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1. INTRODUCTION 

This  program has been w r i t t e n  wi th  the  express  purpose of 
encouraging i n d u s t r i a l  concerns engaged upon design work t o  experiment 
in-house wi th  an e l e c t r o n i c  design package. I t  is w r i t t e n  i n  such a  form 
t h a t  i t  can be r e a d i l y  implemented upon most c m p u t e r s  t h a t  have a  
For t ran  I V  compiler. S ince  core s i z e  is o f t e n  a  l i m i t i n g  f a c t o r  i n  
prevent ing a  succes s fu l  implementation t h i s  package has been made a v a i l a b l e  
i n  a  number of s i z e s ,  wi th  vary3 g c a p a b i l i t i e s .  

Some engineers  who w i l l  use the  program w i l l  wish t o  become 
more f a m i l i a r  w i th  t h e  techniques employed. It has  been assumed t h a t  such 
people w i l l  no t  always be aware of t h e  d e t a i l s  of a lgori thms gene ra l ly  
employed i n  t h i s  f i e l d .  Consequently the  maths used is the s imp les t  approach 
t o  genera t ing  the  nodal  s o l u t i o n  of magnitude and phase a g a i n s t  a  base  of 
frequency f o r  gene ra l  l i n e a r  a c t i v e  and pass ive  c i r c u i t s .  

For those  users  who wish t o  l i m i t  themselves t o  simply using 
t h e  program t o  eva lua t e  c i r c u i t  performance t h e  inpu t  format has  been 
made h ighly  use r  o r i en t a t ed .  I t  a l s o  forms t h e  gene ra l  da t a  base approach 
adopted by t h e  APACE o rgan i sa t ion  i n  o rde r  t h a t  a  l a r g e  v a r i e t y  of e l e c t r o n i c  
a n a l y s i s  packages may be used with a  common use r  input  format. A number of 
d i agnos t i c s  have been employed wi th  two aims i n  mind:- 

( a )  To i n d i c a t e  t o  the  use r  j u s t  where h i s  mistakes are .  

(b) To t r y  t o  ensure t h a t  no mat te r  how badly the  inpu t  
d a t a  a r e  presented,  the  program w i l l  handle a l l  t h e  f a u l t s  
wi thout  causing the  computer t o  end i t 's  a t tempts  a t  read- 
i n  by an  un in t en t iona l  s top .  Doubtless a number of u se r s  
w i l l  succeed i n  f o i l i n g  t h i s  aim: 

2. PREPARING CIRCUIT DATA 

The f i r s t  examples w i l l  cons ider  only pass ive  networks. These 
w i l l  be  made up of  r e s i s t o r s ,  inductors  and capac i to r s  i n  t h e  u n i t s  of 
ohms, hen r i e s  and farads.  Of course a  c i r c u i t  need not conta in  a l l  t h r e e  
items b u t  can be  any des i r ed  assembly of them. The s t a r t i n g  po in t  t o  
prepar ing  the  d a t a  f o r  computer a n a l y s i s  i s  the  normal e l e c t r o n i c  
c i r c u i t  diagram. 

Example of a  s e r i e s  tuned c i r c u i t  

As a f i r s t  example a s e r i e s  tuned c i r c u i t  is given. 



A s  i s  common p r a c t i c e  t he  c i r c u i t  components a r e  numbered, named 
and valued. The only a d d i t i o n a l  work requi red  is t o  pu t  i n  t he  node numbers. 
That is t o  number t h e  in te rconnec t ion  po in t s  of the  c i r c u i t .  

I n  t h e  example t he se  go from 1 t o  4 b u t  can be  placed i n  any 
order .  

LIKE THlS 

OR THlS 

OR THlS 

3 4 2 I 

Node numbers no t  on ly  d e f i n e  the  c i r c u i t  p o s i t i o n  of an element 
b u t  a l s o  i n d i c a t e  t he  d i r e c t i o n  of cu r r en t  flow. I n  ELCA p o s i t i v e  c u r r e n t  
flow is assumed t o  be  from t h e  f i r s t  s t a t e d  node to  t h e  second s t a t e d  node. 
It may a l s o  be  def ined  as t h e  f i r s t  s t a t e d  node being p o s i t i v e  w i th  r e s p e c t  
t o  t h e  second. I f  e r r o r s  a r e  made i n  numbering the  node s i g n s  w i l l  h e  
reversed and 180' phase e r r o r s  w i l l  appear i n  t h e  p r in tou t .  I f  feed-back 
is employed then p a r t i c u l a r  c a r e  must be taken wi th  node numbering. I n  
numbering any c i r c u i t ,  somewhere, t h e r e  must be  a  s e q u e n t i a l  o rde r  of  t h e  
noda l  numbers. The common ( ea r th )  node must always be  0. 

2.2 Coding R,  L and C 

To desc r ibe  t h e  example, a s  f a r  a s  i t  has  gone, t o  t h e  computer 
r equ i r e s  t h e  i n t r o d u c t i o n  of some coding ru l e s .  For t h e  gene ra l  case  of 
pa s s ive  components i t  is:- 

Component name, i n t e r connec t ion  p o i n t s ,  value. 

