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Summary: In this work a new method of linear circuit design in frequency domain by poles (zeros)
distribution optimization is presented. The method, which uses the relationship between poles and
appropriate sums of circuit time - constants, does not need the poles determination explicitly. New
relationships, allowing us to calculate the time - constants matrix for circuits having capacitors
and inductors as reactive elements, have been derived. Thanks to this, the elements of this
matrix can be counted in a uniform manner by the transimpedance method. In the first stage of
the method the criterion function is generated in semi-symbolic form, while in the second stage
the optimization process is performed. The optimization loop does not include circuit equations
formulation and solution. Thanks to this fact the method proposed appears to be very efficient. The
examples of optimal capacitors and inductors chosen in such a way as to reach the required transfer
characteristics have also been included.

Keywords: Computer Aided Design, Electronic Circuit Optimization, Pole and Zero Approximation,
Symbolic Methods.

Projektowanie uktadéw elektronicznych poprzez optymalizacje rozktadu biegunéw

i zer z wykorzystaniem semisymbolicznej metody transimpedancyjnej

Streszczenie: W artykule zostata przedstawiona nowa metoda projektowania elektronicznych ukta-
dow liniowych w dziedzinie czestotliwosci poprzez optymalizacje rozktadu biegunéw i zer. Metoda,
w ktorej wykorzystano zwigzek pomiedzy biegunami (zerami) a statymi czasowymi obwodu nie wy-
maga wyznaczania biegundw explicite. W pracy zostaty wyprowadzone nowe zaleznosci pozwala-
jace na wyznaczenie macierzy statych czasowych uktadu zawierajgcego zaréwno kondensatory jak
i cewki. Dzieki temu elementy tej macierzy sg obliczane w jednakowy sposéb metodg transimpedan-
cyjng. W pierwszym etapie prezentowanej metody jest wyprowadzana funkcja kryterialna w postaci
semisymbolicznej, podczas, gdy w etapie drugim jest przeprowadzany proces optymalizacyjny. Tak
wiec, petla optymalizacji nie obejmuje formutowania réwnan uktadu i ich rozwigzywania. Dzieki
czemu proponowana metoda okazata sie bardzo efektywng pod wzgledem wymaganego czasu ob-
liczen. Zostaty zatgczone przyktady optymalnego doboru pojemnosci i indukcyjnosci w taki sposaéb,
aby uktady posiadaty wymagane charakterystyki czestotliwosciowe.

Keywords: Projektowanie wspomagane komputerowo, optymalizacja uktadéw elektronicznych,
aproksymacja biegundw i zer, metody symboliczne.
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1. Introduction

The proper selection of electronic elements during the designing of electronic circuits
in frequency domain ensures the proper shapes of network characteristics. The optimal
parameter chosen in such a way as to reach the demanded transfer characteristics can
be performed in different ways.

One of them is the method called the frequency domain optimization [1] in the loop
of which the formulation as well as solution of the circuit equations is performed. In this
approach the demanded frequency characteristics (such as magnitude, phase or delay
characteristics)are approximated by actual characteristics using an optimization method
operating on a determined set of parameters. This method very often suffers from weak
convergence because of ill-conditioning of the hessian matrix (many local minima and
deepwinding valleys exist). Therefore, thisis ratheran extremely time consuming method
and requires fast analysis and effective optimization methods.

Another approach is the optimization on the complex plane. Although several
numerical methods for poles determination exist such as QR or QZ [3, 4, 15], there is no
efficient numerical method for their calculation, especially for large circuits [5]. The
necessity of poles determination at each step of the optimization process makes these
methodsrathercumbersome. Though theeigenvalueapproachis more numerically stable
than that basing on calculating polynomial coefficients [7], the big disadvantage of these
methods is that the eigenvalue-finding stage often encounters singular matrices due to
the topological structure of the network. On the other hand, the determination of poles
and zeros in symbolic form is very complicated, particularly in the case of more than
four poles/zeros (pole splitting method [3], state variable method [6]). Moreover, some
symbolic approximated methods can suffer sometimes from their insufficient accuracy
(matrix approximation method [8]). The coefficients matching method also belongs to
this group [1,9]. This method needs to have at its disposal symbolic representation of the
network function, which becomes useless in the case of large circuits. The interpolative
approach to symbolic analysis represents some solutions to this problem [10].

