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Abstract: - In this research, the stochastic model which describes the effect of noise in the controlling source to
any electronically controlled devices has been proposed. The model is generic since it is applicable to any
electronically controlled device either controlled by voltage or current. It is also realistic due to the Nth order
approximation and the usage of the Gaussian process for modeling the noise. It can be seen from the
verifications using the Monte-Carlo SPICE simulations and the Kolmogorov-Smirnov tests that this model can
accurately capture the stochastic behaviour of such devices with as high as 99% confidences. Hence, it has been
found to be a convenient tool for the precision analysis along with the high accuracy aimed design of various
circuits and systems involving any electronically controlled devices.
Key-Words: - CMOS, electronically controlled device, Gaussian process, Kolmogorov-Smirnov tests, MonteCarlo SPICE simulations, noise, stochastic process
and systems, particularly those with high precision
requirements since the desired performance cannot
be guaranteed according to the stochastic nature of
the controlled parameters mentioned above.
In [1], the model which captures the stochastic
behavior of the resulting inductance of the
Operational Transconductance Amplifier (OTA)
based inductor, was proposed. Later, the similar
model for the monolithic active inductor has been
proposed in [2]. It can be seen that the derivation of
the model in proposed in [1, 2] have been performed
based on the assumption that the bias current which
is the controlling parameter under considerations, is
uniformly distributed. Obviously, this is practically
not the case since noise in electronic circuit is
typically modeled with Gaussian process with white
power spectral density according to [3]. It can also
be seen that the models proposed in [1, 2] have been
derived based upon a first order approximation of
the stochastic process [4], which is equivalent to the
estimation of the whole process by using the data
obtained from only one instance of observation. So,
these previously proposed models have ceased to be
valid in practice. As a result, more realistic models
are necessary. Furthermore, the models proposed in
both previous research studies are applicable only to
specific devices while there exist various
electronically controlled devices which the similar
models should contribute great deal of
conveniences. According to these reasons, a generic

1 Introduction
As you can see for the title of the paper you must
Electronically controlled device either controlled by
voltage or current for example, OTA, current
conveyor and active resistor, have been found to be
applicable in many circuits and systems, for
example filters, oscillators and many signal
processing/communication circuits. The resulting
controlled parameters of these electronically
controlled devices for example the transconductance
(gm) of the OTA etc., have been found to be the
functions of the controlling parameters either
voltages or currents. The desired values of these key
parameters can be obtained by adjusting the
controlling quantities to the desired values. For each
of the electronically controlled devices, the accurate
tuning of its key parameter which obviously yields a
constant parameter value at the desired one can
always be theoretically obtained since the
controlling source is assumed to be noise free.
Practically, these controlling sources are noisy.
Since noise is a stochastic process, the controlling
parameter either voltage or current is also a
stochastic process. Hence, for each of the
electronically controlled devices, the resulting
controlled parameter is also a stochastic process
which is randomly varying as time goes by, no
longer be constant at the desired value. So, accurate
tuning cannot be practically achieved. This is a
catastrophic situation for the design of all circuits

E-ISSN: 2224-266X

285

Issue 9, Volume 11, September 2012

WSEAS TRANSACTIONS on CIRCUITS and SYSTEMS

Rawid Banchuin

and realistic model which is applicable to any
electronically controlled devices is obviously
necessary.
Hence, in this research, the stochastic effect of
noise in the controlling source to the electronically
controlled device has been explored, and the
resulting model of such effect has been derived. The
purpose of this model is to gain more insight in to
the cited stochastic effect for a greater chance to
obtain the accurate tuning of the electronically
controlled devices which yields the good
performance of their applications. By using the
proposed model, much meaningful statistical
information such as mean and variance etc., of the
parameter of these devices under the effect of noise
can be obtained analytically. Furthermore, the
proposed model is a generic one since it is
applicable to any electronically controlled device
either controlled by voltage or current as will be
shown later. It can be seen that the inconvenient
case by case analysis for each of these devices and
the tedious mathematical works can be avoided by
using the proposed model.
The Gaussian process with white power spectral
density has been adopted in order to model the
distribution of noise. Furthermore, the Nth order
approximation of the stochastic process [4], which is
equivalent to the estimation of the process by using
the data obtained from N instances of observation,
has also been used. Hence, the proposed model has
been found to be a realistic one. The proposed
model is capable of accurately capturing the
resulting stochastic behavior of any electronically
controlled devices with 99% confidence due to the
satisfactory results obtained from the model
verifications based on the Monte Carlo SPICE
simulations of various often cited electronically
controlled devices and the corresponding
Kolmogorov-Smirnov tests [5, 6].
Hence, the proposed model has been found to
be a convenient tool for the precision analysis along
with the high accuracy aimed design of various
electronically controlled devices based circuits and
systems, for example filters, oscillators and active
inductors etc. In the following sections, the
proposed model, applications and verifications will
be subsequently presented followed by the
conclusion.

