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ABSTRACT

- . " . COMPUTER -~ AIDED OPTIMIZATION

OF A RC-AC?IVE BAND-PASS FILTER

Paraskevas Nikolaou Prokopis

i © An ever increasing demand for high circuit density to

i ~ -

decrease the size and costs of electronic systems, such as

!

updée electronic circuits, has become a major concern of the
active filter designers. Several RC-active filter designs
have been proposed in the literature i{ an attempt to meet

t -
Fhis demand.

A new RC-active filter design using unity gain-amplifiers is
presented in this report. The design realizes a second-order

band-pass filter with goéd.stability and sensitivity

. ’groperties.

The total capacitance and total resistance are minimized in
the deafgn through computer optimization procedures.
Thetefore, the required aﬁbsttate area for integrated
ciréuit-fabrication is also minimized. Non-linear

v
programming techniques for the minimization algorithms are

employed,

Extensive simulation results have been provided to illugtvhte

the validity of the optimization techniques.

v
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Chapter One

INTRODUCTION

| | <

. . v

1.1 General

Filter design consists of the realization of a specific

transfer function that represents a gain and phase responsé .

by means of a synthesis procedure and implémentatioﬁ of the

13 * ¢ ~ -
realization in the form of an electric two-port network. .

A wide range of filter types exist, such as passive RLC,

-

»

,n;imﬂactive, crystal, digital, and lately, switched-capacitor

(sCc) filters.

1 - "

v

AN

RC-active filter design is one of the areas of electronic V

circuit technology that has evolved very fast ‘and has o °

\ . . .
accumulated a vast amount of ‘literature in a very short

»

time.

-

[ 3

One of tHe most significant impacts on the design of the:

active filters has been provided in recent years by the

introduction of inexpensive monolithic OAs as active. ~\ o

elements. These elements dre available as ofE-the-shelf

components in large quantities and low cost. Needless to

large volume production of high performance active

o~

s el e REVTT It v ean St et e & e - . e m e w e w N .y

say, the EEEEEEPCG of these active elements made has possible

I
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inductorless filters, in partﬁ&glar filters using hybrid

IC design dnd fabrication.techniques. !

o

! ' \ ‘. 1)
[

1] .
-A major concern of .the active filter designers; as related to

the \hybrid IC implemen{atiod, is the folliowing. -

. To minimize the cost of a circuit, more components must be

<

contained in a given substrate area; thus, the size of a

circuit mist be minimized. Basically, in an integrated

7 v

circuit, a capacitor requires more .space than a resistor, ‘ e

’

p " which in turn uses more space than a transistor.

/ . ' ,on
' ) . . -~ o

As & result, for economic production of an integrate&

circuit active filtery; ,and in order(tp increase the system
capacity, such as in satellite‘communication systems where
microelectfgnica play an important role in the satellite o

payloif, the circuit must be designed with & minimum number

s

q:f components, particularly capacitors.

- ~

p v b ; S

In addition, an attempt must be made to minimize the total

1
[

" <.
capacitance.and resistance in the circuit. -

.

: L T - e >




Scope of the Report

a

In this report, procedures are- described to minimize the

total capacitance and total resistance of a low frequency low
‘o ! w .

Q second-order band-~pass activedfilter by using
| t

computer‘@ided minimization algorithms. Towards this end, a

wrief discus&@§n of active filters, their related synthesis
J ‘ - ) .

methods and the associated active elements with their

3

- R d
characteristics are briefly discussed in chapter two.

. P s .
The proposed active filter is described and analyzed }n
chapter three,. e

-

t

The total capacitance and total resistance of this filter are

briefly outlined, and a discussion on the principles of

minimization is given im chaper- four.

p [ 4

The minimization procedures and several relevant aspects of
the problem, such as the constraints, gradients, etc, and

appropriate concepts of thin-film component designs are

.

"described in chapter five, An important part of this report
. Q r

is_the solution of the optimization procedures formulated by

4]
means of appropriate computer programs. Certain steps must

’ vy .
be taken in order to make the computer programs effective.

These steps are important considerations in order 'to

guarantee a feasible sg}ution‘ These considerations, along

with the comments on the computer programs results and
B v ' i
o .
’

Y / e e smvens o et o o e . T ot T




conclusions are given in chapter six. .

-

A list of references and appendices conclude the context of
this report. The appendices contain the calculat?%na, theory
on optimization, concepts of thin-film fabrication and

computer programs with description and output results.

I S RSO
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Chapter Two

ACTIVE FILTERS

2.1 Brief ﬁackgtound

.

‘
.

Spurred by technological advancements and requirements,

!

modern filter theory has produced a class of networks called

RC~active networks. These pelworks include only resistors,

’

capacitors, and active elements,.

The active elements have evolved from the vacuum tubes,
through the transistors to the integrated circuit 0OAs in
present use. This evolution stems from the need to operate

the filter in reduced size, cost, and power consumption, as

well as in increased system reliability and functional

—

performance.

RC active filters are now available in hybrid integrated
- 12

= |

circuit formsﬁ;dauﬁfe wsedxfh many areas., \Some applications
are: telephony, whére they are pséd as pilot, voiceTChap;el
and some channel-bank filters; telemetry ahd tracking for
satellite systems; phase~lock loop (PLL) filtgrs;

instrumentation, used as spring-dumping filters; medical

instrumentation and equipment, due to very low frequency

- 1




'signal processing; digital data communications, used as

carrier and time reference-recovery filters, sync-pulse

recovery and clock generation filters, etc...

RC-active networks offer some attractive advantages over the

RLC networks, such as:

1)

2)

3)

4)

i

Increased operating speed, since they are confined
‘in compact, golid state form; propagation.deiay and
parasitics are winimized.

The input impedance is high, compared to the source
impedance; this reduces the need for signal power,
The output impedance is low; this feature keeps the
input impedance of the next filter-stage unloaded,
thus providing isolation between stages.

They can realize functions not realizable by RLC
networks since the restrictions of passivity and
reciprocity of the RLC networks are inogfrative in

RC~active networks,

Nevertheless, design of RC~active networks should be

exercised carefully, otherwise, oscillations will cause

unstable performance. Last, but not least, sensitivity

analysis of the resulting nttworks should be done before

‘

implementing the networks,



‘Considering recent synthesis methods, there are several

e SN ML e bl e DTl L . PG - - - M T e e

2.2 Synthesis Methods for RC~Active Filters

2,2,1 Methods

classifications available. One such classification is based -

on ;he feedback representation of the active network i
configuration.(l) Another classification is based on

the way by which the passive and active elegents are
idéntifieqL Still, another classification d¥v§des the
RC-active filter literature into: 1) the conventional
active-synthesis approach 2) the coefficient-matching
approach and 3) the simulated-inductor approach.

The design presented in this work can be described as an
application of the coefficient-matching technique. The

’

technique is briefly described below.

Coefficient-matching technique: A RC-~active network,

employing a given type of active elements, is selected and
its network function is analyzed. The analyzed network
function is compared with a specific function. The

element values are determined- by equating coefficients of the

same power in the cqmp}éf frequency ugw, (2) )

-
PN

g et mew



Table 1 - Linear active elements used in the active-filter

design:

»

Active-Network

Input=-Output

Network Symbol

active gyrator

I= -GIVI

Element Relations
I I,
1 . + iy +
V2 = uvl e
b vCcvs v +
1,0 : S
1 = Omew Q-
- I I
Iz- aIl + 1 ‘ 2 +
CCCs
v al v
I I
B, T2=8¥) +Omtp 2 o+
VCCS vl 8V1 V&
I - 0 -0 “o -
f 1 -
I I
2
V2- 1’11 + 1 T +
cecvs V1 rI1 Va
Vl- 0 - Qe —0 l.
V, =K,V + b L
. 17 %1 V2 L
1C T
v, NIC A
I.=X,1
2 2 1 = Qemmencas——y e ¢ B
Il- Gsz
PIV or

OA

L]

VO-A(Vi'Vl)
A= o

1-15- 0

1




2.2.2 Active Network Elemen:s(3)

Numerous papers have been written on active-filter synthesis

using a variety of active elements,

Table-I shows some of these active eléments with their

characteristics.

One of the major contributions to the active-filter designs
has come from the use of a particular type of active elements,
1}

-
namely, OAs.

The OA

-~

Considering the ideal 0A, and from the input—outpﬁt
relationship of OA in Table-1l, as the open-loop d.c gaiﬁ NAY

approaches infinity, Vo = V| approaches zero, where V;
N t

and V, are the inverting and non-inverting imput-terminal

voltages, respecﬁLvely. Hence, the output voltage "V,"

v

approaches zero. Ag is shown in Table-1l, the ideal 0A is an
ideal two-input one-output VCVS with A approaching infinity.
A is independent of frequency, temperature and input-voltage

levels. Figure 2.1 shows,a typical representhtion of the

equivalent circuit of an ideal OA.’

N
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- . o . ’ I
\{ Tt T2 :6) A(V1-V5) VomAvd
A+ . (vasv1-Vv2)
- V, l
o -- ' -0

Figure 2.1 - Controlled-source model of an ideal differential

input OA.

The out;;ut voltage Vo is always of the same polarity vifth

the, input voltage, when the latter is applied at’ the
non-inverting input terminal, and of opposite polarity when
it is applied at the inverting terminmal.

The corresponding closed-loop d.c. gain (K] or K3)
follows the input-terminal sign; the closed~loop connected OA

is referred to as non-inverting or inverting OA, respectively.

The non-inverting OA and its equivalent circuit are shown in

Figure 2.2, connected in a closed-loop gain configuration.
v

e o

b —
L4
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—Wn—loﬂf {io oo+

ptvd 4
I NJavda vo
v 2 |
- ) -

. (b)

1

Figure 2.2 - A typical ideal OA in non-inverting gain:

configuration:(a) Actual circuit,(b) equivalent circuit.

The closed loop d.c. gnin(l")is given by:

Xo = 1+%f~- G +1 II....I.I.I.....‘......I...'..‘....' ..... (2'1)
1
From eq. (2,1) Jo_ ‘21, for real positive value, in Re

i _
and R; . By adjustingRf and R; , the d.c. gain of the 0A

can attain a large range of values.

-

The d.c. gain is 'independent of any source-impedance

variations, since the non-inverting terminal draws zero

current.

The inyerting OA and its, equivalent circuit are shown in
Figure 2.3, The closed-loop d.c. gain is given by:
“'44\ -

vi Ri Glll.......l.‘.l....'.l..I;lll'..l.l....(z‘z)
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From eq. (2.2), any real positive value (limited by

Vo
design-constraints) of V; can be obtained by adjusting Rf and Ri.

Rf
e A AA ey
{1 11!~
I3 2|00 D8 +
P 4
Yo
—0 .
<
’ (a) . - (b)

Figure 2,3 -~ Aﬁtypical ideal OA in inverting gain
configuration: (a) Actual circuit, (b) equivalent circuit.
From the equivalent circuit inm figure 2,3 it is obvious that
if the source-voltige Vi exhibits an impedance R; it may be

4 incorporated in series with B . Hence, the source-voltage Vi

\\ must be able to deliver a current —Yi.__ .

Ry

The output-impedance approaches rero, consequently t‘hé

load=resistance Ry does not enter the expression for the
)

d.c.~gain. However, the OA must be able to deliver

v
output-current, required by the feedback current ‘Rg" and the

load current gL » where R is the load resistance.

&

i
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Additional perf.ormance characteristics of the OAs,(S) when
manufactured in silicon monolithic form, are: i) Close:"
matching and tracking of the active and pafssive componehts
over a wide range of temperature variations; ii)limited

constraint on the number and geometry of the active devices,

and iii) excellent thermal coupling through the circuit.

However, the integrated OAs are complex circuits, composed of
versatile differential-amplifier cascaded stages with

appropriate output stages,

The practical OA is a non-ideal device characterized by a
frequency and temperature-dependent finite gain A(s). This
open-loop gain decreases monotonically with frequency at
frequencies higher than its limited corner-frequency (or 3 dB
cut-off frequency) value Wy ., The input and output impedances
are finite and the input and output signal levels are limited
by the dynamic characteristics of the OA., Other non-ideal
characteristics of the practical OA are: input offset-voltage
and offset-current, common-mode rejection error,and finite
unequal common-mode impedances of the two input-terminals. The
Bode-pl'ot of a typical practical 0A with internal compensation
is shown in Figure 2.4 Near d.c., the op;an-loop gain Apgis in
the range of 200,000 or 06 dB, but at wy, the voltage gain
starts decreasing with a steady slope of 6dB/octave, or

20dB/dec ade.

B R N - ten - -
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The value of B usually depends on the model. The best OAs

attain values of B in the range 1 to 65 -MHZ. At frequencies

above B, the roll-off of the gain-slope is steeper than

o
12dB/octave. The OA then begins to appear as an attenuator

which is useful in some cases, when stability is needed.
y e ,

o :

vin 7

6dB /octave

-
106\, 12dB/octave By
‘ :

A

Figure 2.4 - Open-loop gain response versus frequency of a

practical OA.

a

Most O are designed so that, for small signal operation,

A(s) is represented by a first-order .transfer function

(ignoring the higher-order terms) that exhibits le-plll

characteristics. The transfer~function of the pra£§{<;1 OA,

in open-loop configuration, is given by: A(s)= 22? -

-~

The gain and phase characdteristics are shown in Figure 2ﬁ{/y'
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v .
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-

; ————

(a) . (b)
Figure 2.5 - Transfer function characteristics of the

, practicalrfrequency-dependent OA.

(a) Gain characteristics (b) Phase charactéristics

Electronic-circuit designers must operate the OAs in the

i

linear region of their transfer chatacteriatﬁcl. in closed-loop

LY

modes, and with small input signal, otherwise the above small

signal model is not valid. "Furthermore, temperature

variations ﬁay cduse fluctuations on Ag characteristics, even
with temperature-compensation circuits. Fo; these reassons,
closed-loop gain configurations should be used, by connecting . !
external tekistort, as in f&gure 2.2°and 2.3 for the ¥

non-inverting and inverting-input OA configurations,

respectively.

4

[y
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, where B

. | 8 16
&
For the ideal OA, K is: . g
M
R ' ' /'/
1+'R-g‘"‘ = G+1--‘..-.---ncn-.-lo-.-._-..-.--.--’.n.n”aoc.non...--oa.(Z-l’)
i e ).
and - RR'f -‘—Gl."!‘l‘l..'...i.“..lll'..';.l'lt.ll..l'll‘l..l.t.(Z.S) .
1 . .

.

for the non-i?verting and inverting OA configurations,

~ ’

respectively.. -

gy

_When the dominal-pole model of the pracfical OA is

3 ' N . . 3 [ 3
considered, Kfs), for the non-inverting configuratino is:

B B

K(s) =

E.
s ™ B iveeeerneronnneas.n(2.6)
———-FB B-FIV ] stuy + B B s+mH4-E )

B ‘

R{ ‘ 4 ' .
R+ Re |

Similarly, ffr the inverting—input configuration,

- G B ~ :
= . B cno.ooooo-ooo--otoo(207)

+1 G+1 S+NH+——— °

K(s) Y 8
8 §_+fﬁ_

B8 “FB &) ~
where
Y = Rt
% +~Rf
B .
For —g~ > Ys ., the corresponding gains are: : ,
K(s) bl B ....‘......'.....'..'l""..'........:C.....(z.s)
: 8 + — , !
G \
and _ )
- ’ - '
K(S) L G . B B .“Ot'.""“‘l.'......"'.".'ll..'v't.‘(zlg)
‘G+{'r 8 4-E;T— p
respectively, ' o
. ®
. ' Ly
t “ ( !
bl .



At zero frequency, the gains in equatiéns (2.8) end (2.9)
. )

reduce to: K(sjs-O 1+6 and g(g)|g=0” G s, Tespectively,

"
©

which are identical to the d.c. gains of equations (2.1) and

(2.2) respectively. From equations .(2.6) and (2.7) the 3-dB

4

bandwidths (u~3dB ) of the closed-loop practical DA are:

+ B B ¢, G+
w”dB w“ G”'l e+1 \1+ )0-.00. ....... "““"I""""“(Z.IO)
and ' . . ‘G+2\ == ‘ .
W -3dB » Wy + = (1 + ceestittenaens sesesenas (2.11)
w2 o v M) ,

“for the non-inverting and inverting-input OAs, respectively.

’ "”r’. -~ N '
Tt can be observed?%&}t, for Ao» G+l and Ao»G+2 , the.
i3 ' .

corresponding 3~dB bandwidths are: v

m_,dB ; B n..coooooo-uu--n..a.ctoowoo'o-o.ooo-Qnoooo'coauvno'(z'12)

and G+ 1

w -\,dB’.""'—_B—tn.-o-‘coo-co‘-.ono.-.-oooooooon------cnoooouou.-(z'.ls)
G+ 2

Comparlng equations (2.12) and (2. 13) , W~-3dB for the .

non-inverting practical OA is greater than that of inverting
OA. It can be segn,‘als\p, that the smaller the term G the’

wider the 3-dB bandwidth.

The un‘ity-gai'n of the non-inventing OA is given by

Ko = —L+ 1.G+1.J~;00noo..-. ------- .-’co-.v ooooo ..--.-------(2°14)
1

since Ry is zero. Therefore, equation (2.12) becomes:

w-’dB ‘- B.l."o....l'OO..O..O.'aa'."'t;...'I.""'tlt...l.!t. (2 15)

since Ao » 1 and G - 0 .

L4

" »
5 :

°

From equatmns '(2.12) and- (2 15),n1t is obvious that the -

N
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- cut-off frequency wyis at its maximum value B when .the 0A is
configured for-unity-gain. The phase reponse varies between

zero and - ‘%‘radians at the maximum cut-off frequemcy B.

Other imperfections of the practical OA are the closed-loop-

” input and output impedances Zin and Zout, respectively, which

-

are represented by the expressions: -~

Z:

in " (L AGBIB) Zieiii L (2416)

R Zo - R
and Zout * "I AG8)E PSRN ¢ T & 5

Here, Z4i and Z, are the input and output impedances of the
. open~loop 0OA, respectively. When Zi is in the order of

507000 ohms Zj; is in the range of 50 to 100 megohms. 2

Al Z bt -
decreases to Zgut = {$AF ‘~.When Z, is in the order of 200

4

ohms»the corresponding impédance Zout. is in the order of 0.1

v

.ohms.

From equations (2.16) and (2.17) it is clear that a
unity-gain OA would offer the largest value of input

impedance and the §mallest'v§1ue of output impedance.

Some of the other advantages of operating an OA in the

.unity-gain mode are simplicity, low cost and high stability.

~

’

—— e



Chapter Three

DESIGN OF A RC-ACTIVE BAND-PASS FILTER(BPF)

)

3.1 The Proposed Band-Pass Filter

’

L

It is quite common to use second-order-transfgr-fuﬁetion
sections in cascade, in order to realize higher order active
filter, due to low-sensitivity and post-design adjustment

considerations.(ﬁ)

In this report a new band-pass second-order RC-active filter
using unity-gain amplifiers is discussed. As described in
the previous section, UGAs can be realized conveniently by

OAs. The filter is shown in Figure 3.1.

The required OA circuit in closed-loop configuration, to form

the positive unity-gain amplifier, is shown in Figure 3.2

Note that ideally Zin and Zout o.
C) ’ ]
\
!

Ry R)

; ) ' . ( l (A o

vin

- g © ~

Figure 3.1 = Proposed band-pass RC-Acti;:\filzer using unicty-gain

- amplifiers.

