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Abstract. Two new electronically controllable sinu-
soidal oscillators each employing two Voltage Differ-
encing Inverting Buffered Amplifiers (VDIBAs), two
capacitors, and a single resistor have been proposed.
The presented oscillators offer independent electronic
control of Condition of Oscillation (CO) and Frequency
of Oscillation (FO), and low active and passive sensi-
tivities. The effect of non-idealities of the VDIBAs on
the proposed oscillators is also investigated. The va-
lidity of the proposed structures has been confirmed by
SPICE simulation with TSMC' 0.18 pm process param-
eters.
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1. Introduction

Sinusoidal oscillators have the wide range of applica-
tions in signal processing, instrumentation and mea-
surement, control systems, and communications. Re-
cently, number of oscillators, have been proposed by
the various researchers, see [1], [2], [3], [4], [E], [@], [7],
[8], [O] and [1I0], and the references cited therein. In
[I1], authors proposed electronically controllable sinu-
soidal oscillator employing CMOS VD-DIBAs in which
the CO is controlled through a resistance, whereas
FO is electronically controllable by the transconduc-
tance of the VD-DIBA. A fully uncoupled electronically
controllable sinusoidal oscillator employing VD-DIBAs
was presented in [12], where CO and FO both are elec-
tronically controllable through a separate transconduc-
tance of the VD-DIBAs but the circuit uses four pas-
sive elements (two capacitors and two resistors). In
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reference [13], a fully uncoupled electronically control-
lable sinusoidal oscillator was presented employing four
Current Controlled Current Conveyors (CCCIIs) and
two capacitors. Two VDIBAs based single resistance
controlled oscillator with two capacitors and a resis-
tance has been proposed in [14], where only CO is
electronically controllable. Thus, the purpose of this
article is to propose two new sinusoidal oscillators hav-
ing electronic control of both CO and FO by separate
transconductance of the VDIBAs. This feature is very
attractive for realizing current-controlled oscillators as
FO can be adjusted independently without disturbing
CO, whereas the flexibility of being able to control CO
independently is useful in amplitude stabilization. The
proposed structures also offer low active and passive
sensitivities. The feasibility of the proposed sinusoidal
oscillators has been confirmed by SPICE simulation
with TSMC 0.18 pwm process parameters.

2. The Proposed New
Configurations

Many new active building blocks such as VDBA, CD-
DIBA, etc. were introduced for the first time in [I5].
It may be noted that VDIBA [I0] is a modified form
of VDBA introduced in [15], not all possible variants
of the various active building blocks were mentioned to
save the space. Thus, VDIBA, a four terminal active
building block with electronic tuning, was subsequently
generated [10] based upon the methodology of [I5].The
symbolic notation and equivalent model of the VDIBA
are shown in Fig. and Fig. respectively [10].
Using standard notations, the voltage-current relations
of VDIBA can be described by the following set of
equations:

I, =0=1_,1=g,(Vy —V_)and V,, = —8V4, (1)
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where [ is a non-ideal voltage gain of VDIBA. The
value of 5 in an ideal VDIBA is unity and g,, is the
transconductance of the VDIBA.

+
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VDIBA
I- Iz
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— >
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Fig. 1: (a) Symbolic notation, (b) equivalent model of VDIBA.
Figure 2| shows the proposed new sinusoidal oscil-

lators with independent electronic control of CO and
FO.
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Fig. 2: Proposed sinusoidal oscillators with electronic control of
both CO and FO.
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A routine circuit analysis of the circuits in Fig.
yields the following Characteristic Equation (CE), CO,
and FO for both the oscillators:

CE:s? s {7 (& + &) ~ 2} + ol =0, ()
Co: (M - Olgmz) <0, (3)
Ry
FO: f = 1 Imy (4)
' - 2 0102R0.

From Eq. and Eq. , it is seen that CO is elec-
tronically controllable by the transconductance g,,
where as FO is electronically controllable through the
transconductance g,,,. Thus both CO and FO are in-
dependently electronically controllable by two separate
transconductances.

3. Non-Ideal Analysis and
Sensitivity Performance

Let R, and C, denote the parasitic resistance and par-
asitic capacitance of the Z-terminal of VDIBA. Taking
the non-idealities into account, namely the voltage of
W-terminal V,,— = (—81V,), where 8T = 1—¢,(e, <<
1) denotes the voltage tracking error, then the expres-
sions for CE, CO and FO, respectively, become:

e For the circuit given in Fig. is CE in Eq. ,
CO in Eq. @ and FO in Eq. .

e For the circuit shown in Fig. is CE in Eq. ,
CO in Eq. @I) and FO in Eq. .

