
(MOCCII). The MOCCII can be modified to function as

the three types of the current conveyors as shown in
figure 1.

I(a) 1(d) 1(c)

Fig. 1: The modification of MOCCII to function as

(a) MOCCI () MOCCII (c) MOCCIII
(] o 1 oYy ]
Vel=|1 0 ofi, s CCI (1)
LIz4 [0 %1 ofW, |
(1, ] [0 0 o],
Vel=[1 0 ofi, . ccn @)
;] [0 £1 ofy, |
(] [o -1 o,
Vil=|1 0 ofq, . ccmr 3)
2] o 1 o], ]

As shown in figurel(a), by connecting the port W* to
the port Y, the MOCCII is function as the multi-output
first generation current conveyor. The characteristic can
be expressed as in equation (1). If the port Z* or the port
Z is used as the port Z of the conveyor, then it is
functioned as the CCI* or CCI, respectively. Similarly,
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figure 1(b) and 1(c) show the schematic diagram of the
multi-output second generation current conveyor
(MOCCII) and the multi-output third generation current
conveyor (MOCCIII), where their characteristics can be

described by the matrix equations (2) and (3),

respectively.
3. CIRCUIT DESCRIPTION

3.1 The multi-output second generation current
conveyor (MOCCII)

The proposed MOCCII is shown in figure 2. In this
structure both voltage and current feedback techniques
are applied in order to reduce the input resistance at port
X and further improve an error voltage and current
transfer. The current i, is approximately zero because the
input impedance at the gate of the MOSFET is very high.
The voltage follower between Y and X, consists of the
input differential and the push pull stage form the unity
gain feedback, forces the voltage at port X to follow the

voltage at port Y or Vyx= Vy. The voltage transfer
function is given by

1 ! “)

- -~

|+L - 1 +(8.m4 +8isia Igm "’g.z)
A 8mis Em

'l‘ lk‘

Ay is the gain of the differential stage (M1A-M4A)
multiply by the gain of the push pull stage (M1-M4),
where gg) equals to 1/RI, g¢ and g, denote the drain
conductance and the transconductance of the transistors,
respectively.

Consider if Vin is positive, there is a small signal
current ix flow out of port X. The current ix is transfer
from port X to port Z° and Z' through the current
amplifier stage and the improved cascode current mirror.
The current feedback, from the current amplifier stage
(M1B-M4B) and the positive current output, is used to
improve the accuracy of the current transfer and can be
expressed as equations (5.1) and (5.2)

i, : _ (5.1

| e —
gnﬂgmll
A"(gmgumJ
iy 1 (5.2)
i 1

A (gml #8n30  Eni1€mn2 )
2] —
EriaBu2e EmrSmis )

when

4, =] B _Ems 6)
iy Ems  Ems

where A, is the gain of the current amplifier (M1B-M4B)
and Ay >> L. It is clearly seen that the output signal
current at port Z' (iz.) and port Z (iz.) are equal to ix ,

which iz, is in the szme direction and iy, is in the opposite
direction with respect to the direction of ix. For Vin is
negative, current ix will flow into port X .

?1" r' P “ﬁ?

Fig. 2: MOCCII circuit diagram

The terminal resistance of the node X (rx-) can be

reduced by the open loop gain Ay, and A;;. The result can
be expressed as

1
— (g..s + B ) O @)
AilAVI

In this realization, to increase the circuit output
resistance, which is approximately equal to the output
resistance of the current mirror in parallel, the improved
cascode current mirror is used [7].

CClI and CCIII can be modified from MOCCII by
connecting the port W" to the port Y and the port W to
the port Y, respectively. The current transfer from port X
to port W as can be expressed as equation (8.1) and (8.2)

i ' " (8.1)

i g 3

1
4 (gmmg,,,.m B .g.m]
\ ZuaLuze o189

1.9 1 (8.2)

i.Y |+ _I*
A.{gnongmzu]
) Em8umto

3.2 Application examples of MOCCII
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Fig. 3: First order low-pass filters uﬁ'ng
(a) MOCCl+ () MOCCII+  (c) MOCCIII+

In order to demonstrate the usefulness of the
proposed GCC circuit, the application example as the first
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order low-pass filter using a MOCCI, Moccll and
MOCCIII are shown in the figures 3(a), 3(b) and 3(c),
respectively. The filters use three resistors and only one

o1 ©
Vv, ( +sCR)

4. EXPERIMENTAL AND SIMULATION RESULTS

The characteristics of the current conveyor in figure 2
were studied through the simulation results using PSPICE,

with transistor model for 0.7 yum AMIS CMOS process.
The transistor dimensions are listed in Tablel.