2 The
Proposed
Applications

Model

cited electronically controlled devices will be
subsequently presented.

2.1 The model
Generally, any electronically controlled devices can
be modeled by the following block diagram.

Fig.1Block diagram of any electronically controlled
device.
where u and x denote the controlling and
controlled parameter respectively. It can be seen that
u can be either voltage or current where as x can be
various parameters up to the device types for
example, x is gm if the device is a
transconductor/OTA and x is Rx if the device is any
generation of the current conveyors etc.
Basically, u and x are related by a certain
function such that
x = f (u )

(1)

Ideally, noise in controlling sources can be
neglected. So, both u and x are deterministic which
yields the accurate tuning as mentioned above.
However, this is not the case in practice which
the controlling sources are noisy. So, u is interfered
by noise which is obviously a stochastic process. By
such noise interference u has become a stochastic
process, u(t) which yields a stochastic nature in x.
As x has become a stochastic process, x(t), (1) has
become
x (t ) = f (u (t ))

(2)

Naturally, noises in the controlling sources are
the Additive White Gaussian Noise (AWGN) [3].
With Nth order approximation [4], the Probability
Density Function (PDF) of noise is derived by
considering its distribution from N in equally
distributed instances given by t, t+τ,…t+(N-1)τ .
Such noise can be denoted by n(t). Since noise
values corresponding to these instances are
independent, the Nth order approximated PDF of n(t)
can be given by

and

In this section, the proposed model along with
its examples of applications to OTA, current
conveyor and active resistor which are the often
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f n (n(t ), t; n(t + τ ), t + τ ,..; n(t + ( N − 1)τ , t + ( N − 1)τ ))
N −1 ⎧

⎡ (n(t + kτ )) 2 ⎤⎫⎪
1
⎪
=
exp⎢−
⎥⎬
⎨
2
2N rms
⎢⎣
⎥⎦⎪⎭
k =0 ⎪
⎩ 2π N rms

∏

⎡ df (u )
x(u ) = f (u 0 ) + ⎢
⎣⎢ du

(3)

α ( f (u )) =

⎡ df (u )

⎤
⎥u 0
⎣⎢ du u =u0 ⎦⎥

⎡ df (u )
x (t ) = ⎢
⎣⎢ du

⎤
⎥ n (t )
⎥
u =u0 ⎦

⎧⎪ ⎡ df (u )
+ ⎨⎢
⎪⎩ ⎢⎣ du
⎡ df (u )
=⎢
⎢⎣ du

⎫⎪
⎤
⎥ (u − u 0 ) + f (u 0 ) ⎬ (11)
⎪⎭
u =u0 ⎥
⎦

⎤
⎥ n (t ) + x
u =u0 ⎥
⎦

where x denotes the noise free value of x(t)
which is obviously deterministic. Since x(t) is a
Gaussian process as mentioned above, it can be
seen from (1), (3) and (11) that mean and variance
μ x (t + kτ )
and
of
x(t)
denoted
by

(6)

By using the Taylor series expansion [8] around
u0, x(u) can be given by

σ x2 (t + kτ ) respectively which are the important key
parameters as x(t) is a stochastic process, can be
given by

⎤
⎥ (u − u 0 )
⎥
u = u0 ⎦

μ x (t + kτ ) = f (u )
(7)

(12)

and
⎡ df (u )
σ ( t + kτ ) = ⎢
⎢⎣ du
2
x

2

⎤ 2
⎥ N rms
u = u0 ⎥
⎦

(13)

