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ABSTRACT
In this research paper,a digitally tuned quadrature oscillator has been designedand simulated which

provides the facility of tuning the frequency of oscillationsdigitally having d linearity with digital

control word. Now a days, digitally tuned devices are very useful beg@lise hybrid systems (i.e., a

combination of analog & digital systems) are preferred due to the advagggs in IC tecRgology to obtain the

oscillator, PSPICE simulation tool on Windowsgs rming results in support

of the theory. The density and speed of N-)\d@® esetransistors have been
used for switching purpose.
Keywords:Positive feedback; Digitally-tuned, F Puadrature Oscillator; Frequency of

oscillations.

I. INTRODUCTION

quadrature in si and generators, and in direct-conversion receivers or for measurement
elective voltmeters [2]. Basically, the sinusoidal quadrature signalsare
receivers [3].Many mu ase oscillator circuits using operational amplifiers (Op-Amps) have been proposed
but none of these provides the sinusoidal quadrature output voltages [4-6]. A quadrature oscillator circuit with
orthogonally controllable oscillation frequencies using Op-Amps has been developed which provides two
sinusoidal signalsbut lacking the programmability feature [7]. At present, there is a great interest in developing
the digitally tuned analog signal processing circuits. These digitally tuned devices have become attractive for
mixed digital-analog applications. In particular, digital tuning of analog oscillators improves system flexibility,
economy, and performance of the system in several applications [8-11]. The oscillators based on operational
transconductance amplifier (OTA) providedthe facility of electronic tuning but suffered from linearity problems.

A new technique of designing sinusoidal oscillators based on the digitally tuned current follower and voltage
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follower was proposed which provided the advantage of digital programmability and high-frequency operation
while offering better linearity but could not provide the quadrature output voltages [12].

In this research paper, a new improved version of digitally tuned quadrature oscillator using Op-Amps has been
designed and results have been verified by simulation tool PSPICE on Windows platform, which results in
simplicity, low cost, lower output impedance, and higher current driving capability. In mixed analog/digital
systems, the digitally tuned feature of the proposed approach allows us to interface directly with the digital
signal processing unit. Most of the modern systems utilize digital signal processing unit to adapt the parameters
of an oscillator with additional minimum hardware and cost.The main aim of designing thisdigitally

tunedoscillator circuit is for generating the frequency hopping signals used inindirect method of frequency

hopping spread spectrum system.

circuit underconsideration.
2.1 OPERATIONAL AMPLIFIER (OP-AMP)

can be designed which are compatible with t

circuit of an ideal Op-Amp and its linear ac mode

model does not take into accou saturation effect an® itale only if an op-amp operates within the linear
region [13-14].

(a) Circuit Symbol (b) Small Signal Model (c) Linear AC Model

Fig. (1) Operational Amplifier (Op-Amp)
OL PR USING R-2R LADDER NETWORK

rk is used for digital to analog conversion. The value in digital code (such as straight

22 DIGITALC
Here, an R-2R ladder
binary or BCD) can b€ converted to its proportional voltage or current and this converted value is discrete in
nature too. However, if the step size taken is small, it may be considered as continuous quantity with better
resolution [15]. The circuit diagram of R-2R ladder network is shown in figure (2) and the block diagram of

D/A converter (DAC) is shown in figure (3) [16].
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Fig. (2) n-bit R-2R Ladder Network Fig. (3) Block Diagram of n-bit Digital to Analog Converter

Generally, the digital inputs are derived from the output register of a digital system. Jhere are n-bits Dg, Dy, ...,

D,.; and reference voltage, Vs which determine the value of output voltage or ere, the output voltage

can be defined as [17-18]:

V, = (Do + 21Dy + 22D, + -+ 271D, )V, /2"
= Vo = (N/2")Vie

where, N= (Do + 2" Dy + 2° Dy + ........ +2" D,.1) is the digit,

1)

2.3 1/2-STAGE R-2R LADDER NETWORKS
As observed from the expression of equation (1), the output is pro ol word (N) in 1-stage R-

2R ladder network circuit and is represented by e of Ky is given as[17-

N
Ki == )
Thus, the output of the 1-stage R-2R ladder circ
Vo = Klvref (3)
The block diagram of the 1-sta§ jn figure (4a), whose transfer function is given
by Kly and Kl = (Vo /Vref)-
The 2-stage R-2R lageer network jprn R-2R ladder networks in cascade, which are connected

(4)
(®)
K
Ky o X !
R-ZR Ladder Network] = '
Ve [C " Vo =KV i | Ki Ki |
where, K= N /2" Vi ™ R-2R Ladder (R-2R Ladder [T% Vo =KaVi
H ' ! Network) Networkl [! where, Ka= |(12
1
N
(a) One stage R-2R Ladder Network (b) Two stage R-2R Ladder Network

Fig. (4) Block Diagrams of R-2R Ladder Networks
2.4R-2R LADDER NETWORK DRIVEN BY DIGITAL INPUT
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The analog switches are fed by the digital inputs generated by a digital system (register outputs) which in turn
switch the signal levels at the input of 2R resistors of the ladder network. An analog switch arrayshown in figure
(5)is made up of NMOS transistors &CMOS inverters and it is also used as an interface between R-2R ladder

network and the output register of a digital system[19].