Table I: Transistor Dimensions

Transistors Width (um) Length (um)
MIA, M2A 50 1
M3A, M4A y 3 1
M1 10 1
M2, M3, M5 30 1
M4, M6 90 1
M2B 300 1
M4B 100 1
MI1B, M7, Mo,
M9A, M11, M13,
MI5, M17, M174, d ,
M19, M21, M21A,
M23, M2s, M27,
M29, M29A
M3B, Mg, M1o,
MIOQA, M12, Mi4,
M16, M18, M184, g i
M20, M22, M224A,
M24, M26, M28,
M30, M30A

Table 2; Summary of the simulation results

Figure 4 shows the large signal voltage transfer
characteristic between Vi and V,. The Voltage dynamic
range is from -1.4V to 1.5V. The DC current transfer
characteristics from port X to port Z* and Z is illustrated
in figure 5. A good current following behavior can be
Seen over the current range when vary input current at
port X from -100 HA to 100pA.
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Fig. 4: The DC voltage transfer characteristics
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Fig. 5: The DC current transfer characteristics
For the high frequency response, the major high

port Z', Z" and X. Figure 6, 7 and 8 show the frequency
characteristics of the Proposed circuit.

Table2 shows the summary of the simulations results,

The bias current I, is set t0 150 HA, L and I, areset to 10
HA. )

The
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Parameters Results 2
0.7um  AMIS CMOSs

Technology b ) : » NN
Supply Voltage 22.5 V or higher § i
Power dissipation 12mW — R 3
Impedance at terminal x 1Q ‘ 7 |
Voltage gain (Vx/Vy) 0.991 ’ i/
Current gain 0.992,0.994 1
(lz‘/lx, lb/lx) 2l !
Voltage dynamic range | -14Viol.5Vv foas itz ik e, [OMEIodgE Toor:
Bandwidth (V4/V) 270 MHz . : - . . e
Bandwidth (i V) 265 MHz . Fig. 6: The frequency characteristics of the voltage
Bandwidth (,./i.) 230 MHz fransfer
Bandwidth (i../i,) 250 MHz

The frequency characteristic of the. voltage transfer
function is shown in figure 6. The simulation result shows
good voltage transfer over a wide frequency range
operation is about 270 MHz, The current gain of the
circuit is’ shown in figure 7, where the frequency of

Conference
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operation of i./isand i,/i, are observed to be at 230 MHz
and 250 MHz, réspectively.
:Finally, for the current-voltage characteristic at
" port X against frequency; the input impedance (Z,) at port
X is illustrated in figure 8 approximated 1.5 Q at low
frequency. .
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Fig. 7: The frequency characteristics of current transfer
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Fig. 8: Input characteristic ar port X

Figure 9 shows the large signal current transfer
characteristic between iy and ix when connecting the port
W to the port Y for the MOCCI and connecting the port
W to the port Y for the MOCCIII

ccr

N
- T

4
-100xd  BMA  60ud - -4 -20x4 Out 2(ad Mt GO SOcA 100
Corem i,

Fig. 9: The DC current transfer between iy and iy of
MOCC! and MOCCIII characteristics

The first order low-pass filter in fig. 3(a), 3(b) and 3(c)
were design for fo = 1kHz. The design wvalues are
C = 0.]uF and R = 1.59 kQ. The gain plot of the
simulation circuit is shown in fig. 10 which closed

agreement with theory predicted value by the equation
9).

Lov

[/ 4

o2¥ 200,

10H: 100H: 1.0z

10KH:
Frequency

200831z

Fig. 10: Plots of the magnitude responses of figure 3
against frequency.

$. CONCLUSION

We have developed A multi-output second
generation current conveyor (MOCCII), that can be used
to realized first, second and third generations current
conveyors. The MOCCII is presenting low voltage offset,
low impedance current input and wideband signal
processing by using the voltage feedback and current
sensing techniques. The simulation results through
PSPICE are used to confirm the high efficiency working.
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ABSTRACT

This paper presents a simple circuit design
technique for realizing a low-voltage temperature
compensated current-mode exponential amplifier using
only NPN transistors. The circuit is composed of a
current source dependent of temperature, a translinear-
based multiplier/divider circuit, and a current mode
exponential amplifier circuit. The circuit can operate for
a low-level power supply voltage at 2V. The simulation
results obtained from the PSPICE program are
-employed to verify the theoretical prediction. The
exponential amplifiee demonstrates good characteristic
performance and temperature stability.

Keywords: Exponential Amplifier, Current Mode,

X:‘F;%: fure. Compensated, Translinear, Logarithmic Fig.1: Temperature Dependent Exponential Amplifier
p .

