CHAPTER -1V

A SYSTEMATIC WAY OF GENERATING 4-OTA-C BASED
HARMONIC OSCILLATORS

4.1 INTRODUCTION

In the previous chapter we have reviewed in detail a systematic method developed by
Bhaskar, Senani and Tripathi [1] using which a catalog of three OTA and two Capacitor
based sinusoidal oscillators has been presented. In this chapter we have extended the
methodology proposed in [1] to generate 4-OTA-2C based sinusoidal oscillators.

4.2 PROPOSED CIRCUIT

OTA-C oscillators with both the capacitors floating having no common node:

The admittance matrix of N is 4 x 4. In view of the restrictions 1 and 2 proposed in [1]it is
easy to see that at least one transconductance must exist in every row and every column. This
means that at least four OTAs are needed to implement any of the possible type of [Y]
characterization. In view of the restriction 1 and 2 [1], the possibility of four zeros lying in
any single row or single column is ruled out. The other possibilities are now examined in
detail.
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Fig. 4.1 structures for the synthesis of canonic OTA-C sinusoidal oscillators.

The network N can be characterized by the following four port equations:

L =YV + YV + Vi3V + Yiul) (4.2.1)
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I =Y Vi + YoV + Yo3Vs + Yo,V
I; = Y51 Vi + Y3,V + Y33V5 + Y3,V
Iy =Y Vi + YoV + Yi3V3 + Y44V

From the figure 4.1, it is clear that

11 = —12 ; 13 = —14_
Then L =W,-V)sC I; =V, — V3)sC
L= —-V)sC I, = (V3 —VW)sC

(4.2.2)
(4.2.3)

(4.2.4)

(4.2.5)
(4.2.6)

(4.2.7)

Substituting the value of I, I,, I3, and I, from equation (5), (6), & (7) into (1), (2), (3), &

(4) we get
(Vo =V1)sC = Y1V + Y Vo + YisVs + Y,V
(Vi =V2)sC = You Vi + YooV + Y3 V3 + You 1
(Vo = V3)sC = Y31 Vi + Y35V + Va3V + Y3,V
(V3 = Vi)sC = Yy Vi + Yo Vo + VsV + VsV
A rearrangement of the above equations in the following form
(Y11 +sOVy + (Y, —sOV, + Yi3Vs + Y,V =0
(Y1 = sO)V; + (Yo + SOV + Yo3 Vs + YouV, =0
Y3 Vi + Y3,V + (Ya3 + sC)Vs + (Ygu — sC)V, =0
Yo Vi + Yo Uy + (Yu3 — sC)Vs + (Ygu +sC)V, =0
yields the following characteristic equation

Yiy +SC Yy, —sC Y3 Yi4

Yy —SC Yy +5C Yo Yy
Yaq Y5,  Ya3 +SC Y3y —sC
Yi Yy, Y3 —SC Yy +sC
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(4.2.8)
(4.2.9)
(4.2.10)

(4.2.11)

(4.2.12)
(4.2.13)
(4.2.14)

(4.2.15)



(Y11 4 5C) [(Yaz + sO{(Ya3 + 5C)(Yyy + C) — (Yaz — sC)(Ya4 — SC)} — Yoz {V3, (Yay +
SC) = Yio (Y34 — 5O} + You {¥3, (Va3 — sC) — Y4 (Va3 + sC)}] — (Y12 — sO[(Ya; —
SC{(Ys3 + 5C) (Y + 5C) — (Yaq — SC)(Yyz — SC)} — Yo {31 (Yaq + 5C) — Vg1 (Y34 —

SO} + You{Ys1 (Va3 — sC) — Y4y (Va3 + sC)}] + Yiz[(Yor — sC{Y32(Yay + sC) —

Yio (Y34 — sC)} — (Yo + sC{Y31 (Yay + 5C) — Yy (Va4 — SO} + Vou{V31 Vap — Y4y V353] —
Y14[(Ya1 — sO{Y3p (Vg3 — sC) — Yyp (Y33 + sC)} — (Yo + sC){V31 (Y3 — sC) —

Yy (Va3 + sC)} + Yo3{¥31 Vyp — Y2 ¥4s}] = 0 (4.2.16)