In this work a new semi-symbolic method of linear circuit design in frequency domain,
which does not need the poles and zeros calculation explicitly, is presented. The main idea
of the method relies on the fact thatin the first stage the criterion function is generated
in semi - symbolic form. In the second stage the optimization process is performed. The
optimization loop does not include circuit equations formulation and their solution.
Thanks to this fact the method proposed appears to be very efficient. As the criterion
function, the relationship between poles (and zeros) and appropriate sums of circuit time
- constants have been applied. In work [11] this method was applied to circuits having
capacitors only as reactive elements. In this work, by using a modified nodal matrix
description of the network as well as by generalization of transresistance and time
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constants matrices, this method was applied to the circuits having both type of elements
- capacitors and inductors. A generalization of Haley’s time -constants matrix has been
developed here, which allows us to recognize whether and why the optimization task
is solvable or not, as well as thanks to these relationships, the elements of the time-
constant matrix can be counted in a uniform manner by the transimpedance method.
This approach simplifies the whole algorithm.

In Section Il the theoretical background of the method has been delivered. In Section
Il the optimization task has been formulated. Section IV details the algorithm and
computational testing of the new method.

2. Theoretical background of the Method

2.1. Transfer functions

Let’sconsideralinear, time-invariantand lumped electronic circuit, which is described
by the nodal (or modified nodal) equation [5]

Yw=w ()

where: ¥ - nodal (or modified nodal) matrix, IV - vector of node voltages (or node
voltages and currents added for independent voltage sources and inductors), w - vector
of independent currents (or independent source currents and independent source
voltages).

Assuming that the system outputis d'V, the network transfer function H(s) for a single
input Wj,can be expressed as [3]:

H(S }: detY(win,d) ) /dety (2)

where: detY— the main determinant of matrix Y,

Y(w,,a) - is the Y matrix with in - th row replaced by the ¢"vector.

The network poles p, are the values of s such that detY = 0, and transfer function zeros
z are values of s such that dE’Z‘V(WMOQ. Hence the network function H(s) can be expressed

inthe form
(z](x) +s)(zz(x) +5)M.(Zn(x) +5) )

H =H
X =0 0+ Wy 0+ ). (o) 5)

this corresponds to the rational representation:

P(s) ag+as+ ..+aps”
Q(s) by +bs+..+bys™

(4)

where: p(x), Z/(X) - poles and zeros of the transmittance, respectively, a, = a(x), b, = b (x)

- real coefficients, x = [x, x,,.., X" = vector of circuit parameters. H - constant.

11
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Poles and zeros can be real or conjugate complex. Because the calculation of
zeros is performed in the same way as calculation of poles by using one rank modified
admittance matrix, our further considerations will concern the denominator coefficients
b determination only.

2.2. Poles
The relationship between poles and polynomial coefficients has the well - known
form of symmetric functions:

b,=1, (53)
b=2% (5b)

m1 m-1 1 SC
bl:/:l /:%1 plfp! ( )
b,=pp p) (5d)

On the other hand, the characteristic equation resolved from the determinant
det(y)=det(G+sC)=0

O\ =An+GA +.+0_A+G =0

where: A =-1/s.

Knowing the relation between the characteristic polynomial coefficients and
appropriate entries of the ¥ matrix, we are able to express the coefficients b, (5) as
functions of these entries.

To find these relationships two cases of the parameter vector x will be considered.

Case of capacitance vector

x=[C,C,.,C.T,

nc

(8)

The admittance matrix Y can be formulated as a sum:

Y=G+sC, (9)

where: Gand Care the conductance and capacitance (nxn) matrices, respectively.
The generalized eigenvalues equation corresponding to (9), from which the poles of
the circuit can be determined is:
(G+sC)z=0,
where: z - is an eigenvector of Y.

(10)
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In work [2] it was shown, that, if a circuit has n_capacitors C, o = 1,.., n, then the
matrix C can be decomposed in the form:

Nc
C=AC Al :anq;ca (11)
o=l

where:A_-isannxn_incidence matrix for the capacitors.