Circuit

1. INTRODUCTION In the figure 1 shows the basic circuit obtained by
An exponential amplifier is usually employed in the inserting only one resistor R, into the translinear circuit
electronic systems, which need to handle wide dynamic [5), where 1,4, 154 and I3, are the external bias currents of
ranges of signals, such as, a wide-band array radar, a the transistor Q,,, 0>, and Qu, Tespectively. We have the
sonar application, an one of the important building following relation
blocks in a variable gain amplifier (VGA)[1-2] and
instrumentation applications., The basic principle for
realizing the exponential amplifier is usually built by
using semiconductor diodes or transistors with
operational amplifier. The classical problem with this The output current 1o, is the current flow into Qy4, where
transdiode configuration is that the performance of the Vg is the base-emitter voltage , we get
amplifier depends on temperature [3]. Therefore, there
has been a strong interest to develop a temperature
compensation scheme. Recently, there is strong interest v, i, LR +V, nd2a _ V,In La, v, nfoe (2)
" is  current-mode exponential circuit, where the I Is 15 s
applications can be found in the literature [4]). However, .
glr:p:rih::‘:, ;;ﬁ:ﬁn;:fg,;ze?; d;rlrtl.p'lll':?:rplzfpc:}s!: where /g and V7 are'the saturatiop current and.the thermal
. .. voltage of the transistor, respectively. Assuming that the
of this paper is to propose a low-voltage current- ize of all transistors : Th tion (2) becomes
mode temperature compensated exponential amplifier. stze of all transistors is same. Thus, equation (2) mes »
The proposed circuit employs only NPN transistors, and
is suitable for integrated circuit. The PSPICE simulation

Vasu +12.4R1 + Vasu =Vseaat Vazu 1)

LI
shows a quite good operation of the circuit. IR =V, In3404 3)
. 14924
"2. CIRCUIT DESCRIPTION
The circuit that realizes from the above function, is shown
2.1 Low-voltage Bipolar Translinear-based in Figure 1. Letting /,,=1;,, the emitter DC current of the
Temperature Dependent Exponential Amplifier

transistors Q,, and Q34 becomes same. Thus we can

ECTI-CON 20053
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directly connect the base of Qu4 to the emitter of 0,4 and
we can delete of Oy, and /;,. The equation (3) becomes,

LR =V, ntes @
Ill

Thus, the output current o4 is given by.

(5)

Fig.2: Temperature Dependent Exponential A mplifier
with Reducing of Q34 and I,

From the Figure 2, we find that another one of
disadvantages of the exponential amplifier is strong
temperature, which is dependent on the output current
lo4. The next section, we will introduce the temperature
compensated exponential amplifier.

2.2 Low-voltage Bipolar Translinear-based ;
Temperature Compensated Exponential Amplifier

Fig.3: A Current Source Dependent of Temperature

Figure 3. Show a circuit of a low-voltage current

source dependent of temperature, which is show fora -

circuit in the logarithmic amplifier proposed in reference
[6]. Assuming that the dimensions of all transistors are
same and selecting two resistors are R. Thus, we can

- Tealize a current source dependent of temperature as -

follows, _
]9 = ﬁ[nj_' 6)
R 1,
where we have selected Is/Iy=e, then can be written as
V.
I,=-L 7
s =5 » U]

~ Fig.4: A practical of the Current Source Dependent of

Temperature

In the figure 4 is a practical realization of the current
source dependent of temperature  where the output
transistor of Qy is directly connecied to input of the next
stage for translinear circuit cell of Qroto O3, We will use
as temperature-compensated circuit next time, at the
transistor Q9 to O3, we obtain

1,1
1]3= 10711 (8)
Ilz

The wansistor Qy, which is the output transistor of the
first stage of current source dependent of temperature,
behaves as the input transistor of the second stage (g to

Qs Substituting equation(7) into equation(8) , where
Iy=l,;, we obtain the output current of

-

L. (V !
I, =191 9
B I,Z(R) P (.)

The schematic diagram of the proposed circuit for a
low-voltage  bipolar translinear-based  temperature
compensated exponential amplifier is shown in Figure S.

The circuit consists of a basic circuit in Figure 2, which is

ECTI-CON 2005
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directly connected to the current source dependent of
temperature in Figure 4. Substituting current 7,5 from
equation (9) into the current 124 from equation (5), where
R1=R.

he

-Fig.5: Temperature Compensated Exponential Amplifier
Circuit using Only NPN Ti ransistors

Now, the output current 104 from equation, (10) that
the circuit should also be relatively of the temperature
compensated in circuit of Figure 5 Since the circuit can
be operated on current mode that has a capability of low
power supply voltage of 2VaetVeputRI= 1.8V Where /
is the current of R. Thus a 2V power supply will be
enough and the circuit attractive feature, as the circuit

can' be employed to implement only NPN transistor
action.

