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ABSTRACT

A new configuration of voltage-mode/current-modeM(@¢M) third-order quadrature
oscillator is proposed in this article. The prombskird-order oscillator employs two
voltage differencing current conveyors (VDCCs),ethrgrounded capacitors and three
resistors of which two are grounded. The use ofigled capacitors makes the circuit
suitable for IC implementation. This particularctiit provides two voltage-mode and
two current-mode sinusoid signals witi’ @hase difference. The frequency of oscillation
(FO) and condition of oscillation (CO) are indepemnilly controllable through single
grounded passive element. The FO and CO can alsturmd electronically. The
workability of the oscillator circuit is tested tugh PSPICE simulation using 0.18 um
TSMC CMOS process parameters. The total harmomiordion is found to be nearly
1%. The static power dissipation is 1.35 mW for.2@ power supply. Non-ideal as well
as parasitic analysis of the designed circuit lenlrarried out to strengthen the design
idea. Monte-Carlo analysis result has also bednded.

Keywords: Third-Order Quadrature Oscillator, Current-Mode (M oltage-Mode
(VM), Voltage Differencing Current Conveyor (VDCC).

1. Introduction

Quadrature oscillator is an important block asridvjes two sinusoids with 9(hase
difference and widely used in signal processintgctammunication, control systems,
measurement systems and instrumentation [1, 4 i§]well known that the higher-order
network provides high quality factor, high accurasyd better frequency response with
minimum distortions. So, third-order quadratureiltetor (TOQO) which has third-order
polynomial regression is a better choice than theosd order quadrature oscillator
(SOQO).

Recently, a number of TOQO based on various attivkling blocks (ABBs) has
been reported [5, 7, 9-11, 16-21, 24]. These aswmillcircuits, however, have some
limitations and problems. Maheshwari in [19] repdrt third-order quadrature oscillator
circuit. But the circuit uses three current conéwlcurrent conveyor (CCCII) blocks.
Using two second generation current conveyors (§)Clihree capacitors and three
resistors, Horng in [10] proposed a VM/CM third-ercbscillator but a comparatively
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large supply voltage is required to drive this gitcTwo quadrature sinusoidal oscillators
employing CMOS operational transconductance amepl{fDTA) was proposed by Pipat
Prommee and Kobchai Dekhan in [24]. But their diectequire three and four OTAs for
first and second circuit respectively and also levonly voltage outputs. Montree
Kumngern and Ittipol Kansiri in [17] proposed arthorder quadrature oscillator using
operational transresistance amplifier (OTRA). Byt use three OTRAs and all floating
capacitors and resistors. Nagar et al. also prapbse third-order quadrature oscillator
circuits employing two OTRAS in [20], but both thiecuits utilize three floating resistors
and three floating capacitors. The circuits alsavigle only voltage-mode outputs. Based
on third-order techniqgue Duangmalai et al. repodeapliadrature oscillator in [7], but the
circuit is designed using two different blocks—auntr controlled current conveyor
transconductance amplifier (CCCCTA) and operatiotransconductance amplifier
(OTA). The circuit also provides only current-mauigputs. Again, Montree Kumngern
and Somyot Junnapiya reported a third-order quadraiscillator in [16], but the circuit
is also designed by using mixed blocks—currentyoiied current differencing
transconductance amplifier (CCCDTA) and operatiotransconductance amplifier
(OTA). In addition, this circuit does not provideltage output. A third-order oscillator
structure with current/voltage output was propossd Bhartendu Chaturvedi and
Sudhanshu Maheshwari using differential voltageenirconveyor (DVCC) [5], but the
circuit requires three active building blocks (ABB# [11], Horng et al. proposed a
VM/CM third-order oscillator circuit using currentlifferencing transconductance
amplifiers (CDTAs) and three grounded capacitors. tBree CDTAs are needed for this
circuit. Again, Jiun-Wei Horng reported a third-erdquadrature oscillator based on
CDTA [9]. But the circuit employs three CDTAs andowides only current outputs.
Kritphon Phanruttanachai and Winai Jaikla repogetird-order quadrature oscillator in
[21], but the circuit uses two different active ¢is, namely—voltage differencing
transconductance amplifier (VDTA) and differentigifference current conveyor
(DDCCQC). Also, this circuit suffers the limitatiorf operating only on current-mode. The
third-order quadrature oscillator reported in [B8o uses mixed building blocks—one
DDCC and two OTAs. The circuit has also the limdatof operating only on voltage-
mode. A qualitative comparison between the propesetipreviously reported oscillator
circuits is shown in Table 1.

