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ABSTRACT

A multiphase sinusoidal oscillator (MSO) using dual output voltage differencing buffered amplifier (DO-
VDBA) is presented in this paper which provides n equally spaced phase sinusoids of equal magnitudes.
The proposed MSO topology is realized using the first order all pass network (APN). In the proposed
structure the output voltages are made available at low impedance nodes which makes the proposed
MSO easy for cascadability. Making the proposed structure a resistorless structure is a major challenge.
The main benefits of the structure are easy integration and less power losses. The formulation of
frequency and condition of oscillation is derived mathematically. The oscillation frequency can be tuned
electronically, is an added advantage of the proposed MSO. The effect of device non-idealities is also
discussed in the study. To assess the proposed MSO performance further Monte Carlo analysis was
carried out. The workability of the proposed structure is verified through SPICE simulations for a three
(n=3) and four (n=4) phases MSO, and the obtained simulated results are in close agreement with the
theoretical values. The total harmonic distortion (THD) is found to be quite low.
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NOMENCLATURE

C Capacitance Greek Symbols

n Nano € Tracking Error
A Ampere o 1-ggm

\Y Volt B 1-¢

1) Micro

1. INTRODUCTION

order all pass networks (APNSs) [5, 14-16, 18, 20] or first
order high pass networks (HPNs) [11] in closed loop.

The multiphase sinusoidal oscillators (MSO) generate
multiple (>3) sinusoidal signals of the same frequency
which are equally spaced in phase. The widespread usage
of MSO in telecommunication systems, power
electronics, instrumentation, radar system and control
systems is well known.

A large number of MSOs realization are available in
the literature [1-22]. The available literature suggests that
VDBA based MSO has not been realized so far; though
a variety of MSOs has been designed using different
active building blocks (ABB). These existing structures
use n cascaded phase shifting networks such as first order
low pass networks (LPNs) [1-4, 6-10, 12, 13, 17, 19], first
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The available literature can be classified as voltage
mode (VM) [1-9, 11, 12, 19, 20], or current mode (CM)
[10, 11, 13-15, 18] configurations according to the output
signal provided by MSO. The MSOs [1-5] realized using
operational amplifiers (Op-Amp) have limited high
frequency operation due to constant gain-bandwidth
product and lower slew rate. To produce high frequency
oscillations different current mode ABBs have been used
such as second generation current conveyor (CCII) [6-11,
22] current differencing transconductance amplifier
(CDTA) [14, 15], current differencing unit (CDU) [16],
current feedback operational amplifier (CFOA) [17, 21],
current controlled CDTA (CCCDTA) [18], and
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operational transresistance amplifier (OTRA) [19, 20].
Moreover, these structures are capable of producing the
high frequency oscillation. However, they suffer from
few limitations including the number of active blocks per
phase, the number of passive components, availability of
output voltage at high impedance node. This paper
presents a dual output voltage differencing buffered
amplifier (DO-VDBA) based MSO consisting of n APN
in a closed loop.

The DO-VDBA consists of an input voltage
differencing stage and the output current is equal to
transcoductance times the difference of voltages. Further,
a voltage terminal at low impedance is also available,
thus adding design flexibility. Thus it can be understood
as a transconductance amplifier (TA) followed by a
voltage buffer (inverting/non-inverting). Bias dependent
transconductance adds the feature of electronic tunability

of circuit parameters. Thus, the DO-VDBA has emerged
as a promising choice for both VM and CM analog
applications in the recent past. Since several structures of
MSOs are available, a comparison Table 1 is drawn based
on a) ABB, b) number of ABB required for per phase
generation, c) mode of signal d) output impedance, e)
design methodology f) no of passive components Q)
electronic tunability and h) the technology used.

It may be observed from Table 1 that, Opamp based
structures have limited high-frequency operations [1-5].
MSOs provide voltage output at high impedance [6-9, 11,
12]. Structures presented in literature [1, 2, 8, 17] are not
tunable as they make use of parasitic capacitance; MSOs
provide current outputs so additional circuitry is required
to convert it to voltage for driving voltage inputs circuits
[10, 11, 13-15, 18], only limited structures provide
electronic tenability [12-15, 18]. The MSO uses two

TABLE 1. Comparison with the previously available Multiphase sinusoidal oscillators