3. SIMULATION RESULTS
To verify the theoretical design, the proposed
low-voltage bipolar translinear—based temperature

compensated exponential amplifier was simulated to
confirm the characteristic of the circuits using the
PSPICE program. We use the NPN transistors 2N3904
model obtained from the PSPICE library. The
simulation results are shown in figure 6 for various
values the power supply used is +2¥ and R=2600).The
bias currents /5 and I; are chosen to be 272pA and
100uA, respectively, to give a value of ratio /y//,=e. The

100°C, it is readily seen ihat the temperature performance

“of the compensation circuit is much better than the

uncompensated circuit. The sensitivity of circuit with

temperature of the uncompensated end compensated

circuits are

approximately equal to 0.99 and 0.03,
respectively.

0 0 L] 100 150. . 2& -.4-.“250 Rl
Ta4)
Fig.6: DC Transfer Characteristic of Exponential
Amplifier for figure 5
400 “» .t

400 ornansa

D: Uncompéensated circuit of figure 2

& . .©: Compensated circuit of figurc §

i.\u\.:.

200 e i e ue e e e r et et et o :
40 =20 0 20 40 60 80 100

Temperature (°C)

Fig.7: Variation of the Output Currents I,, against
Temperature of Fig.2 and Fig 5.

bias currents /;,and I); are set to 100uA and the current 40
-J1ois input current signal. .

Figure 6 shows the simulated and calculated DC N
transfer characteristic of the proposed exponential o —
amplifier for the input signal current [y, which is varied 3 N
from 010 300 uA. 3 :

It can be seen that the Tesulting characteristic is H \
precisely relate to the exponential function is good S N
agreement with theoretical analysis with the error Jess \\
than 0.5%. The simulation results shown in figure 7 I N
cxhibit the values of' the output current against L e
temperature for the case of uncompensated and ™ 10M 100M 16 106
compensated exponential amplifier of figure 2 and Frequency (Hz)
figure 5 for I, and. Ijp are equal to 100uA, Fig.8: Frequency Characteristic of Exponential Amplifier
respectively. By varying the temperature —40°C to : Jor figures

HCTI-CON 2005
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The figure 8 and 9 show the frequency and phase
response of the output current oy of the current-mode
temperature compensated exponential amplifier of

- figure S, respectively.

It is clearly shown that the circuit can be used
up to frequency around 160 MHz at phase shift
approximately to 90 degree

0 ..4*_.._--.‘.;_;—: —— e 4

- -100

Phare response (Degree)
\

i 10M 100M 1G 106
Frequency (Hz)

Fig. 9 :Phase Response of Exponential Amplifier for
figure5

4. CONCLUSION

We have proposed a low-voltage temperature
compensated exponential amplifier using only NPN
transistors that can operate in the current mode and at a
power supply voltage as low as 2.0 volts or less. The
special features of the proposed circuit are the
insensitive of temperature and the suitable structure for
IC fabrication, the circuit attractive feature, as the circuit
can be employed to implement only NPN transistor

action. Demonstrated simulation resulted confirmed the
circuit performance.

5. ACKNOWLEDGEMENT

This work is partly funded by the Thailand
Research Fund (TRF) under the Senior Research
Scholar Program, grant number RTA4680003. The
support provided by the Japan International Cooperation
Agency (JICA) is also acknowl edged.

6. REFERENCES

[1]1 A.Motamed, C.Hwang and M. Ismail, “A low-
voltage low-power wide range CMOS variable gain
amplifier ™, IEEE Trans. Circuit Syst.Il, Analog
Digit. Signal Process. , vol.45, pp-880-890,1988.

{2] K.M. Abdelfattah and A.M. soliman, “Variable gain
amplifier based on a new approximation method to
realize the exponential function”, IEEE Trans. on

circuits and systems, vol.49, no.9, pp.1348-1354,
2002. ’

[3]1 F. Sergio, Design with operational amplifier and
analog integrated circuits, Mcgraw-Hill, New York,
pp. 526-555, 1997.

[4] C. Toumazou, F., J. Lidgey and D. G. Haigh, Analogue
IC Design: the Current-Mode Approach (London:
Peter Peregrinus).

(5] E. Seevinck, Analysis and synthesis of translinear
integrated circuits, Elsevier Science Publisher,
Amsterdam, 198§.

[6] K. Kumwatchara and N, Fujii, “Low-voltage current

mode power factor function generator”, IEICE Trans.
Fundamentals, vol. E83-A, ro. 2, pp. 1-7, 2000.

ECTI-CON 2005
The 2005 ECTI Internationol Conference



._ i g gl
% P 4
© by R
) .
.

‘.ﬁf-» ///4'9!9 “v"r:l o - : :,gw«mw
Eaas ”!/t'/dug% Spin i Favder.