Because any sampled instantaneous values of
x(t) are independent of each other, the proposed
model which capture the stochastic nature of x(t)
due to n(t) can be given by using the Nth order
approximation as follows

where u0 denotes the arbitrary reference value of
u. Since both u and u0 are extremely small due to the
currently renowned Low Voltage Low Power
(LVLP) design trends, high order terms can be
neglected which yields
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(10)

With (6), (9) and (10), x(t) can be given by

where both α(f(u)) and β(f(u)) are functions of
f(u) and also constant with respected to time, t, so
x(t) is obviously a linear function of n(t). According
to the theory presented in [7] and the nature of n(t)
stated above, x(t) is a Gaussian process. Hence, it
can be seen that both α(f(u)) and β(f(u)) must be
determined in order for the characterization of x(t).
In order to determine α(f(u)) and β(f(u)), it
should be mentioned here that x can be expressed as
a function of u follows.

⎤
1 ⎡ d 2 f (u )
⎥ (u − u 0 )
+ ⎢
2! ⎢ du 2 u =u ⎥
0 ⎦
⎣
⎤
1 ⎡ d 3 f (u )
⎥ (u − u 0 ) + ...
+ ⎢
3! ⎢ du 3 u =u ⎥
0 ⎦
⎣

(9)

β ( f (u )) = f (u 0 ) − ⎢

(4)

x(t ) = α ( f (u )) n(t ) + (α ( f (u )) + β ( f (u ))) (5)

⎡ df (u )
x(u ) = f (u 0 ) + ⎢
⎣⎢ du

df (u )
du u =u0

and

Fortunately, it can be seen that (4) can always
be expressed by

x(u ) = α ( f (u ))u + β ( f (u ))

(8)

From (6) and (8), it can be seen that α(f(u)) and
β(f(u)) are determined as

where n(t+kτ) and Nrms denote the value of noise
at any kth instant and the root mean square (rms)
value of noise respectively. Of course, n(t) is also
stationary beside being white as will be seen later.
Due to the nature of n(t), u(t) can be given by
u+n(t) so, (2) has become
x (t ) = f (u + n (t ))

⎤
⎥ (u − u 0 )
⎥
u =u0 ⎦
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fx (x(t),t; x(t +τ),t +τ,..;x(t + (N −1)τ, t + (N −1)τ))

transconductance can be deterministically given
by βI TAIL where β and ITAIL denote the current
factor of the transistor and the tail current which is a
controlling parameter of the transconductance,
respectively. Since the OTA is a current controlled
device, noise takes the form of current which Ni,rms
denotes its rms value.
At this point, it is obviously seen that the
proposed model can be applied to this scenario for
capturing the stochastic behaviour of the noise
affected transconductance by simply letting

⎧
⎡
⎤⎫
⎪
⎢
⎥⎪
N −1 ⎪
2 ⎥⎪
⎢
1
(x(t + kτ) − f (u)) ⎪
⎪
⎥⎬ (14)
= ⎨
exp ⎢−
⎢ ⎡df(u) ⎤2
⎥⎪
⎡df(u) ⎤
k =0 ⎪
2
2
N
π
⎢
⎥
⎢
⎥
2
N
⎢
⎥
rms
⎪
rms ⎪
⎢ ⎢⎣ du u=u0 ⎥⎦
⎥⎪
⎪⎩ ⎢⎣ du u=u0 ⎦⎥
⎣
⎦⎭

∏

x(t + kτ )
denotes the sampled
where
instanteneous value of x(t) at any kth instant.
Alternatively, it can be stated that x(t) is a
Gaussian process with mean and variance given by
(12) and (13) under the effect of noise in the
controlling source. For simplicity, the derivative
terms in the model can be evaluated by using various
available methodologies which simplify their
evaluations such as the finite difference based one
etc., if f(u) is complicate. Since u0 is arbitrary, it may
be chosen such that it equals to the desired value of
u given by the designer, however the existences of
the derivative terms must be preserved with such
choice of u0.
Obviously, this model is very realistic since the
Gaussian distribution of n(t) and the Nth order
approximation have been adopted. Furthermore, it is
highly generic since u can be either voltage or
current and x(t) can be the key parameter for any
electronically controlled device as can be seen in the
following subsections which the applications of the
proposed model to various electronically controlled
device such as OTA, current conveyor and active
resistor, will be demonstrated.