The final characteristics equation is given below

S2C?[Y11Ys3 + Y11 Yas + Vi1 Vag + Vi1 Vay + Yop Yoz + Voo Vi + YVop Vs + Voo Yoy — Yo3¥sp —
YpsVip = Va4 Y3 — You Yoo + YioV33 + V1o Yoy + Y12 V34 + V1o Yz + Vo1 V33 + Y21 Vg + Y21 V3 +
Yp1Yaz = Ya3V31 — Yo3Yag — You Y31 — Y4 Yoy — VigYao — Yi3Vap — Vi3Y3 —Yi3Vyy — Yi4Y32 —
Yi4Yip — Y1aVa1 — V1Y ] + SC[Y11 Vo0 Va3 + Vi1 Yoo Yoy + Vi1 Voo Viz + Y11 Voo Vi +

V11 Yaa Va3 + Yau Voo Va3 + Vo3 Yao Vag + You V3o Yag + V1o Yay Vaz + Y1 Yo3¥3g + V15 Yo3Yy +
Y12Y24 Y31 + Y12 You Yy + Vo1 Yag Vag + Ya Vo3 Yy + V31 Yo Yoz + Yi3Yp1 V3p + V13151 Vi +
V13V Yaq + Y13V  Yaq + Y14 Y21 Yoo + Y14 Vo1 Yap + Y14 V35 Va3 + Y14 Y31 Va3 — V11 Y34 Y33 —

Y11 Yo3Y3p = Y11 YVo3Yao — Y11 Y24 Y3y — Y11 Y24 Yy — Yoo Y3uYaz — Vo3 Yay Y3y — Yoy Vo Y33 —
Y12Y21Y33 = Y12 Vo1 Y — Y12Yo1 Y3y — Y12 Y01 Yag — Y12 V34 Vi3 — Vo1 V34 Yag — Y3 V31 Yy —
Ya1Yo4Ya3 = VigVau Yoo — Yi3Yoo V31 — Vi3 Voo Vg — Vi3Via Yoy — V14 Yyp Va3 — Y1aYon V3 —
YiaYoo Yar — Y1aYa1 Vaz] + [Y11Y2oVasYas + Y11 You Voo Vs + Vi1 Vo3 Vay Yoy + Vi Y01 Yoy YVis +
Y12 Y23 Y31 Y4y + Y12 You Y33 Yay + Vi3Yo1 V3o Yy + Yi3Yop Y34 Yy + Yi3You V31 Vg +

Y14Y21Y33Yao + V14 Y22 Y31 Va3 + Y14 Vo3 Yao Vig — V11 Y22 V34 Yz — Vi1 Vo3Y32 Yy —

Y11 Y24 Y33Yao = Y12Y21 Y33y — Y12 Vo3 Y34 Yoy — Y12Yp4 Y31 Yas — Yi3Y21 Y3 Yoy —

YisV22Y31Yag — Yi3Y24 Y32 Yar — Yia Vo1 Yoo Va3 — Yia Yoo Ya3Yar — YiaYo3¥s1Yyp] =0 (4.2.17)

The condition of oscillation and frequency of oscillation are given by

[a11 +az,] =0 (4.2.18)
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1 1
fo= o (a11a2; — a12a51) /2 (4.2.19)

Where

a1 [Ya¥p — YeYpl = (Y12V21 — Y11 Yap) (Va3 + Yoy + Yag + Viy) + (V34 + Yy ) {Yor (Vi3 +
Yi4) = Y12 (Yaz + You)} + (Yap + Vi ) {11 (Yaz + Yoy) — Yor (Yi3 + Y1)} (4.2.20)

ap [YaYp = YeYpl = (Yi3Yay — Y14Yo3) (Y31 + Yap + Yoy + Yap) + (YVoq + Yo ){Y14 (Y33 +
Yi3) = Yiz (Y34 + Ya )} + (Vi1 + Vi)Yo (Yag + Vyg) — You (Ya3 + Yy3)} (4.2.21)

a1 [YaYp —YeYpl = (Y31 Vi — Y3 Ya ) (Vi3 + Vig + Yoz + You) + (Y11 + Yo ) {V3 (Vi3 +
Ya) = Yio (Y33 + Y30 )} + (Vi + Yo ) {Vy (Y33 + Y3y) — Y31 (Vi3 + Yiy)} (4.2.22)

Ay [YaVp = YeYpl = (Y3 Va3 — Va3V ) (Yig + Vip + Vo1 + Yop) + (Yig + Yo ) {Ya3(Yyy +
Ya2) = Yas (V31 + Y32)} + (Vi3 + Vo3 ){Yas (V31 + V3p) — V34 (Yyy + Vy)3 (4.2.23)

Yo=Y + Y12 + Y21 +132) (4.2.24)