20-22-July " wspirih ,2 .,
2005 -)él 450 _'.:,_1',"*‘ X /."'

SRCY/,
FProceedings of the International Conferencev ’
PENANG on Robatics, Vision. Information and
T Malavsia Signal Processing .

ISBN 983-3391-15-X




Proceedings of the InternationalConference on

Robotics, Vision, Information and Signal Processing ROVISP2005

An Improved CMOS Multi-Output Sei:-"ond Generation Current Conveyor

. Patra Pienchob, Kiattisak Kumyvéchgiih, Wanlop Surakampontorn

Faculty of Engineering and kesearch Center for Commﬁnibatibn and Information Technology
King Mongkut’s Institute of Technology Ladkrabang, Bangkok, 10520, Thailand
Email: S6060517 @kmitl.ac.th, kkkiatti @kmitl.ac.th, kswanlop @kmitl.ac.th

Abstract

In this paper, A multi-output second generation current
conveyor (MOCCII) is developed for using "CMOS
technology. The MOCCII, as active circuit element, consists
of a CMOS differential stage for the voltage input, push-pull
stage and the improved cascode current mirrors Jor the

, current output. The feedback techniques provide the exact

voltage following action, the exact current Sollowing action
and the low impedance at the current input node about 1
ohm with £2.5 supply voltage.

Keywords:

current conveyor, current-mode signal processing, voltage
follower, current follower, current feedback

Introduction

A second generation current conveyor (CCII) is one of the
most versatile current-mode building block which developed
and introduced by A. Sedra and K.C. Smith in 1970 11). 1t is
widely used by analog designers especially in applications of
signal processing and active network synthesis[2]. However,
in some applications, a multi-output CCII or MOCCII which
can produce both CCII+ and CCII- is required {3-5]. Much
research has been interested in designing of multiple-input
single-output and single-input multiple-output current-mode
applications due to their convenience and versatility. The
block diagram of the MOCCII is shown in figure 1. The
characteristic can be expressed as in equation (1)

— ¥ Zrp——r
—
ccr I,
X z
1, I,

S

0
0 i r

=

S O O

t
Z Z

p—

MOCCII is consists of a voltage follower (between port Y
and X) and a current follower (between port X and Z). The
main features of MOCCII are low gain errors, high linearity
and wide frequency response. In addition, low internal

25

resistance at port X is usually required. The non zero input
impedance will Jimit the DC accuracy and modified the
frequency response. Various methods for improving the
performance of CCII have been proposed. Voltage follower
method[6-7] consists of a feedback stabilized voltage
follower employing high open loop amplification, which dc
offsé;.(between Vy and Vy) and impedance at port X are
e]imfna’ted[S]. Current follower method([9], negative parallel
current feedback can be applied to port X, is used in order to
reduce its current input impedance. In this paper, a very
promising technique to implement MOCCII consists of a
feedback-stabilized voltage and current are used. These
techniques employ a high open-loop amplification in order

to reduce the DC offset and to reduce the input resistance of
MOCCIL

- Circuit Description

The multi-output second géneration current conveyor
(MOCCID

I .u.l?',

2ia]
M3
s Lam Jure

Z 4

o JLng 1

u7gl}
=

12 hwerzg | e |::

J M2¢ a2l

e

Figure 2- MOCCII circuit diagram

The proposed MOCCII is shown in figure 2. In this structure
both voltage and current feedback techniques are applicd in
order to reduce the input resistance at port X and further
improve an error voltage and current transfer. The input of
differential pair allows to have a high impedance at port Y,
given by the gate of a MOS transistor . The voltage follower
between Y and X, consists of the input differential and the
push pull stage form the unity gain feedback, forces the
voltage at port X to follow the voltage at port Y or Vx= Vy.
The voltage transfer function is given in equation(2)

When A, is the gain of the differential pair stage
(M1A-M4A) multiply by the gain of the push-pull stage
(M1-M4), where g equals to 1/R1, g4 and gm denote the



Tt

drain conductance and the transconductance of the
transistors, respectively. ’

_ .
o 8at B |8t
Ay 8noa &na

Consider if Vin is positive, there is a small signal current iy
flow out of port X. The current iy is transfer from port X to
port Z* and Z through the current amplifier stage and the
improved cascode current mirror. The current feedback,
from the current amplifier stage (MIB-M4B) and the

positive current mirror output, is used to improve the
accuracy of the current transfer and can be expressed as

2

~<‘< I>':<

+ equations (3.1) and (3.2)

I 1
i

3.1

o+

1

41 gm9-gm2l
Erm18mo
e _ 1 (3.2)
iy 1
A“(gmmgnﬂo Smi8m ]

gml4gm26 gm7gml9
when

—8ms _ 8ms

gmlB

A' - iZ+
il .