The various active and passive sensitivities of FO are
given by:

e For the circuit of Fig.

1
Sko = —5°
. R.(1+ R.B*gm,) (1)
Rz (RO + RZ)B+gm1 + (RO + Rz - —RO—Rzng)7
wo l
o2 (12)
. 2-RO + Rz - RzRO(ﬂ+gm1 - gmg)
Rz (RO + Rz)ﬁ+gm1 + (RO + Rz - -RORzgmg)7
wo _ 1
gmi — 9
. RZ(RO + Rz)ﬁ+g7n1 (13)
Rz (RO + Rz)ﬁ+gnzl + (RO + Rz - RoRzng)7
wo _ 1
gmy — 9
R. Rogn, (14)
.RZ(RO + Rz)6+gm1 =+ (RO + Rz - ]%()Rzgmz)7
800
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CE: s*(C1Cq + C1C, + 20,C, + C?)+
C14+2C,+C, C1+Cy+0C,
s{( R A +026+Gml—(01+cz>gm}+

R, Ry ()
R.(Ro + R.)B gm, + (Ro+ R. — RoR.gm,) 0
+ RoR2 -
2
CO- C1+20,+C, n Ci+Cy+C, i Czﬁ+Gm1 —(C1 + C)gm, b < 0. (6)
Rz RO
+ _
FO: wo = Rz(RO + Rz)ﬁ gml + (RO + Rz RORZQMQ) (7)
RORE(C’lCQ + C1C, +20C5C, + Cg)
CE: s*(C1Cy + C1C, 4+ 2C,C, + C%)+
Ci1+20,+C, Ci+C+C,
ped (2 T OR R R ) L 0BG, — (Cy t C2)B gy b+
R. Ro (8)
Rz(RO + Rz)ﬁ+gm1 + (RO + Rz - RORzﬁ+gm2) -0
+ RoR2 o
2
Co: Ci+ 02+CZ+C1+CQ+CZ + C.B Gy — (Cr + C2)B g, + < 0. (9)
R, Ry
+ _ +
FO: Wo = RZ(RO + Rz)ﬁ 9Imy + (RO + Rz RORzB gmz). (10)
RoR%(C1C2 + C1C, +2C5C, + C2)
1 C(Ce + Cy) wo _ 1
Sg‘? =757 N (15) Sme -y
2 (0102 + CC, +2C5C, + Cz) | RZR05+gm2 (22)
gwo _ _ 1. C5(C1 +2C%) (16) R.(Ro + R2)B* gy + (Ro + R. — RoR-B gmy)’
C2 2 (C16’2 + C1C, +2C,C, + C?)’ o 1 01(02 + Cz) (23)
Y C.(Cy + 205 1 2C.) - G2 (G104 C1C + 2050, + C2)
C: 2 (0102+010z+2020,z+0§)’ gwo _ _1 02(01 +2Cz) (24)
1 G2 9 (0102+C1Cz+2CQOZ+C§)7
S0 = —.
Bt T 9 (18) gwo _ _1 ) OZ(C1 +2C5 + 202) (25)
. { R.(Ro + R.)B% gm, } . C- 2 (C1Cy + C1C, +205,C, + C2)’
Rz (RO + Rz)ﬁ-‘—gml + (RO + Rz - RORzgmz) 1
S — .
Bt 2
e For the oscillator of Fig. R2B* g, + RoR. (g, — Gomy) BT (26)
. {Rz(RO + Rz)ﬁJrgml + (RO + Rz - RORzﬂ+gm2) }
wo _ _ L
Sho = 2 (19) In the ideal case, the various sensitivities of FO with
_ R.(1+ R.3"gm,) respect to Ro, Rz, C1, C2, gmys Gma» Ym,, and C. for
R.(Ro+ R.)B gm, + (Ro+ R, — RoR.B% gm,)’ both the oscillators are found to be:
wo 1 1
Rz - 75 SW[) _ S(.U() _ SWU —
Ry — MC1 T MCy T ’
) QRO + Rz - RzR0ﬁ+(grrL1 - gmg) (20) w 1 2 (27)
R.(Ro+ R.)B* g, + (Ro+ Rz — RoR.B gm,)’ Sgo, =552 =3
o S = Sg = 53, =0.
gmy = 5
R.(Ro + R.)B" gm, (21) Considering the typical values of various parasitic as
"Ro(Ro+ B)B gmy + (Ro + R. — RoR.B gmy)’ given in [10], e.g. C: = 0.367 pF, R. = 131.93 kQ,
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R. = 4236 Q 54— =1, 9 = 600 pS, and Tab. 1: The aspect ratios of MOSFETs.
w . ) ) ma )

gm, = 704.7 uS along with C; = Cy = 10 nF, and
Ry = 3.333 k€, the various sensitivities are found to
be:

e TFor the circuit of Fig.