° [ [
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Zp= e
Zout-%0
Noqinal gain K=]
Zin Zout
(a) (b)

Figure 3.2 - Ideal models of UGAs:
(a) The symbol of the UGA

(b) Construction of UGA

. 3.2 - Voltage Transfer Function

The voltage transfer funcrion for a second-order band-pass

filter, in the complex frequency domain"s" is:

do g
z*o(s) bl znx*"q,o ’ l..lI‘..l.I.lll.l.Qll.l...l....lilt(3.1)
: 8 +-%%— 8 + wo

" The band-pass filter of figure 3.1 will be analyzed assuming
ideal, then practical OAs, unity-gain or non-unity-gain
amplifier configuration.‘ The unity-gain amplifier
configuratibn will be used later in the minimization

algorithms.
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The filter transfer function, Figure 3.1, is given by:

T —— Jo.. .2

¥ 1
82 + Rt R 8 +
R)R, € KR, GG,

and is derived in Appendix A,

Vo
T (s) =

Assuming non-unity gain configuration '(Kl,lc,# 1), figure 3.3,
/

the transfer function of the same filter is given by:

S - L
Vo %) C1Ry+R3 (1-K]K)]
Vi (8) = o RiCi4K, C,+R,C,-E1K,R C N 1 .o .--(3-3)
R1C1C, [R;2+R3(1—K1K2Y[L . R C1Ca[Ry+R3(1-K1K2]]

dnd is derived in Appendix A

(1 . .
Mot x, > Mi—

C2
R

Figure 3.3 - Proposed band-pass RC-active filter of figure
3.1, using non-unity gain amplifiers K} and K},
Let K=K, =K —~

In this case, the transfer functions of eq. (3.3) becomes:

. % - 8 ) .
VO " Rlcl ‘.2 3‘ ......-.(3-4)

Vi_(s)' 82 + gjﬁl"‘iz Cz +R, C, -K2 Ry C 84" - 1
- -K2
P R;CiC, .[R2+1’lg(1 K2 )] . Rlclc,[ﬁzma(l K )]
’ # .

By letting K w], the transfer function of equation (3.4),

reduces to the transfer function of eq. (3.2), When the
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dominant~pole model is used with unity-gain amplifiers ( K=l )

' ~
then K(s) - -—'_L— ------- AR ----c-o-o--.oncoc--.c.-..’(3.5)
s + B

Substituting eq. (3.5) in eq. (3.2), then:

Ry C B s(s + B)

Vo R1R,C;C,+ R1R, C,Cy
vi(e)- 4 2R R2 CC, B+2R) R, C) C, B4R C1+R, C, +R, C, , R}R,CyC, B? 32R,C B¥2R, C, B
RK,C,C,+ KR,CC, RR, C;C, R R,C|C,
TR G BHL,, K, C B R, C, B2 428 D 3.6)
#* RR,CC R ECC,  ° T RECGHRECET, (3.6

i I DT S R

Again, in an ideal situation, where B approaches infinity,

the transfer functions in eq. (3.6) is simplified to:

. R, s 4
_v‘_?_(s) - JRZC_'L ’ toerescsssessen e e o-co.o...(3.7)
v s+ Sathy o 1 |
R K C R X, C,C,

. ' . : -
which is identical to eq. (3.2) derived directly with the
aséumption of unity-gain ideal amplifiers employing ideal
OAs.
. ’ .
3 1
L
/// v
// / '
, :
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- 3.3 ‘ Design - Equations

23

Due. to the complexity of operations involved in solving the
fourth-order transfer function to derive the filter .
parameters wg, Q, and Hse l, as well as the
elemeﬁt—equat;ons, only the fdeal—OA second-order transfef
function is analyzed. This implies that the design will be
useful only fo; low frequency applications, that is for

Wo ¢ B ., Comparing eq. (3.1) and (3.2) the followin;
equations are derived:

I e e ererereena (3.8)

R < D

HBP -FEAE 0OIODQQOOl...'..!l'l.tlll..OQDIOIDQCIllc.!i..i.l..l!.l.(3'10)
2

From eq. (3.8),.(bo can be adjusted by trimming the values

!

Ci» C9 and R; or Ry, Once‘wo is adjustéd, Hgp or (%
(but not both) can be adjusted by varying Rj, without

affecting wy,. The parametersuw,, Qo and Hg;are usually

(o]

specified by the filter designer., The corresponding
element-values are calculated in Appendix B, All ‘

element-value expressions are presented in Table 2-5-6- and -7

v

The. following compod%nt*equations will be useful in !

establishing the initial variable~locations in the

minimization algorithms, when minimizing C, and Ry’ -\\‘,‘\W
/ 3 L/J
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of the proposed. filter. It is, therefore, convenient to
calculate all the element-values classified in two groups;
‘the resistor-equations, with capacitor-values as variables,
and the capacitor-equations, with resistor-values as
variables. These calculated values will be used, initially,
as arbitrary locations of the variables (Xj) in the

minimization algorithms, assuming that the parameters

Wy o Q, , and Ber are specified. The element-equations

are:

Ry= —%—. . TSR ¢ SO B B |
2 Y &

I L P P P PP PN ¢ 29 £ 3
C2 u’oQo '

- ......l..l..I..I'.IlIl..I......l'.....'l.....(3.13)
1 %n
Rl- -CE . mo I-HQP.

Hence, Hgp ¢ 1 for eq. (3.12) and (3.13) to take always positive values.

: 1 .1
2 Rz"'R3 onOoc-nccco.o‘-ocoacn.ot.Ooioooc.o.oo.o.n003000000(3014)

B T RPN & IS . B

1 R2 Wo

cr- c+c.'.ol-oo..o.l.'oo..o..coc000..0.0-.00-0.00..00...00'.(3.16)

b b
;

A T
%- R1+R2+R3.'...;'.';"'...."...."...‘.."'..............’..(3.17)
3?% " Sensitivity

The RC-active filter designer is concer;ed with thé;
sensitivities of the reoufting transfer function. The
sensitivity performance of any active filter is best
described in terms of its sensitivities with respect to

variations of its active and passive elenentn.(7)

| R
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Wwo 0 . . .
The sensitivities Sy and Sx , where x is any passive or active element

are shown in Table - 3.

30_5_’“___ O ) . Stabili‘tz B . i ! ~

The second-order transfer function of the proposed band-pass

filter can be written as:

»

Wo
— 3
o) e . e Qo (3
824+ =R g+ wy?
Qo
or: :
Vo - al s i .
T (s) B;;ﬁﬁ;:sg—n...u....“....”.,..“...”.....n..(3.19)

.

The bi-coefficients of the ith power in "S" determine
whether the poles(SP) are located in the LHP, in the RHP, or
on the imaginary axis  (jw). Th; last’ two pole-focations
define the "critical stability" or the "oscillatory"
condition of the filter. For stability, the bj-coefficients
for éhe trgnsfer function of (3.19) must be real positive

constants.

The denomin;tor of the transfe function, eq. (3.4), will be
examined in order to observe the importance of K of the
amplifiers at the instant of power activation, and after
activation. K is given by: K=3 31 .  AsA, increases its
values from zero, during activ;tion, to infinjty, during tge'

steady~state period of the power (post activation), the gain

K increases from zero to one, where it remains constant.
. ~

PRl /
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v 3.8.1 ‘ Stability During Activation

.For stability during activation, this is, right after power

is switched on, the b} ~-coefficient of the denominator should
remain real and positive. For this circuit, the following
conditions should hold: ‘ !

1) bO = w2 >0 ‘ vhere w°2 = 1 _
R1C;C; Ro+R3(1-K%)

Since
0<K <1, w2>¢

2) b»»0. 1In this case, by=l. Therefore, by, the second-order coefficient,

is always real positive.

Wo

Qo

or Yo . RICI*RaCI+RIC-KIKQRIC; _ _RIC] (1-K2)4CH(R2+R3)
Qo R1C1C2iR2+R3Z1—K1K2§| R1C1C2 [R2+R3(1-K?)]

A

3j by » 0. For this filter, by =

It is obvious that .%Q._ or hﬂis real positive, since K< 1.
o ; o
From the above stability analysis, it can be concluded that

the proposed configuration yields a stable filter, . .-

v
. 7

.



Chapter Four

MINIMIZATION OF TOTAL CAPACITANCE (C; )

]

AND TOTAL RESISTANCE (R, )

[

&

4,1 General Concepts of Optimizafion(Non-lidear

Progtamming{g)

In any optimizdtion problem, -there is a function £(X)

-

to be

minimized, which satisfies some rules called constraints gi(;).

The function to be minimized is called "objective function"

The optimization process can be stated as: min f(x) s,

that gi(x)=0, i=1,2,...,m¢ n, Hj(i)a, 0, j=1,2,...,r

such

)

where x = [xl, x2""°""'xn]T’ and all functions £(x), gi(z_:) A

4

and hj(i) are differentiable..

©

With the given objectivé function, the m equality-

b

constraints, and ¥ inequality-constraints, it is possible

to find a set (or sets, since the splution might not

unique) |xp,* x,.*.......o.x ¥ which yields a minimum.

function . f(X) will be feasible'for a solution if the
'

dimension m in giGb does not exceed the number of.

variables in f(X)°. Therefore, the inequality m sn

be

The

should

hold. If m n, the problem is termed "overconstrained."

When m £ n, the number of degrees of freedom, for dbtimizing,

29
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isn-m . The equality-constraints can be divided into two
.-

inequality~-constraints: gi(i) 2 0, i=},2,.....,m
g; (x) 20, i=l,2,.....,m
From the above definitions, the non-linear programming.

problem can be written as:

min £(X),  such that | 8;i(%) .

,2,.23....".,m< n
929 cceaanayl

- 1
gi(®)| 2 o0, 1

. . | h ‘ hj(;(.)

e e

1

There are many minimization methods(or algorithms) available

in literature; some of these are briefly described in

e

Appendix C.

!

4.2 Total Capacitance (C;) and Total Resistance(Ry) "

-

.

.

¢

For high volume production of active filters, hybrid
integrated circuit realizations using thin-film RC-networks
and silicon monolithic operational amplifiers have been a
state of the art in recent filter technology and have ver§
efficient production yields. To this end, however, due

consideration must be given to the inherent properties of

hybrid integrated circuits.

[
W

In a thin-film realization, a capacitor uses more space than

a resistor, and the resisto’r uses more space than a
transitor. It is estimated that if the area occupied by a

©
transistor on an IC chip is taken to be one unit, then a
- i\./l . .
resistor requires an area of two units and a capacitor’ .

¢ T———

occupies an area of three units,

N ——



.
f . ! ’

Consequently, the aim of the designer should not only be to
. L
mﬂhapize the number of fhe passive components, but also to

minimize Cy &nd Ry

4

. Ny

In the context of the minimization procedure, the terms
"toral capgcitance" or "total resistance" is interpreted in

this report to mean a quantity that is directly proportioned

to the sum of the individual areas of each capacitor or
resistor, 85 the case may:-be., For the purposed acrive filter,

minimization of the areas.corresponding to Cy and/or Ry is .

o oA,
the major topic of this report. Analysis deals with for

eight cases of minimizing the capacitance and/or
©T -
. "
resistance-areas of a thin-film substrate based on the propose
9

»

“filtdr component requireménts -and phrameter ( ©,» Qp”and Hy )
Qpecifizatiqns. In some cases, minimization procedures have
been given directly for the quantities Cp or Ry without

considering corresponding areas.

kY

P N Rl .

The different optimization cases considered in this report are
. L4 4

shown in Fig. 4.1. Th expressions for Cy and Ry are w» &

defined in section 3.3 and #re given in Table 5, 6 and 7.

ar N « -
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Chapter Five

»

SOME OPTIMAL DESIGNS FOR. THE PROPOSED FILTER

o

. Y

5.1 Férmulation of the problem

The filter design problem is viewed here as the determination

of a set of "optimum" element values for a given network

7

structure,

A

These values yield the minimum value of the objective

function (ievCy ,By , Ac, Ar ) for the given filter

specifications. . .

LY

In applying the computer-aided analysis, proper formulation
of the above objective function, selection of the constraints

to be satisfied, together with the choice of suitable
A .

‘minimiZation algorithms, are the essential aspects of

°

optimization problem. . ' '

L
The filfer element-values are bounded in a feasible region,

'

specified by the solid-stéte circuit manufacturer. These
element-value bound; can be introduced in the computer
i U
program,. either as variables in a range defined by "harg¢" CN
+

limits (stop commands) or as minimization conttraints. The

constraints of the 48 objective functions are the. filter

.}“parameters Wo and Qo and the compongnt-requirementcl-c2 .

t

P

4 . 33 ot
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However, Wo and Qo are functions of .the filter elements; in

view of this dependence, their values in eacﬁ iteration of the
minimization algorithm, change throughout the algorithm until
the "optimum" (minimum set x*;[;cr‘ » XF ~,_“‘“, x;])

is achieved, in which instance, these constraints.are

satisfied, or until the paramefers obtain their desired

values. }
/

y -
5.2 The Optimal-Desgign Objective Function

°
-

The minimization problem can be stated as follows: o

Min, £(x) , such Ehgt the equality-constraints g§(X) =0, =

i=1,2,..r, hold, where Xx -[xl, X9, ....xm],?

The objective function: £(X) , in thisostudy, is determined by

the specific requirements 'of the filter design to deliver the

)
desired filter parameters at the end of the minimization -

process, where the physical size of Cy and R, representing
the corresponding areas Ac and Ar respectively, are minimized,
This function is the "constrained" objective function to be

minimized, without considering the penalty paid by the

s

presence of the constraints; this penalty is the inability of

the algoritthto reach the "glbbal" (or sometimes "local")point
. ) :
when constraints (gj(x) ) are satisfied.

.

Computer-programs are compiled, in Fortran IV, utilizing two

of the Computer-Library subroutines which mihimize the

-

S

Y ( ~~:t .
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specific five-dimensional twice-differentiable functions with

‘some constraints, Figure 4.1 and Table - 4, y

Quasi- Newton's algorithm is used to minimize f(;)-CT for four
cases, each case pertaining to three sets of values in Wo and

Qo, per Table -5,-6,-9, and -11.

‘Fletcher-Powell's algorithm sdolves the more feasible
functions f(X) ~ given by:Ac, Ar and 2Ar+ 3Ac, where Ac=AjCr,Ar=A,Rt ,
and 'A; and A, are constants defined by the electric- and -
physical properties of the thin-film material used in this
analysis. There are twelve cases for all three objective
functions (f (x)), each case pertaining to thfee sets of
values in Yo and Q¢. Table -4, -7, -8, =10, and -12 shéw the
various objective functions of this algorithm.

o .
F(Xx) is a two-dimensional constrained objective function
since J-t-[xl,xz] T , where xp = C1, % - Cy » when £(X)=Cr=C;+C,
and three-dimensional (X = [xl, Xy X,]T ), wherex)=R]l,x2=R3, x3=Rj,

when £(x) = Rp = R} + Ry + R3. .

*

4
In a real situation technical problem, where the filter

¥

design has to meet certain parameter-specifications, besides

/7

2

s s s . 7 .
minimizing the physical size of its components,.

constraint-functions gj (X) are present.

R T T = TV . . AL
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Table -~ 4 INDEX OF MINIMIZATION AND
a )fo=500 HZ,Qo=50

b )fo=500 HZ, Qo = 10

"PLOT" PROGRAMS .

36

¢ ) £0=1000 BZ, Qo = 10

Progranl Program '
No Name Case Desc.ription
1 la Miminize Cpusing Newton's method
2 MINCT. 1b when Hgr is floating and all
3 | lc elements are floating(ﬁep ‘__1_13_
R2+R3___.
4 2a Minimize CT using Newton's method
5 MINCT 2b | when Hy, is floating and Cy®C2 = C
6 2¢
7 Ja Hinimi; Cr using Newton's method
8 MINCT2 3b when Hzr i8 constant (R3-KR2;HBP-§—+T)
9 3¢ and C1 . CZ , Rl . RZ are floating
10 ba Minimize Cp using Newton's method
11 MIFCTB 4b when Hgp 1is constant andC] =C2 = C
12 4¢
13 la Minimize area "Ac'f of Crusing
14 CIMIN 1b Fletcher's melthod when Hgp is float
15 le -ing and all elements are floating
16, 2a Minimize area "Ac" of CTusing
17 C,MIN 2b Fletcher's method when Hgr is
18 2¢ floating and Cp = c2 = C
19 3a Minimize area "Ac" of CT using
.20 C4MIN 3b Fletcher's met;(hod wvhen He‘;p is
?l ' 3c constant(Hge = K+1 , Ry = KRZ)
22 ba Minimize area "Ac" of Cr us‘ing
.23 C,MIN 4b Fletcher's ,method vhen Hge 1is
24 4e constant and C] = C2 &« C
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INDEX CONT/INUED

L
Prograd Progtlam
No Name Case Description
25 5a Miminize area "Ar" ofR,r using
26 RIMIN 5b Fletcher's method when Hy, and all
27 S5¢ elements are floating .
28 6a Minimize area "Ar" ofRy using
.29 R,MIN 6b Fletcher's methco’d when Hg, is
30 6c floating and ci-CZ- c
1l 7a Minimize area "Ar" of Ry using
32 R3MIN 7b Fletcher's method when Hgp is
33 7c constant(}iap-.-l—li:l; Ra-m?)
34 8a Minimize area "Ar" of Ry using
35 R, MIN 8b Fletcher's method when Hy, is
36 8c constant and cl- c2
37 9a Miminize area of3Ac+2Ai using
38 'Rcuml 9b - Fletcher's method when Hgp is floag
39 9¢ -ing and all elements are floating
40 10a Minimize area of 3Ac + 2Ar using
41 RCMIN, 10b Fletcher's method wt\en Hgp 18
42 ' 10¢ ~.flo'ating and C1 - C2 o
42% lla Minimize area of 3Ac 4 2Ar using
(A Rcmua 11lv Fletcher's method when Hgr is
45 llec constant (Hap-%—’-_’-i— i Ry = KR,)
f46 1Za Minimize area of 3Ac + 24 using
47 RCMINI‘ 12b Fletcher's method when Hg 1is
48 12¢ constant and C; =€,

Shn ae v o m ——— % ot




INDEX CONTINUED
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e

Program| ProgrAaml
No Name Case Description
49 Paris2 | fo=300HZ, Qo=50, Hgp=.909 Plot the Amplitude and
fo=500HZ, Qo=50, Hgp=.75
50 " fo=500HZ, Qo=10, Hpp=.75 Phase Response with
51 " Ideal OAs 'in the Unity-
Gain Mode
52 Paris fo=500HZ, Qo=50, Hgr=.909 Plot the Amplitude and
fo=500HZ, Qo=10, Hpp+.909
53 " fo=1000HZ, Qo=10, Har=.909 Phase Response with
54 " Non-ldeal OAs in the Unity-
Gain Mode. B=100MHZ
55 Barisl | fo=S500HZ, Qo=50, Hgp=.909 Plot the Amplitude and
Ao=150000, Ko=1000 /
56 " fo=500HZ, Qo=50, Hgp=.909 Phase Résponse with
x Ao=150000, Ko=10
57 oo fo=500HZ, Qo=50, Hgp=.909 Non-Ideal OAs in the Non
} Ao=150000, Ko=1
Unity=Gain Mode
58 Paris Optimal~element values | Plot the Amplitude and
through of Quasi~-Newton minim. { Phase Response with
69 programs Nan~Ideal @Ag in the Unity-y
(Program nos: ! =~ 12) | Gain Mode. B=100MHZ '
70 Paris Optimal-elément values
through of Fletcher-Powell's
105 minim. programs "
(program nos: 13 - 48)
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"8 and 8; , respectively, must be specified in the main

o b ’ 47

, S
®

To take”into accouny the presence of these constraints, the.
¥ . .

penalty-function( »10) ig introduced, where .the

Ed

. 4 - - :
constrained function (i.€é. min x£(x), such that gibO-O,pQ,ZH..r)

»

is converted into the new ‘unconstrainéd function P (x;kj.)
where P(x;ki) = £(X) +r§_ k; g;&x) 2

Here,k; is-the penalty-function multiplier, which is

"0""""""""ls“‘(s«'l)

L}

arbitrary, but a very important real positive constant.

Tk

The dimension of f(X) is m , but that of P(x;ky ) is n ; mpm .
So ix-[#lgq,..“.xn]T, for. all the unconstrained Bbjegtive
! \ L]

Functions P(x;k;) and for both algorithms.