Ix apen

“)

8mis

where A;; is the gain of the current amplifier (M1B-M4B)
and A;; >> 1. It is clearly seen that the output signal current
atport Z* (iz,) and port Z' (iz) are equal to iy , which iz4 is in
the same direction and iz, is in the opposite direction with

respect to the direction of ix. For Vin is negative, current iy
will flow into port X .

By applied both negative voltage and current feedback in the
circuits in figure 2, the terminal resistance of the node X (ry)

can be reduced by the open loop gain Ay, and A;,. The result
can be expressed as

1
8ms t 8me

re = Q (5)
AilAVl

In this realization, to increase the circuit output resistance,
the improved cascode current mirror is used [10]. The output
impedance at terminal Z is approximately equal to the
output resistance of the regular cascode current mirror in

parallel.
Current-mode universal filter

MOCCI are proved to be very useful active elements in the
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current-mode filter. The current-mode universal filter
structure is used to’ confirm the practical validity of the
proposed CCII circuit is shown in figure3 [1 1]. By using
MOCCII, It realize = second-order lowpass(LP),
bandpass(BP), highpass(HP), bandstop(BS) and allpass(AP)
filter responses without any passive component matching
conditions. The filter requires a minimum passive element,
has very low passive and active sensitivity and produces the
filters responses at high impedance qutputs,

The transfer functions of the circuit are given as

Iip _VCGRR, (6.1)
1, D(s)
Lo _sIGR, (6.2)
I, D(s)
Ty _ 5% (6.3)
I, D(s)
I£= s2+(l/C,C2R,R2) (6.4)
1, D(s)
Ly _ =5’ +(s/CR)~(1/C,C,RR,) (6.5)
1, D(s)
where
D(s)=st4—2y_1 )

CGR, CC,RR,

The natural angular frequency and the quality factor of the
circuit are

a)oz;,ngj Cl (8)
\} CI CZRIRZ CZRIRZ
lh
—r— Y 24 2 t 2 am
X wocen 2y 9 Fowen zl——p g,
R n!! . e "-l-.ﬁx L1
Z 2 —> 1, i
L r ..votm ¢

X P s
| -
cl

Fi igure 3- The current-mode universal filter
Simulation Results

The characteristics of the current conveyor in figure 2 were
studied through the simulation results using PSPICE, with
transistor model for 0.7 pm AMIS CMOS process. The
transistor dimensions are listed in Table]. Table2 shows the
summary of the simulations results. The bias current Ig, is
set to 150 HA, Ip; and Ig, are set to 15 HA.



Table 1- Transistor Dimensions

Transistors Width (um) | Length (1m)
MIA, M2A 50 1
M3A, M4A 3 1
Ml 10 1
M2, M3, M5 30 1
M4, M6 90 1
M2B 300 l
M4B 100 1
MI1B, M7, M9,

-1 M9A, M11, M13,
MIS, M17, MI174, ; |
MI9, M21, M21A,
M23, M25, M27, ..
M29, M29A
M3B, M8, M10,
MI10A, M12, M14,
MI16, M18, M18A, 2 1
M20, M22, M22A,
M24, M26, M28,
M30, M30A

Table 2 - Summary of the simulation results

Parameters Results
Technology 0.7uml31;g§SCMOS
Supply Voltage +2.5 V or higher
Power dissipation 12 mW
Impedance at terminal X () 1Q
Voltage gain (Vx/Vy) 0.991
Current gain 0.992, 0.994
(izfix, iz/ix)

Voltage dynamic range -4Vt 15V
Bandwidth (Vi/Vy) 270 MHz
Bandwidth (i,/V,) 265 MHz
Bandwidth (i,./i,) 230 MHz
Bandwidth (i, .fi,) 250 MHz

Figure 4 shows the large signal voltage transfer

Characteristic between V, and V. The
range is from--1.4V to 1.5V. The DC current transfer
characteristics from port X to port Z* and Z is illustrated in

Voltage dynamic

‘> -

’-

’ Proceé’dings of the InternationalConference on
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figure 5. A good current following behavior can be seen over

the current range when vary input current at port X from
-100 HA to 100pA. B

R
=

X
T 10¥
L o0p -
}E -d.0r- / -
201
~
/

<J.0F;
s 2.5V

20V ISV oy 23V 0v  osv Loy 1sv

20 2.5¢
Vollage a1 port X (V)

Figure 4 - The DC voltage transfer characteristics
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Figure 5 - The DC current transfer characteristics

For the high frequency response, the major high frequency
limitation is due to the parasitic capacitances at port Z*, Z

and X. Figure 6, 7 and 8 show the frequency characteristics
of the proposed circuit.