Ref. ABB gr:é;]; CMI\//I\(/)I(\j/T ((J):)e?:tti%;tOr |moplét(§);ntce TeDciSri\%ue (gija(gi/ TETQSES;\%/ Technology used
ase mode of operation control
[1] OpAmp 1 VM Low LPN 240 N/N Op-Amp 741
[2] OpAmp 1 VM Low LPN 2+0 N/N Op-Amp 741
[3] OpAmp 1 VM Low LPN 3+1 YIN LF351
[4] OpAmp 1 VM Low LPN 2+1 YIN OPA 351 HA 2544
[5] OpAmp 1 VM Low APN 3+1 YIN LF 351 HA 2533C Exp
[6] ccll 1 VM High LPN 2+1 YIN ADB844AN
7 ccll 1 VM High LPN 2+1 YIN AD844
[8] ccll 1 VM High LPN 240 N/N -
[9] ccll 1 VM High LPN 2+1 YIN ADB44Exp
[10] CcCll 1 CM High LPN 0+2 Y/N Bipolar PR200N and R200N
[11] cci 1 VM High HPN 1+2 YIN CA 3096 E
OTA 1 VM High LPN 1+1 Y/N

OTA+buffer 1 VM High LPN 2+1 YIN

[12] CA3080
OTA 2 VM High LPN 0+1 YIY

OTA-+buffer 1 VM High LPN 0+3 YIY
[13] CDTA 1 cM High LPN 0+1 YIY BipolarPR100N and NP100N
[14] CDTA 2 CM High APN 0+1 YIY BipolarPR100N and NP100N
[15] CDTA 1 CM High APN 2+1 YIY BipolarPR200N and NP200N
[16] (1]V) 1 VM High APN 1+1 Y/N CMOS 0.7 Im technology
[17] CFOA 1 VM Low LPN 2+0 Y/N AD844AN
[18] CCCDTA 1 CM High APN 1+1 YIY 0.25um CMOS technology
[19] OTRA 1 VM Low LPN 2+1 Y/N AD 844
[20] OTRA 1 VM Low APN 3+1 Y/N 0.35um TSMC CMOS technology
[21] AOFC Y MV woL APN 5+1 N/N AD 844
Proposed DO-VDBA 1 VM Low APN 0+1 YIY 0.18 um CMOS
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ABBs per phase as against the rest of the structures [14,
21], only a few realizations are active C structures [10,
12-14].

Thus, this communication aims at presenting a new
active — C MSO design using DO-VDBA based on APNs
which overcomes all the limitations of existing structures
and is the best suitable for voltage mode operations.
Several applications have been used by many researchers
in different fields including electronics [23-27] and
others [28-32] using new advancements in technologies.
The pros of the proposed MSO, when compared to the
existing structures are that
e  The proposed is resistorless giving the advantage of

low power losses and better integration.

e  The novelty of the current study is that MSO
designed using DO-VDBA with zero resistors were
explored very limited in previous researches.

. Moreover, a resistorless multiphase oscillator with
DO-VDBA has not been studied in the past that
makes the work new in the area.

e  The proposed MSO provides a voltage output at a
low impedance node. Therefore, no extra circuitry
is required.

e The frequency of oscillation is electronically
tunable.

2. PROPOSED DO-VDBA BASED ACTIVE -C MSO

The DO-VDBA is a five terminal element characterized
by two high impedance voltage input terminals ( p and
n), one high output impedance terminal z and two low
impedance inverted/non-inverted buffered output
terminals (w-,w+), respectively; which makes it more
flexible for circuit design applications as compared to
other ABBs [22, 25-26].

The symbolic representation of DO-VDBA is given
in Figure 1 and the port relationship is described by the
matrix (1).

IZ 00 Im —Onm VZ
Vel |2 00 0 0 |l
Veol=|-1 00 0 0 |1, ()
b/ o o0 0 o |V
I 000 0 0 |Va

Vpo—>p W+ —— Vs

DO-
v VDBA
"O——n W - —V,,
z

Figure 1. The circuit symbol of VDBA

where gm represents the transconductance gain from
input to z terminal of DO-VDBA. The DO-VDBA [24]
based APN presented by Sotner et al. [23] and
reproduced in Figure 2 is used for the proposed MSO
realization.

The transfer function of the APN may be written as
follows:

C
\% -sC 1_3?