1

5.3 The Optimal-Design Constraints °

t

~

o - "

In order to maintain the specific parameters Wo and Q, within
oy ' o '

close limits of their desired values , constraint-functions~

LY
1

programs. For example, the parameters wg and Q, can ‘retain

their values, at 10 and 50 KHZ, respectively, within .l percent

n

can also be assigned a value

accuracy. Jhe parameter Hgp

within®a range of real positive values. For example, 0< Hggd

R
where Hgp= —2—, and R2 and R3k take real positive values.
R 4R, T :
273 .
LY N o : -4

N

s '

In order to achieve inequadity condition inHg , two

13

constraint-fupctions 84 andgé' should be specifted, where
g3=Hep» when Hyp» 0, and g,=Hgp , When Hgp¢l - Note that Hgp 18 not

allowed to ‘take any of the two limit values in the

/

inequality-constraints 83 and 8. b}

*

it AamSi T N R T R e s . . A b ATIE ewp DTe L gLer ¢ e o
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If it-did, both values would vi/o]./te the feasible region of

. /
values in the transfer functionT(s) , which is a function of ¢, ,

1

Cp» Rjs» Ry, and gy .

‘The equalityHgs R%_Ek—:;can be specified as another

R
constraint~function, 85"where 85= Hep - — 3 . 0.
R, + R3

’

The variables %i, i=1,2,....5, must be real positive (o¢<xicé&),

v

omor, . \ .
where ¢ is the maximum component-value achieved by
3 .

! . " . . o, '3
solid~state techniques. Ten inequality-constraint functions

3

g6 through g5 are required for the five variables xi

Finally, the constraint-function. gle will deRermine the

1
bl;shervation, for this tmicnl problem'to be feasidble,

requii-ed case:C,6 = C2 \ Here,g)g= %l-—l-a, A m}!e"careful
. 2

-
shows that constraints 83 and g are inter-dependent, thus,
they 'canno"t ‘be satisfi;ed independently, and hence
simultaneously. In one case, Hgp is required to be

constant. This can be achieved by'léttin.g R3-KR2, where K:; is

a constant. Constraints 83 ) &4 ‘and gs can be eliminated,

- v~ . - “
allowing constraint " "to be -satig'fied. Constraints gg -

throughg;; can be eliminated, being redundant since all

Id

"elements xi are real positive and bounded by uppér and lower

limits:
The remaining three constraint-functions are g1, 82, and g
’

which will be called g1+ 82 ‘and g3 , respectively. Given

1 " 1 ElRlR} and #

the three specifications , = -
' o YRIKC1Cy + % R2+R3} C2

C1 - 02 , the corresponding constraints are:

81-(1)62 R1R2C1C2 - 1 = 0.!.!..‘ll'll'.\...l..l.....Cl.‘lltl..".l-l-l(s.2)

¢ ‘ 4 s
‘82' Qoz (R2+R3) -'—-ziz—' l= 0..................................(5.3.)

Jow
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«

when R, 1ia ?ndependenc of R or

3 »
o ? CRy

82 QO2 (k"’l) '_Cfﬁf_——l-0'.".'."...'......................( .3b)
'here. R3-KRz.II-..'lI..l.l....‘.‘:"..l..."?.....‘.'..'..t.(j..a'c)

B3 = == L= 0uiriiiiiiiiiiiiee e e (820)

C2 .
|

5.4 The Objective-Function Gradients ,/

»

Quasi-Newton's and Fletcher-Powell's optimization algorithml‘
compute the gradients VE(R) of the objective function f£(X)

vhich are required in the respective recurrence formulae:

- , : 5.
Xi41 = %5 - HL(R) © £GR;) O ,( >)
(5.6)

8nd §i+l-§i- 1“ Hivf(ii) sseenas s seventatesosrser e s st

Here, An is the step-size of the gradient change, during the

<z )

\ ' -
"descent" from one iteration to the next, and H'land H; are

the inverse Hessian matrices of the objective function £(X).'

. _ Subscript "i" denotes the itecation number. 1IN Chis study, .

. 7 - .
given the above constraints, the objective function f(x) is !

- e i \
replaced by the new objective function P(X"; Kj) that-includ%s )
. . , . S
" thé .penalty functin. Similarly v f(x) R: replaced by vP(i,Ki), |

*where: P(x; Kj)= £(X) - + E Kif ()2 trrrinenenninennadonnna(5.7)
1=

. * . . \
o - . [ o r‘ \ . ’ ‘
. ‘ P ] G(1) g . ‘
- x .
1 : -
R ) AP '
¢ . ) 4 3% ¢ 1G(2)
- aP = G(‘S) R LR RN I A A W WA A
v K ) m EX .
.é‘d P(x,K¥) 7%3 & v AR **(5.8)
aP "
G(4)
) 8x4
2P G(5) )

3 axs . - J

RSP ¥ - TN - A S S ST - S S G- S
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For local minimum, VP(E;I) - o.....”.......“"..;........45,9)
-Thé couputer-;uhroutines corresponding to the Quasi-Newton's
and Fletcher-Powell's algorithms are "ZXMIN" and RQFH";'
respectively. Both subroutines ure the gradient-vector VP(x;Ki)
For illustration purposes, the gradient vector of the
objecéive function Cp in case la(Table - 4) is derived in
Appéndix D. The gradient-vectors of all cases in the

Fletcher-Powell algorithm are presented in Table-8.

5.5 Determination of Ac and Ar ‘ s

5.5.1 Thin-Film Conponentl(ll'lz'la) ' i

5.5.1.1 Capacitors A

In the IC fabrication, the two basic types of capacitors are:
“thin-film" and "junction" capacitors. ,Bgah types consist of

two (or wore) low-resistance layers of eletrodes; the bottom

1 elecirode is called "base elec{}oJQM and the top electr&de‘

is called "counterelectrode”,

The plates (electrodes) of thin-film capacitors are formed by
depositing a true metal (Al; Au and Ta), and the carrier~freq
region is formed by a dielectric mdterial(S;0 ,To05, andMg02 ).

A typical group of these metals and dielectrics is

demonstrated in Table - 13. .
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[

In ghe case of “juﬁction" capacitors, both plates are formed
by diffusea low-resistance layers of opposite dopant types,
hné :he space~charge layer results from tﬂé depletion of
charges at thf pn-junction.

“

The capacitance is given by:

C- é‘—edlo—A— Farads .l.ll.0.0-‘.....0.....'..0....‘..0...'..0(5.10). .
) ) ) . C €r €0
The capacitance<desity is.given by: y i S & O B B B
: .
T TTTT——

If Ac is the total thin~film area occupied by the total
. L 3

capacitance Cp , then, it can be shown thnt:%%:- Keoveoo(5.12)

where, K= —3-£0 (€ / Ty ) seeueeneronerrrnesaeneensernnnea(5.13)
. A

It is estimated that V.F%-Va, Eq. (5.12) can be written as:

Ac-'—l_'c Ld nAi-nwz .'...0l.‘....‘.....‘..I‘ll......‘...l...D.l(s.la)

K T

o

o

.where the length "!" of the unit-square and the width "w" of

Y

the thin~film are equal (1 =w) and n is the number of
unit-squares required. From eq.(S.lk): it can be seen that
the total area Ac is directly related to the total
capacitance Cp . Thereéore, minimization of Ac implies
corresponding reduction of Cp, :

’
since K is a constant multiplier. '

~

Detailed dnalysis for calculating Ac is presented in

Appendix E.

DN

- N L .

USRS, ST g T




Resistors

together with

identifies some

riesistance given

_ plotm-—cm) . 1 Lca] |
u‘l‘ ‘d(cem ) v[ce]

The ratio( 5 ) is called '

spect ratio" and the ratio ( %
is called "sheet resistance® Rg, When 1 = w, then eq.

(5.15) becomes:

educed TCR and narrower tolerances., Table -

hin-film materials suitable for integrated

52

14

T Ohls -coo---.ooc..ouooooo-..oo(s.15)

p . o
&rm-—d-- Rs olms [g ....vtviiiieiniina. o (5.16)

When 1=z nw, where n is an integer ‘number,

s\

R‘l" n-{—--nks ohms (517)
g

’
The resistance-density is given by .

From eq. (5.15) Rr - R ceveeeesaasesirreneiecenaences (5,18)

w
W A

R .
and AR - -————-Rs ¢ RT‘CI’. oo--o-nc-oocoo-counoocc-u--.c.coo(5.19)

Note that eq.r25.18) was derived by assuming:

-

M.- -n( |xu)'n\l'-o-""""""""""""""'."'(5.20)

1 -
Derivation of eq. (5.19) is presented in Appendix E.

-

e
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From eq. (5.19 and (5.20), A can be minimized (i.e. the
number of resistance squares can be reduced) by minimizing
the total resistance Ry through minimization algorithms.

. .

5.5.2 Range of the Passive Component Values

The range of resistance per substrate, using tantalum
thin-film material, is limited at the high and low ends, the
upper limit being 10,000Rs, where is in the rknge of 10 -
100 ohms/p. This limit is due to the maximum number of
squares attained in a given resistor pattern, compatible with
an acceptable yield in production. The lower limit is # Rs,

due to the tolerance of the minimum film-square and the

1

specific resistance ( p )of the material.

N

Recently, tantalum thin-film resistor values are available in

the range of 1 to 5 megohms per substrate. The range of

capacitor values, available with TM capacitors, is determined

A

at the upper—end by the acceptable yield, and at the low-end
by the acceptable capacitor tolerances. It is not the number

of capacitors, nor the ;;lue of any one capacitor, that is

important,‘But rather the total capacitance per substrate,

since a defect in the area of any one capacitor will cause a

v . ’
defective device. .

w
+

The range of values of capacitors is 100pF to .08u F for TM

capacitors and 10pF to 5y F for TMM capacitors.

A

S




Chapter Six

\\

PROBLEM SOLVING WITH COMPUTER PROGRAMMING

6.1 Computer—Program|Considerations

o -

N

6.1.1 Minimization Programs

i
Computer programming is a powerful tool to handle the
minimization problems in this study. It is time-effective
for: solving the sets of simultaneous equations, manipulating
matrices, and computing the feasible points of the

"descending"” path on which the "minimum" point is

1ocat3d.(14)-

The amount of work involved in minimizing the given - -

non-linear functions is dictated by the sizf of the

variable~vector X, , the complexity of the functions in the
i

>
minimization subroutines ZXMIN and FMFP, and the choice of

~

"the initial values io , as well as the penalt}-function

coefficients Kj.

(
‘ »
The accuracy of computations is determined by the number of

=
decimal-point digits, . .//////(///

tf the accuracy is not adequaég, "round-off" errors will

“ L

54
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result. These errors, when compared with the magnitude of

Y

any of the variables, make it difficult for the algorithm to

determine the next vector Xj4] in each iteratioﬁ, because the

least-sigﬁificance decimal digits will be truncated, and the

vector Xj will remain unchanged. Therefore, the algorithm will

Eﬁb“zig-zagging"(Ot oscillating) in a region far from the

. . 0 - . . Sk
"feasible" region which contains the "minimum" point-vector X .

2

Consequently, scaling of the variables (usually normelized to

unity) before entering the subroutine ZXMIN or FMFP is a safe

approach.

In general, when correct input data are specified,

fast computations will occur, which otherwise would be lengthy.

The computer time must be taken into consideration when dealing

with a complex problem. In view of the above considerations,

fast convergence, and hence computer-time and costs, will be

minimized,

if proper algorithms are employed.

*

Since high accuracy of the final values of the constraints

specified ( Wo , Qg , and Hy, ) causes slower convergence,

and adversely more computer time, compromize between high

accuracy and expensive computer time must be accepted.

Finally, small step-size (high penalty-function multipliers)

. L 'l
is a must, in worder to achieve convergence along the

descending path of the function to be minimized. This

P

’ -
requirgment‘will cause relatively slow convergence but will

7

7

LI TMCTrL A

S e




region must be increased. . .

56

ensure satisfactory parameter-values. In order to minimize

A

the volume of the output "printout" paper, a command is
necessary to print only one in every desired number of

iterations.
b

v

6.1.2 Amplitude and Phase Response Programs

Al >

The "optimized" filter components and parameters can be

further used in a second class of programs, the "plot-programs",
which depict, in tabular and graphic form, the amplitude and

phase versus freguency responses.

These programs verify the fact that’ the minimization

algorithms not only achieve minimization of the total
capacitance and the total resistance of the filter, but also

they preserve the amplitude and phase responses, as

specified. In order to show the steep élope of the graphs

¢ o

around the center frequency, the plotted points in this

R
.
. . ' B [ k
. . . . * .
SN . - . . JREE
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Chapter:Seven

CONCLUSIONS AND COMMENTS
"\ . j!

~ ‘ . ° l

s

In this report, a new RC-active band-pass filter using
unity-gain amplifiers has been proposed. The circuit has

} been shown to be stable and to possess low sensitivity

v properities. Initial design equations have also been given.’

. Computer afgorithms have been developed to yield a variety of
.o . . N . .
. design procedures yielding minimum total resistance or
minimum total capacitance while meeting the required:
2 * ’

specifications. N

" 0ptimization procedure is also described that simultaneously

minimizes the total resistance and the total capacitance in

1
v

. "the circuit.
\. Assuming that all the necessary considerations have been

taken into account, in applying computer programming to solve

the minimization problems, togéther with proper input‘da;a,

the expécted program-results were retrieved in "hard copy"

.form and were properly tabulated.

Thg volume of computer-programs is djvided into three major
. grgupsa 'Each group is also divided into four cases; each

case is further divided into three sets of data on tp and Qo.

¢

'
In the first group, the total capacitance is minimjzed,

and in the second group, the total ar&.aﬁAc s Ay, ;ud (ﬂgﬂﬁdc

—_—

are minimized, as they were described in sections 5.2 and 5.5

¢ i
one and two, in addition to a group with general component //‘

»

! values, ate-fed in the "plot" programs. " "

57
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"In the first group, the computer programs are summarized in

Table - 4 (programs ! through 12) and the other relevant data
requi:ed,for the programé are sho‘e in Table - 5 and ~ 6.

Table - 9 shows the originalf\yalues of the components, as

input, and the minimized values as output. Table - 11 shows

: a
the effect of the minimized components onH, .

4

The second group minimizes the area A; pr Ac which corresﬁonds
to the thin~film total areas occupied gy the total r;sist;nce
and by the totalicapaeétgpce, respectively, and their comb&ﬁed
area 2A 134, ., ance the purpose of the problem in this report is
to minimize the physi;AI size of the passive components of fhe
proposed RC-~active filter, the: above areas are minimized wikh
ghe FletchervPoweil's algorithm, This algorithm is more
effective than the éuasi;Newfod"s algorithm.(9) The
sglutions of‘the above minimization problems are obtained by
executing several programgvdivfﬂed in 12 cases, each case being
selved for 3 sets of vaiuesuiﬂ fo and "Qy . There are 36

P .

programs (program no. 13 through 48); per Table -. 4, and the

1
relevant data required for the programs are shown in Table - 7

"and = 8. Table - 10 shows the input original values and the

output minimized values of the pasgive components. Table - 12
. ! . "

1

shows the effect of the optimized passive -elements on the
insertion losd ( H,, ) of the tf;ngﬁer function.

The third group of 57 programs plots the magnitude and phasel
. ,
responses of the grop&sed filter versus frequency divided into

0 \

three subgroups, per Table - 4. The first subgroup, consisting .

of fiine programs (program no. 49 ;H}ough 57) utilizes either one

/

. e . . P
‘of the 0A mode (unity-or nonfunﬁyy amplifier and fhe condition

of the 0OA (ideal or practical OA). i a

.
[ r s
N B
» - . . - —
\ { . o
[ N -2




’?he’aecohd'bubgroup;9contift4ng of 12 programs (progran no.
’ ]

58‘through 69), per Table - 4, usea the optimal results of

the Quaa1-N?ntqn s algor1thm, w1th unlty é{ln, amplifigrs
i & -’ ;

(non-ideal OAs).’ | ' 1 ;!A ' - s "ﬂ

<,
- .
« . -
(R i s

The third subgroup/consiat: of 36 pr@gra:; (program no. 70

througﬁ iOSY, per Table - 4, that,utffi s the Plethcer-

4
Powell 8 optxmal results, with unity- gaxn anplifieqa -

4
(non-ideal OAs). a
% : : B , \ N '
The summaty results of‘bgth minimization algorithms,
extracted from the compueer-przntOuts are shown in Tnble-9
‘and - 10 which demonstrnte and verify the expected minimized S
f:

‘total capacitance and total lrejs(Ac and Ac ),of both algorithms.
’ i ' ‘

Table - 11 and - 12 show tge percentig?:;eduction of the

: ‘ ~ ‘ y
objective functions and itg effects over t e filter insertion. -
' . H
Lo 3
loss ( Hee), : » . , ,
", ‘ . N /
% ) hY
A

Due to the excessive.volume of the computer-program package,
!

onlywsample-prxntouta with- correapondxng snmple flow~charts

r

are presenteq g? thls report. Appendxx F. ' "o
]‘ v (S \ N . d . L '
o ' ) J ¢ . . ‘ “" . '
Study of Table ~ 9 and - 10 shows the original and the final
’ :

values of the passive elements of the filter. Indeed, tHe ’u‘

total capacitance, totgl resistance, and thé corresponding

' , . : \
thih-fill areas ari\reduced. Further-d;:?\\hele value-

]

Py

utnfy the deured values of the parameters £ Qo and B”/

(i.o. ﬂu' can be apccxfied as "flxcd" at tho begznnxng of the q

'clgot;thn or” it can be lbft floating). .
. .

* \1 i : ,
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An important feature of the minimization algorithms 'is that | g
~ . i
i s e . . \ ,
not oqu do they minimize the passive element values, but
also, they solve the filter-design equations for the required
W ; -
~ “ -
component value, simulfﬁneously. In the conventional case,
b R -, - "4 .‘
for example, given five elements to determine their valﬁes,
[ 5 ‘

i - :
and tlWree known parameters (i.e.uwy,, Q

b’ andHgp ), at least .

, two*element values have to be specified, ﬁ:fore any - ' ’
cghputation. In the minimization case,rhowever, there is no .
hged for arbitrary element-vnluef; all five'elemenfs cin's;fn |
.fioating:, The el@ment-values are 4etermiﬁed thfough yhe;

e

" algorithm, operations to determine the minimum point of the
objective«function, especially whenev€r the constraints are .
k3 . .

&

satisfied. As it was mentioned in previous chapters, the

. »

FlethcerfPoJill'a'algo;itgm is faster than tﬁf Quas&:Newfén's; gy
algorithm. Table’ - 11 and.- 12 show the nur_nber'of irteration/.s . 7':, , . @
in ;ach aréor%thg)Aferlfhe“same minif?zagiqy casef‘.lt can.be’

seeﬁ that Fletcher-Powéll's gléq{itﬁm rgqh{rés ﬁéwer " ‘ '
iterigions. C ﬂ n ‘ S . ),

N e . o g x
v ——. - 1 . 4 . s
.

a ' .
, L. v P ¢

The speéd of convergence depends not only on the pén@lt& . .
. ‘ . ’ : i ‘
function multiplier,4but aléo, on how close to the local

» » . - y - 3 [ ’ ’
minimum point the original point is located. S e

s - ‘ h ’ ’ ’ v @
" . o ‘q o N P . s !
The percentage-reduction of the objective functions in both *

% algorithﬁ;, ihovn in Table - IJ,;nd~- 12, ahow%’that the more b
Kl \ * ' : . . .
‘ R &.reduétion attained the more insertion loss -(i.e. the smaller
| 2N . . .
. v . , o 4 ! . .
‘ " le) is allowed—in the filternanplitudtgrgsponaf, . .
. r \ R * R R / 4 ‘¢ )
%! . : . 3 ) ; ) A . 4.‘ .
- 1‘ ) ¢ [ " - "
I ? ¥ : ) » . ) ¢
A 2 ’ - % ) '
< e = ™ - . J
- . / N s 1{ i - . K - ‘_:'3
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j;ﬁﬁ;ially for low 2enter-frequency. It is worth noticing

e

at there is no difference in tire amount of reduction
d ’ .
produced when comparing both algorithms, assuming identical

input data.w?he percentage reduction of an objective

v

function, regardless of the afkorithm: depends, mainly, on
the stgrting pointt(i.e. how far it is from the final niniqgm
point) of tye convergence';:Ih and on the number of the

:

conLCraintAu .