Yp = (Y33 + Y34 + Ya3 +Yu) (4.2.25)

Yo = (Y13 + Y14 + Vo3 +Y24) (4.2.26)
and

Yp = (Y31 + Y32 + Yoy +Ys2) (4.2.27)

The different ways of choosing Zeros in [Y] matrix by applying some restriction given in [1].
are given below:

(i) If number of Zeros entries (ZE) are up-to seven(One, Two, Three, Four, Five, Six, Seven)
in [Y]

If zero are distributed such that one row does not contain any ZE (this row will then have four
transconductances and would require at least two OTAs), (maximum seven ZES) one row
contains no ZE, one row contains one ZE and the rest six zeros appear in the remaining two
rows, then the resulting matrix cannot be realized with only four OTAs.

Thus, any [Y] matrix characterization having only seven ZEs cannot result in a four-OTA
structure of the desired type.

(ii) Eight ZEs in [Y].

If the zeros are distributed two in each row, then in order to have a four-OTA structure each
row must have remaining two entries equal and opposite (i.e. all four-OTAs to be connected

in differential mode). Such a situation makes det[Y] = 0 and hence FO becomes zero.
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(iii) Nine ZEs in [Y]

This implies that OTA circuit corresponding to this would have three OTAs in differential
mode and the fourth OTA in single ended mode. Although nine entries can be selected out of
sixteen in (16!/9!7!) = 11440 ways, the only meaningful ways are those(keeping in mind
restriction 1,2 and 3 as outlined above) where out of the nine ZEs three rows contain two ZEs
and a fourth row contains three ZEs. The total number of possible cases having this kind of
assignment of ZEs turn out to be 288. The resulting 288 characterizations of [Y] are then
checked to find which of these result in four- OTA oscillators possessing independent control
of FO. It has been found that none of this set of 288 characterizations of [Y] results in any
oscillator of the desired type.

(iv) Ten ZEs in [Y]

If the zeros are distributed two in two rows, and three ZEs in remaining two rows. then in
order to have a four-OTA structure each row must have remaining two entries equal and
opposite (i.e. two OTAs to be connected in differential mode and two OTASs to be connected
in single ended mode). Such a situation makes det[Y] = 0 and hence FO becomes zero.

(v) Eleven ZEs in [Y]

This implies that OTA circuit corresponding to this would have one OTAs in differential
mode and the remaining three OTA in single ended mode. Although eleven entries can be
selected out of sixteen in (16!/11!5!) = 4368 ways, the only meaningful ways are
those(keeping in mind restriction 1,2 and 3 as outlined above) where out of the eleven ZEs
one row contain two ZEs and remaining three rows contain three ZEs. The total number of
possible cases having this kind of assignment of ZEs turn out to be 144. The resulting 144
characterizations of [Y] are then checked to find which of these result in four- OTA
oscillators possessing independent control of FO. It has been found that none of this set of
144 characterizations of [Y] results in any oscillator of the desired type.

(vi) Twelve ZEs in [Y]

This implies that all four OTAs circuit are to be connected in single ended mode. It is obvious
that each row should have one and only one transconductance and, therefore, keeping in mind
restriction 1 and 2, the total number of characterizations of interest are only twelve in this
case. Although twelve entries can be selected out of sixteen in (16!/12!4!) = 1820 ways, the
only meaningful ways are those(keeping in mind restriction 1,2 and 3 as outlined above)

where out of the twelve ZEs all four rows contain three ZEs.
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The total number of possible cases having this kind of assignment of ZEs turn out to be 72.

The resulting 72 characterizations of [Y] are then checked to find which of these result in

four- OTA oscillators possessing independent control of

FO. On the basis of the

considerations similar to those outlined in (i) and (ii), the total number of possible

characterizations corresponding to this case is 72 out of which only 23 qualify to yield four-
OTA oscillators of the desired kind.

The possibility of having more than twelve ZEs and less eight ZEs in [Y] is ruled out; the

former because of resulting in the [Y] matrix not permissible due to restriction 1 and 2[1], the

latter because of the regirement of more than four OTAs.

TABLE 4.1

Various oscillator realizations corresponding to schematic of Fig.4.1

S.No | Generic [Y] matrix Oscillator circuit CO and FO
I
g 0 0 0 & gz 92091 + g4) — 91(g3 + g4) — g4(g1 + g3)
L 0 —g, 0 0 e T AT =0
0 0 g3 O T ST L
0 0 0 g,

csa izi"“-
[
|
B
.|_

f 1 \/ 9194(g3 — g4)

- 2nC (g1 — g2 + 93 + 94

—20194 + 9192 — 9193 + 9294 — 9394) + 9194(g3 — g2) =0

ggp 0 0 0
0 g 0 0
0 0 —g; O

I
41 Jeb
=1/ +\~— +

\L_
‘.