If a capacitor C_is connected between nodes k and /, then each column otin A_is the
connection vector: g = e, - e, Diagonal n_x n_matrix C’has diagonal elements:C, ot =1,..,
n.. 1t was further shown that if dc poles are assumed to not exist (i.e. R = G™ exists), then
applying (11) and after some transformations the equation (10) can be formulated in the
reduced form:

(T—Ah)z, =0 - (12)

where:z =A7 z-transformed n_-dimensional eigenvector, fors=0,A="1, (13)
I —isn_-dimensional identity matrix.
The entries of the n_x n_T matrix known as the time-constant matrix defined by:

T=AlRA.C (14)
areequal to

Tap =06 RapCp =RapCp (15)
where: R .- is the transresitance between ports p and o.

If the capacitors are independent (e.g. capacitor loops don’t exist), rank T=rank C=n,
then n_finite poles of the network are determined by the eigenvalues of the matrix T:

1 .
p, =—— fori=1,.n.
A (16)

B The case of capacitance and inductance vector
Let us consider now the n - node circuit containing n,_capacitors and n, inductors,
x=[C,C,..Cn,L,L,.,Ln]"=[D,D,.,D,, M=n_+n, (17

for which the modified (MNA) nodal matrix Y with part exposed inductance will be
partitioned as a sum of block matrices [5,17]:

([ 2D (D) (3

where: G and C are the conductance and capacitance n x n matrices, respectively,
L'=diag(L) - diagonal inductance n, x n_matrix
A, - inductance incidence n x n, matrix.
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The generalized eigenvalue equation corresponding to (18), from which the poles of
the circuit can be determined, is:

([i /}])+5 ([g H)zo (29)

where: Zis an eigenvector of (n+n,) x (n+n,) matrix Y.

Although the poles distribution determination basing on eq. (19) is possible, the
knowledge concerning the existence of its solution or the reasons for the nonexistence
of this solution is not attainable. To overcome this problem, the equation (19) will be
transformed to the form similar to that like (12).Taking into account (11) the generalized
eigenvalue equation (19) can be formulated as

( S'l'J’[i[ éL])*S ([g 3’])2:0 (20)

where:/-isn+n, - dimensional identity matrix, C = dia g (C).

Using the block matrix inversion method and some matrix manipulations one gets
(T-ADzy=0 (21)

where: z, - transformed M = n_+n - dimensional eigenvector, fors=0o,A =1,
l,,~is M-dimensional identity matrix.

Thedetailsofthetransformationofeq.(20)tosuitableform(21)aswellasdetermination
of the entries of the generalized time-constant MxM matrix 7 can be comprehensibly
explained using the following theorem.

Theorem 1

If the conductance matrix G and transresistance matrix R  =A[G™A formulated for the
circuit described by the modified nodal admittance matrix (18) are nonsingular, then the
eigenvalue equation (21) will exist corresponding to this matrix with generalized time-
constant MxM matrix 7, which can be defined as a matrix partitioned:

7= [T’ T”] (22)

v

having the following parts:

7/: [(RLL)] - RCLRI:ERLC) c (23a)
7,=RiL (23b)
77/: RIR.C (230)
7,=RL (23d)
where: .
RLL:ALRAL (24)
14
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is the transresistance n, x n, matrix determined between inductor ports;
C'=diag(C),L'=diag(L),and R = G*,
R, =ATRA, (25)

is the transresistance n_x n_matrix determined between capacitor ports,
R =ATRA, (26)

isthe transresistancen_xn matrixdetermined between capacitorand inductor ports,

and finally,
R.= ATL RA (27)

is the transresistance n, x n_matrix determined between inductor and capacitor ports.

The proof of this theorem is delivered in Appendix A.
The matrix 7can be expressed as a multiplication of two matrices

7=Rdiag(D) (28)
where:
s [R R [RII-RRIR IR R
R= [ Y ~H] I: Wi RaPuid Na LL] (29)
Rw R/v RLL Lc RLL1

is the generalized transresistance matrix and

c
dagor- [ 7] 30)
is the extended diagonal matrix, C'= diag(C), L' = diag(L) .