G(s) ==t S @
Vin gm+sC 1+s—
9m

The proposed MSO is shown in Figure 3 and its loop gain
can be expressed as follows:

n

1isi
- Im_ 3
L(s) = o ©)
1+s——
m

As per Barkhausen's criterion if the loop gain at a
frequency g, is unity the system results in sustained
oscillation. Thus the proposed topology will provide
sinusoidal oscillations if its loop gain is expressed as
follows:

1-ja, C !

L(jwo)——A”[_ ?"‘] =1 4)
1+ jo, A

Thus the magnitude and phase response for Equation (4)

can be found as Equations (5) and (6), respectively.

IL(j@p) =1 ®)

ZL(jw,)=0 (6)

As each APN provides an identical phase shift (¢ ), then
the total phase shift of the loop (¢ ) to satisfy the
Barkhausen Criteria for oscillations is given by the
follow ing expressions:

g =Ng+7 =21 (7

$=

T
n

®)

|:p Vo
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Figure 2. APN using DO-VDBA [25]
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Figure 3. The proposed DO -VDBA based Active C MSO

Thus the condition of oscillation (CO) can be o)
computed as CO: A=1

and the frequency of oscillation (FO) can be enumerated
as follows:

g V4
f =—2m tanl =2
° " 2zC an(an (10)

It may be observed from Equation (10) that the FO can
be varied either by changing the value of C or can be
electronically tuned through gm by varying the bias
current.

3. NON-IDEALITY

The performance of the proposed MSO may deviate from
the ideal one due to the deviation of the internal current
and voltage transfer of VDBA from unity. These
deviations amend the terminal characteristics as follow:

I, 0 00 a9, —ag, v,
V.| | B, 00 0 0 |1,
V. [=|-B, 00 0 o |1, (11)
l, 0o o0 0o o |V
[ 0 00 O 0 [LVa

where a=1-ggm.The ggm (|legm||<<1) are transconductance
tracking errors. The PBp=1-gp where & (|lgp [|<<1)
represents the voltage tracking error from z terminal to
w-. Similarly Bn=1-&n with € (]|&n ||<<1) being the voltage
tracking error from z terminal to w- terminal.
Considering these non-idealities into account the G(s) is
modified as G(S) n.

C
1 1—sag
G(s) p="— 21 (12)
By 1+37C
fn9m
1 n 1—sa;:
L) 1 =p [—] %O 13)
) "\5 1+s c
aBnOm

The non-ideal gains create some deviation in the transfer
function. However, these small deviations can be
compensated by properly adjusting the transconductance
gains (gm) of the VDBAs.

4. SIMULATION RESULTS

The proposed MSO has been validated through SPICE
simulations using TSMC CMOS 0.18 um technology.
The CMOS DO-VDBA [23] which is reproduced in
Figure 4 is used for simulation. Table 2 enlists the aspect
ratios of the respective transistors. The supply voltages
used are + 1 V and the bias current Iy is set to 40pA. The
gm of the DO-VDBA is given by the following
expression:

W
On = /uncox(fj Ih (14)
3,4

The simulated value of gm is observed to be 200puA/V
against its theoretical value of 209 YUA/V. The power
consumption is observed to be 4 mW.

A simulation setup is arranged to get the output of the
MSO of Figure 3 for n=3, for which values of all
capacitors (C1=C,=C3) are chosen as 5 pF. The steady-
state output is shown in Figure 5(a) while the frequency
spectrum is depicted in Figure 5(b). The simulated
frequency of oscillations is observed to be 3.5 MHz
against the theoretical value of 3.6 MHz. Total harmonic
distortion (THD) was observed to be 0.78% which is a
substantially low value.

Further, the proposed MSO was simulated for n = 4
and while capacitance values are still set as 5 pF. This
results in a theoretically calculated FO of 2.6 MHz. The
simulated steady-state output and corresponding
frequency spectrum are depicted in Figures 6(a) and 6(b),

TABLE 2. Aspect Ratios
(W/L)um

Mi-My 7.2/1.8
Ms-Mg 27/0.54

Transistor
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Vg that proposed structure is almost immune to parameteric
variations.
MS M7
M8 pa _V | 7 —outl —'.'r.u:j 1
Voutd m———outd
W+ 200m-+

100m |
VSS S o0
Figure 4. CMOS implementation of DO-VDBA [23] =
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Figure 5. Simulated output for 3 phase MSO (a) Steady- 34
state; (b) frequency spectrum |
;“; | T *  Theoretica Freguency
= o= Fniidhali g iancy
respectively. The simulated FO is observed to be 2.5 22 :

MHz and the THD as 1.19%.