5 % T T i. -
/) 4. ; ;

S : - - : \
g : -‘ * ! \
g-m -
RN i \

15

. : '

~20 T

-l.zéxllx 10Kt IO0A"llx LoMiE: 10MHHz 100MFE= 1L0GH:

Frequency

Figure 6 - The Jrequency characteristics of the voltage
: transfer

The frequency characteristic of the voltage transfer function
is shown in figure 6. The simulation result shows good
voltage transfer over a wide frequency range operation is
about 270 MHz. The current gain of the circuit is shown in
figure 7, where the frequency of operation of iz+/ix and i /i,
are observed to be at 230 MHz and 250 MHz, respectively.

Finally, for the current-voltage characteristic at port X
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against frequency, the input impedance (r,) at port X is

illustrated in figure 8 approximated 1.5 Q at low frequency.

. . N,

N \

g \
=
2 :

1.0KHz 10KH; 100KH: 1.0MH;

Frequency

10Miiz 100MH:  1.0GH:

Figure 7 - The frequency characteristics of current transfer
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S‘ux : . - /
10K /
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. (47451913837 ‘1_/

1.0M11= T0AH= 10oMz
Frequency

0
1.0KH= HOKH: 100K1i=

l.oGH:

Figure 8 - Input characteristic at port X

The universal filter in figure 3 is designed with natural
frequency of f, =112.5kHz by choosing the passive
component values as follows: C1 = C2 = 100pF, R1 =R3 =

10kQ and R2 = 20kQ. The simulated responses are shown
in Figure 9

100

L)

£

Ouipint Current
&
£

WA

04 v ‘
LOKNE 3.0KH:  10KH:  30KH:  100KH: 3KHz  LOMH: 3.0MH- 10K

Froqueency

Figure 9 - MOCCII as a basic block in a current-mode
' universal filter

Conclusion

A realization of multi-output current conveyor (MOCCII)

28

has been presented. The MOCCII offers a low input
resistance due to the feedback techniques. The voltage and
current transfer also improved. The application as a current
mode filter demonstrates the usefulness of the MOCCIL.
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Abstract

In this paper, a novel CCII-based second-order sinusoidal
RC oscillator using the state variable approach is presented.
The oscillator circuit consists of two CCII+s, two capacitors
and two resistors. All the capacitors are grounded. The
proposed oscillator provides the JSollowing advantageous
features: controllable oscillation frequency through a
grounded  resistor;  easily  converted  into  a
voltage-control-oscillator, suitable for very low-frequency
oscillation, low passive sensitivities and good frequency
stability. The results show that the SPICE simulation and
experimental results appear to be in appropriate agreement
with the presented theory.

Keywords:
Oscillator, SRCO, Voltage-Control-Oscillator, CCII and
Grounded Capacitor

Introduction

Sinusoidal oscillators have a wide range of applications in
telecommunication, control systems, signal processing and
measurement systems. Second generation current conveyor

. (CCII) plays an crucial role in the analog integrated circuit
. design because of providing advantages such as large band

width, high linearity, wide dynamic range, simple circuitry and
low power consumption [1-2]. Many active-RC oscillator
circuits have been reported using a variety of building blocks,
such as op-amps [3], several kinds of current conveyors
(CC) [4-5, 10-11], current feedback operational amplifiers
(CFOA) [6], four terminal floating nullor (FTFN) [7], and so
on. The realization of single resistance controlled oscillators
is highly desirable for the oscillators whose frequency of
oscillation can be independently tuned by a grounded
resistor. When this grounded resistor is replaced by a JFET, a
voltage-controlled oscillator can be realized [8]. Moreover, it

is attractive for monolithic integration of use grounded
capacitors [9].

In this paper, we propose the state variable method for
realization of CClI-based grounded-capacitor  single
resistance controlled oscillator using two CCII+s, and a
minimum of four passive elements. Its oscillation frequency
can be independently controlled by a single grounded
resistor without affecting the condition of oscillation.
Though the proposed circuit uses the same numbers of active
and passive components as the previous literature [12-15],
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the new oscillator circuit has not been found in the previous
literature.

Circuit configuration

The second-order oscillator, which is derived by the state

variable approach, can be described by the following state
equation in matrix form:

_ |:a”
Qs

From the above, the characteristic equation can be given by

dv,
ar
dv,
i

)]

2
s” —(ay, +a22)s+(a“a22 —a,a,)=0 )

Therefore, the condition of oscillation (Co) and frequency of
oscillation (Fp) are expressed as

Co: a,+a, =0 3
and
Fo: @y =[a,,a,, —a,,a,, Q)]

The symbolic representation of a CCII+ as an active building
block is shown in figure 1. The terminal properties of the
CCII+ can be defined by the hybrid matrix '

I 0 0 Ofv,
v, |={1 0 0l (5)
I 0 1 0}fv,
Y
CCl+ zp——
X

Figure 1- Symbol of CCII+.