u = ITAIL

(15)

u0 = ITAIL0

(16)

x(t+kτ) = gm(t+kτ)

(17)

and
f(u) = βI TAIL

(18)

where ITAIL0 and gm(t+kτ) denote the arbitrary
reference value of ITAIL and the value of noise
affected transconductance at any kth instant
respectively. In practice, ITAIL must be set to the
value which the designer desired denoted by Idesired
so ITAIL0 can also take this value for simplicity. As a
result, the distribution function of the noise affected
transconductance for this simple CMOS-OTA
which analyically and completely captures its
stochastic behaviour, can be conveniently obtained
by using the proposed model and simple variable
subsitutions as

2.2 Application to OTA
In this subsection, the application of the proposed
model to a simple CMOS-OTA is demonstrated.
The schematic diagram of such simple CMOS-OTA
can be depicted as follows [9]

fgm (gm(t),t; gm(t +τ),t +τ,..;gm(t + (N −1)τ, t + (N −1)τ))
⎧
⎤⎫
⎡
⎪
N−1
⎢ (g (t + kτ) − β ⋅ I )2 ⎥⎪
1
⎪
m
desire
⎥⎪⎬ (19)
exp ⎢−
= ⎨
β
⎥⎪
⎢
πβ
k =0 ⎪
Ni2,rms
N
⎥⎪
⎢
i
,
rms
⎪ 2I
4Idesire
⎦⎭
⎣
⎩ desire

∏

2.3 Application to Current Conveyor
In this subsection, the current conveyor has been
focused. The differential pair based CMOS CCCII+
proposed in [10] has been adopted as a candidate
current conveyor. Its schematic diagram can be
depicted as follows [10]
Fig.2 A simple CMOS-OTA [9].
For any OTA, the key parameter is the
transconductance. For this OTA, the noise free
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fRx (Rx(t),t; Rx (t +τ),t +τ,..;Rx (t +(N−1)τ,t +(N−1)τ))
2
⎧
⎡ ⎡
⎤ ⎤⎫
1
⎪
⎢ ⎢
⎥ ⎥⎪
Rx (t +kτ)−
⎪
⎥⎪
⎢
⎢
N−1
2 β⋅ I desired⎥ ⎥⎪
⎪
1
⎢ ⎣
⎦
exp ⎢−
= ⎨
⎥⎬(24)
1
2
π
k =0 ⎪
⎥⎪
⎢
N
i,rms
⎪ 8β⋅ I3 Ni,rms
16β⋅ I3
⎥⎪
⎢
desired
desired
⎪
⎥⎪
⎢
⎦⎭
⎣
⎩

∏

It should be mentioned here that this example
and the previous one focus on the current controlled
device. In the upcoming subsection, the voltage
controlled device will be considered.

Fig.3 A differential pair based CMOS CCCII+ [10].

2.3 Application to active resistor

In this case, the parasitic resistance at port x is
the key parameter. For this CCCII+, the noise free
parasitic resistance at port x can be deterministically
given by

1
2 βI 0

For this subsection, the application of the proposed
model to an active resistor which is voltage
controlled has been demonstrated. The CMOS
active resistor proposed in [11] has been adopted
and its schematic diagram can be depicted as
follows [11]

where Io denotes the biasing current

which is a controlling parameter of the parasitic
resistance at port x. Similarly to the above
subsection, noise also takes the form of current
which Ni,rms denotes its rms value.
At this point, it is obviously seen that the
proposed model can be applied to this current
conveyor case for capturing the stochastic behaviour
of the noise affected parasitic resistance at port x by
simply letting

and

u = Io

(20)

u0 = Io0

(21)

x(t+kτ) = Rx(t+kτ)

f(u) =

1
2 βI 0

(22)

(23)

Fig.4 A CMOS active resistor proposed in [11].
In this case, the resulting resistance is the key
parameter which its noise free value can be

where Io0 and Rx(t+kτ) denote the arbitrary
reference value of Io and the value of noise affected
parasitic resistance at port x for any kth instant
respectively. Practically, Io must be set to the value
which the designer desired denoted similarly to the
above subsection by Idesired so Io0 can also take this
value for simplicity. As a result, the distribution
function of the noise affected parasitic resistance at
port x for this CMOS-CCCII+ which analytically
and completely captures its stochastic behaviour,
can be conveniently obtained by using the proposed
model and simple variable subsitutions as