Itshould benoticed thatif thecapacitorsandinductorsareindependent(e.g.capacitor
loops or inductor cut sets do not exist), rank 7= M, then M finite poles of the network will
be given by the eigenvalues of the matrix 7:

p, =_1_, fori=1,., M. (31)

A,

2.3. The relationship between poles (zeros) and time constants

Let’s consider a circuit with n_capacitors and n, inductors for which the generalized
time-constant matrix 7, having eigenvalues, A, i = 1, 2, .., M, exists. The scalar invariant
constraints for traces of 7matrix can be expressed in the following compact form [2]:

27\‘“7\4[2 ‘...'}L,»k =T}< (32)

I <iy<..<iy

where:k=1,2,.,r, r=rank 7< M.
15
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Taking into account relationship (31), the constraints in (32) are given consecutively by

Y p=-T, (33a)
i=1
=1 r
Y Y(pp) (33b)
i=1 j=i+1
r=2 r—l r
IDNT (330)
i=1 j=i+1k=j+1

r=(n-1) r=(n=2) r=(n-3) r

S0 X X (pp PPy =T, (33d)

Generally, we can tell that traces are some functions of poles (zeros):
On the other hand the traces can be estimated by time - constants:

5 M M
T1=3Ty =2 Ry, D, 34a)
o=1 o=1
. M- M R__R
=y 3 det| ™ *|p,0, (34)
o=l B=a+1 RﬁaRBﬁ
R(xocRocBRocy
- M=2 M-1 M (34¢)
o=1 B=o+1y=p+1 R p R
Yoo yB vy
VRaocR(x[}R(xy'” Raw Rom—
Roafpplgy- oy g
R. R.R R R

T,

M=(n-1) M=(n-2) M=(n-3)
_ 2 2 L S(det| T B w ' o ippop D) (34d)
=] B:(x+] y:[}+] ”:‘V'H .

RWRWBRW“‘ RWW R\vn

R 4R

_Rmx Bty Rn\y nn

where: D, denotes j -th component of the parameter vector (17). Generally, we can tell
that traces are some functions of network parameters: 7,= 7,(X)

16
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2.4 Determination of two - port transresistances

In this work, the so called transimpedance method is proposed for the determination
of transresistances [11, 12, 14]. Consider the two - port shown in Fig. 1 in which the circuit
resulting after extracting all capacitors and inductors, short - circuiting all independent
voltage sources and open -circuiting all independent current sources is characterized by
the conductance matrix G. Port f= (5, B ) is formed by extracting element D and port a
= (o, o) is formed by extracting element D Dividing voltage V_(measured at port o) by
excitation current/y(at port ) we get the transresistance from port 4 to port a.which can
be expressed by elements of the matrix R =G™

port|o port o
& —e o
Iy ' &G Vg
&, e Lt

Figure 1. Explanation of the transresistance R , definition.
Ro‘ﬁ: V"‘//B' =R(a,B) = Foaipr — lToip2 ~ Ta2pt T lo2p2 (35)

where; r, represents the entry from the / - th row and the j - th column of R, o, i = 1,
2 - pair of natural numbers representing nodes of port a. The entries of G* matrix, as it is
well - known, can be determined by:
P (1) Mji  Aji
g det G detG ' (36)

where: A = (-1) M, is the ji - th cofactor of G, det G = |G| # 0 is the main determinant
of G.

Application of the LU - factorization method speeds up the whole process
of transresistance calculation significantly. It should be pointed out that these
transresistances can be obtained also in symbolic form, if needed [12]. Consider a two
- portshowninFig.2.Denoteitsinputterminalsasapairi=(i,i,)anditsoutput terminals
aso=(0,0,) Let the elements extracted D, be connected to pairs of nodes a = (o, o),
o =1,2.. M All kind of transresistances (24) - (27) can be determined using the method
delivered above. Although zeros can be determined in the same way as poles for modified
admittance matrix Y(w,, d) they can be also obtained by the method delivered above with
only small modification of the time - constants matrix T [2,3,14].

17
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QI;
IsLy| =1, 1

TN L

Figure 2. Network prepared for time - constant matrix calculation.

3. Optimization Task

The goal of the optimization task is to find such circuit parameters, for which the
network function will meet the requirement shape. The optimization task is formulated
in the following way:

mim [Fix)/ x € X(x)} (37a)
Jjmax

where: F= ) (s EMBED Equation.3 sma(x) - 7)) (37b)
j=1

The feasible solutions are constrained by the following set of parameters:

Xx)=1{xlx <x<x_  },i=1,2,.,M (370)

1 ming T T max;

When all finite poles are taken into account in this task, the number of equations
should be equal to the number of parameters (variables): r = M = jmax and the following
relation should be fulfilled:

Ti=T,j=12.M. (38a)

In this case the absolute minimum should reach value o, but in cases when some
insignificant poles are neglected:

M>r=jmaxand 7,=7, j=12,.r (38b)

