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ABSTRACT

A reconfigurable current mode programmable multiphase
sinusoidal oscillator is realized using digitally controlled low
voltage CMOS current conveyors. The realized current mode
programmable multiphase sinusoidal oscillator can provide
independent digital control to its oscillating frequency through
n-bit control words with high resolution capability, as well as
reconfigurability. The realized multiphase oscillator is
suitable as programmable analog module for current mode
field programmable analog array. The programmable
multiphase sinusoidal oscillator is designed and verified using
PSPICE and the results thus obtained justify the theory.
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1. INTRODUCTION

Recently, the introduction of digital control to the current
conveyor (CCII) has boosted its functional capability and
versatility in addition to its higher signal bandwidth and
greater linearity. This digital control has eased the on chip
control of continuous time systems with high resolution
capability and reconfigurability [1-14].

This paper basically deals with the realization of current mode
programmable multiphase sinusoidal oscillator using digitally
controlled low voltage CMOS CCIl [2-7]. The realized
programmable multiphase sinusoidal oscillator (PMSO) can
provide independent and direct digital control to its oscillating
frequency through n-bit control words. The current mode
PMSO can also provide multiphase voltage outputs just by
loading the current outputs with appropriate equal valued
resistors. The PMSO can be used as a programmable module
of a field programmable analog array (FPAA) [15-17]. To
verify the theory, the realized PMSO is designed and verified
using PSPICE and the results thus obtained justify the theory.

2. THE CMOS DPCCII

The digitally programmable CCIl (DPCCII) symbol is shown
in “Figure 1(a)” and its CMOS implementation with 4-bit
control word is shown in “Figure 1(b)” [2-8]. The current
summing network (CSN) is included at port-X. The transfer
matrix of the DPCCII can be expressed as

1, 0o 0 OfVv,
Vx =l 0 0 IX (1)
l, 0 £AN™ 0V,

Thus the port voltages and currents for DPCCII can be
expressed as

I, =0,
V =aV,, @)
|, =£BN"1,

In equation (2) a is the voltage transfer gain from terminal-Y
to terminal-X and P is the current transfer gain from X to Z.
Both the voltage gain (o) and the current gain () are ideally
unity. N is an n-bit digital control word, the plus sign (+) is
for 1z, and minus sign (-) is for I,-. The power integer m = 1
for current summing network (CSN) at port-Z and m = -1 for
current summing network (CSN) at port-X of the DPCCII [1],
[4-8]. The additional number of Z+ or Z- outputs may be
added as per requirement just by connecting in parallel a set
of PMOS and NMOS for each output as shown in “Figure
1(b)”.
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Fig 1(a): Symbol for n-bit DPCCII
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Fig 1(b): The CMOS implementation of a 4-bit DPCCII with CSN at port X

3. THE PMSO CIRCUIT

The current mode PMSO circuit using low voltage digitally
controlled CMOS DPCCII with m = 1, is shown in “Figure
2”. The circuit uses three DPCCII and two CCII, each one
with two outputs along with grounded R and C elements. The
CClls are also implemented in low voltage CMOS form
without CSN at port-X [8].
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Fig 2: The PMSO circuit

The routine analysis yields its characteristics equation as
follows.

, N, 1 1 N2
s (- )b =0
Cl Rl Rz Rz R3C1C2 )
Equation (3) yields the condition of oscillation as
R, =R, 4(a)

and the frequency of oscillation as

N
f=e —
" 27 JCC,RR,

With R; = R, = R; = R, and C; = C, = C, the frequency of
oscillation reduces to

4(b)

®)

From equation (5) it is evident that the, frequency of
oscillation f, can directly and independently be controlled
through digital control word N.

The output current phasers can also be expressed as

I02 = Jlol
Io3=_|ol ©
I04 =- Jlol

and are shown in “Figure 3”. Thus the PMSO gives four
quadrature outputs with equal magnitudes.
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Fig 3: The output current phasers of the PMSO
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Taking the non-idealities of current conveyors into account as
given in equation (2), for the PMSO of “Figure 27, with
identical o and B for all the current conveyors, the ideal
relationship of the oscillating frequency given in equation(5),
yields the non-ideal f,, as follows.

N
fo :—@ )

It is evident from equation (7) that the non-idealities slightly
affect the of the oscillating frequency f,.

4. DESIGN AND VERIFICATION

The realized digitally controlled current mode PMSO of
“Figure 2” was designed and verified by performing PSPICE
simulation with supply voltage + 0.75 V using CMOS TSMC
0.25 pum technology parameters. The aspect ratios used are
given in the Table 1. The PMSO was verified using the
DPCCII with the CSN at port-Z (i.e. m = 1).

Table 1: The aspect ratios of the MOSFETS of the DPCCII

MOSFETs W pm L pm
M;, M, Ms, Mg 5 0.25
M3 My M; Mg 0.5 0.5

Mg My 0.5 0.25

hAll‘hA12‘hA13‘hA1&
M15‘ Mlﬁ‘ M17, MlS,

Mig, M2 M27, M3 25 0.25
Mz, M4, Mg M3, 50 0.25
Ma1, Mas, Mg, M3 100 0.25
Mzz, Mg, M3, M4 200 0.25

The PMSO was initially designed for an oscillating frequency
of fo = 33 kHz with N =1, R = 4.6 kQ and C = 1 nF. The
observed wave shapes of the four current outputs are shown in
“Figure 4(a)”. To obtain the four voltage quadrature outputs,
as given in “Figure 4(a)”, the respective four current outputs
were loaded with equal valued resistors each with 10kQ.
Then the pole frequency was controlled through digital
control word N. The observed frequency variation of the
PMSO for different control words are given in “Figure 4(b)”.
The observed frequency spectrums at N = 4 for current and
voltage outputs are given in “Figure 4(c). Thus observed
results of “Figure 4”, show the close conformity with the
design.

