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ABSTRACT .

This thesis presents the synthesis and design of current-mode sinusoidal
oscillator with —amplitude controllability ~using two voltage differencing
transconductance  amplifiers (VDTAs) as active element and two grounded
capacitors, one resistor. The probosed oscillator is attractive for integrated circuit
implementation. The proposed oscillator has one output port with amplitude
controllability and two output ports with 90° degree phase difference. Moreover,
the condition of oscillation (CO) and frequency of oscillation (FO) can be tuned
electronically and independently by adjusting bias current of VDTA. The PSPICE
simulation results using parameters of 0.25 um TSMC Cmos technology with +1.25 V
supply voltage are shown and agreed well with the theoretical anticipation.
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Tuthegtutimmriomidumaliledmewusidmsetndldii Saunsivstesng
lvgunsaluasiasesfiofidndiinisiamuiniuludae Taerasiudadyyravierses
aoadalamas (Oscillator) ﬁlﬁﬁﬁLﬁﬂﬁzgfgﬁmgﬂﬂﬁuMﬁ (Sine Wave) aasdoyqnaififiinla
ety 90 e fuifeiFondt dygrameinsiaes (Quadrature  Signal)  Ainasunly
Ussgndldaulffussuudug wnune Wy ssuuelesiietn svuulsvananadyanas ssuu
in3esilounvd szuudearsinsauuiau visudnsetimasdrunasdnuifesthanlidy
dyanavegeuluiswnassdiinnseidnd Judu

Yesil, et. al. (2011 : 632-637) ladauei9asvengariuiinnslounan19usesy
(Voltage Differencing Transconductance Amplifier : VDTA) %ﬂLﬂqunizﬁLLaﬂﬁﬂumm
usssiunazluunnssua (Curent  Mode) fiflannumunzanasilussnuuuaasussainana
Fyauuouzasn aunsamuaunsinulimeisnmimdidnnseiind uasidleldwesene
anuthagleunasaussfulunisesnuuuases wlfgunsaitiostuuazannsafiazinly
afradinassuldieg dednvuseiudnarn Saldsuanudemi VOTA weeniuuies
Uszananadygiaiauiasn

nnnsAnvedititigdesiunsesnuunisesiidadyaralednuindifiuaue
Tngldgunsaiueafiniluandrsiusmulszinneeans 1wy Operational Transconductance
Amplifier (OTA), Current Conveyor (CCl), Current Conveyor (CCIl), Current Controlled
Current Conveyor (CCCll), Current Differencing Transconductance Amplifier (CDTA),
Current Conveyor Transconductance Amplifier (CCTA), Four Terminal Floating Nullor
(FTFN), Current Follower (CF) wag Differential Voltage Current Conveyor (DVCC) tdu
#u eealsfinumuinsesinanidiidediney ansoaguldted () ldaansaldiuie
dyaoiluisiivtasinatu 90 e (Bhaskar, et. al. 2008 : 257-259) (v) lulansnsonruay
msvihnuldmeisvnadidnnselind (Cam, et. al. 2000 : 231-238; Horng, et. al. 2005 : 81-
92; Keskin and Biolek, 2006 : 214-218; Lahiri, et. al. 2009 : 135-140; Kumngern, et. al.
2010 : 740-743) (A) Weulvlumsiuindygin wazanuiunsiuindygiallaansa
U5uleBaseaniu (Keskin and Biolek, 2006 : 214-218; Bhaskar, et. al. 2008 : 257-259)