E-ISSN: 2224-266X

deterministically given by

1

βVB

where VB denotes

the biasing voltage which is a controlling parameter.
It can be seen from Fig.4 that VB can be applied
between two terminals which one of them ties
together the sources of M1 and M2 while the other
ties the sources of M3 and M4. Since this active
resistor is a voltage controlled device, noise takes
the form of voltage and the corresponding rms value
can be denoted by Nv,rms.
At this point, it is obviously seen that the
proposed model can be applied to this case for
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capturing the stochastic behaviour of the noise
affected parasitic resulting resistance by just letting
u = VB

(25)

u0 = VB0

(26)

x(t+kτ) = R(t+kτ)

(27)

ϕ xx (τ ) = x(t ) x(t + τ ) = ( f (u )) 2

From (23), the power spectral density of x(t)
denoted by Φ xx (ω ) can be given by

Φ xx (ω ) = ℑ[ϕ xx (τ )] = 2π ( f (u ) ) δ (ω ) (31)
2

It can be seen that even though n(t) is white, x(t)
is not because Φ xx (ω ) is not constant with respect to
the frequency denoted by ω.

and
f(u) =

1

βVB

(28)

3 The Model Verification
In this section, the verification of the proposed
model will now be presented. Before proceed any
further, some discussion should be mentioned.
According to (3), it can be seen that the mean
and variance of n(t) can be given by

where VB0 and R(t+kτ) denote the arbitrary
reference value of VB and the value of noise affected
resulting resistance at any kth instant respectively.
In practice, VB must be set to the value which the
designer desired denoted similarly to the above
subsection by Vdesired so VB0 can also take this value
for simplicity. As a result, the distribution function
of the noise affected resulting resistance for this
active resistor which analytically and completely
captures its stochastic behaviour, can be simply
obtained by using the proposed model and the
variable subsitutions as

μ (t + kτ ) = 0

∏

2
σ 2 (t + kτ ) = N rms

(33)

where {k} = {0, 1, 2, 3,…}. It can be seen that
μ (t + kτ ) and σ 2 (t + kτ ) are time invariant. In the other

2 ⎫
⎡ ⎡
1 ⎤ ⎤⎪
⎢ ⎢R(t + kτ ) −
⎥ ⎥
βVdesired⎦ ⎥⎪⎪
⎢ ⎣
⎥⎬ (29)
⎢−
1
2
⎢
Nv,rms ⎥⎪
2
⎥⎪
⎢
(βVdesired
)2
⎦⎪⎭
⎣

words, it can be stated that n(t) has time invariant
statistical properties. For x(t), both μ x (t + kτ ) and
σ x2 (t + kτ ) are time invariant as can be seen from (12)
and (13). So, x(t) also has time invariant statistical
properties.
Since any stochastic process with time invariant
statistical properties can be termed as stationary
process according to [7], it can be concluded that
both n(t) and x(t) are stationary stochastic processed
which the verification results obtained from a single
instant can represent the results obtained from all
instances because the properties of the processes
which define the distributions are similar at every
instances. According to this property, the model
verification will be performed by using the single
instant basis which is sufficient for the whole set of
instances.
The verification to be presented has been
performed in both qualitative and quantitative
aspects. The CMOS-OTA [9], differential pair based
CMOS CCCII+ [10] and CMOS active resistor [11]
have been chosen as the candidate circuits. For the
qualitative aspect, the 90 nm technology based
parameterized 1st order approximated distributions
of the deviation of x(t) from its desired value for
each candidate circuit which can be evaluated by

From these subsections, it can be seen that the
distribution of the noise affected key parameter for
any electronically controlled device which
analytically and completely captures its stochastic
behaviour as mentioned above, can be simply
determined by using the proposed model. Only
simple variable substitutions are necessary without
the requirement of any tedious mathematical works.
It can be seen that the inconvenient case by case
analysis can be avioded as any electronically
controlled devices can be handled in the similar
fashion. This point is also the main contribution of
the proposed model.
Before leaving this section, the colour of x(t)
which is a worthy of mention stochastic property
will be now discussed. The auto correlation function
of x(t) denoted by φxx(τ)