T
"These constraints force the algorithm to follow a lesser: 2
steep path along the“boundfry of the constraint functions, so
that the "forced" minimum point is higher than that achieved
without consﬁrafnsffunct{ons. This argument c;; be verified
bf‘osserving the difference"in""minimum" points obCfained’
beyween Eeavily~constrained functions (@.e. in the case where

t

Jand less constrained fudq;ions (i.e., in

. ok
1%C2, Her =G= =y , ,
cases where C; , C2 and He ' are floating.) o

K

- w

Both algorithms, in their process to reduce Cr, Ry, Ac, and &

‘show that, while Cp or A, is reduced (i.e. Cj; and C2 are

:miﬁimized), the resistors R} through Ry increase in a complpx

. the specificationdb -

.manner, dictated by different factors, such as .location of

the variable-descending point, éonstxaint%, etc. Eor 4

¥

example, when the constraint-function that is determined by
2 1 - ' @
TCIR]J(C,R7)

constant, along the iteration process, the resistors R, and R,
3 ¢ . ~y

have to increase disptoportionallyhvvﬁile Cy fﬁd Cy "decrease,

-is forced to' be kept

¢

bl

O
e st W . . N R
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4+
.

‘4

function (

e

which is the case of minimizing . CT or A

The reverse

process takes place when Ry or k@ is minimizdéd. These

62

arguments can be verified by observing the results in Table - 9

/

4

» ] ¢ -
The above observations explain the reason

its gradient-slopes are not steep and the

point is not far from the initial point.

considered as a

optimization;

JAc + 2Ar) is very

"shallow"

why the objective
in the sense that
final (minimum)

This can be

“"econflict" between two senses of

the capacitor decreases while the resistor

increases, the net effect being a small decrease (if not at

all). Table

-[‘_.

and Table - 12 (program no.

verify these arguments.

1

In both minimiz

‘ion algorithms,

the computer-programa have a

stopplng comm;gk\yhxch is used whenever any of the fzve

variables reaches its design-limit, imposed by the

]

t

manufachgers, regardleéss of whether the minimum point was:

redched.

Fxnally,
! ’

[

v

that :hxa fxlter confxguratlon 1{ feasxble only’'with

unity-gain amplifiers.

s

resﬁonses, where non-optimal versus optimal components were

used,

the parameters

fe) 4

shows that they are identical,

Q‘o

a .
&--
:

e

and He .

for the same values of

the plots of the~amp1itude and phase reaponaes show

L]

~

Comparlson of the amplitude and phase

L]

37 through 48)
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This, once again, proves that the transfer-function is
independent of the minimization process, provided that the

. LN
arameters “Y,» Q.and Her ' remain unchanged. .
o ]

Fig 6.1 and 6.2 show the' amplitude and phase responses of -the

Band-Pass Filter configured with unity-gain amplifiers. ThF

i

three graphs verify the dependence of the insertion loss onlse

and the shape (or bandwidth) on Qo of its transfer funmction.

pre

.

The transfer function of ;he present filter is unaffected by
the non-idealness of the unity-gain mod of OAs, provided
that fo is significantly smaller than B, as it is-
demonstrated in fig. 6.3, 6.4, 6.5.and{6.6:

When the d.c. gain of the amplifiers i; non-unity (x,},#l) the
transfer function ishnon-feasible, a8 it can be seen from the
amplitude and phase responses, fig 6.7, 6.8, and 6.9.'

LY

Provided that-the'unicy-gain model of the OAs is employed,

L

‘the amplitude and phase reSponseszof the transfer funcﬁion,

using "optimized" passive components (from Newton's and.

Fletcher-Powell's minimization algorithms) are identical to
I - -t
those using non-optimal passive components, fig 6.10 to 6.18.
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Table 13 - Process compatible with various types of .
thin-film materials .
_ DEPOSITION PROCESS MATERIAL
. 2. } . 4
Vacuum Evaporation Nichrome, aiq&inum -
. ’ thromium, gold, nicke . )
. . METALS Cathode Sputtering — -Tantalum
’ Copper, gold, nickeb
. ' .Vapor Plating tin, oxide
4 ‘
Vacuum Evaporation Silicon monoxide
T . ' : * gilicon dioxide
' DIELECTRICS . Anodization Tantalum oxide
N S . S Silica, &lumina,
/ Vapor Plating . glass v
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) 4\ Table 14 - Characteristics of sdmaf’iﬁ)ortant thin=film
N ¢ . ) - . “« . © ~
' S r materials for resistops } s
- ) : JJ' ¢ L “
. . PR
| MATERIALS 7 SUITABLE PROCESS ohms/sq. |[.TEMPERATJURE | CHARACTERISTICS
' range COEFF
| NicKel-chromium ’ Vacuum 50-400 +150-108 | Good temperature
(Nichrome) Evaporation #“ ‘ ‘coefficient, good '
: ) adhesion
Tin-Oxide d '100-5000 . |Y~ +'100-300 | High sheet
. % , = )
%apor-plating resistance, good
- adhesion.
L F
Tantalum ’ Sputtering |\ 50~500 M + 100~200 | Good process control
‘ . * |" and temperature
. ) v . coefficient, good
) . adhesion, high
7] stability
i Ll
Cermets Silk Screen 10-100000 , + 100-300 Wide range of
~ - ) resistivifly process
. i not suitable for .
1 close tolerances
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APPENDIX A

4

DERIVATION OF THE TRANSFER FUNCTIONS OF EQUATION 3,2 AND 3.2

In this section, the voltage
proposed filter are derived.

configuration of figure ~3.3

-

[ 3

transfer functions of the

For convenience, the filter

a

-

will be repeated.

-+

\ Figure Al- Band-Pass RC~active filter with

0As of non-unidy-gain mode (Proposed filter, figure 3,3)

Observing \the branch-voltages’and branch~currents of figure

A , the KCL\ and KVL analysis follows:

-~

I3-Il+12- .l’l...llQ'C.'.'....'.'l.-;...OQQII...I'CI-lQICOO(A '-1)

Il - -Izoo-otﬁonnltnoaloon.ooooouo.--oco-o

v

. veveseseccvessssccs(A =2
VN (4 )

-
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v

Vl - "_K'—loocnobo‘c.ooto0..-00.-0..0000-0'0.o.oo-.l.coo‘ouoooootc(Al

~-3)
v" - szsa...-.-..a.o.-'oo.lbooono.oooo.-o.C.uo.o.ooo.o.ooo-.ocl(Al._a)

Vi Ld IIRI + VI-.-us-t'conqo.occ--'---o-..--ooc--o-oco-co-ocucotno-o(Al_ 5)

-

Substituting eq. (A] -2) and eq. (4 -3) into eq. (A} -5), then

v L4

—K_— a-cc-----oo-c-.ooo.-cooo-c--ooooo.--ooo'ofuc.oo(Al —6)

vi = ~Is2R] +

ﬂ' -

Iz = ( v4 - VI)CIS .ln.lo...lll...!.00..0....0'0.‘0..l.'i'.o..o'(Al ‘7)

i
.

Substituting eq. (ﬁ -3) and (A;-4) into eq. (A1-7). then

v Y |
2

I -KVCS- cs"'.....'...'........'..........."...... '-

2 2V3L] X 1 X (‘1 8)

-

Substituting eq; (4 -7) into eq. (A;=6), the latter becomes
v ©

- 2 Vs
vi - KV3R1C15+—K-1—R1CIS +_K-1- oo-oooc.q.-oooonoa.‘to:cuo..o'(Al —9)

Also, from the same configuritian,

= I4R2 ""V3 ','I.'l.“l.'l.l'.l.'.;.'...O.......I.l‘........l.(A 1'10)

.nd Ia -Is+16 -IG...Oloo‘loooo.ocol-o..oiool...o.o.oocoOOOQ(A1-11)

1

where 15_- 0

qu (A1-10) becone. vz-I6R2+v3 ........Q.'...0..........(A1-12)

Also, by observing the filter configuration,

Ig = (V3 = Vo) C3S (41 -13)

'Substicuting eq. (A;-13) into eq. (A -12) then

2 - VB ( 1 +chzs ) - V chzs -c-ol-no-.oc-oo.-oo.oo.o;.loo'.(A 1-14)

Subltxtutlng eq. (A1-14) into eq. (A  =9), the latter becomes:

EEET
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»

. v :
J , = _1_- : -1— - - __O. 2 ] -
V,=V3 lqucl (R2C3s+1) s+ 3} (R2C28+1)-K2RC1s a) [ngzclczs +R2C28}.. (Al 15)

V3R3C28

By observation, Vo = R3Coatl

Y

From eq. (A1-16), Vy = V;)

lO.l..Cl'l‘.‘QCClQ..‘i...ttllb(Al -16)

(RqCop+1)

R3C28 -.g.oo.ooooooo-ooo.noono(Al -17)

”

Substituting eq. (A 1—17) into eq. (A;~15) and solving for
v L ]

—-v-o_'—- after some calculations, then
i
: K] R3 .
o . RIC] [Rg+R3 (1-K1K4 et (A]~18)

v o+ + _BRICI¥R2C¥R3C-KIKIRIC] [~ 1
R1C1Co [Ry+R3 (1-K1K3) ] R1C1C2 [Ry+R3(1-K1K2)]

i
b

Letting Ky = K2 = K, then
K1R4
Ve R;C) [R2+R3(1-K7]]

Vi e RICITRQOFRCRRIC) 1
s R‘llclcz )[R2-+R' 3(1-\-1{’)5 R1C1C; [R2+R3(1-K7 )]

Finally, setting K=1, then

o (A-19)

Ry '

v R1R7C1 N
—-D-:. e —— ..”..'-..u..-.............-(AI‘ZO) R
vi g2 + B.Z"'__R.L_ + __!'_..__. :

R1R2C, R1R2C;C2 ’



APPENDIX B

A\

FILTER DESIGN EQUATIONS

The filter design-equations are analyzed ‘in this section. In
this analysis, the.transfer;functions, eq. (3.2) and (3.3),

are considered,which are repeated for convenience.

Case 1, Ideal OA of unity-gain mode (see figure 3.1)

| l

(A) Parameter-equations (wg, 'Q. and He )

.

For c'onvenfence, eq. (3.2) is repeated hereé: '

. R . - .‘ . ' 5

Vo RiR2C)
- Q...I......’.l.'................Bl_l

Vi 2 R7+R3 s + 1 ( )
RjR2Cy R31R2C1C2
. Yo g ~ °
Or —=O-= Hap &
1 g? +——-s’+mo2

Q@

'con--'-o--o-ocon-yoooo.o.-omo-ooo.oo-(B’l-z) ' :

- . - Lu-Q-RZ*-R -.._1___.. _Rl _'
From eq. (Bl-1) and (B1-2) % i-l_R-z_gl RCI (1+R2)........(31 3)

\ K . c |
woz - - 1 - -

RIRZCICZ looc‘oooooloo‘cco'o'000'00'0000'0'.:0000oclcol.(Bl—l})

’ W * R .
d L] o = 4 ..l...l....l..........’.'.Q..l....'..... -
?

‘ 1 : : | :
Ftom eq. (Bl_a)’éo - RRCC o.o’0lo.......,'..o.n.-o-.O(B1‘6) . E et
N ' - 1 2 1 2 A - } i

Substituting eq. (Bl1-6) into.eq. (Bl-3) and solving for Qo

L "‘

96




e
-

A ” RyRo€] ¢ i N )
then,Qo R2+R3 C2 ....’l’.'._'........l....‘......'...(Bl 7)

Substituting eq. (Bl-3) into eq. (B1-5) and solving forbm

R .
chen H" = —'-R"z":BF_RT oc-n.ctl.‘.-.ononaouo..ﬁou.-c.ooo.cnoooo.o(B!."a)

¢

(B) Element-Equations (Resistors)

o
»

Multiplying eq. (Bl-6) by eq., (B1~7) and. replacing the

term (Rz + R3)in eq. (31‘8) by RZ + R3 - —EL—' -o---o.-..o(BZ"l)

;™
. Hep 1
W - . -
then OQQ R3 C2 -.‘...-......-....--....-...........‘..(BZ 1-)
Solving eq..(B2-1) for R3, then R3 = Cl Lt L. (B1-3)
. - 2 mOo.o

Solving eq. (31-8).fc;r Ry and replacing R3,,’from'eq.. (B1-3),
h 74

then Ry = é . 1 - He ... caeeesccantatasnes cetieanene (Bl-4)

2 woQo

Solving eq. (B1-6) for R) and replacingR;, from e'q.'(Bl-h),

1 Qo v
then R} = . e secresecssseersesccrssasoccssssscss (Bl=5)
Ci - wo (1-Ber ) ’

(C) Element-equations (Capacitors)

K

Sc;lving eq. (Bl-3) for C;, then Cy _i_l__.Hn_ .,....‘.(Bi-la)

. . 3 wgQe
or multiplying eq. (B1-6) by eq (Bl-7) and solving for C3,
- * 1 1 . N
then Cy= . ceteerennas Ceecietsraanns feeseeersiessess (B2=1b)
R?+R3' onO

4
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. L S
Solving ey. '(B1-3) for ¢y, then Cp = _RotR3 . Qo vee {B2-1¢)
o : . RIRp— ,

*

&
» . v

tase 2 Ideal amplifiers (non-unity-gain mode)

. p
S
.In this case;, only the.parameter-equations will be :
‘ s
anpl/ysed which are used in the sensitivity and stability
Al b . \ N
sections, 3.4 and 3.5 respectively. - .. '
Eq. (3.3) is repeated for convenience:
KiRq 7f - ,
R\ . ‘ R1Cy [R3+Rp (1-K1K2
S—(s)= PR L W S e ALY L ceer{B3~1) )
1 82_'_RC+-R20+R3C -K1K9R;C st 1
RiC1C Iéz;%&-ﬂéz) ] R C1C2 K2R3 TT-K1X2))
)
From eq. (B1-2) and (B3-1), . ey ,
. . 1 . . :
We2 = -
[o] R1C1C2 2 3 p l 2 0..o-oon\..oootn'.‘co’...'.l..o..oa‘.(33—2) .
. . .
. W8 __RjC]+RCr+R3C —KJK7RIC * , -
s Qo Rlclcz 2 3 - 1 2 .l.‘.’l’..-l'..l.l....l.l.....ll(33.-;)
" KiRy : o
H = . P P S OO L O S NS P BOALE 6P MDY ES -
and 1 7{90— RICIF2+R3(1-K1K2)]" ' ‘ {B3-4) )
. - N
From eq. (83"-2)' wo - - m—o—— ,-..oo--nooo-,n.--t(83-5)
: : 'Vklclcqizmg(l-mxzf_[' :
,J' .
’ o , .




Y |

— . 2L s e s e i s 48 et e e s, N et = e e o R

" .
Ed

"Replacing Wo from eq. (B3-5) in eq, (B3-3) and ‘solving for

"

Qo, then . % .

- . % - %l\c_] Cz_hz:"'kécl_l.(lx&]‘
) I - R1C1(1-K1K2)+02 (Ry+R3)-

.

+

..................;(33-6)‘

hl -

a

Substituting eq. (B3-3) in eq. (B3-4) and solving 'for Hm, .

K1R4C ; .
" then H.' --_-_7—_JJ-)L--(_—_BY-_000--c--lou..o-oon.oo-.o(n3'—7)
' TR, K PG, R R

- . N

L te ’ - ' ) - :"'

N8, : ¢

Ve

IR
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APPENDIX C
L Y i
P | A W ' MINIMIZATION METHODS
) :\\ KVJ 1 . © . r '
. - ‘ a ‘ |
2 ‘ -
.ooocl Unconstrained Problems N

) %

In this class of minimization problems, the function £(%)

I

is t;rice differentiable ‘.wi'th X = [x . i'f Letting xmxo+h and
¥ = yotk, then minxfl(:-t)‘ i.s found by Taylor s‘eries qxpansio.n and R
. o a strong local poin-t“xo, Yo is sought, so that f(m-l-h., yo+k ) ‘

£( x; , y‘;) for all h and k. |

> * For minimization, ’ »

} hfx(xo,'yd\ + kfy(xo,yb) +%[ h,k-] Ii(xo,yo) [::]-i- o (h3,k3)> 0,
where H (x?, ¥o) is the Hessian matrix evaluated at "xo, yo' and

i

fx(xo’YO) = O’ fy(xo’}lvo) - 0 ~[ — ’ ‘

‘ 4
c2 Newton's method for minimization

For one-dimensional cases, the rootsof a function £(x) "0

‘

are sought by, first, approximating it with its tangent at

LI . . L
some point xo» and, then by solving for its next value at Xy

&

w

when the tangent crosses the x-axis. The process is repeated

‘.\\ , at subsequent points X ‘xs,.,,,xﬁ,by ‘the recurrence formula:

o : ' / T '
D - - _f(x) .
xn+1 xn ?_(;)— ® 2000000000000 0 0000000 RRst0s00EsBes e '(CZ‘I)

&

until the algorithm converges. The clda‘gr the initial point,

1]

) R L 3

S
B e "

.
RETERR™ ¢ bRt et S0 S INALE i Kr e § S e Lty T v g ¥ e ama =y . I N . - Jr—" . o B T e A e o o




is to the actual solution X* the faster the convergence.
”
- L}
For multi-dimensional problem, whereX is replaced by the

- T . ’ .
vector X -Eﬁ)xz.nxq,lthe,correspondlng recurrence formula-in

eq. (C2-1) is replaced by: ¢ -

- v

V(i) =V EGxy) +9 VIEGxa) (R fag = Xn) = 0 evvenrnvnnnnnn..(C2-2)

Substituting VVTf(xn) with the hessian matrix H(xn) ‘and solving

for Xp4] ,then: Xp4j = %n - H L, (ig)/@f(ﬁn) I (7 15

This is one of a few algor;:%ms under the Quas@*Newéon's

. " o _»
method, and it converges fast if a suitable value X, is

chosen. The only drawback of this algorithm is that it

requires second partial derivative of f(X) at each'iteration. .-

In view of this, Hl will assume new values at each

iteration.

In order to alleviate tdis pnglem, this algorithm is

replaced by other algorithms wherever the hessian matrix H is
required. However, when the “function is of the quadratic

- 1 -T,- - - - <
form,f(X%'i-XQbﬂﬁTx+C, thenH 1isg constant. For this reason,

4

non-linear functions are often approximated by quadratic

forms which can be conveniently used in the Penalty-function

minimization algorithms, L

) 101
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One, recommended” type of the Quasi-Newton's algorithms is the

following:

\
s

Step O. ,Sexlect’-‘o ; also, select a real positive coustant: B

b4
‘(.5<:B<_8)an'dseti-0. ¢ .
Step “l. ° Compute Vf(:’ci).. A
Step 2. I£ VE(xi)=0, stop; else, go to stol.ep 3.
[
Step 3. Compute H(XL) "' if it exf:.ats, and go to step 53

o

else, ‘set h(xl)-—Vf(xl)an go to step 5
Step 4. Select'step-size ki (1.e. i-k-l, or ki.ke,) from
known algorithms.

v

Step 5. Set x";"‘l-iiﬂci h(ii), set i=i+] and go the step l.

c3 Constrained problems

These problems may be stated as follows: minxf(:-db, such
that g; (%) = 0, i=1,2,...,m...... B P ceeeenens Ceeeeeas (c3-1)
‘ . , . n o ’
vhere m ¢ n, Using the :lagtanglan multipliers X these
constrained problems can be coaverted into unco\nstrained ones
m . -
- by the relat:ion:’ L(X; Ai)-f(i‘c)+Z:'>\i 3.1(’-‘)"""""""“" (C3 2)

T 1-1 T .
where A,=X,, seess A m are the Lagrangian multipliers.
i 72 3

'
N

Necessar conditions for "stationary" (maximum or minimum) :
y y 3 )

point are: i

oL . 3fG) j } 28 . 0, j=IN2,....n" ' ' (c3-3)
o 9%, iml 9x; ia1,2,....m
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. . nor . .
Using the gradient notation V the expression in eq. (C3-3)

can be re-written in the compact form:
. 4

c3.1 Computational methods

The Lagrangian computational problem leads to m +n

simultaneous equations in @M unknown variables by using the

N " L1 ”

necessary cgnvergence'conditions at x * and A *, namely:
VxL(x*, A %) =0 .....0..00.... teeecaceonsnn ceteeiiienaenas ceereo(C3.5)

and VLA( X*,A*) '0 -ilucolunocoo-c.-ocon-cti'c‘oo-ao-ocolno-(ca 6)

Newton-Raphson's method is numerically straight-forward, but

often inadequate, especially when (@+10) jincreases. Necessary

¥ oo
convergence condition at z¥ isg: v

‘

Vx L(Z*) - 0 .ocoac-ooo-.-oiounoo-ooooolcvn-o-nnona-..l"'oc.annl.c(c3.7)

Where Z = [ﬂ .o'oco.--0-no‘oaaao.---o.no.--.onnaoo-ao-o-al---:(c3¢8)

The recurrence formula is:
zn+1 - Zn - H-l(z‘n) Vz L(Zn).ont-to-;:u'onu.ooc.o'o-no.coo.oo.-OO(C3-9)

where H(z ) is - the hessian matrix of f(x,X)given by:’

VxxL vx xL Vx L
and Vz L(Zn) -
VyxL VL. V):L .