Se0 = —0.5, &0 = —0.5, S0 =0,
Sk = —0.5, SE° = —0.0087, Sg° = 0.508,

Sen, = 0.0147and S50 = 0.508 (28)
which are all low.
e For the circuit of Fig. [2(b)|
S¢o = -0.5, 55 =0, Sp° = —0.502,
wo __ wo
Sk, = —0.0087, Sz = 0.508 and (29)

S;?Lz = —0.0147 and S‘gﬁ’r = 0.498
which are all low.

4. SPICE Simulation Results

To confirm theoretical analysis, the proposed oscilla-
tors were simulated using CMOS VDIBA (as shown in
Fig. . The CMOS VDIBA is implemented using 0.18
pum TSMC real transistor models which are listed in
Tab. 2] Table [T] shows the aspect ratios of transistors
used in Fig. The passive elements were selected as
Cy = Cy = 10 nF, Ry = 3.333 k2. The transconduc-
tances of VDIBAs were controlled by the bias currents
Iy, =100 pA and I, = 110 pA, respectively. PSPICE
generated output waveforms indicating transient and
steady state responses of circuits in Fig. [2] are shown
in Fig. 4] and Fig. ] respectively. These results, thus,
confirm the validity of the proposed configurations.
Figure [6] shows the output spectrum of circuits shown
in Fig. whereas the Total Harmonic Distortions
(THD) for both circuits are found to be 1.0542 % and
1.049 %, respectively. Figure [7| shows the variation of
frequency with the transconductance g,,, for both cir-
cuits in Fig.

VDD,
M5
VW-
M6
V+ e[ Ml
VSS

Fig. 3: An exemplary CMOS implementation of VDIBA [10],
Vpp =Vgs =09 V.
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102F  [Oscitation Freq. = 6.753Kitz THD = 1.0542% | 102k Oscillation Freq. = 6.753KHz THD =1.049% |

Voltage (V)
Voltage (V)

10 . . . 10°° . . .
10* 10 10 10
Frequancy (Hz) Frequancy (Hz)

(a) (b)
Fig. 6: Circuit frequency response of: (a) Fig. (b) Fig. |2(b)

Tab. 2: 0.18 ym TSMC CMOS model parameters.

.MODEL N NMOS ( LEVEL = 7, VERSION=3.1 TNOM=27

TOX=4.1E-9 XJ=1E-7 NCH=2.3549E17 VTHO0=0.3725327 K1=0.5933684 K2=2.050755E-3
K3=1E-3 K3B=4.5116437 W0=1E-7 NLX=1.870758E-7 DVTOW=0 DVT1W=0 DVT2W=0
DVT0=1.3621338 DVT1=0.3845146 DVT2=0.0577255 U0=259.5304169 UA=-1.413292E-9
UB=2.229959E-18 UC=4.525942E-11 VSAT=9.411671E4, A0=1.7572867 AGS=0.3740333
B0=-7.087476E-9 B1=-1E-7 KETA=-4.331915E-3 A1=0 A2=1 RDSW=111.886044 PRWG=0.5
PRWB=-0.2 WR=1 WINT=0 LINT=1.701524E-8 XL=0 XW=-1E-8 DWG=-1.365589E-8
DWB=1.045599E-8 VOFF=-0.0927546, NFACTOR=2.4494296 CIT=0 CDSC=2.4E-4 CDSCD=0
CDSCB=0 ETA0=3.175457E-3 ETAB=3.494694E-5 DSUB=0.0175288 PCLM=0.7273497
PDIBLC1=0.1886574 PDIBLC2=2.617136E-3 PDIBLCB=-0.1 DROUT=0.7779462
PSCBE1=3.488238E10 PSCBE2=6.841553E-10 PVAG=0.0162206 DELTA=0.01 RSH=6.5
MOBMOD=1 PRT=0 UTE=-1.5 KT1=-0.11 KT1L=0 KT2=0.022 UA1=4.31E-9 UB1=-7.61E-18
UC1=-5.6E-11 AT=3.3E4 WL=0 WLN=1 WW=0 WWN=1 WWL=0 LL=0 LLN=1 LW=0 LWN=1
LWL=0 CAPMOD=2 XPART=0.5 CGDO=8.53E-10 CGSO=8.53E-10 CGBO=1E-12 CJ=9.513993E-4
PB=0.8 MJ=0.3773625 CJSW=2.600853E-10 PBSW=0.8157101 MJSW=0.1004233 CJSWG=3.3E-10
PBSWG=0.8157101 MJSWG=0.1004233 CF=0 PVTH0=-8.863347E-4 PRDSW=-3.6877287
PK2=3.730349E-4 WKETA=6.284186E-3 LKETA=-0.0106193 PU0=16.6114107