@) Pwugunsaiuepdivflelidiuiuminnit 2 f Jeiihivenzanlumsiaunduies



77 (Abuelma’atti, et. al. 1991 : 353-355; Kumwachara and Surakampontorn, 2003 :
509-605; Horng, et. al. 2009 : 1-5; Tanjaroen and Tangsrirat, 2009 : 307-310; Horng, et.
al. 2010 : 326-330; Tangsrirat, et. al. 2010 : 363-366; Bhaskar, et. al. 2011 : 65-73; Na
Songkla, et. al. 2011 : 212-215; Summart, et. al. 2012 : 14-17) ®). [¥faRuUszquuuaeey
Falalwnzautuninhlufauaiaduimssiy (Abuelma’atti, et. al. 1991 : 353-355;
- Cam, et. al. 2000 : 231-238) ; Keskin and Biolek 2006 : 214-218; Bhaskar, et. al. 2008 :
257-259; Kumbun, et. al. 2009) (@) $1urugUnsaimadwilifsiuuinnlagiawizd
funu (Cam, et. al. 2000 : 231-238; Kumwachara and Surakampontorn, 2003 : 509-
605; Horng, et. al. 2005 : 81-92; Keskin and Biolek, 2006 : 214-218; Bhaskar, et. al.
2008 : 257-259; Prasertsom, et. al. 2010 : 187-191; Horng, et. al. 2010 : 326-330) (%) fai
a’\mmﬁmmﬂ‘ua\'iﬁ'zy,mﬂm'l‘uu“lﬁ (Kumwachara and Surakampontorn, 2003 : 599-605;
Tanjaroen and Tangsrirat, 2009 : 307-310; Keskin and Biolek 2006 : 214-218; Horng, et.
al. 2009 : 1-5; Cam, et. al. (2000 : 231-238; Kumbun, et. al. 2009 : 4-7; Kumngern, et.
al. 2010 : 740-743; Summart, et. al. 2012 : 14-17; Na Songkla, et. al. 2011 : 212-215;
Tangsrirat, et. al. 2010 : 363-366; Bhaskar, et. al. 2011 : 65-73; Horng, et. al. 2010 :
326-330; Bhaskar, et. al. 2008 : 257-259; Horng, et. al. 2005 : 81-92; Abuelma’atti, et.
al. 1991 : 353-355; Lahiri, et. al. 2009 : 135-140)
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1 2
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< L7 ]

masuaean (Output Signal) (Wudygnuuusientu (Periodic Signal) Taelifidny

v

TRTa¥
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ABSTRACT

The cirvent-mode quadrature sinusoidal oscillator
employing two voltage differencing tranconduciance
amplifiers (VDTA4s) has been proposed. The condition of
oscillation (CO) and frequency of oscillation (FO) can
be independently controlled by adjusting the bias
current of two VDTds. The oscillator can provide 2
output currenis as quadrature wave form and 1 output
current with magnitude controllabilily. It consists of 2
VDTAs, 1 grounded resistor and 2 grounded capacitors
which is then suitable for IC architecture. The Pspice
simulation results using 0.25um TSMC CMOS
paramelers have justified the theorefical anticipation.

Keywords: oscillator; Current-mode; VDTAs;
sinusoidal signal

1. INTRODUCTION

In electrical and electronic engineering area, an
oscillator plays an essential role and has been widely
applied in various dimensions. Especially, quadrature
oscillator can serve the requirement of multiple
sinusoids which are 90 phase shifted, also known as
quadrature signal. The use of quadrature oscillator
includes communications systems. computer systems,
measurement, signal processing and medical system
etc. In past decade, the efforts to reduce voltage in
electronic circuit had been done. These attempts are
concwrrent with the increasing demand of using
wireless devices employing battery as power supply.
Therefore, it was found several implementations of
current-mode  oscillators, which provide several
advantages including larger dynamic range and lower
power consumption.

From our survey, there are several researches and
studies relating oscillator. However, those studies tend
to use passive devices, leading to the circuit with large
microchip such as, cument controlled cwrent
differencing transconductance amplifier (CCCDTAs)
[1-4], current controlled current conveyor (CCCIT) [7],
OTAs [8-9], cument conveyors [10-11], current
controlled curent conveyor transconductance amplifier

(CCCCTA) [16-18], current differencing
transconductance amplifier (CDTA)[13-13].
Regrettably, those teported circuits still have defects as
follows:

¢ The requirement of many active elements {7, 10,
13-15].
Use of a floating capacitor, which is not
convenient to further fabricate in integrated
cireuit [7, 13-15].
The condition of oscillation and frequency of
oscillation cannot be independently controlled

[8-9].
e Those circuits cannot be electronically
controlled [10].

The aim of this paper is to introduce a high output
impedance current-mode quadrature oscillator, based on
VDTAs. The condition of oscillation and frequency of
oscillation can be independently adjusted by electronic
method. The circuit construction consists of 2 VDTAs,
1 grounded resistor and 2 grounded capacitors. The
PSPICE simulation results are also shown, which are in
correspondence with the theoretical analysis.