H(Zn)- .........-q-.o-(CS.lO)

Pl
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.

c3.2 Kuhn and Tucker convergence codditions
- " -

4
’

Kuhn-Tucker theorem refers to Langrangian~type functionsg
using "inequality constraints and converting to unconstrained

functions with 'the stationary convergence conditions:

W L G%) a0
iL(xx, M) S0

A -

_ ol'ooooobno-.-noono-o.o.oocao0.0.00.0-..000(03.11)
‘ (A’ )tc_g(i*) =
* 20

C3.3 One-dimensional search techniques

If'f(x_)is a real-valued one-dimensional functionm then

o~ . .. " s . 0o .0
x* is its "minimum" in an'tnterval[a ,boJ after the ath
iteration, and after this interval is reduced to a smaller.

one [an.an by using different search techniques.

[

Some search techniques are: dichotomous search,

equal-intervalhseurch, Fibonacci Qearch. Golden-section
search, and quadratic interpolation search, each being
exhibitiﬁg merits and (or) drawbacks from the oihér. A
distinct feature of these techniques is that there is no need

for derivatives in £(x).
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C4 Gradient techniques

C4.1 Unconstrained algorithms

¢
In this class of gradient techniques, multi—-dimensional

', . .
problems are solved usgsing "direct methods". The

*E *F A @]T

x 5%, ol

"gradient-airgqtion" vector, Vf(i)'[ (C4.1)

is used in the algorithms,

\ ]

This vector is also called "direction of steepest descent"

for minimizingfﬂx) and "direction of steepest ascent" for

-

maximizing £(X).

For example, for steepest descent, the difference relation:

E@EJ-E(XgHdX) . g maximized, where the vector 4X describes an

incremental distance ds along the path of steepest descent:

© ool | . B , dx: \? : ‘
da’-E (dx 4 2 orl-E (71;-1—) =0 tiiiiiennn (caz)

1=] i=1,
!

dx § .
where —3g  ~ are the direction cosines,

. o . dx § .
The Langrangian-multiplier functlon(L(agl,v)and its
necessary convergence conditions are used. The recurrence

relation (discrete algorithm) is xPHlexP4+ky £(xP).........{C&.3) -

e

-~

o

where k is the step-size of the gradient change, on the -
descent~path (i.e.,k{0 for convergence). With small k, the

discrete algorithm will follow the gradient path very closeay
» )
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“but the convergence rate will be slow. -On the other hand,

are simifa: to those using inequality;conatraints, except

with large k, the convergence will be fast, but the optimum
point ¥ might be missed, causing "oscillations" around x*.
One way to avoid this situation is to reduce the number of

]
steps by increasing the number of computations at each step.

C4.2 Constrained algorithms

. . L

In this class of gradient fechniques, “"boundary-
folléwing" and "penalty-function'" problems at; sol#ed. In
the "boundary-following" problems, linear quadratic and ‘
non-linear multi-dimensional problems can be optimized using -
linear or non-linear programming algorithms. |

In the non-linear function case, gradient-type (such as

feasible direction and projection methods) algorithms are

employed. ]

* Py

The gradient techniques using equality-constraints ( g (x) =0)

>

that the iterative patﬁ must lieé on the boundary at all

times.

LA L L - L R et o e aber e aat) Sz M~
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~-

method

p——
{
i

C4.3 Penalty—-function

+

Direct and Lagrangian multiplier-methods are used to

solvie these converted (from constrained into unconstraineﬂ)
. : ‘ i
objective functions. ¢ S

C4.3.1Equality~constrained problems ‘///,////

In this category, a problem can be forgulated as 1
follows: Minxf(;:), such that gi(i) - '0, 1'.-1'52,...[11......-..(Cly‘,l;)

’ 4
.

Here. £(x) is the constrained objective function. The above

a
'

objective function is converted into the new unconstrained

function: o

P(x; ki) = £(X) +§1 KL (R er e e neriineeeneneri(Ch.5), .

where T( = [kl,kZ,--a.kQ) T.........-:-.-...-'..--.o.---.-------(C4.:6)

- o
J

ié a positive real-valued vector, which is a specified o
weighting factor, depending on how mucﬁ the constraint-
functions is to be satisfied. As ki incte;ses.frbm
zero-value to infinity{ the conéttaint-functions a?e
satisfied more clo;ely to their desired values. Thus, these‘ : )
added‘"wei;hting" terms (i.e. the second term of the right
hand side of eq. (C4.5) of the objectivé function ' A
represent "penalties™ for_closéness to the constraint

boundaries. This penalty, implies more effort and longer

process in order to reach optimum solution.
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C4.3.2 Inequality-cons traints

’

In this category, the problem is stated as follows:

a

: - ‘. .
mingf(X), such thatg (x) €0, i=1,2;,...r ieuinnnnnnnn. . (C47T)

The new unconstrained. function 1is:

r ' .
PGik = £6) +2 K [& GIPB, () veiiiiiiiiiiin.. . (C4.8)
i=1 ‘

" '

where U; (g) -{1 if 31(;‘)> 0

”

and k> 0. Ui(gi) is a step-function served to ignore the

. . m_w o, . . s
constraint, whenever X is inside the feasible region and
allows the existence of the equality-constraint, gi(;) = 0

” i

._. [ I3 L . L '
whenever x is outside the feasible region. ) !

C4,4 Variable-metric al gorithms

o

The variable-me.tric .algorithms, as part of the
quadrafically convergent algorithms, optimize the
convergence dire'ctioﬁ"near the optimumui‘g *: by determining the
vector difference (¥*- %O, ) from Vf(x0) where f(?;o) is

. . P
approximated by a sequence of quadratic functions near X ¥,

.
Tl a »

Using first-order Taylor series expansion of Vf(;c) and

assuming that f£(x)is twoi«ce-differentiable, that'i*"and')'@"

-
*

' s,

e i et i b e A e evwn e i A -i
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are its minimum and close-to-minimum points respectively, and
- W N - -
H(X) is its Hessian matrix at X*, tht{n VE(R*)=0 4nq H(X)* 4 |

positive definite.
1 q

-~

The respective recurrence forpulae for a general function

£(X) described above( and for a quadratic function

f(ff) - c"'mJT X+ -—5— CiJT AX ) are: »

) i* -io- ncx*]-lo Vf(:o) ..-.IIIC.I'..Illl.......Ill.‘...l'.....(cl‘.10)‘

‘nd i*--ﬂ-A-‘lo Vf(io) ..'...O'O.o~.'l'..l...l.'.."..l."...‘.(ca.ll_) -

[

I where Vf(!o)' A§°+-b- oooooooc-:t.o»co‘uoboooo'o-o-ocou.oo.-(cl"lz)

‘nd i* - --ls .-.O-UOUOOOC.QOIQU.'Olc'.......l-n.an..oul..o(C4'13)

H
2

C4.5 ' FPletcher-Powell variahle-metricllgorithn

Let 1 and H; denote the approximations to. X* and the
inverse of the Hessian matrix, respectively. Let gi.-VE('ii)
The Fetcher-Powell aigorithn consists of the following four

basic steps: l

L. Choose x° and Hp

2.- Pori= 0,1,...,0"1, define:
Bt w34 A1 T i ciee e . (G4l 14)

vhere ¥ = “BE; .c.iiieiiiiiiiiiiiiiiiieiaiee ... (€4,15)

and ); minimizes £G4+ AF ) yirh respect to i

v

<

N S
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3.  For i=0,1,...n-1, let T =l ¥L cieiveuirienrnnann..(C4.16)

Tamd FE o= BOHD) - g i e e (CALLT)

4

Define HyFl = H{ + A +Bj coevvveicerirsiisvccccsssceccessss(CG4,18)

ab@h)T’ HigtayhT
vhere & = (gnyT iy 2d Br f-y ; _')'r
y1) - (B34
4, If the“scopping"criteria are not satisfied, then let
% = x and go to step 2.

(C4,19)°

The starting point X° is arbitrary but can be suitably chosen

by methods available in the literature. -
Ho is any symmetric positive-~definite matrix, as initi}l
approximation to the inverse of the Hessian matrix; the

simplest H{ is the diagonal matrix with positive scalars

along the main diagonal,

Stopping rules are available in the literature. In many

computer-program minimization techniques, such as the

. ¢ " _ M
variable-metric algorithm, the convergence point X* may be
missed when '"round-off'" errors occur in the matrix and
gradient computations. In order to minimize this effect,

good approach is to discard H, after n iterations and star

with new approximation.

.
">

t

6 —twap




APPENDIX D

GRADIENT-VECTOR G(X)

In this section, the elements G(i), 1-1,2,...',5 are
calculated for a five—dim\ensional graaient—vector,

G(X) =V P(i;}ci), per equation (5.9). As an example, the -
gradient-vector VP(X; ki), will be derived (minimization
case la), whe?e P(X;% ) = Cp +K1312 +Kzgzz................(D-l)

and Cp = C] +C2 ........ teseaneen Cecserseinsas R P ¢ £ B |

gl -wolechICZ"l'o-...................-....-....-.:............(D"3,)

‘82-%2(R2'+R3)2 '_'QL—'— l = 0 S e 0ssrscesoasann tevosccee C(D—A)

R1R2C] , )
Alsox]_ = C]_, xz - Cz, X3 - Rl,xa - R2, XS b R3 ..l".l...!"l.l.(D—s)

PGGRy) L AP(xsKy)

G(l) = F(xl) - o1 3C1 ..... ceesseacsccnsnns ..(D-6)
ac 3 2 T 38,2

orGFl) ---—'Jl-acl +K1—5-q(gl ) + Ky ——J——acl ceriesesasesaaassins (D-7)

L

301

3(g12) '
iy "T%{—' 2k) @o 2R1R9C1Cy-1) wo? R1R2Cy

2k - _
_.611_ (wy 2R1R2C162-1)% Gy ? RyRPCIC2) evenrnnreannndennann  {D 9/)//
) n
2k1
'Cl gl(gl +1) ® 5 800 F L0000 GLNELIELOIOILIIIOIEOENIOEDOESELEOIOLEESE TS oo.o(D_lo)

where eq. (C-3) was uséd in eq. ¢D-8)..

\
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. /

' 2 .- 2K2 . L _

¢
Substituting eq. (D-8), (D-10), and (D=-12) Ain eq. (b-7),

2
then G(1) = 1+——[K1g1(g1+1)- K2g2 (g2+1)].... ........... seese(D-13)
-3 CT 8 (.2 3 (g52)
Similarly, G(Z) acz +K13?\:-2- (gl )+Kz Cz «evss0s e 0 e (D_ll‘)
9 C : ) ‘
Where’ .S_-L\s 1 Oot‘l‘loo.l..ll’lOQ..0.'.‘....lll....'...l..'I(D-ls)

3 2 2%, .
K] i (g, %) = E-é'l( wg 2R1IR2C1C2-1) (w°2R1R2C102)..............(D...16)

= BL g (g + D) e (0-17)

"3 2k2 2 c2
—_— 2)=x £2£ 2 __ . . 2 2 A
K”C2 (g_2 ) c % (Ry+R3)? RIRSCL 1] [Qo (§2+R3) R1R201] _(D-18)

2k -
--_C% g (g + 1) R N O LY 5 D

——

Substituting eq. (D-15), (D-17), and (D-19) in dq. (D~14),

G(2) = 1+£-[K1g1(gl+l) + Kzgz(gzﬂ')] ....... -(--“----"‘----:--(D:-ZO)
8,2 .

G(3) -3——-—-*- K1 —g—i-l—-)- + K2 a(-z-—)— ........... “...(D-21)

aC .
where ;’i—’o.o..---..o.u-.-.-o-...-...oo.-...s.;.....----’-o(D-ZZ).
’\f “« ’

9 (g12) _ 2K . \

——(5&11{1)_ = —ﬁi ( RRyC)C2-1) (R1R2C1C))..... Ceereesaaees ee.-(D-23)

» K ' ’ -
. = -2-1& g1 (8] 1) tevennernnnnnns eenenreneees. (D28)

3 (g,2) 2k ‘ : C 2 (Ry+R3)? el '
K2 ___sg%_l_ = - -—R%[Qoz (R2+R3) El—ﬁ;%l- - g '[QO 2 3_ R1R2C1-.J- (D—ZS?

k]

9
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2k , ,
= Rl 82 (g2+1) S e0 s s 0B e VITRITLIPIETEPETTER RN I""""".""""'(D-26)
Substituting eq. (D-22), (D-24), and (D~ 26) in eq. (D121)

2 .
then, G(3) -“TRT [ Klgl(gl+1) K282(82 + I)J ....... veesrses(D-27)
8,2 32

9 C 9 ] )
G(“) --_I+k1"_a'£§—;—_)' K2 —'a—(ﬁ-;-_)- s s esnsesesoace oooou--.'onout(D—za)

3 ¢C " ' :
vhere =X _ o .. e (229)
aRz teoeenssssseesss s s esesssccansanne asssenn

/ 3
a (312) 2 s |
Kl —Tha-— - .RE KI(RIRZC].CZ-I‘) €R1R2C1C2) vesss e e e s e s P e 30<D-30) R
s (p-31)
R, 81 (g 41) «eenene ceredanans _

 Ag2)  2(Ro-R ’ C
2 58 R R2+R3)K2[Q 2 (R2+R3)zﬁ§5_1- [Qoz (R2+R3)2'RTI?%WJ:-(D'32)

| , ( . /
o 2(Ro-R3) ¢ ’ ‘ ‘
Ry (Rz#3) k232(32+1) cheevaaas Ceseacasis vesensasss(D=33)

Substituting eq. (D-29), (D-31), and (D-33) in eq. (D-28),

then G(4) '—%[Klgi(clﬂ) +—§—§§K2g2(32+13..................(D 34)

3 (gy2) 2 (87) .
Finally, G(S) -3R3+K1 —a%_—"*'kz _'a_R“a_’onooo-oao-oc‘oaoo(D—35)

i
1

9
where’ ag - 0 c-.n-loococo'.’o.o-o-ou..o-ooo-.oooooo.--oo(D-36)
a(e A :
Kl—éTR_3-_- = T (.R1R2C1C2—1)"0..--.-..-....-....-...a.h(D-37)

b

3 (8,2 )*, 4

' _—-(-:-2—. - . C - ’
K27 rs Rp+R, KZ[Qo2 (RyHR3)*grgey 1] [QO’ (Rg#R3)? —'Z—RlecJ .{D-38)

X 4
R—z'ﬁ; Kzgz (32+ 1) ®Seseg s save T e e "“"""(D-Bg)
Substituting eq. (D=-36), D(-I?7), and (D-39) in eq. (D-35),

4 ’
the latter becomes: G(% -—_R2+R3 kzgz (g2+1)...............(D-ao)
4 . .

>
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APPENDIX E

$

Thin=<film area: Ac and Ar

~ [ 4
- .

~

1) Calculation of Ac e

Fa , ! v
As an example, the tantal metal (TM) capacitor is considered,

which consists of a tantalum pentoxide dielectric, a tantalum

"~ base electrode,'.r%;a counterelectrode of evaporated gold,
. .“ .

aluminum, or other metal, as shown in figure E.d

Electric field E(volts/cm) is developed between the plates, separated by
distance d(cm) and sustaining potential V, which represents the anodizing
voltage Va during deposition of the dielectric film. It is estimated,
- LI - .
by general acceptance, that the relation between the anodization voltage
Va and the breakdown voltage V,, 1is:
- 2 '
Var® (5) Va ceeiiiiiiiiiiiiiii e (B TFD)
Since thickx;ess.d"is a function of the applied voltage and the electric
. Va Va,
field £, then.d = f(E,Va) or £ = = , and d= =(cm) .............(E 1-2)
. d 3
The capacitance density % (Farads/cm?) is given by:o§ - E%E-Q(E 1-3)
where €+ and £, were defined in section 5.5.1.1

«*

b A s et eeas i o - ., ey e we PR R R
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LS

After substituting eq. (E1-2) in eq. (E1-3),

-—i——- 8'180% = Eo(&r 8/\’8).‘...........-)....../....4.’..........(E1_4)

Substituting eq. (El-1) in eq.(El-4), then the latter becomes;

—%—--3-5-?-(8”8%. ) R ceeene B R cipeseens tessssencena (E1-5)

C .
Eq. (El-5) can be written as: 3~ = kK ioeeeeencniianeneea(EL-6)
3 . .
where .k -'-——2—80 (er‘gv.l )o.--o‘.ooonncioulloo‘ ------ e s e a e lll'.(Ei-7)

/
S . .

So, k is a constant number; it defines the thin-film material
and the anodization characteristics, during deposition

process,

57177

Figure E.1 Thin~film capacitor pattern
- . 3
The capacitance area A can be thought of the summation of
., small unit—sql'xates A; , such that Ai =y X Ii’ as shown in a

.simple geometry of the capacitance pattern below.

ile—o

e | - & - L
w LAi . ) [ « (
Tw¢ — I —
N

E 3 "B
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The width w'is uniform, and the unit length 'i can be

estimated to be equal to the width'w: Therefore, |i'w, and

the unit-square is Ay ='w x I =

{ b

¢
Table E.1 shows typical values of capacitance per unif-area
(F/g ), for different diklectric films, and some
characteristics, such as quality factor Q, TCC and accuracy

before trimming.

: n
The total area AT (or Ac) is Ac -é A‘-';_ Wi2=nw?,.......(E1~8)
1= ‘1m]
since W] ®wWoT,...,W =W /
I~ kY
‘ . A c_ . . C A
The total capacitance density ~j~ is given by: —A"I__'-- k.

Conversely, the total area required for the total capacitance

-

ig° = __.].'_ ‘ « -
CT 18' Ac k' T.........".'.'.'.........‘............I.ll..(El 9)
or Ac . Co ceveneccannnes ceseesenses ceeenenes .. (E1-10)

3 "Cotrg T ) X
where. Ac =nA; = nw?
For example, ‘g_}'om Table E.2, for dielectric film
Tap0s &= 25, o= 8.85 x 10714 [F/ca), €= 4 x 106 [Volts/cm] *
and V,, = 100 [ voltd,
2 " 100 ’ 7 2]
AC = -
© = —37°75.85 x 10°T4x 25x4x106 (7.533 x 107) ¢y [[cm
/ —k\_./
’ ‘ ’

e A i e e % S 2t et it s

e ————tsttis i
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II) Calculation of Ar

!
[}

"
A thin-film resistor is .considered, A simplified top and

cross-sectional view of a thin-film resistor is shown in
figure E.2, .