To avoid the unstable solutions, the not important poles should be moved to infinity
(to very high frequencies). The set of parameters should be restricted appropriately, in
accordance with the demands of their range of work. To avoid operating large numbers
during optimization process, the criterion function (37b) can be normalized:

jmax 2
F= ) (1— EMBED Equation. 3 B8E ) ) (39)
= ;@)

18
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Basing on the method presented the universal computer program SemiSymPolOpt
was written in MS Visual Basic computer language. The main computational effort of this
program is devoted to the derivation of the functions (34) in semi symbolic form and the
generalized time constants matrix (22). Derived relationships allow us to identify what
causes the task to be unsolvable. The computer program monitors these cases (when
matrices G and/or R, are singular).

As the optimization method, the Rosenbrock procedure with constraints [13] was
applied.As the stopping criterion the minimal value of criterion function was applied: F<e.
If this condition is not met, then the program will continue calculations until the number
of function evaluations will reach the required number: L<L__ and then the Rosenbrock
procedure can be followed by the Fletcher-Reeves procedure [13]. For the Fletcher-Reeves
procedure the computer program generates gradients in semi-symbolic form, too. Special
attention should be paid to the choice of starting points. In this matter an important
role is played by the engineer’s knowledge. The computer program is supplied with the
automatic (random) choice of starting points as an option. The computer program was
supplied with QR procedure [15], which can be used, optionally, once if the user wants to
verify the results of optimization.

4. Algorithm and Computational Experiments

The Algorithm
Basing on the theoretical background delivered above, the following algorithm was
formulated:

Step 1. Determine poles (zeros), which have to be realized basing on requirements
concerning the shape of the network characteristics demanded.

Step 2. Identify capacitor and inductor ports: o= (o, o), 00 =1, 2, .., M.

Step 3. Extractall capacitorsandinductors: D, ot=1,2,.. M. and short-circuit independent
voltage sources, and open-circuit independent current sources.

Step 4. Formulate the conductance matrix G.
Step 5. Determine the transresistances needed RUA

Step 6. Calculate the appropriate elements of the generalized time - constant matrix:
Top =RopDp

Step 7. Calculate the appropriate cofactors of the matrix traces: 7,,.., T, and write in semi-
symbolic form (34) and form equations (38).

Step 8. Form the criterion function and solve the task (37).

19
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Derived relationships (theorem1 and (34) and (35)) allow us to identify what causes
the task to be unsolvable and, thanks to these relationships, the elements of the time-
constant matrix can be counted in a uniform manner by the transimpedance method.
This approach simplifies the whole algorithm.

B. Examples: Example1
Let’s consider the two stage common emitter broad-band amplifier, of which small
signal PSPICE model schematic is shown in Fig. 3.

0.5u 17p
v) 0.2k v
Sk c1 RB c2 G2 RS (=<
=AM —— G1 - — 0 —— - —
7 R1 > 1 @ > T e 1 250 {
Vi R2 <tk [t T R3 = 2K R4 < .o ] =2 R6 =2k

G : G ‘

- - - - i - - l I

Figure 3. Small-signal equivalent of a two - stage amplifier prepared for poles optimization.
The transconductances G1 and G2 are equal to 21mS. The following schedule of poles

was accepted: p1=-1e2rad/s,p2=-1e3rad/s,p3=-3.26e6 rad/s (Fig. 4.), which corresponds
to the following cutting frequencies: f, =159 Hz, f_ = 159 Hz, f3 =519 kHz.

L 4 | | O
p3=-3.26e6 p2=-le3 pl=-le2 0

Figure 4. Demanded distribution of poles:

The ranges of changeability of parameters were limited as follows: C__ =C_ = 1e3
pF, C.., =13 pF, C . =C .., =C_ ., =1e7 pF. The SemiSymPolOpt computer program
basing on the input data concerning the circuit structure and element values generated
the equations (38a):

- 110E7 =-2.00E0*C1 - 3.51E1*C2 - 4.00E0*C3

1.00E13=+7.02E1*C1*C2+8.00E0*C1*C3+ 7.17E1*C2*C3

-3.07E15 = - 1.43E2*C1*C2*C3;

min2

and the goal function in semi-symbolic forms (computer printouts):
F=(1-(-200E0*X(1) - 3.51E1*X(2) - 4.00E0*X(3)) / (- 1.10E7) )" 2+ (1 - (+
7.02E1*X(1)*X(2) + 8.00E0*X(21)*X(3) + 7.27E21*X(2)*X(3)) / (+ 1.00E13) )" 2 + (1 - (-
143E2*X(1)*X(2)*X(3)) / (- 3.07E15) )"2.