Lately, the voltage differencing current convey™MDCC) has appeared as an
attractive analog building block reported by Bioliek2008 [3]. It offers electronically
tunable transconductance gatong with the capability of transferring both ttherrent
and voltage to the relevant terminals. Severalaanaircuits, such as, inductive simulator
[15, 22, 28], filter [12—-14], second order oscitla{8, 23, 27, 29] etc., using VDCC as
active element are reported in literature, butdhisrno TOQO based on VDCC. This
encourages the authors to report a new TOQO emnmgd¥iDCC as an active element.

The aim of this paper is to offer a third-order dpadure sinusoidal oscillator circuit
based on VDCCs and all grounded capacitors, whiokigies following advantageous
features, such as:

« Suitable for monolithic implementation; as all tbepacitors used in the circuit

are grounded.

+« Both the voltage-mode and the current-mode quadratutputs are available in

the circuit.
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« The frequency of oscillation (FO) and conditionostillation (CO) can be tuned
independently by the use of single grounded pasdement. In spite of that, we
can also tune electronically the FO and CO undapearcondition.

+« All the active and passive sensitivities of thewir are found to be low.

No. of No. of R+C Supply
Uncoupled
Ref. Active Grounded (G) \g\ﬂicl'}f Technology | Voltage P -I;(I;OI)D
element IFloating(F) P ) FO and CO
[5] 3DbvCC 3(2G,1F) +3(G) both 0.5um +25V yes <2
1 CCCCTA,
[7 10TA 0+3(G) current NA +2V yes 1.09
[9] 3 CDTA 0+3(G) current 0.18 uym +1.25 yes 287
[10] 2 CCll 3(2G, 1F)+3(G) both 0.18 um +1.25|V sye 2.95
[11] 3 CDTA 0+3(G) both 0.18 um +1.25 yes 10.89
1 CCCDTA
[16] 10TA 0+3(G) both 0.25 um +1.5V yes 1.8
[17] 30TRA 5(F)+3(F) voltage 0.25 um +25Y yes .82
[18] 1 bbce 1(G)+3(G) voltage 0.25um +1.25 es 1.75
10TA g < - y ’
[19] 3 CcCcCll 0+3(G) both 0.5um +25\ yes 1.927
Fig.2d.
[20] 2 OTRA 3(F)+3(F) voltage 0.5 um £15V es 117
Fig. 3d. g = H =t y 1.32
2 OTRA
1 DDCC 1(G) L
[21] current 0.25 um +1.25 yes 2.95
1VDTA +3(G)
Fig.7.b.
30TA 0+3(G) ES-2- not
24 oltage +3V es
4 pigan 1e+3@) | 099 | MoDEL y given
4 OTA
This
work 2VDCC 3(2G,1F)+3(G) both 0.18 um +0.9 yes <1

Table 1: Comparison between the proposed oscillator andqursly informed works

The rest portion of the paper is divided as followke proposed circuit has been
described in Section 2. Performance of the ciraniler non-ideal condition has been
given in Section 3This section also gives the sensitivity analysisthw circuit. In
Section 4, the effects of the parasitics of the ¥YD@h the proposed circuit have been
discussed. Sections 5 present the PSPICE simulagsults. The conclusion of the paper
has been presented in Section 6.
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2. Circuit description

