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ABSTRACT

This thesis presents a generalized approach based on the use of OTAs for designing a
sinusoidal frequency triple circuit with insensitive temperature characteristic. The essential
concept of a frequency triple synthesis is defined by the relationship of trigenometry function.
The proposed circuit consists of multipliers circuits and voltage to current converter circuits.
These two circuits - use properties of the- OTA-based voltage to current converter circuit and
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temperature insensitive stability. The PSPICE simulation and the experimental results are

employed to confirm the performances of the OTA-based circuit.
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Abstract

This paper presents a sinusoidal frequency triple circuit
based on OTA with temperature-insensitive. The conception of circui*
design from relationship of igonometry function. The proposed circuit
consists of multipliers and voltage to cumrent which it has temperature
insensitive stability and improves dynamic range of signal input. All of

these are this circuit advantages in practice

Keyword : Frequency Tripler, OTA ,Temperaturé-insensitive
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ABSTRACT
This paper presents Universal current conveyor which czn be edapled to first, second,
and third generation current conveyor without adding or modifying ils elements. This Universal
current conveyor can be electronically tuned transfer curent magnifude, which-give higher
accurate result. In desigring circuit, OTA concept was applied in orcer to give voltage and current
property to each generation. Moreover, it has been improved 1o be insensilive to temperature

change anc ‘o have wide dynamic range.
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ABSTRACT

A sinusoidal frequency multiplication by any
integer factor based on OTA temperature-
insensitive is presented. The conception of circuit
designs from relationship of trigonometry function.
The proposed circuit consists of multiplier and
voltage to current which it has temperature
insensitive stability and improves dynamic range of
signal input. All of these are this circuit advantage
in practice. To illustrate this approach, the circuit is
simulated in HSPICE.

1. INTRODUCTION

Recently, frequency multiplication is received
considerable attention because it’s used in analogue
signal processing, -communications and control
system design. There appear researches to
frequency multiplication base on application of
analogue multiplier[1]-[5], translinear principle[6]-
[7]and fundamental-rejecting feedback{8].Most of
researches realize the frequency multipliers that are
primarily used to extend the output frequency by
multiplying the source’s fundamental frequency by
a specific factor. And it exactly, the output contain
besides the desired harmonic output, unwanted
signal. These unwanted signals consist of the
fundamental input signal leakage, and lower and
higher order harmenics generated in the multiplier.
Frequency multiplier is typically include of
OPAMP and transistor and very few approaches
include of OTA[8]. Notice that designed frequency
multiplier circuits has disadvantage. The design
circuits depend on the absolute temperature.

The major intention of this paper is to present an
approach for realizing frequency multiplier-using
OTA. The proposed circuit can be generate output
at n times the input frequency. Trigonometric
identities are used to design circuit[2]. In addition,
we know that the characteristic of the OTA
dependent on the temperature and input voltage is
limited to less than 50 mV for linear operation.
Thus, the circuit is improved dynamic range and it
has temperature insensitive stability[9]

2. REALIZATION OF SINUSOIDAL
FREQUENCY MULTIPLIERS
Using the trigonometric identity of cosine term

c0s260 =2cos’*f-1 Q)
cos38 =2cos28 cosf —cosl ()]
cos 46 =2cos38cos@ —cos28 (©)
c0558 = 2cos48 cosf —cos 38 )

From above equation we can express a general
building block in Fig. 1. The Fig. 1 composes of
analog multiplier and summing amplifier. The
frequency multiplying is straightforward and with
out any mathematical approximation.

cosé
“ﬁ,\gﬁn 1)

J

c05.28 cos 34 oxdd

Fig. 1 Block diagram of n-time frequency
multiplier

3. PRINCIPLE OF OPERATION

Fig. 3 Temperature-insensitive OTA-based
analogue multiplier
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Fig. 4 Proposed circuit of n-time frequency multiplier

Fig. 2 is temperature-insensitive voltage to
current converter. We let gm Z >>] then output
current can be approximately given by [9)

()

1 =I£Yi
A

IBI ZX

From eqn.(5), the output current I, can be settled
by bias current ratio between Ig; and Igy. The goy
and g., which vary according to the temperature
change is compensated its value in the equation. In
addition, the dynamic range of input voltage can
approximately be given by V, <[2V,+, 2 ].So the
dynamic range can be improved by increasing e

orZ .

Apply input voltage V, to provide current bias
Ip; and adding OTA3 which acts as OTA2 , we get
the analog multiplier in Fig. 3

The output voltage can be expressed as[9]

Vo={Inl+Inz } Ru (6)

T
IBIRXR‘A E

V,=kV, V, (8)

LR
Therefore k= ——=——
LER

Bt "z A

From eqn. (8) shows that the circuit of Fig. 3
provides the function of analog multiplier and k is
the multiplication constant
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4. CIRCUIT DESCRIPTION
In the Fig. 4, the cireuii is relationship of
trigonometry function.eqn. (1) to eqn. (4) and
building block in Fig. 1, we let express co0s20,
¢0530, cos46 and cos56 . X

V,;=-—-—"R°’ V-l (9)
IBIRLR‘A
V‘ﬂ=_R02_\;Mw,rw.hlﬂ.i_vf (10)
IB"Jltzl{B IBI 1
“=__RQ.}_V°2VW...&B_IB_‘VM (11)
B K, 4B,
R R, I
o4 0‘4 o3 Ywvi~ 4 Vnz (12)
IB7R4RD IesR4

5. SIMULATION RESULT

The performance of the proposed circuit is
verified by HSPICE circuit simulation program.
CA3080-type OTA’s is used to construct schematic
diagram of OTA. From eqn. (1) to eqn. (4) define
Roi/IpiRiRA=R42/1p3R;Rg=R3/IgsR3Rc=
Ro/IaReRp = 2 and  Reolpy/Ig Ry= Roslpe/IpsRy=
RouIps/IpsRe= 1. So we set IB|"—“"IB3=IBS=IB1=100}.I.A,
IBZ=IB4=IBG=133"’10}1A,R,\=RB=RC=RB=IOkn,
Ro1=Ro2 =Re3 =Ros = 100kQ and I, = 10pA. The
response of the n-times frequency multiplier of
Fig. 4 is shown in Fig. 5. For 2V, with 1 kHz
frequency input signal, the output signal with
nearly to 2Vpp amplitude and 2kHz, 3kHz, 4kHz
and SkHz sinusoidal frequency can be simulated.
The spectrum of the output Vol Vo2 Vo3 and Vo4
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are shown in Fig. 6. The total harmonic distortion
(THD) of output signal (Vol, Vo2, Vo3 and Vod)
was calculated by program HSPICE. It was shown
in table 1. In Fig. 7 shows the amplitude of output
which vary according to the change of temperature
_36°% to .100°%. It is clearly seen that the
temperature insensitive for the amplitude output

signal.

w

—= Vol —= Vo3 -% Expect
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Fig.7 Amplitude of output versus temperature

6. CONCLUSION

OTA-based temperature-Insensitive Sinusoidal
n-time frequency multiplier can be builded by
using relationship of trigonometry function. This
principle is exploited by employing the temperature
insensitive stability and wide dynamic range of
voltage to current converter circuit, based on OTA.
In addition, dynamic range of signal input can be
E XN ir;c&c;scd by incm;sing Is or R.The dynamic ra:;ge
e of this circuit was designed approximately +1 V for
N N P L Is=100uA and R=10kQ). Simulation results have
been used to confirm the performance of the
proposed circuit.

Fig. 5 Input and output signal of the frequency :
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