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Realizat ion 

This is one of a series of r epo r t s  describing t h e  

use of d i g i t a l  computational techniques i n  the ana lys i s  

and synthesis  of DLA ( D i  - s t r ibu ted -eped-Ac t ive )  - networks. 

This class of networks cons i s t s  of t h ree  d i s t i n c t  types 

of elements, namely, d i s t r i bu ted  elements (modeled by 

p a r t i a l  d i f f e r e n t i a l  equations)? lumped elements (modeled 

by a lgebraic  r e l a t i o n s  and ordinary d i f f e r e n t i a l  equation1 

and a c t i v e  elements (modeled by a lgebraic  r e l a t ions ) .  

Such a character izat ion is espec ia l ly  appl icable  t o  a 

broad class of c i r c u i t s ,  espec ia l ly  Lncluding those usual; 

re fe r red  to as l i n e a r  in tegrated c i r c u i t s ,  s ince  t h e  

fabr ica t ion  techniques f o r  such c i r c u i t s  r ead i ly  produce 

elements which may be modeled as d is t r ibu ted ,  as w e l l  

as t h e  more conventional lumped and a c t i v e  ones. The 

network functions which descr ibe  d i s t r i bu ted  elements? 

however, involve hyperbolic i r r a t i o n a l  Eunctions of t h e  

complex frequency variable.  The complexity of such 

functions make t h e  use  of digi ta l  computational techniques 

most des i rab le  i n  analyzing and synthesizing these 

networks. 

I n  t h i s  r epo r t  we s h a l l  d i scuss  t h e  use of a DLA 

network configurat ion which can be used t o  approximate 

a biquadrat ic  voltage t r ans fe r  function i n  which t h e  

pos i t ion  of t h e  dominant complex-conjugate poles and 



+ ( R ~  + 2ClrfRop) C O S ~ B  - 2CxrfRop3 

where 



function is iden t i ca l  with the numerator of the  n e t w o r ~  i ,I 
given i n  (1) f o r  t h e  case where YI is a capacitor .  I 

I I 

The network shown i n  Fig. 1 has f i v e  degrees of freed*, 
IF 

namely, t he  values of t h e  quan t i t i e s  Ro, Co, rt, K, and ~ ~ ~ ' 1  
Two of these  degrees of freedom m y  be eliminated by making I 
appropriate impedance and frequency normalizations. To do 

t h i s  le t  u s  choose values f o r  Co and Ro such t h a t  when rf -1 
is set t o  un i ty  t h e  network w i l l  have a transmission zero 

on t h e  j w  a t  1 rad/sec. The determination of these  va lues  

is found by s e t t i n g  t h e  numerator polynomial of (1) or (3% 

t o  zero and s e t t i n g  p a jl. The so lu t ion  is t h e  same as 

t h a t  obtained f o r  t h e  distrfbuted-lumped notch network, 

namely, R, - 17.786 ohms and C, a 0.629 farads. For such 

of (1) o r  (3) as a function of t h e  value of rf is shown 

i n  Fig. 2. This  cha r t  may be used as a design chart t o  3 
zeros i n  t h e  normalized t r ans fe r  function. Now let  u s  

consider the  r ea l i za t ion  of t h e  desired dominant pole ,I 
of (1) and (3) w e  see t h a t  a f t e r  normalizing R, and Co m 

pole locat ions  w i l l  be a function of three network variab 

namely, xf ,  I, and Cy o r  RI. Since there  a r e  t h ree  var ia  

k8 , which i n t e r a c t  t o  determine the normalized pole l oca tk  

I,,  show t h e  r e l a t i o n  between these  var iab les  and t h e  pole, 



loca s. Such a ser ies of cha r t s  shown 

These f igures  show l o c i  of constant  K and constant  ri fo r  

various values of CI from 0.7 - 0.05 f a t ads  (Figs. 3-71. 

A similar set of l o c i  f o r  Cx - 0, i.e., f o r  R, - i n f i n i t y  

(Fig. 8) .  and s imi la r  s e t s  of loci f o r  values of Rx from 
I 
I I 

20 - 10 ohms (Figs. 9-11). To meet a given set of design 1 ' 1  I 
I '  

spec i f ica t ions  it may, of course, be necessary' t o  in te r -  4,; , 

I i ,,:I b 
pola te  between the  various charts shown i n  Figs. 3-11. ; ' d l  

If we consider t h e  r e l a t i v e  locat ions  of t he  poles as ,!I 
shown by Figs. 3-11 and zeros as shown i n  Fig. 2 w e  conclude 

t h a t ,  i n  general,  f o r  h i g h 4  cases  network functions i n  

which t h e  mle w s i t i o n s  are c loser  t o  the o r ig in  than 

t h e  zero 

- - 
1 posi t ions  w i l  1 require  the 

t he  network element Y, while network functions f o r  which ps - - 

t he  ! pos i t ions  
A 

a r e  I f a r t h e r  from ~e o r i g  

zero m s i t i o n s  w i l l  recruire t he  use  of a resistor f o r  them ;1 

th re  , des 

- 
f gn procedure 

i n  Figs. 2-11 and t h e  necessary frequency normalization i a  

readily formulated as follows. 