Tuning of FO of 3 phase MSO with capacitance is ' i 2
depicted in Figure 7(a) and the variation of oscillating | |
frequency with bias current lyias is presented in Figure SR R 'c(ip)’ R R
7(b). It may be observed that the simulated frequencies (a)

closely follow the theoretical values.

To check the robustness and effect of parameter
variations of the proposed MSO, the Monte-Carlo
statistical analysis is done via simulation. Monte carlo
analysis was carried out keeping n=4 and the resultant
histogram obtained is shown in Figure 8. First, the 5%
variation in the value of C is done and followed by
considering 5% deviation in mobility, threshold voltage
and oxide thickness to investigate the effect of mismatch
on the frequency of oscillation. It is observed that the 1 40
value of oscillation frequency remains close to its
theoretical value of 2.6 MHz and hence almost unaffected
by the parameter variations. Thus, it is worth mentioning

*  Thoretcal Freguency

-

FO (MMz)
-

LA, LD

o

[
D (A
(b)
Figure 7. (a) FO vs C; (b) FO vs Ibias
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Figure 9. Monte Carlo simulation
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5. CONCLUSION

An n phase Active-C MSO topology using DO-VDBAS
was proposed in this paper. The proposed structure is a
resistorless structure. The proposed structure provides n
phase oscillations at low impedance nodes. As the
proposed circuit provides output at low impedance nodes,
so it can be readily used to drive voltage input circuits
without needing any extra circuitry. Also, the frequency
of oscillation can be tuned electronically. The effect of
device non-idealities on the proposed MSO was
analyzed. The functionality of the proposed MSO is
verified through SPICE simulations for two instance
cases (three and four-phase MSOs). The simulation
results are found to be in close agreement with the
theoretical values. Monte Carlo analyses have also been
carried out to evaluate the robustness of the proposed
structure. For future works, experimental analysis and
validation of results shall be carried out using the off
shelf ICs.

6. REFERENCES

1.  Abuelma’attiM. T.and W. A. Almansoury, “Active-R multiphase
oscillators,” IEE Proceedings G-Electronic Circuits and

10.

11.

12.

13.

14.

15.

16.

Systems, Vol. 134, No. 6, (1987), 292-294. DOI: 10.1049/ip-g-
1.1987.0046.

Stiurca, D. “On the multiphase symmetrical active-R oscillators,”
IEEE Transactions on Circuits and Systems Il Analog Digital
Signal Processing, Vol. 41, No. 2, (1994), 156-158. DOI:
10.1109/82.281848.

Gift, S. J. G. “Multiphase sinusoidal oscillator system using
operational amplifiers,” International Journal of Electronics,
Vol. 83, No. 1, (1997), 61-68. DOI: 10.1080/002072197135652.

Gift, S. J. G. “Multiphase sinusoidal oscillator using inverting-
mode operational amplifiers,” IEEE Transactions on
Instrumentation and Measurement, Vol. 47, No. 4, (1998), 986-
991. DOI: 10.1109/19.744654.

Gift, S. J. G. “Application of all-pass filters in the design of
multiphase sinusoidal systems,” Microelectronics Journal, Vol.
31, No. 1, (2000), 9-13. DOI: 10.1016/S0026-2692(99)00084-1.

Wu, D. S,, Liu, S.-I., Hwang, Y.-S. and Wu, Y.-P. “Multiphase
sinusoidal oscillator using second-generation current conveyors,”
International Journal of Electronics, Vol. 78, No. 4, (1995),
645-651. DOI: 10.1080/00207219508926198.

Hou, C.-L. and Shen, B. “Second-generation current conveyor-
based multiphase sinusoidal oscillators,” International Journal
of Electronics, Vol. 78, No. 2, (1995), 317-325. DOI:
10.1080/00207219508926165

Abuelma’atti, M. T. and Al-Qahtani, M. A. “A Grounded-
Resistor Current Conveyor-Based Active-R  Multiphase
Sinusoidal Oscillator,” Analog Integrated Circuits Signal
Processing, Vol. 16, No. 1, (1998), 29-348. DOI:
10.1023/A:1008265817455

Skotis, G. D., and Psychalinos, C. “Multiphase sinusoidal
oscillators using second generation current conveyors,” AEU-
International Journal of Electronics and Communications, Vol.
64, No. 12, (2010), 1178-1181. DOI: 10.1016/j.aeue.2009.11.013.