E-ISSN: 2224-266X

(32)

and

fR (R(t),t; R(t + τ ),t + τ ,..;R(t + (N −1)τ , t + (N −1)τ ))
⎧
⎪
N −1
⎪⎪
1
exp
=
⎨
2π
k =0 ⎪
⎪ βV 2 Nv,rms
⎪⎩ desired

(30)
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transconductance for the CMOS-OTA [9] in Fig. 2
obtained by using the proposed model and the
counterpart distribution for the similar quantity
obtained from the Monte Carlo SPICE simulation of
this circuit at 90 nm level, can be shown in Fig. 5
where such deviation is denoted by ∆gm(t) and
measured as percentage of the desired value. Of
course, ∆gm(t) can be mathematically defined in
practice where ITAIL is set to Idesired as follows

using the proposed model, are comparatively plotted
against their counterparts for the similar quantities
obtained from the Monte Carlo SPICE simulations
of these circuits at 90 nm level.
On the other hand, the verification in the
quantitative aspects has been done by performing the
Kolmogorov-Smirnov tests [5, 6] to the data
obtained from the comparative plots. The
Kolmogorov-Smirnov tests has been chosen due to
its simplicity compared to the classical chi-square
test along with its efficiency for the normality test,
since the x(t) has been found to be a Gaussian
process. According to [6], the Kolmogorov-Smirnov
test statistic denoted by KS, can be defined from the
point of view of this research as follows
KS = max{ Fx ( Δx (t ), t ) device − Fx ( Δx(t ), t )

where

∆x(t),

Fx (Δx(t ), t ) mod el

model

Fx (Δx (t ), t ) device

denote

the

Δg m (t ) =

1.63
n

} (34)

(36)

Probability Distribution

and

aforementioned

∆gm (t) (%)

Fig.5: 90 nm based parameterized 1st order
approximated ∆gm(t) distribution obtained from the
proposed model (line) v.s. Monte-Carlo SPICE
based counterpart obtained from the simulation of
CMOS-OTA [9] at 90 nm level (dash)

(35)

Of course, different functions for c must be
utilized if different confidence levels are desired.
The key concept of the Kolmogorov-Smirnov test is
that the model is accurate at the specified
confidence level if and only if KS ≤ c. At this point,
the verification of the proposed model will be
presented.

It can be observed that a strong agreement
between the model based distribution and the
Monte-Carlo SPICE based counterpart exists. So, it
can be seen that the proposed model has high
capability to predict the stochastic behavior of the
candidate CMOS-OTA according to the cited
observed agreement. At this point the verification in
the qualitative aspect has been performed.
On the other hand, for the quantitative aspect
verification, let the confidence level of the test be
99%. In other words, let α = 0.01. c can be defined
by using (35) with n = 100 as c = 0.163. Since KS
has been found from using (34) to be 0.1611 which

3.1 Verification by using OTA
In this subsection, the model verification by using
the OTA will be presented. According to [3], Ni,rms
is given by 3.33 nA. The comparative plot between
the 90 nm based parameterized 1st order
approximated distribution of the deviation in

E-ISSN: 2224-266X

βI desire

where g m (t ) is the transconductance value at
any instant. It should be mentioned here that n has
been chosen to be 100 for this case.

deviation of x(t) from its desired value, the
Cumulative Distribution Function (CDF) form of the
distribution obtained from the Monte-Carlo SPICE
simulation results of the candidate devices and the
CDF form of the 90 nm based parameterized 1st
order approximated distribution functions for each
device which can be obtained by using the proposed
model respectively.
By using KS, the Kolmogorov-Smirnov test can
be performed by comparing KS to the critical value
denoted by c which can be defined by different
functions of n which denotes the number of samples,
according to different desired confidence levels. For
example, c can be given according to the confidence
level of 99% by [6]
c=

g m (t ) − βI desire
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is smaller than c, the model is accurate at 99%
confidence. At this point, the accuracy of the
proposed model is now verified in both aspects by
the agreement seen in the comparative plot and the
satisfactory Kolmogorov-Smirnov test result. This
verification result is always valid according to the
reason mentioned above.