5. CONCLUSION

The current mode multiphase sinusoidal oscillator is realized
using digitally controlled low voltage CMOS current
conveyors. The realized current mode multiphase sinusoidal
oscillator also provides four phase quadrature voltage outputs
just by loading the four current outputs with appropriate equal
valued resistors. The oscillating frequency of the oscillator is
digitally programmable through n-bit control words with high
resolution capability and reconfigurability. The programmable
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Fig 4(a): The four phase quadrature current and voltage
outputs of the PMSO at N =4
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Fig 4(b): Variation of frequency of oscillation with digital
control word N of the PMSO

BHz 1.8HHz 2.8BMHz 3 .8HHz
+ Voa

Frequenc

Fig 4(c): Frequency spectrum of the PMSO at digital
control word N =4
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multiphase sinusoidal oscillator is suitable as a programmable
analog module for the current mode field programmable
analog array. The realized multiphase sinusoidal oscillator
was designed with minimal passive components spread and
verified using PSPICE. All the results thus obtained justify the
theory.

6. REFERENCES

(1]

[2]

(3]

(4]

(5]

(6]

[71

Khan, I. A. and Maheshwari, S. 2000, Simple first order
all-pass section using a single CCII, International Journal
of Electronics, vol. 87, 3, 303-306.

Hassan, T. M. and Mahmoud, S. A. 2007, Low voltage
digitally programmable band pass filter with independent
control, IEEE International Conference on Signal
Processing and Communications (ICSPC 2007), 24-27,
Dubai, UAE.

Hassan, T. M. and Mahmoud, S. A. 2009, Fully
programmable universal filter with independent gain, wo
and Q control based on new digitally programmable
CMOS CCIl, Journal of Circuits, Systems and
Computers, 18, No. 5, 875-897.

Khan, I. A. and Simsim, M. T. 2011, A novel impedance
multiplier using low voltage digitally controlled CClII,
Proc. IEEE GCC Conference and Exhibition, Dubai,
UAE, 331-334.

Khan, I. A, Simsim, M. T. and Beg, P. 2011,
Reconfigurable continuous time current mode first order
multifunctional filter using low voltage digitally
controlled CMOS CCII, Proc. International Conference
on Multimedia, Signal Processing and Communication
Technologies (IMPACT-2011), 5-8, Aligarh, India.

Khan, I. A. and Nahhas, A. M. May, 2012,
Reconfigurable voltage mode first order multifunctional
filter using single low voltage digitally controlled CMOS
CCIlI, International J. Computer Applications, Vol. 45, 5,
37-40.

Mita, R., Palumbo, G. and Pennisi, S. 2003, 1.5-V
CMOS CCIlI+ with high current-drive capability, IEEE
Trans. CAS-II, Vol. 50, 4, 187-190.

International Journal of Computer Applications (0975 — 8887)

(8]

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Volume 57— No.16, November 2012

Nahhas, A. M., 2012, Reconfigurable current mode
programmable multifunctional filter, International J. on
Recent Trends in Engineering and Technology, 7, No. 2,
88-91.

Khan, I. A, Beg, P. and Ahmed, M. T. 2007, First order
current mode filters and multiphase sinusoidal oscillators
using MOCCIIs, Arabian, Journal of Science and
Engineering, Saudi Arabia, VVol.32, 2C, 119-126.

Alzaher, H. A. 2008, CMOS digitally programmable
quadrature oscillators, International Journal of Circuit
Theory and Applications, Vol. 36, 8, 953-966.

Zhao, J. and Kim, Y. B. 2008, A 12-bit digitally
controlled oscillator with low power consumption, Proc.
of the 51st IEEE International Midwest Symposium on
Circuits and Systems (MWSCAS '08), 370-373,
Knoxville, Tenn, USA.

Majd, N. E. and Lotfizad, M. 2011, A novel low power
digitally controlled oscillator with improved linear
operating range, International Journal of Electrical and
Electronics Engineering, Vol. 5, 2, 129-134.

Saied, A. B., Salem S. B. and Masmoudi, D. S. 2011, A
new CMOS current controlled quadrature oscillator
based on a MCCIlI, Circuits and Systems, 2, 269-273.

Khan, I. A., Khan, M. R. and Afzal, N. 2006, Digitally
programmable multifunctional filters using CClls,
Journal of Active and Passive Electronic Devices, 1, 213-
220.

Floyd, T. L. 2012, Electronic Devices Conventional
Current Version, Ninth Edition, Pearson.

Mahmoud, S. A. and Soliman, E. A., 2011, Low voltage
current conveyor-based field programmable analog array,
Journal of Circuits, Systems, and Computers, Vol. 20, 8
1677-1701.

http://www.anadigm.com-dynamically =~ programmable
Analog Signal Processor or Field Programmable Analog
Array.

40


http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1097-007X
http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1097-007X
http://onlinelibrary.wiley.com/doi/10.1002/cta.v36:8/issuetoc
http://www.hindawi.com/74529062/
http://www.hindawi.com/76256401/