= 1
N
I
B
.|_

9391 + 94) — 91(g2 + 94) — 94(91 + 92)
=0

fo

_ 1 9194(92 — g3)
2nC |g1+ 92 — 93 + 9a

C.E.:- s%c?(g1+ g2 — 93 + 94) + sc(=29194 — 9192 + 9193 — 9294 + 9394) + 9194(g2 — g3) = 0
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|
3 -g1 0 0 0 1 g2 9192 + 93) + 94(92 + 93) — 29194 = 0
' 0 g 0 0 [+ N~ +
0 0 g5 O s Bl ]
0 0 0 —gl [ L £ = 1 9194(92 + g3)
I - ° 2nC |—g1+ 92+ 93— Ga
+ | L
3 =+
-g91 O 0 0 9192 = 93) + 94(g3 —91) =0
0 g, 0 0
4. 0 0 0 —03
0 0 —-g. 0 £ = 1 919394
2nC |—g1+ 92 — 93 — 94

9193 —92) —94(g3+91) =0

_ 1 919394
2nC |91+ 92— 93+ 94

fo

I
g 0 0 0 B N ~ _
6. 0 go 0 O \ng gz 91(g3 + 92) + 9a(g1 — g3) =0
0 0 0 g3
: 1
0 0 —-g+ O f, = 919394
ZT[C gl+g2+g3—g4
C.E..- s°c*(g1+ 92 + 93 — 94) +5¢(=9192 — 9195 + 9194 — 9394) + 919394 = 0
7. 0 0 0 -—g 1(93 = 92) + 94(g2 — 91)
0 g3 O 0
1
0 0 -g+ O f, = 919294
2nC |—g1 — g2 + 93 — 9a