2.1. Voltagedifferencing current conveyor (VDCC)

VDCC isa versatile active building block which is basigalcombination of OTA ani
CCIL. It inherits all the properties of curr-mode active elemensuch a, higher speed,
low power consumption, higher slew 1, better linearity etc. [25, 26Fig. 1a represents
the block diagram ofhe VDCC, where p and are input ports and z, w,, andw,, are
output ports. The ports w, andw, offer high impedances whereas x is the
impedance port. Ae equivalent circuit ofthis particular active bck has been
demonstrated in Fig. 1b

|
P
Vg P Wy My,
VDCC
O "
vV, | n w, lwp
n Z X
4 |z va
o O
VZ VX
(a)
vbee [l
Vi T :
i |
: gm (p_vn) [\\ :
<>+ i T
: Wy i
Vi B i e ____:
V, V,
(b)
Figure 1: The VDCC (a) block diagram (byaivalent circui
The ideakharacteristic equaticof VDCC is given by equation (1):
Iy =0,1,=0,I; = g(Vp = Vo), Vy = V; andlyy, = = Lyn =1 (1)
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where g,, is the transconductance g of VDCC. For CMOS VDCC,g,, is
electronically tunabley DC bias currentnd defined by

Im = "IBunCox (%) 2

wherel; is the bias currenu,, is the mobility of thecarrier for the NMOS transists,

C,, is the gatesxide capacitance per unit area, % is the apect ratio of MOFET
[23]. The CMOS structure of VDCC has been demonstratFig. 2 [29.

Voo
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M5 | _ I M14
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al) = : F H
M7 1:]M20 ‘
|
Vss

Figure 2: Internal structure of CMOS VDCC [29]

2.2. Proposedjuadrature oscillator circuit
Fig. 3represents the schematic diagram ofproposed thirdbrder quadrature oscillat

circuit. As shown irFig. 3 it employs two VDCCshree grounded capacit, and three
resistors of whichwo are grounde.

The characteristic equation of proposed oscillatarircuit can be expressed:
S3RiR3C1C,C3 + 52 gm1RyR3C,C3 + Sgm1R3Cs + gmigmaRi = 0 3)

From equation (3)frequency of oscillation (FO) and condition of distion (CO)
can be expressed as:

e 1 | 9m
FO: fo = 2M1+| R1C1Cy 4)
miR2R3C
CO: gy, < 7222 (5)
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Figure 3: Proposed VM/CM quadrature oscillator circuit

From the circuit of Fig. 3, the voltage ratiolof & V; and the current ratio of & 1,
are found to be as follows:

2(s) . 9mz
Vi(s) - sC3 (6)
Lo _ 1
1,(s) - SC3R3 (7)

Under sinusoidal steady state, equations (6) andg@ome

a(jw) _ gmz ,j90°
(e | wcs© (8)

Ljw 1 eJ90° (9)

L(Jw) wC3R3

From equations (8) and (9) it is clear that thesghdifference betwedr} and V;
andl, & I; is90°. This indicates that the circuit can works as a/€M quadrature
oscillator. From equations (4) and (5) it is atéear that the FO and CO of the reported
circuit can be tuned independently without affegtéach other (FO by usiny and CO
by usingC; or R, or R3). In addition to this, it is also clear from eqoas (4) and (5)
that we can also tune this circuit electronicallye first tune the value of FO by using
9ma and then adjust the CO by usigg..

3. Non-ideal and sensitivity analysis
Considering the non-ideality errors of the VDCCuaiipn (1) can be rewritten as:

Ip =0,,,=01I,= aigmi(vp - Vn)’ Ve = BiV,, pr = Vpilx } (10)
and Iy, = ~¥nilx

where a;,v,;, ¥ni represent the current tracking errors @hdepresents the voltage
tracking error of thé-th VDCC.