Consider a proposed oscillator circuit, which has two CClI+s,

two capacitors and two resistors as shown in figure 2.

Vi Rz
Y, CCI+ 2z

’ AN Y, CCIl+ 2z,
Xi X2
V2
R
T

1

Figure 2- A novel CCII+ base oscillator.

Assuming as ideal CCII+, routine state equation analysis
yields the matrix form

v, __1 1 _l_+_1_

dt C.,R C,\R R, ||[v

dt _ 248 2 1 2 [I:I ®)
do |7 L b,

dt CIR2 ClR2

From the eqn. (5), the corresponding Cq and Fy, of oscillator
would be

€€, = C; @)
' and
|
Fol wo = (8)
CICZRIRZ

It may be noted that the Cy can be adjusted through the
grounded capacitor C, (or/and C;) and the Fy can be
independently varied through a grounded resistor Ry (or the
floating resistor R,) without affecting the Cq. The control of
“the Fy through a grounded resistor can be easily converted
into voltage control of oscillation frequencies by replacing
resistor by a FET used as a voltage variable resistor.

Sensitivity and frequency stability consideration

The relative sensitivity of the oscillation frequency @, with
respect to parameter x is given as

§% _dhna,

)

dlnx
From the proposed oscillator, the sensitivities of the
oscillation frequency due to variations in the resistance and
capacitance values can be evaluated as
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| ) ) ) — Q% 1
Se =Sa =Sg =Sq =—5 (10)

It should be noted that the proposed circuit has attractive
performance with passive sensitivities less than unity

The classical frequency stability factor Sk is

defined as
5 d¢(u)!
du u=l

where u = w/ @, and @P(u) represents the phase function

of the open loop transfer function of circuit. The proposed
circuit S¢ can be found to be

Sy =2Jn

where C;= C)= C, R,= R and R,=R/n for this oscillator. This

oscillator can has good frequency stability by choosing the
larger value of ratio n.

(11

(12)

Effects of CCII non-idealities

The matrix representation given with eqn.(5) is valid only
for the ideal case. The current conveyor non-idealities can be
modeled  as  follows: =0, v=fv, and i=ai,

where ,3 =1- E =]~ €,,€, and £; denote the voltage
and current tracking error of the CCII+, respectively
(l€,1<<1 ,|8‘.| << ). Taking these errors into account the

terminal relations of the CCI+ for non-ideal case,
re-analysis of the proposed circuit shows that the oscillation
condition and oscillation frequency became

Cl :&. (13)
a,p,
and
e | %P "
a,C,C,RR,

where ,Bl ' ,Bz » @ and @, are the non-ideal voltage transfers
and current transfers of CCII, and CClII,, respectively. This

means that due to the non-ideal characteristic of the CClI,
the Co and Fy are deviated from the ideal case of by the

factor 1/c, B, and ,/a, B/, , respectively.

Its active sensitivities can be express as

1
Si =Sa =-Sa == (15)

. Sg’ =0 (16)
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It is clearly observed from equation (15) and (16) that the .

active sensitivities are low,
Simulation and experimental results

To verify the performance of the proposed oscillator, the
SPICE simulation of the figure 2 has been performed. The

CCII+ was obtained by using library AD844 of Analog_- -

Devices from the SPICE simulation program. Figure 3
shows the simulated output waveform obtained with
Ri=R;=1kQ, C;=11nF, C,=10nF and the dc power supply
voltages of + 5V. From the simulation, it is seen that the
oscillation frequency Jo is 15.05kHz. The output
waveform of the oscillator is illustrated in figure 4.

62 64

Time, (ms)

6.6 68 10

Figure 3 - Simulated output waveform of the oscillator with
Ri=Ry=1kQ, C;=11nF and C,=I0nF.

PE)

CHI=1v
oG 11

Figure 4 - Experimental output waveform of circuit with
Ri=R;=1k, C;=1InF and C,=10nF.
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The variability of oscillation frequency with the values of the

and Cy=10nF, where R, was
varied from 200Q to 5kQ is demonstrated in figure 5.

Experimental results confirm the theoretical analysis.
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Figure 5 - Comparison between simulation and
experimental results of oscillator.

Conclusion

A new CClI-based second-order sinusoidal RC oscillator has
been presented. The circuit employs two CCll+s, two
grounded capacitors, and two resistors, The use of grounded
capacitors is beneficial to IC implementation. Its oscillation
frequency can be adjusted by tuning a grounded resistor
and/or a floating resistor without disturbing the condition of
oscillation. In addition, the effect of non-idealities of the
circuit has been considered. The workability of the proposed

circuit has been confirmed by simulation and experimental
results.
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