C.E.:- s2c*(=g1— g2+ 93— 94) + sc(=g19> + 9193 — 9194 + 9294) + 919294 = 0
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|
g 0 0 0 o 21 91(92 = 93) = ga(g2 + 91) = 0
8. 0 0 0 —gof | |l
8 ‘%3 gO 8 7 [ f = 1 919294
* o ° " 2nC | g1 + 92 — 93 + 94
3
C.E.:- s%c*(g1— g2+ 93+ 94) +5¢(9192 — 9193 — 9194 — 9294) + 919294 = 0
|
9. g 0 0 0 I 93 —91(g3 + 92) + g4(g1 — g2) = 0
0 0 0 g |¢L|L
0 g5 0 0 7 [ 7| | L 1 919294
00 —-g4+ 0 L Jo = 20C |91+ g2 + g5 -
f__ i g1+ 92+ 93— ga
T Tt
C.E.:- s%c®(g1+ g2+ 93— 94) +5¢(=9192 — 9193 + 9194 — 9294) + 919294 = 0
|
0 -g1 0 O gl 91092 — 94) + 94(g3 — g2) = 0
0. [|-g, 0 0 0 1
0 0 0 [:__
0 0 ‘903 g 7 £ = 1 919294
* [::: ° 2nC |—g1— g2+ 93— 9ga
3
C.E.:- s%c*(—g1— 92+ 93 — ga) +5¢(g192 — 9294 — 9194 + 9394) + 919294 = 0
| | [
0 —g1 0 O & _.Q‘z+ 91(gs — g2) — 9a(gs + g2) =0
0 0 g5 O 7 | 1 919294
0 0 0 gl | L ol Err—
_— 2 g1 t92+93+ s
I i L
C.E.:- s%c2(—g1 + g2 + 93 + 94) + sc(=9192 + 9194 — 9294 — 9394) + 919294 =0
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|
0 g 0 0 gl —91(ga + g2) + ga(g2 — g3) =0
122 | [-g, 0 o of | L
8 8 g03 0 2 f = 1 919294
94 E:: ° 2nC |g1— 92+ 93+ ga
3
C.E.:- s%c®(g1— g2+ 93+ 94) +5¢(=9192 + 9294 — 9194 — 9394) + 919294 = 0
|
0O -g 0 O gi "‘ _ 91(g3 — g4) + 94(g2 —g3) = 0
13. 0 0 g, O [— :
—gs 0 0 0 E.——
0 0 0 =g [::: f = 1 919394
° 2nC |—g1+ 92— 93— 9a
3
C.E.:- s%c®(—g1+ 92 — 93 — 94) + 5c(9193 + 9294 — 9194 — 9394) + 919394 = 0
| I L
0 —g1 0 O o1 — + 91(gs — g3) — 9a(gs + g2) =0
14. 0 0 g O |l [\ \#
gs 0 0 0 T 1 @
0 0 0 g, [ 1 919394
-1/ B4 4z fo =
LA L 2nC =91+ 92t g3t ga
E —+
C.E.:- s%c*(—g1+ 92+ 93 +94) +sc(—9193 — 9294 + 9194 — 9394) + 919394 =0
|
15. 0 g 0 O gl —91(93 + 94) + 94(g3 — 92) = 0
0o 0 g of | L
—gs 0 0 0 E_——
0 0 0 g [:—— £ = 1 919394
° 2nC |g1+9;— 93+ Ga
3
C.E.:- s%c*(g1+ 92 — 93 + 94) + sc(—=g193 — 9294 — 9194 + 9394) + 919394 = 0
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. o 0 0 I | I
—g, - —gs=0
16. 0 0 4 0 L Z_Ql 4 g1 — 93
0 0 0 g |, ] il
— 0 0 O
94 [ £ = 1 919394
3 ° 2nC |—g1+ 92+ 93 — 94
C.E.:- s%c?*(—g1+ 92 + g3 — 94) +5¢(9194 — 9394) + 919394 =0
. 0 o I | I
g1 8 + 93— 91 =0
17 0 0 4 0 L /_ 1_& s / 301
0 0 0 -g3| | ;1 =
— 0 0 0
94 E:: £ = 1 919394
: ° 2nC [g1+92— 93— s
C.E.:- 2c2(g91 + 92 — 93 — 94) + sc(—=9194 + 9394) + 919394 =0
|
0 —-g4 0 0 g =
g 9 =0
18, 0 0 0 o, L 1\ \ 1792
0 0 g3 0 E.—
=g+ 00 0L b L £ =L [gu0e0
- O 2mC | -g1+92+93—9a
3
C.E.:- 2c2(—g1 + 92 + g3 — 94) + 5¢(9194 — 9294) + 919294 =0
. |
10, 0 0 0 —g L / 1 \ \ 92— 91
0 0 g5 O E.-
— 0 0 0
oz [:: f _ 1 919294
3 ’ 2nC |g1— 92+ 93— Ga
C.E.:- 2c2(gy — g2 + g3 — 9a) + 5c(—=9194 + 9294) + 919294 = 0
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|
0 0 0 -g 1 94— 9g2=0
20 92 O O O [:__ w — -+
0 g3 © 0 2T
i
0 0 —g4 0 — f = 1 919294
— ﬂ °T2rC |—g1+ 92+ 95— da
3 Ha
C.E.:- s2c?(—g1 + g2 + 93 — 94) + 5c(9194 — 9192) + 919294 = 0
|
0 0O 0 —g 0
21. —9> 0 0 0 [ w — 4 92_g4=0
0 g3 0 0 T
0 0 g, O E__
o ﬂ £ = 1 919294
3 b4 ° 2nC |—g1— g2+ 93+ Ga
C.E.:- s2c2(=g1 — g2 + 93 + ga) + sc(—g194 + 9192) + 919294 = 0
|
0 0 0 —g o
22. 0 g 0 0 [:__ — 93— 9+=0
—g3 0 0 0 n |
0 0 g, O T
T + ﬂ £ = 1 919394
3 b ° 2nC |-g1+9,— 93+ 39as
C.E.:- s?c?(—g1+ 9, — 93 + 94) +sc(—g194 + 9193) + 919394 = 0
|
0 O 0 —J1 81
23. 0 go 0 0 E__ L 9s—93 =10
gz 0 O 0 T
0 0 —g, O ‘
[~
E— £ = 1 919394
3 b4 ° 2nC |—=g1+g2+93— ga
C.E.:- s%c*(—g1+ 92+ 93— 9a) +5¢(g194 — 9193) + 919394 = 0
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4.3 SAMPLE EXPERIMENTAL RESULTS
The workability of all the circuits of Tables 4.1 has been checked experimentally using CA
3080 type IC OTAs biased with the biasing arrangement shown below in Figure 4.2.