Reanalysing the circuit of Fig. 3 on the basis gfia&ion (10), the characteristic
equation becomes:

§3C,C,C3R Ry + 5201 B1Vn1C2C3RyR3Gm1 + 51 BV GmiR3Cs + B2 Vp29mi1Gm2 R = 0 (11)
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From equation (1), theFO and CO of the proposed circuit carftnendas:

. _ 1 JaiBiVnigmi
FO:fy = o ’—R1C1Cz (12)

. a1 B3V RaR3Cagm
CO: gm2 < azB2Yp2R3Cy (13)
It is evidentfrom equatios (12) and (13) thathe FO and CO of the devis
oscillator are slightly deviated under I-ideal condition. However, thFO and CO are
still separatelyontrollable (FO byC, and CO byC; or R; or R; or a; or 3, or y,,).
Under nonideal conditions, the sensitivities with respectvarious active an
passiveslements are expressed in equati4):

sfo - _ sfo _1
1,1, Yn1.9m1 R1,C1,C; 7 2

fo
ands
2,82, Yp1,Yp2,¥n2,R2,R3,C3 9m2

=0 (14)
So, guation (14), confirms that under r-ideal conditions all the sensitivities of t
devised oscillator circuit are not more tr% in magnitude. Thus, the sensitivity of 1
proposed thirdbrder quadraire oscillator is under considerable limits.
From the above discussion it may concluded thatdgs@gned circuit can beha
excellently even under n-ideal conditions.

4. Effects of VDCC mrasitics
Fig. 4 displays thearasitic model of VDC [8]. Including the parasiticof VDCCs, the
proposed circuit has bereplicated in Fig. 5.

C, R,
po p’ ‘ oW
VDCC : "
no n 7 X’ w p OWp
Zo C R
Rz Rx P p
(o]
X

Figure 4. Parasitic model of VDCC [8]
In Fig. 5;R, = Ry + Ry1,Rp = Rpil| Rpz @andCy = C; + Cpp + Cpy.

The characteristiosquation of the circuit cFig. 5 can be expressed as:

as® +Bs>+ys+6=0 as)
e = R = (16 () 4 (24 254520
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and § = {Imfia (dmafa y 1) _Fa_}

Rq Rz2

R¢ RpRcRz2)’

P wni
VDCC
2

N, xW
a c3 RZZ

Figure 5. The proposed oscillator circuit with the parasitf VDCCs

Thus the expression of FO and CO of the propogeditcan be modified as:

1+—2)RaCaCZ (1+—2)RaRZZCaC3 RcR;5C32C3  RpR;2CaC3  RpRcCqCy
Rz1 Rz1

FO: f, = %7\]( _Im1 4 gmiFs PR S S | (16)

2
R R, C. R
CO: im1 2 (C3 Rz 2) + gTr;?lz X+ Imi Y+Z> Imi19mz2-Ra (17)
(1+R_Zzl) RaCa Zz2 (1+R_Zl) (1+Rzl) (1+E)Rd
C 2R, C; R, C; 1 (2R C R,C.
where Xé e el 2“),Y=—(—2+—3+—2 3),
RpCq  RzRpCq  R3,C Rc\Rzz G RpCqy

_Ra[1(63 2) Caq ] Ra_ (C3 ca) RaCZ( 1 1 )

=—|— +— )+ + = +—) + + ,

Rc LRp \RpCq Rz RZ,C3 RZC; \Rp Ry RpRz2 \RpCq ~ Rz2C3
RC = R2 + RZl' ande = R3 + sz .

It is evident from equations (16) and (17) that #@ and CO of the devised
oscillator are affected by the parasitics of theG3. However, this is not adverse as the
value of the parasitic resistandes R,, andR, are very high [14].

5. Simulation results

The reported third-order quadrature oscillator besn simulated with Cadence OrCAD
PSPICE simulator using the parameters of a 0.18GM®OS technology of Taiwan
Semiconductor Manufacturing Company, Ltd. [2] tettéhe theoretical analysis. The
supply voltages are taken Hsp = — Vss = 0.9 V and the biasing currents are taken as
Ipy = 50 yA and Iz, = 100 yA (gm = 277.8 uAlV). The aspect ratios of the MOS
transistors used in Fig. 2 is presented in TalhROP

The circuit was simulated usin®;, = R, = Rs = 1 K2, C; = (3 = 68 pF, and
C, = 75 pF. The value of theoretical frequency o$ ttheésign was 1.17 MHz, whereas the
value of simulated frequency was found as 1.12 MH®e deviation is just 4.27%. The
initial and steady state waveforms for the quadeatoltage outputg; andV, are shown
in Fig. 6a and Fig. 6b respectively. The sameHerquadrature current outputsandl,
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are shown in Fig. 7a and Fig. 7b respectivelys ltlear from the Fig. 6a and Fig. 7a that
the circuit takes 17.65 s to start its steady atjar.