The resistance of a complete film, with resistivity ,

uniform width W, length |, and thickness d is given by:

P {ohms~ | . '
R-%%T’org.% é Ohms ....ccevcvevscoscocss(BE2=1)

The ratio (%) is called "aspect ratio" and the ratio (%) is

called the "sheet resistance” Rs.

|
"h‘n "" then R - %-Rs ohms/u‘ .I..I....‘.l..ll'.l....Il(!z-z)

when '-', then R-B%-RRS l.'..ll‘....ll..‘.l‘..II...Q.I.(E°2-3)

where n is the number of square-units or the number.of sheet

»~

squares.
t

Conductor
film . Resistor

) W fih ©

L §
oL ! 43

(a)

Thin-film
. resistor Al a
. | S,
E; , Zz 1
L substrate
(b)

A © Pig. E.2 - A thin-film resistor plttern. -
" (a) Top view, (b) croas—section A-N
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The shéet resistance "Rs" characterizes the specific -
resistivity of a given resistor film whdose thickness "d" is
constant. It also corresponds to the resistance of a single
square of material. The amount of resistivity °‘ depends on
the impurity-type of doﬁancru;;d. The thickness of the film
"d" depends on the impurity-carrier diffusion and;the

diffusion coefficient D, by the relation:

N(x,t) = No I:Erfc (——"——)]*032-4)
o . 2 Dt :

So, by defining the amount N(x,t),(which in turn determines
thetamount of resistivity P ) the coefficient "D", and ‘the.
time duration "t", the thickness "d" is determined from error
function (erfc) tables or gr;phs. '

Table E.3 illustrates the relation between.tolerances (and
yields) and the geometry of tesistPr films, while Table E.&4
illustrates the specific resistivity "p" obtained for

different tanta}um films.

Multiplying both numerator and denominator of the expression

in eq- (Ez-l), by W, tl“en‘ R-‘_—de—._'g-'-ooo..-.ocooaooo/llnc(Ez-s)
A
or R--%%'-1;—....n..“....“..”....“..”...”...".W.H.IE2-6)

and the resistance density is given by:

R p 1

A d wz loo.oooo.'cntg0-0.00.0..voocooo'lo'llocolu.'ot...D(E2—7)'
Koo 1 .

or -'A_ .Rs wz --ao‘.o-ooo--...oooo.o-oo.o..ono.ooo-o-o.n--n.(Ez 8)
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The total area At (or Ar) is the summation of unit-squares Ai
or the product n x A] ,where n is the total number of

unit-squares. Hence, A = i Aj=na; where A; is the first
1=] ‘~ o
unit—square' N Al‘so, Ar-nAl -nw.z seer e s ssr s s l'c.'lll...(Ez-g)

Rs

Bl‘ld RT- szAr'%z's;(A1+A2+...."‘ﬁn).......'..-..-..u.'-.--...-(EZ"IO) .

) n
or R'r -' ﬁ?-s—'Al.....................'.-..-.....-...‘..-.........-(32'11)

1
‘inCe’ Al -AZ ."""’An N

Finally, from eq.:(E2=-10)

A= (E) By milst  aeeineiiieeeee e (B218)

where Ay is given By eq.(E2-9). -

For example, from Table E.3, for w =.5mils
Rs =4000 ohms/[j , andRr =40,000 ohms, A, =50 (milsg)?.

-

4

B AT

' N ]
. %
Sengrag ¥
.



Table E.3

- Tradeoffs

increase resistance.

ohms / sq.,

involved in reduction of width to

The following are assumed:

122

¢

pg = 4000 A= 50 mils?
meils] I[milq R [ohm;) Resistor Representative
. tolerance everall yield
A A
2.5 10.0 1600 9 98
2.0 12.5 2500 10 95
1.0 25.0 10000 15 90
0.5 50.0 40000 25 80
0.25 100.0 160000 45 ¢ 60

Table E.4 - Specific Resistivity of various Tantalum (Ta)

films
/
"Ta"\film bcc-Ta B - Ta TayN Ta+ @ T;4-O +Ta2051
P(micro- 24 - 50 |180-220 240~-300 j40-300 | 250 - 2000
ohm-cm)

1. Reactive sputtering with oxygen.




APPENDIX F

COMPUTER-AIDED SOLVING OF THE PROBLEM

¢

*Fl. Prégrams and Subroutines~General

.

~Formulation of the minimization problem, as it is
described in chapter four, is® simple task that requires
simple mathematical manipuiations. However, the execution of
the minimization algorithm is, by itself, a highly complex
and tedious task.

,:

ForCy?eight computer programs #¥e writtem to éolQe the
minimization problem and fifty-seven programs to plot the

amplitude and phase responses of the transfer functions of
N ! ’

thie filter.
/

A »
p—

Since both minimization algorithms, used as function
subroutines ZXMIN and FMFP (called in the main programs),
require external data to pefform computations and iterations,
these data are supplied by additional subroutines, such as

FUNCT, FUNCTI and TRANF,

The. "plot" programs also use function subroutine, such as
USPLH to depict the proper graphs that represent the filter

responses.

’ 12‘3 [ '
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The computer programs were compiled in FORTRAN IV; they were
run in BATCH and edited in +NTEX D text editor. PERMANENT—
FILE "PARI&““was made which conslsted of DATA and WORK-FILE,

PERMANENT PROGRAMS, listed in proper DUMP FILES, stored on

DISC BASA XXX of the NOS. 1.3 +~ 472 Computer System.

The input data and the repetition (loops) of the program
"runs'", which ;ere‘designed so that differept input
parameters (i.e. Wo, do, penalty-multipliers Ki) were
selected, were kept to a minimu;, The algorithms require
only initial values of variables, once, then they'iterate
different values by themselves, until minimum (or forced-'

— )

logic termination) is reached.

F2 Description of minimization programs

Forty-eight minimization programs minimize the objective
function F, per Table~4.(prograp no. 1 to 48), Program no. 1

to 12 use the Quasi-Newton's algorithm. Program no. 13 to 48

.

use the Fletcher-Powell's algorithm.

? -

All the minimization programs, regardless of the algorithm

used, follow similar procedure; gathering of data and
6omputing the "minimum" by means of subroutines which employ

the minimization algorithms.

- e mm . B Ny p— )
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F2.1 Description of main programs that use Quasi-Newton's

algorithm

All twelve programs that minimize the total

‘‘capacitance CT are practicallyf identical; the only difference

is the type and the number of the constraint-functions gi.
This distinction,in terms of the specific constraints,
identifies the four basic cases of minimization per Table~-4

(programs no. 1 to 12).

The functional structure of these programs is represented by
the flow chart of figure Fl.

These programs share their variible"xiﬁ the filter parameters
(Wo and Qo) and penalty~-function multipliers”KiY as common
elements, with their func;ion sub-routines. To idgncify the

~oy

proBlem as a whole and the different cases explored, proper
description is printed. The minimization sub~routine ZXMIN
will not recognize the requirements of the problem unless its

predescribed arguments (such as size N of the variable X and
A4

gradient g vector, accuracy of computations, etc.) are

determined.

Due to the lafge difference ;f magﬁitude bekween capacitance
and resistance elements, truncation of the least siénificaat

decimal digits would occur during the computationssé that the
algorithm would not Be able to derive the new variables for

the next itet%tion (cycle of computations).

—
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} .

‘ #

Therefore, initial 'scaling is required to bring these

variables in the same order of magnitude.

’
|

Provided that the above requirements are met, the
minimization algorithm (subroutine ZXMIN) can be called to
perform the necessary steps and computations, i&gration by
iteration, until the objective is reached, while printing of
the output variables in eacﬂ iteration takes place. Upon
completion of the required iterations for minimum, the
main-program algorithm repeats the whole process wifh new
filter parameters (unless zero frequency is encountered for
which the program is terminated) and new muitipliers K; .
Listing of two‘sampleg of the main programs, and subroutine
FUNCT]l also demonstrates all the steps of the problem -

solution process.

AE

PR
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/ PRINT: IDENTIFICATION
AND PROBLEM DESCRIPTION 2
DEFINE: COMMON VARIABLES
: AND CONSTANTS E .-
SELECT: FILTER PARAMETERS ,

"Wo AND Qo

AND PENALTY-FUNCTION
. MULTIPLIERS 'K;"
* ' i. 1,.,.-,3
’ @ YES ‘

NO

SET: INITIAL VALUES OF _ §
VARIABLES X(I); I=l,..,5 .
(OR C3,C9, Ry , Ry AND B3 ) '

&

NORMALIZE: INITIAL VALUES OF
VARIABLES X(I); I=1,..,5 (TO UNITY) oo
USE THEM IN THE SUBROUTINE !
FUNCTI (N,X, %) ’

SET: ALGORITHM ARGUMENT- . -
VARIABLES(i.e. NO. OF VARIABLES .
IN X, NO, OF DECIMAL DIGITS,
SIZE OF GRADIENT-VECTOR G, MAX. .
NO. OF ITERATIONS, STOPPING .
CRITERIA, E.T.C...) :
¥ .
COUNT=0
K - " ,
PRINT: HEADINGS OF . ;
VARIABLES X(I) AND . ‘
OF MINIMIZATION , o
FUNCTIONS F ‘ ‘

CALL SUBROUTINE ZXMIN
" (RUNCTI, N,...X,H,G,F,...)

PRINT: VARIABLES X(I),
OBJECTIVES FUNCTION F -

\ AND GRADIENTS G(r) - - ’ ’

Fl - Main Program of minimization by Quasx-Newton s’
algorithm.
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F2.2 Description of Function Subroutine FUNCTI

>

This ;ubroutine shares the "common" variables and
constants with the main program and the second subroutine
ZXMIN. These "common" elementg'feed the minimization
. algorithm ZXMIN; . - ) .
The constraints and the finallunconstrained objective
function are calculated in this subroPtine. The computed
variables (filter components) and parameters are denormalized
T
and printed every 20 iterations. Then, if the minimum pointy_.
or the qn&-values of any of the five components 1is reache& a

. "stop" comm#nd terminates the main program. Figu;e F.2 -

~ 4
.describes the function of FUNCTI in more detail

F2.3 Function subroutine -ZXMIN

Again, the set of variables (COMMON) and constants,

as well as the function subroutine FUNCTI, initialization of
counter (i=0,% = %L ), and initialization of H(i.e., H=Ho =1I)
are called to prepare the algorithm for the process of

’ minimization. Next: the loop is starting where all the

minimization steps are included. In.this loop, the, 6 gradients

’G}'(I) are computed, and are tested if they reached the ///
minimum value "e¢", whereby minimum point is assumed and the
1 ’Q

algorithm terminates. Subsequently, the hessian matrix .is f \

"computed; if it exists a step size '"k" is properly eucimatéx
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DEFINE: COMMON VARIABLES

AND CONSTANTS ‘

PRINT: DESCRIPTION OF THE
PROBLEM AND HEADINGS

b
COMPUTE: CONSTRAINTS
CONT(I); I=1,..,3

Z

DENORMALIZE: INITIAL
VALUES OF VARIABLES
Xx(1); 1=1,..,5 (TO UNITY).|,.
CONVERT THEM IN TO REAL
VALUES OF COMPONENTS

Ci and Rj TO BE PRINTED (. §
IN MAIN PROGRAM

l

COMPUTE: OBJECTIVE
FUNCTION ON F

T

(i.e. TOTAL CAPACITANCE |'Ct")

INCREASE: "COUNT" BY 20
" (COUNT « COUNT+20)

p
SET: LIMITS ON VALUES OF
VARIABLES X(I), OR
ON COMPONENTS Ci and Rj,
I=1,.2; j=1,2,3

5
RETURN TO THE

- MAIN PROGRAM

OF MINIMIZATION

(

Fig E2 ~ Subroutine Function FUNCTI (N,X,F)
! 1 .
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and the new point zitl is calculggég according to prescribed
formula. Then,the counter is ‘increased (i* i + 1)and the

process is repeated by assigning new value in F and gradients

'
'

GLH%I). Detailed descfip;ﬂon is found in the flow chart,
‘ s
Fig. F.3. ° .
( .
F2.4 Description of main programs and subroutines i
e

‘of the Fletcher-Powell's algorithm

This group of programs, which is the most impbrtant
part sf the minimization analysis in this report, minimizes
the total capacitance, the total resistance area, and their

.combination, of the filce; configuration under study. Each
of the above three objective functions to be minimized
consiécs of four cases, which describe the differenct "
constraints imposed, per Table = 4 (program No. 13 to 48).

As in Quasi-Newton's algorithm, all programs are similar in

formutation, the only difference being the constraints and

subroutines are detailed in the flow charts, fig..F4, F5, E6

consequently the objective functions.

The functional description of the main prbgrams and
14

and F,] respectively and in their corresponding listings.
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SELECT: ¥ (I); I=l,...5,
RB(+5< BC8)
MAXFN, €, N

. ]
| i=0 |
'

CALL SUBROUTINE
FUNCT (N, xi, F)

: Ho '
lAndINF-l

¥

COMPUTE: G(I) “VE(Xi(I1));|

1.1,00005

* FUNCH Function sub-~

routine (calculates
function F at point Xi)

x0(I) =initial guess
of x

¢ MAXFN «max. no. of
function eyaluations

G-=polerance no.
in stopping criteria) _

COMPUTE : h (#3|

H(RL) =

(used

3 (D)1
. B ¥1
VeGHn)= .
BE ()
B .
pexly “]. a2 £ (&)
gz T 3X) 3%y
3 X1 ’ '3 2 Xn
n . J
= vvf)
nEh = - & leegh

. .SELECT;: NEW »INT
'1+§. 3‘1‘-4)\1}1(,}%

4

SET: Al=

g

CDseEonEiPeah -

- v £GED, &
whe;’.'e, (%, Y= i xiyi

CALL SUBROUTINE im] &
FUNCT1 (N,X'*lp)
_ |
F:.gm?e B3 - I"unctl.on subroutxne ZXHIN (FUNCT1, N,...,X,H,C, F,..) ot
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AND CONSTANTS
PRINT: IDENTIFICATION '
o AND PROBLEM DESCRIPTION

SELECT: FILTER
Wo afnd Qo
AND PENALTY -FUNCTION
: S Ki (i=1...3)

SET: INITIAL VALUES OF VARIABLES xtl),‘
- i=l,..,5 (OR C1sC2,R,Ro AND R3)

t AND CONVERT THEM INTO CORRESPOND ING
. | CAPACITANCE -~ AND RESISTANCE - AREAS
"Acg' AND "Ari" RESPECTIVELY

VARIABLES-TO UNITY WHICH
ARE REQUIRED IN THE
| SUBROUTINE "FUNCT(N,X,F,G)"

PRINT : HEADINGS - SET: THEWARGUMENT VARIABLES .
OF THE "FMFP" ALGORITHM (SUCH AS: SIZE N OF VECTOR X
AND GRADIENT VECTOR G() TOLERANCE NO. (USED IN

STOPPING CRITERIA) ESTIMATE OF MINIMUM VALUE OF
OBJECTIVE FUNCTION F

» LIMLT OF NO. OF ITERATIONS, E.T.C.

¥
. | COUNT ™ 0}
4

CALL: SUBROUTINE FUNCT (N,X,F,G)
TEST: DIRECTION OF GRADIENT VECTOR
i (i,e, IS _ITD * T,.C

CALL: SUBROUTINE TRANF(N,X,F CONT(I); I*1...3)

(CONT(I) = CONSTRAINT I)
CALL: SUBROUTINE FMFP FUNCT (N,X,F,G,...)

»
CALL: SUBROUTINE TRANF (X,F, CONT(I); I=1,..,3)
INCREASE -
& MULTIPLIERS Ki and SET: K=K+l
N B

Fxg F4 - Main program of minimization by .
Fletcher-Powell's algorithm

b

D VN
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v b ey 2 SR S« NS A Pt WSS (R PRAT, TET ; pevenmene  «

DEFINE: COMMON
VARIABLES AND
CONSTANTS

‘ .

DENORMALIZE:
VARIABLES x(I)
I-IL..Q.....,S

|

CONVERT: VARIABLES |

x(I) INTO REAL-VALUED
FILTER COMPONENTS Ci
‘AND Rj; i=1,2;

i =1,2, 3

CALCULATE: Wo, Qo, AND
Hep , AS FUNCTION OF

COMPONENTS, Ci AND Rj

s

PRINT: ELEMENTS
Ci AND Rj, AND TOTAL
AREA (Ar OR Ac, OR
2Ar + 3Ac) IN EACH
ITERAT ION

"RETURN TO THE MAIN
PROGRAM OF MINIMIZATON

N

TR AT SR O s

“w

)

b g s AR ey o

37

1
¥

&
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/ | DEFINE: COMMON v
/ VARIABLES AND
/ CONSTANTS

Rer ' ' YES

X(I)=10-24

NO
‘ COMPUTE: "Ac" AND JAr™
” , (TOTAL CAPACITANCE AND
TOTAL RES ISTANCE -AREA)

COMPUTE: CONSTRAINTS
CONT(XI); I=1,..,3

S L

COMPUTE : OBJECTIVE

) . Funcrﬁou g

COMPUTE GRADIENTS
G(I); I-l’an ,5-

PRINT: GRADIENTS
G(I) AND CALL

SUFROUTINE TRANF(X,F, CONT(I))
: EVERY 20 COUNTS

Y

COUNT = COUNT *l

!

' RETURN TO THE
MAIN PROGRAM OF
MINIMIZATION

Fig F.6 = Subroutine FUNCT (N,X,F,G)
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—
SELECT: x (I); FUNCT Function sub-
I=:1,..5,MAXFN, € rqutine (Calculates F
: —3 and gradient vector
CALL SUBROUTINE G at point xi)
JFUNCT (N F,G®
x°(1) = initial guess
i= 1
IFN =l MAXFN*= max. no. of .
Ho= I : ' t function evaluations
" [CALCULATE: NEW SEARCH] € =tolerance no.(used
DIRECTION di= -H;_;gi in stopping criteria)
AT UPD}TE ,
! R— §6° Hj- Hi-
HimHy 1+ —0— - ——a=l¥¥ Si=1
Tl ey y/Hi-1y
' "B" UPDATE / !
H rd -
SELECT: A NEW POINT . 4 MR ) AR 2 ol
& - . . \
CALL FUNCT(N,Xi+Fy, Giy)
IFN = IFN+$3
IC
[ BETTER ESTIMATE
DR O
- ~
UPDATE ' %
l ‘ ) 1 .
L = Fy l | |
i*i+1 . '
. ‘ ‘/
; J 4 . . ‘
'

ot L Gt



.

f'—_'—lml'('@n -
1 PRICRAN CININ(INPUT IUTPIT)

T4 OFY FTY 3. Te 8T

SRTERMAL FUNCT
< SARON "!”I”‘I"ll‘m'"ll.".",...“l.""l.“'llll""'l."’

SOV IVL90. 02

140

L2 ] St Saanasa—

I ) 3 . 3
PRINY 29
29 SOARATEION,02MNA 0 TEENNICAL REPORT 1N fL. ENGIwEERING.)

PRinY Té
20 FOAMATISH.ALNUNITY _CATN 04N PASS ACTIVE FILTER_IPTINIIATION OF BI
O_TER GLENENTS /)

RiINY IV
27 FORRATIORITNGY PARASREVAS PROKOPEIS [.0. $9019%00/)

v 20
R TTNE S YIRABVY I B W 0. WAVVELNIAYYA /70 ~ .

