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Baldev Raj In this article we analyze the effect of various parameter variations on
Department of Electronics linear analog circuits. It is very necessary that the characteristics of
& Communication Govt. circuit should be in stable form when there is some changes in value of

College of Engineering & any circuit parameter. Our studies focus on to get the knowledge how

Technology Jammu.

the system output depends upon the parameter of circuit. We also

model various circuits in this article to prove the effect of the parameter on output of
system.In this article we perform analysis on three circuits. These are RLC circuit, Sallen
Key circuit and Biquadratic filter circuit. All analysis and calculation done in this article are

performed by using MATLAB software.
KEYWORDS: Parameter, Sensitivity, Varation, Circuits, Biquadratic.

INTRODUCTION

The output of any system depends upon the component associated with it. So it is very
necessary to know the dependence of each componet bhaviou on characteristics of circuit.
Some elements affect more and some affect less,but there is affect on system output if there is
small change in its circuit parameter. Also the reliability and life span of the circuit depends

upon the component associated with it.[*2%4!
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Before designing any circuit the engineer must know about the system behaviour that how
does it vary with changes in value of components. If there is small change in parameter then
the system output will be almost stable. But if there is large change in value then system
output get unstable and it is very necessary to change that component.>¢78!

Here we use sensitivity analysis to analyze the effect of parameter variation on circuit

characteristics.

Sensitivity analysis of analog circuit provide us the information about various component
present in the circuit. With the help of sensitivity analysis we also know about the component
characteristics variation in circuit and its effect on performance of system output.®”

Basic Principle of Analysis

A simple definition of sensitivity is how much specific system behavior/characteristic
changes as a individual component value changes.'***?) The general equation for sensitivity

analysis is given below

—_x9 (1)

52 = lim,,.
* Ax—0 v fx

s e

Equation (1) is the general mathematical definition of circuit sensitivity: Where S represent
sensitivity, X represent changing element/component and Y is the characteristic of circuit
which one want to evaluate as component value is varied. The middle part of this equation
shows that the percentage that the dependent variable Ay/y changes, relative to the percentage
that the independent variable Ax/x changes. The sensitivity analysis done by using these
formulae derived below. Let’s take a transfer function H(s).

AT

H(s) =

Dy

- (2)
Here N(s) represent the numerator part of transfer function and D(s) represent the
denominator part of transfer function. From equation (1) and equation (2),we write a new
equation which is same as equation (1). But its variable name are changed to make our
calculation easy. In general, the AC-sensitivity is given by the following equation:

W AH(s)

Sens(H(s), W) = o A

Substituting equation (1) into (2) and applying the chain rule have
Sens(H(s),W) =W (L M) _ (L 5D-:_'s_‘|) @

Nfs) W D(s) W
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Here W is the component which one want to vary w.r.t. circuit transfer function. By using

above equation (3) we can calculate the sensitivity of circuit any circuit.

Effect of Parameter Variation on Linear Analog VLSI

As we know that all circuit characteristics are function of their element values of circuit.
Filter characteristics also dependent on elements values of circuit. Most filter very sensitive
to their component values. Sensitivity analysis perform a major role to choose the component
values according to their sensitivity.™!

There are many was to calculate the sensitivity of filters with respect to their component
value. One way is that analysis AC transfer behavior of filter with component variation. For
simplicity here we write transfer function with Q (quality factor) and w, (natural

frequency).*

The transfer function of RLC filter circuit is given below

H(S) _ Vour _ 1 _ N(=) (4)

B - L e
Vin  s?LyC+spt+1 Dis)
1

-t
-

Similarly
. Vout 1 N(=)
H(s) = ,‘,D_J' == s . Doy (5)
" '.-V,F+'-an2+1 N
1
CLJ-. —
s ™)
Q=r, & 8)
W1

Using nominal values of RLC circuit the Q=0.707.by using general equation of sensitivity the

sensitivities of w, and Q are given below.

Sensitivity using Q (quality factor)

1
@ _ _g? __
& =-SL=5
g _
S8 =1

And sensitivity using «,, (natural frequency)
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L1 1.6 mH

= 3 —_
R1 C1 —— Vout
Vin 8 70.7Q 160 nF

As we saw that resistor value does not depends upon natural frequency in above equation.

AC Transfer Function of RLC filter circuit

40 r
— R1=50,Q=0.5
o —— R1=70.7,Q=0.707
—— R1=5k,Q=50
20}
__ 10}
o
=
. O
©
=
E -10}
g
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-50 s
10° 10* 10°

Frequency (Hz)

Figure 2: Variation of Ry w.r.t Q.