PUA=6.572846E-11 PUB=0 PVSAT=1.112243E3 PETA(0=1.002968E-4 PKETA=-2.906037E-3)

.MODEL P PMOS ( LEVEL=7, VERSION=3.1

TNOM=27 TOX=4.1E-9 XJ=1E-7 NCH=4.1589E17 VTH0=-0.3948389 K1=0.5763529
K2=0.0289236 K3=0 K3B=13.8420955 W0=1E-6 NLX=1.337719E-7 DVTOW=0 DVT1W=0
DVT2W=0 DVT0=0.5281977 DVT1=0.2185978 DVT2=0.1 U0=109.9762536 UA=1.325075E-9
UB=1.577494E-21 UC=-1E-10 VSAT=1.910164E5 A0=1.7233027 AGS=0.3631032 B0=2.336565E-7
B1=5.517259E-7 KETA=0.0217218 A1=0.3935816 A2=0.401311 RDSW=252.7123939 PRWG=0.5
PRWB=0.0158894 WR=1 WINT=0 LINT=2.718137E-8 XL=0 XW=-1E-8 DWG=-4.363993E-8
DWB=8.876273E-10 VOFF=-0.0942201 NFACTOR=2 CIT=0 CDSC=2.4E-4 CDSCD=0 CDSCB=0
ETA0=0.2091053 ETAB=-0.1097233 DSUB=1.2513945 PCLM=2.1999615 PDIBLC1=1.238047E-3
PDIBLC2=0.0402861 PDIBLCB=-1E-3 DROUT=0 PSCBE1=1.034924E10 PSCBE2=2.991339E-9
PVAG=15 DELTA=0.01 RSH=7.5 MOBMOD=1 PRT=0 UTE=-1.5 KT1=-0.11 KT1L=0 KT2=0.022
UA1=4.31E-9 UB1=-7.61E-18 UC1=-5.6E-11 AT=3.3E4 WL=0 WLN=1 WW=0 WWN=1 WWL=0
LL=0 LLN=1 LW=0 LWN=1 LWL=0 CAPMOD=2 XPART=0.5 CGDO=6.28E-10 CGSO=6.28E-10
CGBO=1E-12 CJ=1.160855E-3 PB=0.8484374 MJ=0.4079216 CJSW=2.306564E-10
PBSW=0.842712 MJSW=0.3673317 CJSWG=4.22E-10 PBSWG=0.842712 MJSWG=0.3673317
CF=0 PVTH0=2.619929E-3 PRDSW=1.0634509 PK2=1.940657E-3 WKETA=0.0355444
LKETA=-3.037019E-3 PU0=-1.0227548 PUA=-4.36707E-11 PUB=1E-21 PVSAT=-50

PETA0=1E-4 PKETA=-5.167295E-3)
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Table [3| shows the comparison with other previously
known oscillators using different active building blocks.

Tab. 3: Comparison with other previously known fully uncou-
pled sinusoidal oscillators.

No. of Independe':nt
. No. of Electronic
Reference active . -
NS Passive Tunability
Number Building .
Blocks Components in Both
CO and FO
1 2 6 NO
2 3 04.VI NO
5 3 2 NO
6 01.111 02.I11 NO
7 3 2 NO
8 4 2 YES
9 2 2 YES
1T 2 3 NO
12 2 4 YES
13 4 2 YES
14 2 3 NO
Proposed 2 3 YES

10 T

—--Theoretical
gl —Simulated

Frequency (KHz)

400 600 800 1000
Transconductance gm1(7S)

0 200 1200

Fig. 7: Variation of frequency with g,,, for both the circuits of

Fig.

5. Conclusion

In this paper, two new circuit configurations employ-
ing two VDIBAs along with a minimum number of
passive elements (i.e. two capacitors and only one re-
sistor) have been presented. The proposed oscillators
offer independent electronic control of both CO and
FO, and have low active and passive sensitivities. The
validity of both oscillators was established by SPICE
simulations with a CMOS VDIBA architecture imple-
mentable in 0.18 um TSMC CMOS technology.
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