Probability Distribution

3.2 Verification by using Current Conveyor
Here, the verification using the current conveyor
will be discussed. Similarly to the above subsection,
Ni,rms is given by 3.33 nA [3]. The comparative plot
between 90 nm based parameterized 1st order
approximated distribution of the deviation in the xport parasitic resistance for the differential pair
based CMOS CCCII+ [10] in Fig. 3 obtained by
using the proposed model and the counterpart
distribution of the similar quantity obtained from the
Monte Carlo SPICE simulation of this device at 90
nm level, can be shown in Fig. 6 where such
deviation is denoted by ∆Rx(t) and measured as
percentage of the desired value. Obviously, ∆Rx(t)
can be mathematically defined in practice where Io
is set to Idesired as
ΔRx (t ) =

(

Rx (t ) − 2 βI desired

(2

βI desired

)

−1

)

∆Rx (t) (%)

Fig.6: 90 nm based parameterized 1st order
approximated ∆Rx(t) distribution obtained from the
proposed model (line) v.s. Monte-Carlo SPICE
based counterpart obtained from the simulation of
the candidate differential pair based CMOS CCCII+
[10] at 90 nm level (dash)

3.3 Verification by using active resistor
At this point, the verification using the active
resistor will be discussed. Also due to [3] Nv,rms is
given by 3.33 nA. The comparative plot between 90
nm based parameterized 1st order approximated
distribution of the active resistance deviation for the
CMOS active resistor [11] in Fig. 4 obtained by
using the proposed model and the counterpart
distribution of the similar quantity obtained from the
Monte Carlo SPICE simulation of this circuit at 90
nm level, can be shown in Fig. 7 where such
deviation is denoted by ∆R(t) and measured as
percentage of the desired value. Obviously, ∆R(t)
can be mathematically defined in practice where
where VB is set to Vdesired as

−1

(37)

where Rx (t ) denotes the value of parasitic
resistance at port x for any value of t and n is
chosen to be 100.
A strong agreement between the model based
distribution and the Monte Carlo SPICE based one
also exists. So, the proposed model has high
capability to predict the stochastic behavior of the
candidate current conveyor according to the cited
strong agreement. At this point the verification in
the qualitative aspect has been performed.
On the other hand, for the quantitative aspect
verification, also let the confidence level of the test
be 99% so, c = 0.163. Since KS has been found by
using (34) to be 0.1571 which is smaller than c, the
model is accurate with 99% confidence. Now, the
accuracy of the proposed model is verified in both
aspects. Similarly to the above subsection, this
verification result is always valid due to the
aforementioned reason.

E-ISSN: 2224-266X

R(t ) − (βVdesired )

−1

ΔR(t ) =

(βVdesired )−1

(38)

where R (t ) denotes the resulting resistance
value at any t. Of course, n is also chosen to be 100.
In this case, a strong agreement between model
based distribution and the Monte Carlo SPICE
based one also exists. So, the proposed model has
high capability to predict the stochastic behavior of
the candidate active resistor according to the cited
strong agreement. At this point the verification in
the qualitative aspect has been performed.
On the other hand, for the quantitative aspect
verification, also let the confidence level of the test
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Furthermore, the proposed model is applicable
to any electronically controlled device either
controlled by voltage or current. Hence, it can be
referred to as a generic model which makes the
inconvenient case by case analysis for each device
and the related tedious mathematical works become
avoidable. So, it contributes a great deal of
convenience to the analysis and design of any
electronically controlled devices based application.

be 99% so, c = 0.163. Since KS has been found from
the application of (34) to be 0.13901 which is
smaller than c, the model is accurate with 99%
confidence. Now, the accuracy of the proposed
model is now verified in both aspects. Obviously,
this verification result is always valid according to
the aforementioned reason.
Probability Distribution
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From these verifications, it can be seen that the
proposed model can accurately capture the
stochastic behavior of both current and voltage
controlled electronic devices with very high level of
confidences given by 99%. This point is also the
virtue of this model.

4 Conclusion
In this research, the generic stochastic model which
captures the effect on the resulting controlled
parameter of any electronically controlled device
due to noise in the controlling source has been
derived. This model has been found to be a realistic
one, due to the usage of Gaussian distribution of
noise and Nth order approximation of stochastic
process. According to the proposed satisfactory
verification results based on Monte Carlo SPICE
simulations and Kolmogorov-Smirnof tests, the
model can accurately capture the resulting stochastic
behavior of any noise affected electronically
controlled devices with sufficiently high
confidences given by 99%.
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