20
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Next, starting from the point: x° = [1e5, 1e3, 1e5]" (pF), the optimization procedure
after 2111 function evaluations reached the minimum at x* = [0.499285e6, 17.11668€e1,
2.502392e6]" (pF), which corresponds to the following capacitors: C1 = 500 nF, C2 = 17 pF

and C3=25F.
60

(159.786,41.470) | (10000KA4803 oy 11 503

7=

40
15/974 504) \

20

0
06,-23.231)
20 77
1.0Hz 100Hz 10 KHz 1.0MHz 100MHz
..... 10Hz 1.0 KHz 100 KHz 10MHz
Frequency

Figure 5. Magnitude of voltage transmittance.

The function value at the optimal point is equal to 0.00000078, which fulfils the global
solution. Next, taking resulted capacitor values, the considered circuit was analysed
by the PSPICE computer program [16]. The obtained transfer characteristic: dB| (v, /
V) | (see Fig. 5) confirmed the demanded shape - its exact examination shows accuracy
of calculation.

Example 2
Let’s consider the one stage common emitter broad-band amplifier, of which the
small signal PSPICE model schematic is shown in Fig. 6.

Ly |

! ! T
@w N m FG @_J 1Rochk T
) <

0
Figure 6. Small-signal equivalent circuit of one - stage amplifier prepared for poles optimization.
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The transconductance G2 is equal to 10mS. The schedule of demanded poles was the
following: lower dominant pole p1 = - 0.909e2 rad/s, double upper poles p2 = p3 = - 4e7
rad/s, which correspond to the following cutting frequencies: f = 14.47 Hz, f, = f3 =6.36
MHz. It should be noticed that firstand second upper poles are not splite.g. the inequality
p2 « p3is not fulfilled. As a starting point the following parameter vector was taken: x° =
[C1, C2, L1]" = [1 pF, 0.1 YF, 100 pH]" The set of feasible parameters was restricted by the
following constraints:

0.1 pF<C1<100 pF

0.001 PF < C2< 100 UF

0.1 pH < L1<1000 pH

+':ﬁ T T T 0 T
Tw'Twvo [4E] \  NORMALIZFD VOLTAGE GAIN | '
'______E_{_______I____|____.___-___J_______mu:sm:.ﬂ.adﬁ
1 1 - , I 1 1
. : | M4316Hz-34B[ ._/{ .
1 L L A 1 1
1 1 ,."{-. 1 1 1 lll 1
1 1 1 I 1 1
PR SC g (RS M- il KR ESSI, |SUSE [ (S S — A ——
| v : E - 3 H
-1 1 1 1 I 1 1
1 1 : ] .I [
1 1 1 1 1
e Ry e By B B B A e
1 I 1 1
1 ! 1 1
T T T T
1 1 1 1
1 1 1
LT EEEEEEEE EEETEEES EERE EEE
1 ! 1 1
1 ! 1 1
1 I 1 1
1 ! 1 1
e i i sl oo o o el el o o s
1 1 1 1
1 1 1 1
L . .
1H: 100 Hz 10&H: IMH: © I0MH: ) oH:

fragueacy

Figure 7. Magnitude of voltage transmittance at the starting point.

The magnitude of the voltage transmittance at the starting point is shown in Fig. 7
(Tvo = 38.344 dB). As we see, the lower pole is nearby 145,26 Hz, while both upper poles
constitute the complex conjugate pair, which appears in the form of resonant shape with
f = 48214 MHz and peak value + 4.8 dB. The SemiSymPolOpt computer program basing
on the input data concerning the circuit structure and element values generated the
equations (38a)in semi - symbolic form (computer printouts):

-1.100115011001E7 =-9.090909090909E0*C1 - 1.100000000000E1*C2 - 9.090909090909E-

3*L1; +5.500556305006E8 = + 1.000000000000E 2*C1*C2 + 9.090909090909E -

1*C1*L.1+1.000000000000E-1*C2*L 1; -6.875687568757E9 = — 1.000000000000E 1*C1*C2*L1
and the goal function:

22

2017-03-29 13:19:48



®

Electronic Circuit Design by Pole and Zero Distribution Optimization - via the Semi - Symbolic Transimpedance Method

F1=(1-(-9.090909090909E0*X(1)-1.100000000000E 1 *X(2) -9.090909090909E-3*X(3))/
(-1.100115011001E7) )2 + (1 - (+ 1.000000000000E 2*X(1)*X(2) + 9.090909090909E-
1*X(1)*X(3) + 1.000000000000E-1*X(2)*X(3)) / ( + 5.500556305006E8))*2 + (1-(-
1.00000000000E1 *X(1)*X(2) *X(3)) /(-6.875687568757E9) )*2

Next, starting from the point: x° the optimization procedure after 3735 function
evaluationsreached the minimum at x*=[5.37202017 pF, 1.0001005 pF, 127.977836 UH]T,
which corresponds to the following values of capacitors and inductors: C1 = 5.4 pF,
C2=1pFand L= 127 pH. The goal function at the optimal point reached value 3.9 e-13
which fulfils the stopping criterion (global solution). Next, taking resulting element
values, the considered circuit was analysed by

+:c| P - — T T N PENTS C
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Figure 8. Magnitude of voltage transmittance in optimum
the PSPICE computer program. The obtained transfer characteristic: dB| (Vo /V,) |

(see Fig. 8) confirmed demanded shape. Its exact examination shows accuracy of
calculation. As we see, the method can handle the tasks consisting of multiple poles.
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Conclusions

In this work a new method of linear circuit design in frequency domain by poles
(zeros) distribution optimization is proposed. The optimization procedure uses criterion
function in semi - symbolic form, which is derived only once, basing on semi - symbolic
representation of the time - constant matrix and its traces expressed via the appropriate
transresistances. Moreover, it does not require calculating poles in an optimization
loop repeatedly. Thank to these facts, this method appeared to be very efficient. Many
computational tests confirmed this observation as well as its accuracy. Furthermore,
the poles need not be separated. It should be pointed out that the method has been
extended easily toinductances, by determining a few additional transresistances. Derived
relationships allow us to identify what causes the task to be unsolvable and, thanks to
theserelationships, the elements of the time-constant matrix can be counted ina uniform
manner by the transimpedance method. The proposed method can be successfully used
for precise tuning of the electronic circuit in frequency domain.

Appendix A: Proof of Theorem 1

It was shown that taking into account relationship (11) the generalized eigenvalue

equation (19) g
G A ‘aT
st [ 4 L] [ACCAC 0']
A; 0 0 -L
can be formulated as

where:/ -isn+n, - dimensional identity matrix.
Using block matrix inversion method one gets

G A ™ Ky, Kiz

= ) (Al)

[A{ 0 ] IKzl KZ:]
where: Kyp=- (A{RAL)_l = -R} (A2)
K12 = RAL Ri’i (A3)
Kz, = R[}A[R (A0
Ky, =RU - A K3)=R(I - A R;}A[R) (As)
where: R= G-l (A6)
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The existence of K, matrices results from the nonsingularity of matrices G andRu
that was assumed in the theorem. Substituting (A2 - Ag) to (A1) and multiplying the block

K1, A-CAY — Ky, L
sip 3 [ITE 0E o l)z=0 (A7)
Ky, AcCAT — Ky L

matrices we get

After expanding K, matrices the equation (A7) takes the following form
RA-CAT —RA; R ATRACCAT -RA;RAL
5_11_*_[ C C LYY, C C L *L] (A8)
}

R ATRACAT R L i

{

Multiplying left side eq. (A8) by matrix m = [AOE ‘I’] ,and excluding this matrix on the
rightside, we get

[RACC'AI- —RA;R3ATRACAT -RA; R}, L'] )

s'H + RAATRA CAT RiGL hz—
ATL(RA)c — RA R;}ATRAC[:)C" —ATRA; R}L

(sUy + R;iATRACC R lyzm =0 (A10)

where:z, =HZ - transformed M-dimensional eigenvector, /,, - is M-dimensional identity
matrix.

Introducing definitions of new transresistances (24), (25), (26) and (27) one gets the
matrix

i s .
S_II + (R]Cc - RCLRLL Rl_c[z...z) ’ _RCL RLI:.IL’ L
- (A11)

R{{R;cC' R L'
(Al11)
that fulfills the theorem demands.
g.ed.
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