+\ee

3
Wlo——

WVin=V1-V2

2
V2 o

Fig. 4.2 Schematic of CA3080 OTA

The workability of all the circuits of Tables 4.1 has been checked experimentally using CA
3080 type IC OTAs with the biasing arrangement as shown above in Figure 4.2. Some
sample experimental results from the structures of table 4.1 are shown in Figures 4.4 and 4.6
. Figures 4.7 and 4.8 shows the variation of the oscillation frequency with the bias current
I, for the oscillator circuit no 16 and 18 of table 4.1. Figure 4.4 and 4.6 show typical
waveforms generated by oscillator circuit no. 16 and no. 18 in table 4.1 respectively. The

performance of the circuits is thus found to be as predicted by theory

(a) Oscillator no. 16 of table 4.1.

The oscillator has been shown in fig.4.3.

| I [
AR
R L =
— ﬂ ﬂ
3

Fig. 4.3 oscillator using 4-OTA-2C



The Condition of oscillationis (g; —g3) =0 and

The frequency of oscillation is
f = 1 919394
° 2nC |—g1+ 92+ 93— ga

The following values of components were selected to realize a sinusoidal oscillator with a
frequency of f = 0.408kHz, amplitude = 15 mV (P-P), C; = C, = C = 100nF, Iz, =
15.54uA, Iz, = 10uA, Iz = 15.54uA, Ip, = 4.24uA +V.c = +9V DC.

The recorded output waveform is shown in Fig. 4.4.

Tek g Trig'd i Pos: 0,000s SHYESREC
+*

File

Format

FEh

About

1 Saving
Irmages

Select

Folder

Save
TEKODOZ,JPG

CH1 5.00mY M 2.50ms CH1 . 0.00%
2=Jul-03 1721 412.107Hz

Fig. 4.4 Output Waveform

The result closely matches with the theoretical value of frequency (0.408kHz).

(b) Oscillator no. 18 of table 4.1

The oscillator has been shown in fig.4.5.

Fig. 4.5 oscillator using 4-OTA-2C
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The Condition of oscillationis (g; —g,) =0 and

The frequency of oscillation is
f = 1 919294
° 2nC |—g1+ 92+ 93— Ga

The following values of components were selected to realize a sinusoidal oscillator with a
frequency of f = 0.291kHz, amplitude = 20 mV (P-P), C; = C, = C = 100nF, Iz, =
1581/,{14, IBZ = 1581,[,[14, 133 = 17,U,A, IB4- = 4‘53[1,14 iVCC = i9V DC.

The recorded output waveform is shown in Fig. 4.6.

Tek i Trig*d r Pos: 0,000s SHYESREC
+

A About
1+ | +  Saving
Images
Select
Folder
Save
TEKOOODA.JPG
CH1 S.00mY M 2.50ms CH1 .7 000y
2=Jul-09 1312 234,434Hz

Fig. 4.6 Output Waveform

The result closely matches with the theoretical value of frequency (0.291kHz).

(i) The Variation of the oscillation frequency with the bias current I, for the oscillator circuit
no. 16 of Table V are shown in fig. 4.7. The following component Values were selected to
drown this fig. C; =C, = C = 100nF, Iz = 15.54uA, Iz, = 10uA, Iz3 = 15.54u4,
Ig4 Variable from 4uA — 6uA +V,. = £9V DC.
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The graph is shown in fig. 4.7.

490 T T T T T ]

/
480 - —

Frequency(Hz)
~ £ I
& 5] =5
3 =] =
T T T

=

B

=]
T

.

W

=]
T

=

]

=]
T

Practical Frequency (Fp)
*

Theoretical Frequency (Ft)
+ -

410

400
4 572 5.4

1B4{uA)

Fig. 4.7 Variation of the oscillation frequency with the bias current I, for the oscillator circuit no. 16
of Table 4.1.

(if) The Variation of the oscillation frequency with the bias current I, for the oscillator

circuit no. 16 of Table V are shown in fig. 4.8. The following component Values were

selected to drown this fig. C; = C;, = C = 100nF, Iz, = 15.81uA, Iz, = 15.81u4, Iz; =

17uA, Ig4 Variable from 4uA — 6uA Vo = +9V DC.

The graph is shown in fig. 4.8.
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Fig. 4.8 Variation of the oscillation frequency with the bias current I, for the oscillator circuit no. 18
of Table 4.1.
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4.4 CONCLUSION

In this chapter after reviewing the method proposed by R. Senani, D. R. Bhaskar and M. P.
Tripathi [1], the approach has been extended to derive a catalogue of 4-OTA-C based

sinusoidal oscillators. Some experimental results have also been presented.
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