:
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W[5 Al Jh il h;
D(LSB) Dy D Dy{(MSB)
Analog switch Array

Fig. (5) R-2R Ladder Network driven by Digital Control Word

nly 4-bits but it can be d for n-bits by
purp#Se of analog switch

In this work, R-2R ladder network is designed especially f
simply adding the R-2R resistances in parallel within the lad

array is to connect 2R resistor conditionally either jaail

(6)

is the width of the channel and K’y = 2.5 x 10 A/V? is transconductance
parameter. In this pa ork, the values of L and Ware selected such that the Roy is of 1kQ. If V= 5V and

V=1V, then W/L ratighrom equation (6) comes out to be 10.

I11. DESIGNING OF QUADRATURE OSCILLATOR CIRCUIT

3.1 DESIGNING& ANALYSIS OF SINUSOIDAL QUADRATURE OSCILLATOR CIRCUIT

An amplifier withpositive feedback whose magnitude of closed loop gain (|Ap|)is greater than unity and at the
same time fulfils the phase conditions is called an oscillator circuit. If the output signal of the circuit varies
sinusoidally then it is referred to as a sinusoidal oscillator. The Barkhausen criterion for sinusoidal oscillations is
stated below:

(i) The magnitude of the closed loop gain, |AB|must be unity

(ii) The phase shift through the amplifier and feedback network is 2zn radians, where ‘n’ is an integer
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Thus, the Barkhausen criterion is equivalent to stating that both the phase margin and gain margin are zero. In
every practical oscillator circuit, the closed loop gain is slightly larger than unity and the amplitude of the
oscillations is limited by the onset of non-linearityof the output of the circuit.

The quadrature oscillator circuit shown in figure (6) is made up of two integrator loops in which the first Op-
Amp(OAL) is used in inverting mode called an inverting Miller integrator and the second Op-Amp (OA2) is
employed in non-inverting mode called a non-inverting integrator. It provides two sinusoids having a phase
difference of 90°, thus,the name given to it isquadrature oscillator circuit. The analysis of this circuit for the
calculation offrequency of oscillations [22] is given below.

The transfer function of first op-amp, OA1 is given by:

1

Ti(s) = - SC,R )
The transfer function of second op-amp, OAZ2 is given as:
_ R4(R1+R2)
T2 (S) - sC1R1R3R4+(R1R4—R2R3) (8)
According to condition of oscillations, the closed loop gain mus
Therefore,— —— - Rq(Ry+Rp) =
sCaR sCiR1R3R4+(R1R4—R2R3)
= Sz + R1R4—R2R3 R1+R> (9)

C1R1R3Ry C1C3R1R3R

Thus, the condition of oscillations is found b zero in equation (9) which is

given below:
RiR4—RpR3
C1RiR3Rs
= Ry/R; =R3/Ry (10)
The frequency of oscillations is following eX
(11)
BTV VN |
L1
& = BN
NN p— QA2
0A1 Db A v+
" 3
I VoY
01-— Rq

Fig. (6) Basic Quadrature Oscillator Circuit

3.2 DESIGNING OF DIGITALLY TUNED QUADRATURE OSCILLATOR CIRCUIT
The basic circuit of quadrature oscillator given in figure (6)can be made digitally tuned by simply cascading K-
block (succeeded by a buffer) with resistor (R) as shown in figure (7).The frequency of oscillations for the

digitally tuned quadrature oscillator is found to be:
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1 [K(Ry +Ry)]

° 7 2m| C;C,R;R3R

where, K,= (N/2")2 Now, the frequency of oscillations (f,) becomes:
1/2

1 (i)z (R1+R2) ]

° " 2m

2n C1C2R1R3R
@ f, =1 () [m]”z (12)
o 2m \2"/ LC1C2R1R3R

Equation (12) depicts that by simply varying the digital control word (N),the frequency of oscillations can
belinearlytuned. Thus, such types of digitally tuned oscillators are very much useful in the area of secure

communication which usesfrequency hopping technique of spread spectrum system where the frequency of

carrier signal hops for every bit duration of transmission. A

LV V.V | k
Ry

R A N
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oAl DY _(\,lf_;:f\ 'l Y

R

G2

Fig. (7) Digitally Tuned Quadrature Oscillator Circuit

IV. SIMULATION RESULTS & DISCUSS

In order to perform the validatigimgf the proposed sche cigcuit for digitally tuned oscillator based on 2-

stage R-2R ladder network is sKRUTS Tty simulation tool. For the following resistive and

capacitive compone

ue of the gate to source voltage of NMOS transistors (used for switching purpose),

the unpredictability i

the results deviate fro e theoretical one.
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Fig. (3) Output Waveforms of Quadrature Fig. (9) Output Waveforms of Quadrature
Oscillator for Control Word N=1 Oscillator for Control Word N=4

. Fig. (11) Output Waveforms of Quadrature
Fig. (10) Output Waveforms of Quadrature IE-
{}lsg-;i']{htir fg.'i‘lléluni:gl“rgrd N=0 Oscillator for Control Word N=15

Table (1) Theoretical & Practical Frequency of Oscillations for various Digital Control Words

S. Tdigital Control Frequency of Oscillations
No. Word (N) Theoretical Value (kHz) Practical Value (kHz)
1 1 1 0.34
2 4 4 357
3. 0 9 333
4 15 15 1429
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V.CONCLUSION
The results in the plots show the simulated outputs in PSPICE,
simulation of this oscillator has been verified using only 4-bit

frequency tuning, the number of bits may be increased. O i uency tuning is

results the ratio of both resistanc g e solution to this problem is to use the NMOS

transistors as switches whose O
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