Abuelma’atti, M. T. and Al-Qahtani, M. A. “A new current-
controlled multiphase sinusoidal oscillator using translinear
current conveyors,” IEEE Transactions on Circuits and Systems
11 Analog Digital Signal Processing, VVol. 45, No. 7, (1998), 881—
885. DOI: 10.1109/82.

Abuelma’atti, M. T., Al-Qahtani and M. A. “Low component
second-generation current conveyor-based multiphase sinusoidal
oscillator,” International Journal of Electronics, vol. 84, no. 1,
(1998), 45-52. DOI: 10.1080/002072198134986

Khan, I. A., Ahmed, M. T. and Minhaj, N. “Tunable OTA-based
multiphase sinusoidal oscillators,” International Journal of
Electronics, Vol. 72, No. 3, (1992), 443-450. DOI:
10.1080/00207219208925585

Tangsrirat, W. and Tanjaroen, W. “Current-Mode Multiphase
Sinusoidal Oscillator Using Current Differencing
Transconductance Amplifiers,” Circuits, Systems & Signal
Process., Vol. 27, No. 1, (2008), 81-93. DOI: 10.1007/s00034-
007-9010-y

Jaikla, W., Siripruchyanun, M., Biolek, D. and Biolkova, V.
“High-output-impedance current-mode multiphase sinusoidal
oscillator employing current differencing transconductance
amplifier-based allpass filters,” International Journal of
Electronics, Vol. 97, No. 7, (2010), 811-826. DOI:
10.1080/00207211003733288.

Tangsrirat, W., Tanjaroen, W. and Pukkalanun, T. “Current-mode
multiphase sinusoidal oscillator using CDTA-based allpass
sections,” International Journal of Electronics
Communications, Vol. 63, No. 7, (2009), 616-622. DOI:
10.1016/j.aeue.2008.05.001.

Vavra, J. and Bajer, J. “Current-mode multiphase sinusoidal
oscillator based on current differencing units,” Analog Integrated
Circuits Signal Processing, Vol. 74, No. 1, (2013), 121-128.
DOI: 10.1007/s10470-012-9906-8.


https://doi.org/10.1109/82.281848
https://doi.org/10.1080/002072197135652
https://doi.org/10.1109/19.744654
https://doi.org/10.1016/S0026-2692(99)00084-1
https://doi.org/10.1080/00207219508926198

1444

17.

18.

19.

20.

21.

22.

23.

24.

25.

P. Gupta and R. Pandey / IJE TRANSACTIONS C: Aspects Vol. 34, No. 6, (June 2021) 1438-1444

Wu, D.-S,, Liu, S.-l., Hwang, Y.-S. and Wu, Y.-P. “Multiphase
sinusoidal oscillator using the CFOA pole,” IEE Proceedings-
Circuits, Devices and Systems, Vol. 142, No. I, (1995), 37. DOI:
10.1049/ip-cds:19951682.

Jaikla, V. and Prommee, P. “Electronically tunable current-mode
multiphase sinusoidal oscillator employing CCDTA-based
allpass filters with only grounded passive elements,”
Radioengineering, Vol. 20, No. 3, (2011), 594-599.

Pandey, R., Pandey, N., Bothra, M. and Paul, S. K. “Operational
transresistance amplifier-based multiphase sinusoidal
oscillators,” Journal of. Electrical Computer Engineering, Vol.
2011, (2011), 1-8. DOI: 10.1155/2011/586853

Pandey, R., Pandey, N., Mullick, R., Yadav, S. and Anurag, R.
“All Pass Network Based MSO Using OTRA,” Advances in
Electronics, Vol. 2015, (2015), 1-7. DOI: 10.1155/2015/382360.

Yuce. E., Verma, R., Pandey, N. and Manaei, S. “New CFOA-
based first-order all-pass filters and their applications,”
International Journal of Electronics and Communications
(AEU), Vol. No. 103, (2019), 57-63. DOl
: 10.1016/j.aeue.2019.02.017.

Kumar, A. and Paul, S.K. “Current mode First order Universal
Filter and Multiphase Sinusoidal Oscillator” International
Journal of Electronics and Communications, (2017). DOI:
10.1016/j.aeue.2017.07.004

Sotner, R., Jerabek, J. and Herencsar, N. “Voltage Differencing
Buffered / Inverted Amplifiers and Their Applications for Signal
Generation,” Radioengineering, Vol. 22, No. 2, (2013), 490-504.