Transistor WI/L (um)
M1, M2, M3, M4 3.6/1.8
M5, M6 7.2/1.8
M7, M8 2.4/1.8
M9, M10 3.06/1.72
M11, M12 9.0/1.72
M13, M14, M15, M16 14.4/1.72
M17 13.85/1.72
M18, M19, M20, M21,M22 0.72/0.72
Table 2: Aspect ratios of the MOS transistors of Fig. 2][29
1'0-' 1 [~ 1 1 | 1
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S 054 : ‘ :
] | | | :
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Figure 6: (a) Initial and (b) steady state waveforms of thadyature voltage outputs

139



S.Roy, T.K.Paul and R.R.Pal

= <

™ i i i i i re

...... ® TR

=T O e e =g gy e il d

10 I .

N T D

L_. - L L —

|||||||| i |

O i i [ &

N [ o

||||| = T (5=

~ lw® | s

2 b f co

= o ! | | E _ —

- -t === q--- e I-—-=+ 2 +

| “ " | o =

| | | | e = o3

| 1 | | P -
S ety St s (e e e e [

" ! " “ [

“ “ “ _ ol N~

1 | [ [ -

(EEPCREN [P | M P SRR T — | PRCSRNp— o

“ ! | " =

+ + 1 o i M~

n (=] o] (=] o o (=1 o

o] wn o o

= - - -

in s = :
(vr)uaaing yndinQ’ (y")uauing inding

Time(us)
(b)
Figure 7: (a) Initial and (b) steady state waveforms ofdbeadrature current outputs
The frequency spectrum &f, V, and/l;, I, are depicted in Fig. 8a and Fig. 8b
respectively. Fig. 8 shows that the total harmatigtortions (THDs) for all current and
140

voltage outputs are within 1%. The plotigfsV, andl;vs I, in X-Y plane is given in
Fig. 9a and Fig. 9b respectively. Fig. 9 confirnimoit the quadrature relationship

between the simulated outputs. The variation ob#udlation frequency {J with respect
to the variation of the capacit6y is displayed in Fig. 10. Static power dissipatiyrthe

reported circuit is found to be 1.35 mW.
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Figure 9: Lissajous figure showing quadrature relationstapween
(a) voltageV; andV, and (b) current; andl,
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Figure 10: Variation of § with respectto €

Monte-Carlo simulation for 100 samples with 5% talee in the value of RR; and
C; has been performed to verify the robustness ofptiposed oscillator circuit. The
result has been given in Fig. 11. The result shthas the oscillation frequency varies
from 1.10635 MHz to 1.12820 MHz with mean value 1¥44 MHz and standard
deviation 5.18351 kHz. Thus the shift in frequerxiess than 1% on both side of mean
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n Samples = 100 median =1.117316 MHz sigma =5.18351 kHz
n division = 10 minimum = 1.10635 MHz 90" %ile = 1111132
mean = 1,11744 MHz maximum = 1.12820 MHz 10" %ile = 1125496

Figure 11: Monte-Carlo simulation result

6. Conclusion

A new third-order quadrature oscillator circuit ngitwo VDCC, three grounded
capacitors, and three resistors (two are groungedyesented in this manuscript. The
oscillation condition and oscillation frequencytbt proposed quadrature oscillator are
independently controllable by single grounded pa&ssbmponent, as well as electronic
tuning is also possible. The circuit is feasible 0 fabrication, as all the capacitors are
grounded. Both current-mode and voltage-mode quadraignals can be simultaneously
obtained in the reported circuit. PSPICE simulatimsults have confirmed the
workability of the circuit.THD is within 1%. Static power dissipation is ab@B5 mW.
Monte-Carlo simulation result has been included.
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