Find t h e  ~t on the  norm 

Fia. 2 which has t he  same dampinq r a t i o  as t h e  I 
,ane zero i n  t 

- - 

spec i f  

function which is t o  be synthesized. ' 'JI 
This determines the  value of rf and a l s o  determine 

t h e  frequency n o r m a l i z a t i ~ g  9onsAant :g, where 

.g W nary part 

, : , ,  1 1 :  " 

zero t 
p E r  



This assumes Ro = 17.786 ohms and C, = 0.629 faraQ6. 

2. Frequency normalize t h e  pole locat ions  i n  t h e  

spec i f ied  network function using t h e  r e l a t i o n  

PO' 

where po is t h e  o r i g i n a l  pole loca t ion  and pot  is 

t h e  normalized locat ion.  

3.  Use t h e  c h a r t s  shown i n  Figs. 3-11 t o  determine t h e  

values of K and Rx (or  Ct) f o r  t h e  value of rf 

found i n  a t ep  1 above. In t e rpo la t e  between c h a r t s  
I 

a s  necessary. 

4. Frequency normalize the  network by changing the  r 

va lues  of a l 1 , t h e  capac i to rs  using t h e  r e a l i z a t i o n  

C $  = c/o, cq 
where C f s the value of Co (or CI) found i n  s t eps  

1-3, and C '  is t h e  denorsnalized value. 
. i 

As a n  example of t h e  app l ica t ion  of  t h i s  procedure, considez 

the  voltage t r ans fe r  function 

applying t h e  procedure defined above to this network function 

we obtain t he  following r e e u l t s  fxom each of t h e  s teps .  

1. The feedbaak resistor rf = 1.9 olms. The frequency 

nornal iza t ion f ac to r  on = 2. 

2. The normalized pole locat ions  are po = -0.8 dj0.8. 

3 .  The family of curves for  which t h e  point  (-0.8 + j0 .8  

i s  on the  rf 1 1 . 9  curve is Rx = 11, and the gain of 



t h e  VCVS is 1.25. 

4. The denormalized value of t h e  d i s t r i bu ted  capacitor  

C is 0.315 farads. 
0 

The r e s u l t s  obtained by the  procedure given above may 

be improved by using complex optimization2 i n  connection 

with an optimization algorithm such as may be found i n  the  

GOSPED optimization package.3 Applying such a procedure t o  

t h e  pseceding example w e  obta in  t h e  following r e su l t s .  

Table 1 

Element Value Found from 
Design Charts 

Value Fourd h~ 
Complex Optim 

Error 

Note: 
V~ 2 2 

Error - - (p) + 
v2 

A s  an indicat ion of t h e  r e l a t i v e  accuracy of the unoptimized 

(char t  determined) network r ea l i za t ion  and t h e  optimized 

one, i n  Figs. 1 2  and 13, the  magnitude and phase curves f o r  

t h e  actual network function given i n  ( 7 ) ,  t h e  network whose 

values were determined d i r e c t l y  from t h e  char t s ,  and the  



J 

twatwark with antimized values, have been plot ted .  

Figs. 2-11 consider t h e  following a l l -pass  vol tage  t r a n s f e r  
-m' 1 n: 1 

function .I b, I 1 1  

Element 

R~ = 100 ohms and K - 0.95. ' 1  I 
4. The denormalized value of t h e  d i s t r i bu t ed  capaci ta  I 

Co is 0.66 farads.  

I f  w e  again use these  values a s  a s t a r t i n g  point  fo r  

..--..--.- -- ---- -F -- -- - 

As a second example of t h e  use  of t h e  c h a t t s  given i n  

V2(p) 2 + 1 . 2 )  2 - 1 2  p2 - .4p + 1.48 

pC.2 + j1.2) (p+.2 

Applying t h e  s t eps  defined above w e  ob ta in  t h e  following: 

1. The feedback resistor rf = 0.54 ohms. The 

frequency normalization constant  is  0.943. 

2. The normalized pole locations are p0 = -0.212 t j 

3 .  In te rpo la t ing  between Figs. 8 and 9 w e  ob ta in  

a colnplex optimization procedure w e  obta in  t he  results 

summarized i n  t he  following table .  

Table 2 

Value Found From 
Design Charts Complex optimizat ion 1 



Note: 
2 

EX rox - I + 2 

1 

The magnitude and phase c h a r a c t e r i s t i c s  f o r  t he  a c t u a l  

network function given i n  ( 8 ) ,  t he  network whose values a r e  

determined d i r e c t l y  from the  c h a r t s  and the  network whose 

element values have been optfmiged are shown i n  Figs. 1 4  

and 15. 

Conclusion 

I n  t h i s  report we have presented a series of cha r t s  

which may be used t o  synthesize a biquadrat ic  network function 

with complex poles and zeros by means of a simple DLA net- 

work configuration. I n  addi t ion to t h e i r  use d i r e c t l y  as 

a design method, t h e  charts have a fu r the r  advantage i n  

that they may be used t o  fu rn i sh  a s t a r t i n g  point  which 

optimization proceduses can fu r the r  r e f i n e  i f  a more accu- 

rate r e a l i z a t i o n  of t h e  specified network function is 

desired, 
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Figure 1 DLA network for biquadratic function realization. 
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. . 1 ,' . . 
I%-rn 12 Magnitude characteristics for (7) and its DLA realieat$ons. 
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F f m -  13 Phase characteristics for (11 and its DLA realizations. 
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Figure 14 Hagnitude characteristics for (8) and its DLA realizations. 