Gupta, P. and Pandey, R. “Voltage Differencing Buffered
Amplifier based Voltage Mode Four Quadrant Analog Multiplier
and its Applications,” International Journal of Engineering,
Transactions A: Basics, Vol. 32, No. 4, (2019), 528-535. DOI:
10.5829/1JE.2019.32.04A.10

Herencsar, N., Minaei, S., Koton, J., Yuce, E. and Vrba, K. “New
resistorless and electronically tunable realization of dual-output
VM all-pass filter using VDIBA,” Analog Integrated Circuits

26.

27.

28.

29.

30.

3L

32.

and Signal Processing, Vol. 74, (2013), 141-154. DOI:
10.1007/s10470-012-9936-2

Singh, S. V., Tomar, R. S. and Chauhan D. S., “A New Trans-
Admit tance-Mode Biquad Filter Suitable for Low Voltage
Operation”, International Journal of Engineering, Transactions
B: Applications, Vol. 28, No. 12, (2015), 1738-1745. DOI:
10.5829/idosi.ije.2015.28.12¢.06.

Farshidi, E. and Keramatzadeh, A., “A New Approach for low
voltage CMOS based on current -controlled conveyors”,
International Journal of Engineering, Transactions B:
Applications, Vol. 27, No. 5, (2014), 723-730. DOIl:
10.5829/idosi.ije.2014.27.05b.07

Gharibshahian, E., “The Effect of Polyvinyl Alcohol
Concentration on the Growth Kinetics of KTiOPO4 Nanoparticles
Synthesized by the Co-precipitation Method”, Hightech and
Innovation Journal, Vol. 1, No. 4, (2020), 187-193. DOI:
10.28991/H13-2020-01-04-06.

G. M. Elaragi. “Design and Operation of First Egyptian IEC
Fusion Plasma Device”, Emerging Science Jorrnal, Vol. 3, No.
4, (2019), 241-248. DOI: 10.28991/esj-2019-01186.

Kibaara, S. K., Murage, D. K., Musau, P. and Saulo, M. J,,
“Comparative Analysis of Implementation of Solar PV Systems
Using the Advanced SPECA Modelling Tool and HOMER
Software: Kenyan Scenario”, Hightech and Innovation Journal,
Vol. 1, No. 1, (2020), 8-20. DOI: 10.28991/H13-2020-01-01-02.

Sani, M. J., “Spin-Orbit Coupling Effect on the Electrophilicity
Index, Chemical Potential, Hardness and Softness of Neutral Gold
Clusters: A Relativistic Ab-initio Study, Hightech and
Innovation Journal, Vol. 2, No. 1, (2021), 38-50. DOI:
10.28991/H1J-2021-02-01-05

Hosseini, S.M., “The Operation and Model of UPQC in Voltage
Sag Mitigation Using EMTP by Direct Method”, Emerging
Science Jorrnal, Vol. 2, No. 3, (2018), 148-156. DOI:
10.28991/esj-2018-01138.

Persian Abstract

PR ES

-

dop g N 68 el 0 1)) s ol ;3(DO-VDBA) &8 55 5,5 5y e S8 30 oS o5 31 oslized L(MSO) (o530 i s s [ 50l

@oleiy bl s il o GE(APN) U sl sl 3l 550 4K 51 oalinad LMSO (sl 65505055 ms o 1 1 DG bl U (5ken 03101 L (5536
o3l Ol 4 galguy Sl Sl S e DLl (6 2y Sllanil 1 1 52t MSO 68 6,8 o S5 o e 53 08 (iliial b sl 0 8 55 (s 5 sla3ls
ok i ool il Ol Iyl 5 S5 sy Jge el 2aS (5550 BT 5 0Ll (5l LSS o3l ol (sbl e il bl il G slie 050k
o 3y gm axdllas ol 53 55 oaus 03 JT ol L 1ol (oslgizy MSO (¢l Lol oo e S8 i Sl e 4 Ol e ) Ol 1S 5
36 4w 6l SPICE (s3le e b 51 sl Sl a8 A il 2oy )15 Cige oo 5 33 MSO (sl > Shoe bl sl ol 43513
2l oS B(THD)  Js K5l glrsel Ll S dillas G ol b ool s 4 0 L;)-Lﬂﬁ.:@up};:_,,\ﬁ‘u(nzﬂ Sl sMSO (n=3)