13

PRINT 29
FORRATISK,OTHIS PROCRAR RININIZES TwE AREA 'l:' COARESPONINES s /
\CYTVE FILTYINS7

0 ! A
OINLOVTING PROVER DAPOSITION THIN_SILR Bu PAOPER SURSTRATES,/
O3MePU1.8. THE SUBSTRATE CONFINGS Tolt TOTAL AREA INCLUDINGS,/

P
L

O STRATY B YA SCVIVE CHWOMKITT CTVEN TonsTaalnTs sone,/
‘O34, 03PRCIFIID CANTER FRIOWENCY “FO%.POLE 00,/

LoD T M [l M. TING SAND PASS WA, SAIN “WAPT.AS NELL ASe0
. .
PRINT 30

obONIN THES ANMLYSIS PLATCHER POUILL RINTINIZATION AETHES
hd b 7y

PRINY &9
A5 CDARATI/Z/ oA ORININEZATION FUNCTION FotAl®..cccocas iRl 6o/

[ . 0 O »! - Lad14d
BU oAty _F00)/RS) RT0AR AT (TR _SBR)S,/

UL OVER-DREMING VILTASE (VYALTS) 64/

TN, SR e, I%N1 -l “J¢ TRE FEEE IPALE.VT
OSUS{FARADS/CHICy/

O3N s OGRBIELICTRIC CONITANT RELATIVE TH VYMAT OF FREE SPACE.%/

TSTCNI;7
(CRio,/
tanng/7s0010,/

0 '
OSLou=NIOTN OF THE TNEIW_FILN RESISTIVE LiINE

ou.us-un SESISTANCE - 0F THE IISIS'- Ling /.
e " CAVALTY “Clell OF Tl FILTIR C(FARADEDS,/

o‘l'l'llﬂ. llll!lMlllﬁllOIl OF ThE FILTER (GumSiee//
THE ADOVE O8MCTIVE FUSCTION 13 A CONSTRAINED DuE,04//)

1 L]
THINY X
1 FOARAT(3R,1LNINPUT FO.0F)

43

g

1350,
Alel2./3. 0070071500 ERSE) 3
A2vwoe /RS

PRINY 110

110 FORMATL/Z 0K OVRRO BNV SRR 101 OERO ORI OR O VL OO LOR PRI 0y /)

PALRT 113.788,60.80.8,u:08

RATER o Fbe LN IASE IR T TR P 5o Ei TR 100D E4E10. D0 3NeFI L/ /) ~ &
pnlnv 128

20 FORRATISR,0A1=12/3 0 (VOR/LEDERED DO SR 00t (W _SORI/NIS, /)
SRINT A23.41442

129 FORBATITE 810404008, 800.4v/)

H-A e

AZe1000.
131000 ‘

tlettage (NTSRIT IS /FY
S2etR./4R24011ICER. 2ERPOFLD)
YU ’

ViIVealsty
viddea2eny
ALY T

7(3)ma26a3
slvevil)
A2ueviz)

(3105431}
Daatd bl
ASnayis) -

v iT7an
Kt2IaViR2izAe
1)teve

o¥ie

-l:sn-vcsntasu

SieA)/ALN
ari

L. DR § T 74

K2=Ak7
K3oAR/a 00
LTy I ]

SRALINT 15,80,00 R

IN0Pe 03,30

S FORRAYCIN, M0
RN

SRANATE /7,98 10ME0PUT X vECTORD
PREINTY 19, M41)yu02D o X48), X430

19 ¥ . el ) M o

»
PRENT DoMien2

99 eyl FUcH g
R

D PORRATCIINGINNLoRON L JIOME /s 0K 2P 202070
Vo3 "

(318, 0

: . E".‘:i-. .

L

™

BAL)=RI1)01.00000000
[1 PUNCT N RePEeE )
-,

[J . |
JSELISEFP=F 17(RITD 0 00000000 ) .

r’PGOR COPY
COPIE DE QUALITEE INFERIEURE

S0 o e ——— p—

- e R

e s b e i =




“

a

rRINT L6 TRETTT ST
[ ruunn.ul.mwnuln CALUE BP QU1 ./0doNs38L0. 60

773
ALl TRANSLN.E,LanTL, (3

260
t ) nuuluuI.)H.T,nnli‘lﬂu"-‘&udn-n STARYY av "tS Potafl,/
'lll' [

118

T SRLAATCIONLONCIACULT Patanatent, /s "
caLL l“'lmtvl'lo't.oll’omﬂ.l-'olilnﬂ

120

COLL VRANGIE.FLONTCONTRE

HNIIT,
L A2onde, ¢
Tonint altun

4 PormaTe u.uml--".un" Tt

100 ZOnTimee .

(3214
Ty

. SILUYTE Yhake™  TRITA BY=]

TN G, 00408

SUSESUTINGE TRANF (X F JCONTL.CONTL)

FINEVIION 213V, 719D

CONNEN 5 1oBPoMLIN2 o ICOMNT oALNoAZMIABNAMS AINIAL AR RR o ERe NI 9N
yrax

“BO/05/085. 10.%0.3)3

TTTHMME T 1T T

40 (1]
L2eNe2 /N2
LUeXEDIIND

LTI Y T

LIeRIBI IR
EFIRL.ET. (300000 ST0P

4BPeR37iR20AT)
20 -Her

TYstiel2
S¥skioR2oN)

s ACeAleCY .

TS ATVNY
SRel1.730RTICLOCIORIONARIIOC1. /02005090

”';l I-IIuollll.!ﬂ“ll.llﬂuﬂl

T
1F114.80.0) PRINT 30408 ol
30 -auul.m.mum-.u.n

b L

bl
12 SERNATL an .Il-.ul-!oll’cllolﬂl'o‘ll-'nl'oll- PRies8ilaBe 400NN
SolUs Mo ebileS dNBINT L 1R o DMRDo 1 810 45 ¢ H0BNIS LEs DAL

SERRTIT
PRINT 24AC CONTLLLINTR
MATASN S DONTRIAL CAPACITANCE SURBACE AREA SAC®e,811.9.0M0CH 308)

.Somuen,

Vo dRe . . O [] W12 IT 44
PRINT 16.FR.0PP, 00

r__h‘lnufh& FabCt T T VYT WYL B

10 OUNATLON,3MPReoR 28200 SUMNRT Lo0K INE02 oFLS 00 M0o MIEA (RDe PR 001VY
RETVAN

IV L W
.

SVEABUTING FUNCTIN, ReFe &) .
JENERSTION BINDoCing
SHANON . l|v”vlﬂo"o TCOMNS oA LNIAZN AT ASN,A0 0000 A2 R1 o RDoRDo RASRD

0/93/785.° 19.58.3)

PASE "

_3h Zearinue o -

0 16 Y.
TE(ABSERETIValT Rel 200 REIDoRoE~d0
ACoRIL o) Y
ARSNI) ouGobotS)

."ll-’ I‘O!ﬂ!llﬂ‘llll‘“l“l S0/ 4NBORRIRIONM Do, \
TSI PRI TATRIT IORT TORTY

.l'llll-lo
FedCoiniocCONTLNR ) doin2o(CONT I O2))

T IR0 R JRELIIOENAGCHNTINICENT 0L o D ~HROZANTZOL CONT RORL 3D
SE2Pol ool 2o/ RIZIISLNLOCONTLO(CONT 00 o D eNIOCONTIOICONTROL D)
l(ll-‘l.l")“'llﬂ‘m' CICONTILL . Dot 29CONT20(CONTROL.))Y

N

e

. o) MY
”lllﬂ l‘ﬂl‘t"'l‘!t”'l‘l.l ’

ll!i-l!clll‘ﬂ‘ll‘ll.lil!’)!"ﬂ“’l'lt.“l‘h.
1Pt 1200020

) IPU1P. E6. ICOURT) PRIET ADI8IEDoL0e 8D

S8 FORRATCAIX2INCOMPUTED SAABLENTS $U304/108,3810:74//)

1chmTe1CowmTe)
aTven

>

POOR COPY

COPIE DE QUALITEE INFERIEURE |

[



ADOISIR PO, 8.0, GWATTACKMARYYA

. 142

R S

TICETTAL TIPEY 10 6. TRTIne
UNETY _SALE 000 PSS ACTIVE: mvu.nnnunu;,- FILTR SLEMESTS
T SV VARAIRVIT PaBRINILT T8, itBiese . TTTTITTTYTTT T T TS T T T T

!=l PROSRAR nl-lllls WL AREA_®AC™ COUIBILPOm N s
ol TUYAL Tadac

sttt *CT* B YRE RC_MCTINE m.m Y
usINe PROSER -mmu nmulun': ’!.”I: $83TRATE

PECIFIO Cll':l PRESJENY “F0°,0008_0 o

: v rag) mar Sale cwercoas WL Al ¢

| 1% TS MMATSIS PASTINILPOWLL NININLIATION RETWES |} WIEO

O

Ll

NINIAIZIATISE SwmCTion c-u-.........l.hn .

vaacsaianing veLTaSE LVYOLTSI

. T E UM PERLTIIVITY 9¢ Yot FOiY $PACE, ;
ER-SIELECTRIC CINSTANT RELATIVE T8 TIAT & FMME 3PACh.

oB1E ECTRIC STRENCTN BF THE ININ_SILN M

ASeSIEET RESISTANCE OF T RESIST, LINE  (Bom3/SOR) .
CY=VOTAL CAPACITANCESCLPC2 BF THE FILTEN (FARADS) _ - . - i e
[ ATeTRtA RESTSTANCE=R1022¢R3 oF TG FILTER  Tooms) D Tt .

A JECTIVE SumCTIon |S A TRAJNEO ONE, . ' 3

v ,Il . \

. . - . LY T AT ¥ 17 &= | e 1 ) - —- - —_—
(A2 R EOLER )T T T A2 (W S EIFRS - - — - : - e

KN
»
-
L ]
-
-~
L]

. « 7302068007 «3000006 04
e 300.8 e 30,0 ,

INPUY X vECTOR - .
N 1 11}
[T <IORRMTIT  IheesteRnr T A0SO T T000N 0 1000008001 e o = -

i : ~WT
1000.000000000020 1000 000000000000

TOAPUTLS SaABTENTS Cild - —- .- -
- - 1.000000 1000000 «402100%~10 —e14210458~10 20021 708~20
M [l

Cle. .II.III;.” C2e J1031E<00F Rle . 100000+070MRS A2+ (000.0 SURS 13s 1000.0 RS ACe 98100 icn_sea)
o mr—nw;—tcrwmwnmw-tr‘unn-u—‘rrl.“_——"—— .=

’ #Qe __500.0000000807 2 [ 4d " 9“ Salne 500000
~

VERIPIED VALWE OF 810 .
100022 1. 00002 o190V 2884 9750808 9N EBT-09

. ’ o

CORTY v

Cle o DLEMIE-0 £2v oD10111-00F R1c . 10006E+0TENAS R2e 1006.0  BunS R3¢ 1006.0 S iCe 58800 _ 1CM_Sea)
0% £20 .00 s 1908.0_ 23e t00e.0_ o seaee o

TOTAL CAPACITANCE_SURFACE ARES ®AC™= 20076  (CH_3OR) CONSTRAINTS &, * oo 3,000

, “ |

AININTIATION SLBORITIWN STARTS AT_TNIS poteT. .

CIecuLY Panangtany ‘ -

Y COPUIED CAABIENTS §41) >
——l 8000092 10.00878  -e.llestd -9.50 7429 _ __=stSPIL0

: D TWRET T g ) - - ;
c1e .mm-on c2e .mmonmm\n*mmmv.s Sons a5 10057 oeCOMUAYSAIR QR SRS
' . '

»rpoon copy N
b . COPIE DE QUALITEE INFERIEURE : >

N

ot s o




< . P . 1
- . 143

A - o

| - —————— - - R T ey

TOTAL CAPACITANSE_SURTASE AREA =ACS» .230% TEN_500] COMITRAINTS =,.0044996-82 ~. 037 798-03 ¥+ 1.9298 :
e 331.26044208RT1 e $0.0000% CAlne 009380 . .
PR Ty LI TE Y STTY ” -
NY T2 Leto108) —e 2384007 «S92028-01 23004378 ’
¥ - - - -
¢ b covnte __ Je 7 s A 2 o
W k3 L0e3.2 OWNS ACe 5200  (CA_38R) £

Cle .IMN-IF C2% .3IVME-B0F Ri= 1AVSECO7INMS Ale 1049.9
T TETAL CHITACE. WAl itT aila PaC% 1T TG TAT CoRTaing . 30eTivi-0h .ioeasze-ei Po L9080
299,992 IR2VERTL  0pe  09,990999 __ §jiNe ;499080

TED_GRAM (]
L RN oy £mer

S

[3

T. B0

. towmte 3

| Ci= TR = TUAERT 1S TARGTTRG TR TH T smi s TIT.V T S5 aT- R TOR.53)

Poe - SOB.A7TIILNERTL WPe 2,934008 SAINe 491213
. CORPUTES SAMDIEWTS SE1D ’
YY) =6,487104 ~ 7, POMA0 =4, TAPP2 5,098172
o, B U [ Y - -
mmmw fcn_338)
TOTAL CAPMITARZE. SURPFACE AMEA “AC™ ,i0iTe (CN_300) CONSTRAINTS <, 0021236-02 L220816=01 f#« L0078 <
g TR0 T T - Ty T ¥ PP - et G
. .
- (1 11 E)
1641108 -12.518% -$.148301 =$4454983 3297279
\\ Sovnre 8o AN
Y ~ ~ —
Cle ZUO2VE-0IF C2o 216346-00F Rle 1M)sE+070MINS R2s L49). 9 NS A3e 1439,.3 DS ACe JPOMS (TR _S0A]
TTTYeeaL te Tt € _sumeace area SACTe 11060~ (CA_100) CONSTRAINTS <.02P4B3E~02 -+ JOLPEDE-0) Fo 1.3988
A ey 391,001 03 080 . BOWIIL_ Salne_peeew) - —
. t - . .
'\ )
, . . » A
' COMPUTED %ﬁqmz qg -
(T LME SR IING . =t 2 {3 e T R
i : . - .
Covntes 114

‘—mmmmmnc— m&v—m-zr;vwr ~ IER_SONY -
feo L2984 e e e

r

‘ _YOTAL CAPACITANCE, SWARACE ACEA_“ACTS 10260 _ (CR M} CONSTROINTS < 10032881 -.iTS2VO8-02
re- . 300.2960710EART] L 90044800 CAINe 408122
. . Covutes casntEnts 6Ll
PR 1 , .. L SN, 1.0 SN ~2.2797% ~2.6T0817 ~ctelsesy .
. b S , -
T TR p [ * -
Cle o170)01-01F (2o 103028-008 M1w LTIMIZOTONAS R2= LTTD.)  SWis A)e S6SL.T__ N3 aCe 06204 = (CH_S8R)
TOVAL CAPMCITANCE.SWRSACE MBS SRC™e (1080 (CASON] CONSTRAINIS ~.Z30ASIE~02 = IN1298-83 P Leltee
—rws r-ﬁm ¥
- / —COWUTEY SEABIOWY B11) o — - — - - —-
=1.8uNne k] ~LL. 09986 2.400008 =1.982081 =+33400%08
i __cowmye A$S ot .
‘C1e cROMU-AN CTF]ATI0N-00F R2e LL0SIMCITENNS Ale 1915.3  BNAS A3 1765.0  ONS3 ACe PN4I  (CA_sea)
e B0 MStsenRTI W SN Al laee?
)
et .
’ L4
-- T \/“ it
POOR COPY
E INFERIEURE

COPIE DE 'QUALITE
. - ! ‘ \



« T '
- 144.
~ » ™
.
‘ M ¢
Al
P4l
1
[ - [y L] » - ¥ -
. L__TOTAL CaPACITANCE_SWRIACE AREA %AC"= 12948 (CA_SOR}: :mnu-vi_-.nsuu-o_: +2277126~02  Fe 0797
re. $00.74)330ERT2 WP “9.94300¢  SAINe 001108 “
L
\ . CONPUTED SanBtENS CiI)
- =13.01070 __ -o..o’rrl TR X TTY) =2.501897 . JA2eeb? . B
— Thilve TR’ - s
— L1z 2108r0ear 2 .cueouconoukumnnm.. Bt R1e 20032 SnCOMMUAMKCE! (MO NARE .
) TOTAL CAPACITANZE_SWREACE AREA AC™S .11806  (CH_SOAT CONSTRGINTS' <o2062218-82 .I6790u=0) Fo 91403 !
L, see SO0 TLTOOIMRTZ  W0e 09, 090083  GAlNe .ABSL10
'-k TS daadi b i) N Sl e —{ T
~12.18040 -11.38718 ~2.10812 -2.17700 ~283327788-01 °
cowmte 214
Cle 131688-67F C2o 1D0138-00F Rie .2D100440704A8 B2+ 2379.0  OSwAS R)e 2196.3  Nas ACe 1.183  (CA_SMA}
ST TN CaradiTaRzE_sumpact AREA CATES LIRS T ICRS0N1 . CONSTRAINTS  S.299230602 ~o72)0830-00 Fe O3I2 T .
se- 190, 000030000T0 _ g0e m Shlne ,o79019 . ! °
o N _ . ___COMPUTED SAABIENTS 8(1) e . L ) 1.
- T ke 800193 [6, 87009 =1,200032 ~2.27001 -n.uu;o “ N -~ =
. . . i i .
¢
covmte 234
- _ - _ — I . . _————]
[ Cle JARIMTIW Lhe 1000 2IF K= B0 LTRTOMS 2" 2372, 5 el THe 2989.) Guts “4C= 12950 ca_seay
& » A "AC"e 30109 (CM_S8R} CONSTRAINTS 788402 - #e_.PON17
soe ORI P $0.030010  Salne aT0408 )
’ CORPUTED SRASIEWS Stl)
to. - r - =L.822e7) e LU TS :
A ! .
I ' " 1
ThaTs ¥ - - "
L] » - - 1
' . TOTAL CAPACITANCE_SWRPAZE AREA ACT= ,93D564-0LICA_SOR) CONSTRAINTS ~.2626106-82 -.0167006-00 Fo . Pa44)
T PRIl U e S o e o * - -
- 1] °
=17.08089 +.00000) «2.2337%8 «1.002778 Yy 1YY
£ __cowmts 16
Cle SUITHOE-OTF C2= 11408-00F R1o 2020 MeOTOMAS R2e 2094.7  GMAS-N3e 2044.0  Bwd3 aCe 1.0031  (CA_seR)
- 'hu(. CAPACITANCE SWRFACE AREA *AC®e [QITAME-33(CH_S04)  CONITRAINTS s 2207118-02 PL92)499E-03  So ,7B4PS P
{!- 20.NIDOPAEIL  ewe  ge.onets  Baime Jarrefy’ e . —_—

D e S VT RN N

v

/ -4 4]
r§ . COMPUTED ) G o
" n ———-vaw——d—.mnqw SHo———

Y . swmne—— =} - oo - R—
. : ~ ’
Counte 294
mmmmmmml L2 3 ==
TOTAL CAPACITANCE_ SUREACE ARIA SAC®e .G1ITSE-01(CHTOR1 CONTRAINTS - DLIN0IM-0D ~.V1I30eE-0D__Fe coM8 _ B )
(] 300.1270008A T2 R We 90022900 SALNS L4799%¢ '
“ CONPUTED GRAGIENTS &LI0 .
___h_m______-y_-.m_'t —eOMY T claisess  __ct.eemer .
A, o
; [ poor copy -
. . COPIE DE QUALITEE INFERIEURE

>
. .