2. THEORY AND PRINCIPLE

- 2.1 Basic Concept of VDTA

The circuit symbol of VDTA is shown in Fig. 1, where
Vp and Vy are the input terminals, Z and X are the
output ones. Hence, Z is the curent output terminal;
current through Z terminal follows the difference of the
voltages at Vp and Vy tenminals by transconductances
gmi. The voltage Vz on Z terminal is transferred into
current using transconductance gnp, which flows into
output terminal X, The gy, and g, are tuned by I, and
Igs. respectively. In general, VDTA can tontain an
arbitrary number of x terminals, providing currents Iy
of both directions. All terminals of VDTA exhibit high
impedance values [5]. The characteristics of the ideal
VDTA are represented by the following hybrid matrix:

I, m —8&a 0 ||V
Iy, 0 0 g i[Vu| ¢))
L.l lo o -g.l7
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If the VDTA is realized using CMOS technology, g
and gy, can be respectively written as

& = K5, )
and
Em2 = \/k’n . (3)

Here k is the physical transconductance parameter of
the CMOS transistor. Ig; and I, are the bias current
used to control the g, and g, respectively.

If, Iy,
v, o—{¥ X+l 1,
VDTA
o f -zc -z >
3 4
I

Figure 1. Circuit symbol of the VDTA

2.2 Proposed oscillator

The realization of proposed oscillator is achieved in
Fig. 2. It consists of 2 VDTAs, 1 grounded resistor and
2 grounded capacitors. The quadrature output currents
are Io; and Ly,. Considering the proposed circuit and
using VDTA properties in section 2.1, the characteristic
equation can be written as

8m =M, (C))
From Eq. (4). the CO and FO can be written as
=g, R, (5)
and
8384
= |== 3 6
@ 1/ CC. (©)

Substituting the transconductances as shown in Eqs. (2)
and (3) into Egs. (5) to (6), the CO and FO become

1= Rk, , (7
and
1
®= I\ (Iﬂllll )' . (8)
GG,

From Eqs. (7) to (8), it can be seen that the CO can be
adjusted independently from the FO by varying Iy, and
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R while the FO can be electronically adjusted by Ig; and
Iy without disturbing CO. From circuits in Fig. 2. the
relationship between the I, and I, can be found as

Tos __8umi
1, sC,

o1

9

It is evident from Eq. (9) that all the output current I,
and o, are phase-shifted by 90° from each other and
thus the oscillator can be used quadrature oscillator.

I [n]

STl 1t

Proposed quadrature oscillator.

Figure 2.

Considering the proposed oscillator in Fig. 2 again, it is
found that the output current I is written that

o= 8u¥a+ (10)
From Eq. (10) at oscillation state, the voltage V,, is the
sinusoidal signal that means the amplitude of sinusoidal
signal in current-mode I, is electronically adjusted by
Iaz.

3. SIMULATION RESULTS

To prove the performances of the proposed oscillator,
the PSPICE simulation program was used for the
examination. Internal construction of VDTAs used in
simulation 1s from [5]. The PMOS and NMOS
transistors have been simulated by respectively using
the parameters of a 0.25um TSMC CMOS technology
[6]. The aspect ratios of PMOS and NMOS transistor

are  W/L=8um/0.25pm and  W/L=5um/0.25um,

respectively.

E

I« 6 & w0 17 u 16 wu »
Time (us)

Figure 3. Transient waveforms during initial state.

The circuit was biased with +£1.25V supply voltages,
C|=C1=10pF, IB‘=40}|A. lg'_r:IB;:IBq:lOO}lA,
R=3.6kW. It yields the natural frequency of 6.85MHz.
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Figs. 3 and 4 show the simulated quadrature output
waveforms during initial state and steady state,
respectively. Fig. 5 shows the simulation result of
output specfrum, where the total harmonic distortion
(THD) of I, and I, are about 0.723% and 0.616%,
respectively. Fig. 6 shows simmlated oscillation
frequency versus Ip for different capacitances.

4

lg T
’S: /
g
70 {70 1722 123 174 175 176 127 178 179 18/
Time (pus)
Figure 4. The simulated quadrature outputs Io; and I, .
10
m 1 T
ose ™~ 6.85 Mb2
= HD (fol) = 0.723%
= ‘ [THD (To2}= 0.616%
E L
[
3 ._...//\
/ e e |
I S S
o
- 5 0 s 0 1] 0 5 40 45 S0
TFrequency (Mz)
Figure 5. Spectnun of both output responses.
107 =
o i +
- P+
y i —o— C=001oF
4 O C=D1c¥
== C=loF J
108 4 = R
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- o
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2
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Figure 6. The Oscillation frequencies against bias curents for
various capacitances

4. CONCLUSSION

This paper proposes a current-mode quadrature
sinusoidal oscillator using two voltage differencing
tranconductance  amplifiers. The frequency of
oscillation and condition of oscillation can be
electronically controlled by adjusting the bias current of
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the VDTAs. The PSPICE simulation results are
included to verify the theoretical analysis.
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