Figure 3 shows the variation of R; w.r.t quality factor. Because it is most sensitive component
in this circuit (in term of quality factor sensitivity).By using equation (3) and equation (6) we

derive sensitivities of components which are given below.

Here W is the component which we want to vary. So W=L,

P L .
1 d(s L1C1+sgt+1,|

=L1|—

g2 L1_C1+s£1+1 dL1
Ry
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(s2¢, +=)
| e
= L1C1+5R1+1
L S Liciﬁ% ) 9)
Ly 52L1C1+s%1+1
1
Similarly we calculate forR,and ¢,.
el
gHE = ——1—"551'; (10)
Ry SPLyCytstel
1
His) _ (s°LyCy)
] 11
=] 5211c1+s§1+1 ( )
1

Here we plot sensitivity of passive elements with nominal values as well as some tolerance
provided to nominal value and by using this we get the information related to sensitivity of
elements in RLC circuit.

With the help of sensitivity analysis one also know about the tolerance specified at the time
of design in particular element. Designer can provide cheap elements which does not affect

circuit characteristics. By using equation (10), (11) and (12).

We analyzed the sensitivity of RLC filter circuit.

Magnitude (dB)

0 10* 10
Frequency (Hz)

Figure 3: Sensitivity of inductor in RLC circuit.
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Figure 4: Sensitivity of capacitor in RLC circuit.

In Figure 4, 5 and 6 we plot sensitivity analysis using nominal values of component and also

provide some tolerance form their nominal value.

Effect of Parameter Variation in Sallen-Key Filter
Sallen-key filterone of the most common filter.**%* The transfer function of this filter is

Vour K

= (12)
v, 52 (RyRaC,C,)+5(R,Co+Ry Co+R,Co—KR,Cy)+1
Where K= 1+
1
“n = JRiR3 G0, (13)
o B4, RiG _ [B1&
0 \lIR:lCE + \:Rgcz ++0 KJ\:RQQ (14)

Sensitivity of Kw.r.t Q is

Magnitude (dB)

10 10* 10
Frequency (Hz)

Figure 5: Sensitivity of resistor in RLC circuit.
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fR.Co

g _
Sg = QK 22 (15)
5% = 5% = gk -1) l'm=—@ﬂ (Bl (16)
Rg Ry \ B2y Rz ReCy
Sensitivity of active filter component w.r.t w, is
5;;3'. — 5;93.‘1 — 5521 — 5;‘:.'1 — _% (17)
S¢n=sgr =550 (18)

From above equation it is clear that natural frequency sensitivities of passive filter is £0.5%
or Zero. But Q sensitivities are little complex.

The nominal values of component in Sallen key filter are R=10KQ and C=16nF.*"!

R1 R3
Vin'® —AAA- ANN | -+
vcul
ca Op1
Ra Rb
r’\/\/\r AN\

Figure 6: Sallen-key filter circuit diagram.

The Sallen key filter in figure is 1 kHz (low pass filter) with Q=1. In this filter we vary the
value of Ry, by keeping natural frequency constant. We vary the value of R, from 1KQ to
19.9KQ. At Ry, = 20K the Q goes to very high so we avoided it. As we know that Ry, is main
gain determine component in filter changing with Q in FigurelQ.Figure 11 shows the

variation of different values for Ry,
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Figure 7: Response of Sallen-key filter by varying R;, from 1KQ to 19.9KQ.

5. Effect of Parameter Variation in Biquadratic Filter Circuit
Figure 12 shows the bigquadratic filter circuit. Now we perform analysis on this circuit and
analyze the effect of parameter variation on characteristics of circuit. First we calculate the

transfer function of filter circuit and then apply sensitivity analysis as given in equation
(1) [18,19,20]

AN
c1 RS
R4 AAA
—A N/ i} c2
1L
LA
R1
Vin (1) “VWN— = Rz
NN = Maa
+ -—
e + Vout(t)
P op2 *
R7 = o Op3

R8

Figure 8: Circuit diagram of Biquadratic filter circuit.

Now we calculate the transfer function of biquad filter circuit from above Figure 12

Rg Ry

_ _Ray _Be x

Vo= =RV - V4 e (L Vs (19)
_ Ry Ry Rg (R1+Rg)Ry

V2= Rlvl Re Ve £ R, 4+Rg (1+ RiRg Vs (20)

Now by calculation of voltages at different nodes
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Vs _ 1
Vs,  SR.Cy (21)
T e (22)
Vg Rz(SR5C-+1)
By putting the value of equation (20) in equation (21) we get
v, = Rgsrtzcllirgcﬁl)V4 (23)
By putting the value of equation (20) and (21) in equation (22) we get