, ’ 145
[ 4 .
. v
. . P
. / s
TOAE IV
€1® OONM=0OF 20 HIIGI~0%F A1v ,J305 30 0TONNS Mo OLB.L_ OIS &3 B295.4_ OWAT AGe 1,7967 __fCw M) . :
TOTAL CAPACIVANIE_ JUMFASE AREA “ACSs .71900E-B1ICH_S00) CONSTRAINTS = R23310-02 ~.2000108~02 P .3Pehs
= . N .
o
!~ N
THPTIY WRTEWY S11)
23, 10000 -a. 272828 ~l.n22728 ~l.309L78 «4870002
“ [}
Lovmte 334

Cle JTRE=OOF C2= J00E-09¢ R1o JALORCOTONRS R2e 3003.4 SRS 23+ 3418.¢ GRS ACe 1.0008 en_see)

- o - O
»

[ 300, 377401000011 [ o 49. 970081 3A(Ne ,47DI0L

~

CONPUTED SMMIEWS 811
TSN 5T LRIy = WY o SITRY

. ) , * (

TRTAL COPACTTANCE, TWRFACE ANEA “AC™S oGIM9SE-01(TA_S0A] CONSTRAIATS_ = BORIME-02 o LISLIOE-8I_ o o406l —_—— 2
. oo 00, 400003HERTE 8P $9,900008 Al LATANAT?
,‘{ o N r_ 4
4 CORPUTED CAMLENTS 841)
g ~20.02143 __ =le,STIN2 ~LooeBd?) P T I T ST 1, T 11 I - . L
R - ' J
. ' A
TMY IR v
Camcy 116058008 (2« 10 BONEORDIA UMM BREIMY +201.2 \}\Q‘- 318600 COMRUTKR (ECH T
VOTAL CAPACTIFANCE SVRIACE AREA SAC%s SO7T7E~0LICA 3000 CONSTARIATE —.2073708-02 371394803 Fo .4Pepe > .
:
e INLLIITEATL oo V009721 GalNe 471089 i
e _ w,
- —CHRITET QST TN 3
-le s L1200 eaLBOLAA - 20103004 ~01 1292008
Y - —— — - - -e - - ———
vv \ ‘ a 3 u .

i coumte 3me
Cle JG00IE~00F 1% (MIITE-09 R1° AITEZECOTOMAS R2e 433444 GNRS R3e 4828.) NN ACs 2.190¢ fEn_sok) -
: m SR T e O N s
T Hegesremmall e . se.90080  faiee sareess’ ‘

= -u.l!_t'u u.mw;m! ﬂhm"_ un;w T _ -

~

—"u—mm—vmml—wwm'm—muz— ‘T W.‘_”'I!-'lml

| ratal caracivamcr smiact ansa secee seantgopscnimn) ‘somtmatats -,aresreser eaasies-st pe sevrvs
[ ] ' Se0.10 TRSNMATE [ M. 021070 SalRe , 000997
CONPUTED SRAMIENYS SI1) * -
* _=30.0713% "Q-“!‘. -s 99033878 — Y921 300 s L7293

TOUAL CAPACITANCE_SWRFACE AREA “AC™ S2402€~0LICA_TOR] CONSTRAINTS «.2039080+02 ~. 27300203 o .0 TM2

L ‘Séo.ar0fornsatl " T We NN T salme ST T — -
- THPUTIV AT BTIT -
=19.927% -3 8.22998 "o.ﬂﬂl’ - 5602439 o'l"?ml .
L e . .
Te 94
CLo 407218~00F Clo LHMVIE~09F Ale L4003 0TENAS Ae 91082 NS 83« o31%.2 ”l Ale loIONI tcn_seal
T YU COALIYENZE SWASACE AREA SACSe S37208-BLICA_SINT T CONSTRAINTS ~,1443408<00 " JA735130=00" “Fa .400)? -
’e 10.301700m0TL 0= e%,90008 __ salne seeerel - —— e _J
CONCORDIA UMMNERSI tors se1) COMPUTER CENTRE ‘
o e e B }
[ PQOR COPY = : e
'COPIE DE QUALITEE INFERIEURE '



. B
\
. \nhna aLmn 37008 @Ptel T T N T

e 3 Pascaan .l.l.‘ 1uUT . DUTPUT)
'l"l“}

(4 1. ] l..’o'lo

([ ::ﬂl“. ll’lu"“' 1904008 40046631

uy 29
S FORRATE LOTe 42NNA MM lm%-' v ®. GNSINGERING.)
- PRINT 26

20 FORAATCON OANURITY CAIN GARG PASS ACTIVE PILTER_DPTIRIZATION OF #F

FTIN . 8+4%0

T 80709700, 20.33.43

!

s ANy AR AMIy A0y A9Ns AL AJo N 2 X2 MDpRApRS, | _ . —

TER ELEAENT ]
M et

27 PERAATEINLITNEY PLAKEVAS PAGROOIS 1.0. osefvsecn)
L]
20 FORNATEINDLNARVISOR BB, BoB. DNATIACHARYYA.//) ¢

PRINT 2
13 3O FERALATIIN,OTHI Y PAREAAA RININL VN ARGA “AET CORRESPONDINGS,/
e e T Vet e BUSITTACE S TE T nd N ACTIVE FiLTERS
SSUALOULING PROPER DEPRIITION THIN_FILR 8N '..Il SURITRAT
MNP (.6, THE SUBITRATE C”I-’ THE TETAL AREA [NCLVOING
« SRR, OTHAT OF TNE ACTIVE CORPONENTS) CIVEN CONITRAINTS PORS,/
» IR:OIPRCIFIED CENTER PRAROUENCY “FR%,POLE_00,:/

S AR S IS et

PRINT 30 /
» r-uuu.unu TS MMLYSES PLETCHNER_POUSLL AININIIATION NE TWED

4] T o3 wsEnes/
[ 31 Lol DT, (T )Y
-“ﬂi- :

PRINT o8
49 FERRATL/.
. . * ehVoAls
O N SMa(lu_SORI/RS).ATeA2,.AT (CI ﬂl.cl
| ) Suyevonctaianing vOLTASE (VALTS
SN E0e0, 031000 =14} 1S TS ’Iﬂl"l'l" OF THE PN SPACE.0¢/

ﬂl a2l ] 0 ant

SIR *(FARARSICAI O/
ATIVE 7O THAT OF Pofe 3PALE.8,/
A TwETITINTS o7

» nl.muu o T Tl FiLn RESIIVIVE LIng

oSN 0SotMEET MESISTANCE OF TE RENIIT. LI

OSSN CT=THTAL CAPACITANCE=CLOC2 OF TIE FILTER )

v SN, ATsTRVAL BESISTANCE=ALoAReRY OF THE FILTER lm”oll
*IKy SN0 E a0t 1 SUNCTION 83 & CONSTRAINED ONE.%¢¢/)

Rka
Sl=6.2031 09460
- YOR =100, ‘.

G=8,098-10
2. :.:8? [y
€= ke \ .

e Alell.73. 19VRAL1E000RE)
AZeusod/ag

PRINT 116
L8O FORRATL/ s OXo OVERO, AN PHA 10N o SER O AN o 40 VU SWO 10X WNS0 o /)
PAINT L115.VBA 6080 EotteRS
{ ” A9 FORAATISK o F R Rl NeR10.301R el 0o Lo lNoll0. Dol KoE18aTe3NefSa e/l
. PRINT 120
- 120 FORRATESK OAL=(2/))  IVORIIGOLEQ. 41 1093X,0R2 00 (U _10MI/AS00s)
. PRINTY 129.A0042
. 123 FORMATITRELBabodOREL0be/ )
0 80 168 Kelsd ] .

L IET I 14
- R2es00. e
RI1008, - b
el-unonlunonnmnn - '
- CZoE 17 INTORDI ILLL 710006 (3D
Yelieagecy .

VIIISATRTY :
vi3)eazent .
L4 YeAVeMdem2 . .
. veSisagemy
. - alnev(l)
AZwevER) o

TIYTYY
Anay{al
‘T “ ASNSY(S)

Re2I=VI207020 )
LI IRIYTY ] ‘

T Ril)eviLIZAlN - e e— - -

) - REIVay () /a0
EleAL/ALN .

) ADeAZ/AIN -
4 Re=ARSA 0 -

R2=AL/AIW - _ T T E T e oot

R4 ol
c ) PRINT 15400000
19 FORRATIIN, DI E=s08, 1 i4X) INOP o83, 1)
AT R T —

T FRARATI/Z498.3ANINPUT X VECTOR) o
*% PRINT 19,NELToRERIoNIDI NS NI RISH

v ) v TAINGITY 8
PAINT 3,01002 \ b

—— 3_ “:"‘!".“.9‘."'}_‘.'.!_9"“__ 2/o 1889 2P2220 1Y
Lo

” [ 3130

grtel i~ -
u'mr-

CounT=o

» Tory PUNEYINGNoBoS) L
98 70 leiod -
RELI=NI1101.00000003

CALL PURCTINGNOPE 6 ) » N -

r POOR COPY

COPIE DE QUALITEE INFERIBURE

i e e i et A b <o A ot




147

TV IT 7T OO
.‘ll."”".l(lill.-.mli
103 70  COnTinwe A
' PRINT 180168480 olal 5D
16 PORMATI// oARRR2MWEAIFIED VALNE OF 811)e/:14K05610.6)
PALNY 20

Ty
110 CALL TRANE IR oCONTL CONT2
PRINT 260 )
T 260 FORRATL/V/7/0 23X NMMATIATION ALESAITIY STAATY(AT THIS POENT.e/
"

Pajut o - I —— e mmem o ——
Tis S FORMATIION, 1ONCIACYLT PIRARETERS./) §
cat mnr-u.-.-.v.c.nv.on.suu.m.m

NisMiIe2,
HEeNe2,
Lo R PRINT 4cl80
4 FORRAVIINooMICRn IR0 /18724
100 C'.'l“
.4

CALL Teamgt :,c,;gﬂ. o ___ . ————— -

~——

[ el Tame T YWIIG BYeL T TN 6809 T T SN ONESS 0.03%. 0 T

| 3 JUOROUT ING TRARGIXFoLONTL » CONTRD
:!.ﬂl. LI L U
A

; T !

Akexi3)/N3
AN L

el i — -

CaeAR3ICL)
CReals4C2)

Ri=Ap3iR1) ; "
RReagtin2) .

mn. 71A2eA30 P IOATIRICLORN/C2 )
1AniCONT=4

B - 1701A.88.00 PRINT 5,74
se n-:unulmv-.u.n

1t B
0.u.-n-.cu.s.muu.u.-un.loms.u.uw-.cu.l.unﬂ.

» Sl ey~ —
2 FERNATISNIINTETAL ASSISTANCE, SWAPaCE MRS '”ﬂ:l-'o‘-.l-lo

” 10 l-ﬂﬂ uu.mu.umln.u.-uo--!u.c.u-mn-.u.o.uo

.3 UReOUTINGE PUNCTINeEF06)
t SAIRENSION XiN1s8INY

wTInt Wile oFfsT LTI IW

e 1]
| ] 10 1P Ca0SERIINNL Taloliale) BlRY0L B=00

313 1 T ——
smag{gIonis)enis) e
[ 4 seRelt R [ []

[
v sleng)y=i.
£2),% 9 L 0 (1)

[V AR I o(COn o« RO
' 'lll'l-“lolllllINII‘CDI"OItﬂ‘ll'lo“ﬂ'(.ll'ﬂ“"Oh”
2

12 1) h.llb‘ 817833/

OQI‘M tnnmtcmnonunu 33
82e0 [ [ ] L (VY]

.
20 : 1P CIP. R0, 1C0UNTY PATNT 080 (88100120, 9) P4 h
441

o! Lldd
ICOumIsfComnyet -

POOR COPY’
COPIE DE QUALITEE INFERIEURE



148

- N -

WRLTV_GAIN ANS PASS ACTEWE FILTER.SPTIRTZIATION & FRLYER SLBNSNYS
W ATV T YT R - - ———— -

| MUINR 0% Bof GATISEMATYA ‘ ;

!
1083 POOORAN RINATIES THE ABGA “AR® LHOARIPONDING ' .
‘1""1’.‘3““- 4.3 .7 b
NS PODPOA SEPSIITION THiR F0L6 BN 8 SwesTATE .
il TS NOSTRATE CONFLIES W TETAL AREA LUKLVBIR ya

SNCIPLED CHINMIR FROIUEACT “60%,P0LE 0
SgPS AND FENDD DAND PATS RN, S41N Won WL Ay -

. 0 TES-ANaLVSIS PLETCIER POUELL RINERIZATION MDD 13 weD

- ——

_—
NINONLIATION POICTION PoPAR®. 00000 ce il
Ilﬂinlmll.-llall 1aCTohd o CY 081}

vencoalaning veLvASs (vEL -
eo-o.unu-w ] onn__qvm @ _tws_P0e_shace.
150008 /CN

u-ouu:nu CONSTANT ABLATIVE TR THAT 80 PRl MR,
STRENEW OF THE THIN FILN EVELTS2EN)

Il'"l' -unuu “ '- aEststs Lt (emsstenl
c2 8¢ T PILTBR ('“ll

2

-mu‘usmm-n.uon ” T ll.‘l\ oms) . - = ““ = s ot - STets mTee
e Tive pencti 1980 oue. )
__twetreee — - e
L, ] [ ] [, ] [ § [ ] s
[ o) o . . - —
CONCORDIA UNIVERSITY . © Y COMPUTEI CENTRE
. .
o L 4 -
4 , ’
. ;
.S . — — ’
¥ , '
I
¢+ ’ °
) e et e e . ( ¢
rd;ooa COPY .
,ﬂCOPIE DE QUALITEE INFERIEURE T

.-




149

AR NCHIN /1T . TN A.a0a00 %764/ 83, TLIIY Past T )

PROBRAN BCRINLITNNUT, OUTPVT )
EATRANAL PUNCY

EW' JalRakRzidsX0
» » . 0] »

PuInT 2
12 3 -

N 20
26 !ﬂﬂ'(llo“ﬂl:"_ull SAND PASS ACTIVE PILTRA_BPTINIZATION oF FI
9] i

§
27 PERMTIBRBTHEY PARASUHIVAS PRONOPLIS I.0. 00019865/}

[ P‘”-uﬁmn'n' AVIIIES 9. B.0. SNATIACNARYYAL/7)
PRINT 29
il L. TY]

[ 1y (1] . nge, s
PR 24084 S40C CORRESPONGING TO Tug TOVAL REBISTANCE ®aT® OF Twies/

L 8/
..l.'llll 1L e m! - 1Mt ACTIVE CORPONENTS) .lm’

”lvnl wiLL A3 PIVE PELTER lll."lltl-‘h.hllp“ Il-'-ll

»
o518 WSEde s
”m

L} 0] . » Y
SR MACO(R/3DE VORI IRV I LTAL.CT  KCM_B0E 297
M P » 1%2¢

K - L4
”::‘l:‘l..)l)”‘!-l“ 13 Tig PEGAITTEVITY BF THE FRES SPACE.0/

»SRRe 0714
m.:o-nuunu STRENGTN OF TnE THIN_PILR CVOLTE/ER)®/
L]

CITL IO o LIN [} LIYJ
SR, o ToTBTAL CAPACITANCE=CLoCR B¢ Tl FILTER (PARADS)®s/
[ .| i

» 0 [ AINED LY
RINT 1 .
i [(1d] hd

e

ADS» »!
Plede2081090P0
Ae108,

[T{] 131 \
Gheps,
fobsfed

| —————-—%}-—.‘.ﬁﬁi"”‘“’“"‘

wad b=}
2398,
-

PoInt 130
n L] o * *® LT3

&

L)
(33 'ﬂlﬂ'ltlpﬂ.\ 'll-llﬁnlu %58 5%0010s8000391%p 830 3¢ WMo tB o0 /i)

12e nmun.on-mn. VOR/(LOetN ol 1105 JRso A= (W_I0001 R365 /)
POINT 129541008

128 FORAAR(TEaklifafe AORsf1lane s}
90 108 Rei,3 4
Indeliob

s A,

Rie .
Clo(ipZoRDI/IRIR2) )00P/F]
- LI38 V]

Yillesliecy
TiRisaleCR
Yid 1

- viajoagent ®
visieazeap
Y11

A2Wevi2)
T L] s
Asl »

Mreris)
Rtapevidisaln
Al

RIRIVID/ANN
RiAdoVIsI/AAR N -
kil

Kioalratn
. RRea)/aln

A n-.’ LAM
v RaoAR/4 00

By=al/Adn

19 !llﬂlllll”"oli.la.hlﬂ!'l"-il
miut 2

QRMAYL/ Lo ARALSMINSNT L NECTAAL
PRINY 10oR{10eBER0RED)SREA DI NID)
19 FORNATIAGN AN ETIo /981 Teb0 /1)

224N1 RaMASHR —
3 :g:ll"'QlomloIQ)INohlllol'lhiall

K110

[T 7
LINIT210000.

3 "l

i

POOR COPY
: COPIE DE QUALITEE INFERIEURE
{




P S . v zonn e
' 150
’
[
108 @ CALL FUNCTANIEGPe8)
:o 7 elsd . : N
aLL PURET(RsEsPPs8)
- lummn.m:
sagur u-m}hnnm .
0
une e PURMALLIIIIY ,
PPINT 200
268 SORAAT( 27777019 Ro SANNTNINIIATION 6L OMMTINR STARTS AT THIS POINT.r/
(1Y) wint 4 i T
S SORRATIISLIONCTRCHIT PARARETLASS)
[ 4 » -
meMel.
- 9
4
o FORRATIIX,aNIEResERe207000)
i ™
% G a0 LT YUrR i nin
2 JueROUTLng 18040 us FoCOmTAoCONTE) .
SInnsion 1(3)sVis
[
’ Crestzi/2
. T
3101 Y
ssenis)/ny
£l s
)t ] T -
Riead3inl)
L)
L}
NePeas/ iRz
atefletzens .
T
I \
2 Ao 3,008 01,000
- @
— S e v e e -
Samgcount-¢
 ; I L 114 \ =
(o113 llu(lo“nllallollokul
s 3Ky (2] oo 35 » ‘
OR00 2o 120 DAA s V0 Bo BECR_SORD 5 /)
_—
I * o o2Ke .
. 00 180 812000 00 BNP 25081480 /7)
v
" ongbBobslf) o PRTPRIITTeTARe
v e
) ., .
) SUSADUTINE PURCTIN.Ss000) . - T
SIRERBION B(N)e8 10D .
. -
’ 1900034X(33061 To300o00) PIT00LToRs .. '
- [} -
abeitpleonioienis) .
L. o8, &
— : 1 s
" N oL .
$ieist.oile 0 -
A4ELS) F55 ) ) omeLINTRIHISORTEON 8}
1} f1l 1l “d ok
3
) 190100030010 SRTAT 08018110 eE oo B0 o \
1EoWmTsIEoare) '
i\ J "
1 y 3
i
54 POOR COPY .
- ;:{ COPIE DE QUALITEE INFERIEURE
48 i Ut el tE

.- wor ———

emee vy




PSS S

oy - [ < -

i e wR e e

P R
P

151

utcal of 3% M. Ipeingaing.
WILTY GALN SAND PASS ACTIVE FILTER_GPVINZIATION BF FOLTER GLANRMTS

[T O TaRIAY RENIT L. A1

e MANSANE A AR o Bola MATTALMAMLEA,

—er

& Cakacinee "
SAES TAA™ CORREIAONOING TO T JBTAL NOSIITANCE ®ate ov Twi

1 m r
SMa INCLUBING THAT BF THE ACTIVE COMPONENTS) siven

LBA 485 RaXs -
WELL AT PEVE PILTER GLANGNTSC1,CRoN1002) 000 03,
T TWIT aRaLT3TE FLUTCRii_PiwELL, WININITATION AiTwas 13 vies

ACOR/N. WBRITEDL AR BNV L TRALLCY RN SOR)

SRo(IU_SOR) AE) AToARRT (CA.S08T
l.'ld’l:‘:-lu 1S Tt PeanttTivtiy

reet s,

l'.l!ll 'I" STMNSTH 0F THE THIN_PILN ".“Rll
™ TRER_FILN BES1STIVE LINe (cM)

CYsTOTAL CAPACITANCE=C10CR B¢ T8 ¥ TPARASS]

ATTOTAL MEBIITONCE=RLDINED B0 '. '“"l tawny)
WETUS THE GDOVE BRSECTIVE FURCTION 13 4 CONSTRAINGD S+

PRl

N .
T AT f %

VS T S Y " PR

100,08 0888~ "M‘AW

3

e e st

. ' POOR COPY
' COPIE DE

t

qmu.l:'rxz Ius‘mmunz

COMPUTER CENTRE

IR Ty T S e

f

I

i

»
i;—.



I

152
F3 Description of "PLOT" programs
In all,\fifty-seven programs plot the transfer
. &
function T(s) of the proposed filter. Brief descriptions of

the function of these'programs'are outlined in chapter six
and hngable - 4 (program no. Qg ;o IQi). Forty-eight of
these programs use data which are the "optimized" filter
paqsive componénts, per Table - 9 and -10. The rest use
arbitrary darta, but the ideai and practical operation of the
OAs, in either unity-or non-unity-gain mode, are verified in
the present filter configuration.
The operation of this group of programs is demonstrated by
the aid of the flow chart, as shown.in fig. F.8, which serves
the same purpose for all three subgroups of the "plot"
computer programs, depending on the mode of operation of the
connected OAs, in the same filter configuration.
This purpose is, as outlined previousiy, t o gather required
ipformatapn from the filter designer, as input data, to. '
process this daia’in order CO'prOVide the required variablés
fo;.calculation of the amﬁlitude and phase reaponsés, and .
jjpally‘to feed these variables‘gnd responses into the
subrountine USPLH, condition the plot p{ints, and have these
manipulated data be printed as tabiéﬁ,and as curves.

'
The listing of some bf these programs further describes each

step of the computer-aided presentation of the filter

trans fer function.
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