Ry Rq Rg R; \R;(SR;C; + 1) R3SR,C;(SR:C; + 1)
——V; ==V, 1 \Y : Y

R, ' R, - R, + RS( * RHIRG) R: e R: *

_Ra

_ Ry
T Rg Rg Ry %\ R3(SRsC:+1) R3SRoC1(SR5C.+1)

Ry + R-+Rg ( Rmﬁa) Rs + Rs
— _RqR

RR+ s,f1+ IR+RRRGS+ E"f1+ IRRHCSH?LRRRC{JS2 (24)

UR+R8 R111R|31 31 R+RE|"RR'13 2 1haha i-z
_ Ra RiRz;tRiRy4+tR4R;
Here U_(R;+Rg) ( R;Rg ) (25)
v R4Rs
H(S) - V_4 - _-’R—R-+L'R Rz}+(R4R-RzC +L?R RzRsC2)5+R,RoRg RsCy €572 (26)
i L g 103/ Tihghahglg 1 g hazy 1hahg gl bz

Equation (26) represent the transfer function of biquadratic filter circuit.

o Sensitivity of R2 in Biaquadratic Filter circuit
T

Magnitude (dB)
b R
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Figure 9: Sensitivity of R, in Biaquadratic filter circuit.

As shown in Figure 13 if we increase the value of R, the plot shift upward and constant at 3
kHz frequency. In first case to calculate deviation in R, we can increase the value. And in
second case we keep R, value constant and vary the frequency,the frequency at which gain

is constant ,we take as test signal frequency for R,.
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Here in Figure 5.9 value of R,=50kQ.We analyse R, sensitivity at nominal values. And we
found that if we decrease R, value then it is easy to detect fault. We derived R, sensitivity of
biquadratic filter circuit from equation (24). and after applying equatio(1) we get this
equation.

Ri+Rg

Here K=———
Rg(Ry+Rg)

U_( Rs )(R1R5+R1R4+R4R5)

R;+Rg RiRg

H(S] _ —Rz RyRsRgC-Ks+RzRyRgK
Ry (27)

(R._ﬁ R5+UR1R3}+{R1 R2R361+UR1R3R5C2]S+R1R2R3 R5C1C252

Using above equation we can find the sensitivity of R.in biquadratic filter circuit.

y of R4 in Filter circuit

Magnitude (dB)

—— R4=1k
R4=3k
R4=6k
R4=9k
R4=10k

10

Frequency (Hz)

Figure 10: Sensitivity of Ry in Biquadratic filter circuit.
Using equation 26 we did sensitivity analysis for R, and we found two results.

Using sensitivity analysis of R, we know that if we decrease the R, value then we can
calculate tolerance very easily. In sensitivity analysis we keep all values nominal except R,
and also keep frequency constant. R; Sensitivity analysis is done in same way as we did all

other component. Form equation (26) and (1) we derived sensitivity equation for R5.
Here UZ( Rg ) (R1R5+R1R4+R4R5)

R-+Rjz REiR;g

R,R:
" (R:Rg + UR;R3) + (R;R,R3C; + UR;R3R:C;,)S + Ry RyR3 R-C, C,52

H(s) =
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RiR2R3 RsC;Co52+URzRsC2)s
(R._ﬁ R5+UR1R3}+{R1 R2R361+UR1R3R5C2]S+R1R2R3 R5C1C252

H(s)
SR5

(28)

R, Sensitivity analysis is done using equation (26) and we generate sensitive value of

component and test signal to detect fault.

R, +R
Here K=————
Rg(R7TRg)
' =
20}
‘é-:w—
Ef
-0
|8
o o Fraqu;:l:y (Hz) o o
Figure 11: Sensitivity of R5 in Biaquadratic filter circuit.
R4R:
H(s) = — —
' (RsRg + URyR3) + (R;R3R5Cy + UR;R3R:C,)S + RyR;R3 R:C,C,5%
SH{S] . (Rg RsRgRgCzK+URzR5Cz)s—(R5Rg +R3 Rgl) (29)
Rﬁ o {RjRa"‘t*Rl*Rg]+{R1R2R3C1+ER1R3R5C235+R1R2R3 R5C1C252
an Sensitivity of R6 in Biaquadratic Filter circuit
10 T ——Ré=1k
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— R6=6K
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g-ZO
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-30
ol
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Figure 12: Sensitivity of Rg in Biquadratic filter circuit.
CONCLUSION

In this artcle we perform parameter variation analysis using smple mathematical equation on

linear analog VLSI circuits. This analysis help designer to choose proper value of component
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so that the system output is remain stable for small changes in parameter. In this article we

use senstivity equation to perform analysis, which is done by using simple mathematical

equation. The analysis is done on various linear analog circutis including biquadratic filter

circuit. All simulation are done with the help of MATLAB tool.
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