For t h e  gene ra l  r e s i s t i v e  branch 

Rname, node 'a ' ,  node 'b ' ,  va lue  i n  ohms. 

For t he  g e n e r a l  i nduc t ive  branch 

Lname, node ' a ' ,  node ' b ' ,  va lue  i n  henr ies .  

For t h e  gene ra l  c a p a c i t i v e  branch 

Cname, node ' a ' ,  node 'b' , value  i n  fa rads .  



Applying these  r u l e s  t o  t h e  given example provides  t h e  fol lowing 
code:- 

R1,  2, 3, 10 RA, 3, 2, 10.0 

C l ,  3, 4, .000001 o r  LA, 2, 1, 0.1 

L1, 1, 2, .l CA, 4, 3, 1.E-6* 

From t h i s  example i t  w i l l  be  seen  t h a t  t h e  component o rde r ,  
d i s p o s i t i o n  on the  page, name, and va lues  wi th  o r  without  decimal p o i n t s  
a r e  of no consequence. However, t h e  fol lowing po in t s  a r e  v i t a l : -  

(a) The name must n o t  exceed - 4 letters, numbers o r  a mix ture  
of both. 

(b) The l e f t  t o  r i g h t  coding sequence must be i n  t he  c o r r e c t  
order .  

(c) Commas must be  placed between each p i ece  of information.  

(d) Nothing must fol low the  l a s t  p iece  of information. 

The use  of t h e  E n o t a t i o n  is merely a shorthand method 
recognised by t h e  computer a s  meaning t h a t  t he  fol lowing f i g u r e  is an  
exponent va lue  r a i s i n g  the  preceding f i g u r e s  by t h a t  power of ten.  From 
t h e  example 

C l ,  3, 4, l.E-6 then 1.E-6 = 1.0 X 10-~. 

Examples of t h e  c o r r e c t  use of t h e  E notat ion:-  

Note: - The exponent va lue  must be i n t e g e r  i n c o r r e c t  use is 
1.E3.0 o r  10E2.0 

*See s e c t i o n  2.3. 



Coding dr iv ing sources 

In  an a c  analys is  program the  dr iv ing sources a r e  considered 
a s  s inuso ida l  and i n  ELCA both current  and voltage generators  may be 
se lec ted .  The current  source is the  i d e a l  current  generator  wi th  i n f i n i t e  
impedance. The branch representa t ion  is  - 

NODE '4 NODE 'b. 

I A 

and i t  is  coded 

component name, interconnection points ,  value. 

For the  genera l  case t h i s  is  

SAname, node 'a ' ,  node 'b' , value i n  amps. 

The vol tage  source must contain a s e r i e s  source r e s i s t o r  and 
the branch representa t ion  is  

NODE% 

and i t  is  coded 

component name, interconnection points ,  value, source r e s i s t o r .  

For the  genera l  case t h i s  is 

SVname, node 'a ' ,  node 'b' , value i n  v o l t s ,  r e s i s t o r  i n  ohms. 

2.5 Coding the  frequency of the  dr iv ing source 

A c i r c u i t  may be inves t iga ted  a t  any frequency o r  over a 
range of frequencies i n  ascending order. The maximum number of frequency 
po in t s  perm$ssible i n  any one run is f i f t y .  I f  t h i s  number is exceeded a 
warning is p r in ted  o u t  and the  c i r c u i t  is analysed over the  f i r s t  f i f t y  
frequency s t e p s  . 

The coding is  

FREQUENCY, value o r  values i n  Hz. 

The assumption is made t h a t  the f i r s t  value is  zero but  i n  an 
ac  ana lys i s  t h i s  s t e p  is ignored from the  point  of view of ca lcu la t ion  
and print-out. A s p e c i f i c  example follows giving a s e r i e s  of groups with 
log spacing, but  note  t h a t  i n  any decade the  s t eps  w i l l  be l inea r .  



group 4 
n 

FREQUENCY, 1, 10, 10, 100 100 1E3, 1E3, 1E4 

group 1 
U 

group 3 

Each s e t  of frequencies is taken as a group of three. I n  the  
above example these are:- 

From 0 Hz t o  10 Hz i n  s t eps  of 1 Hz = group 1. 

From 10 Hz t o  100 Hz i n  s t eps  of 10 Hz = group 2. 

From 100 Hz t o  1 Miz i n  s t e p s  of 100 Hz P group 3. 

From 1 kHz t o  10 kHz i n  s t eps  of 1 kHz group 4. 

The next example gives a l a rge  i n i t i a l  s t e p  followed by a 
deta i led  invest igat ion.  

group 2 

FREQUENCY, 9.936, 9,936, 1. E4, 10 . '1~6 
I I 

- - 

group 1 

In  the  above example the grouping is:- 

From 0 Hz t o  9.9 MHz i n  s t eps  of 9.9.MIIz = group 1. 
>\ 

From 9.9 MHz t o  10.1 MHz i n  s t e p s  of 10.0 kHz = group 2. 

The f i n a l  example s h w s  an inves t igat ion a t  both ends of a 
frequency band with l a rge  s t eps  i n  the ant ic ipated  pass-band. 

U 
group 1 

U 
group 3 

It w i l l  be seen t h a t  the user has not bothered t o  evaluate the  
exact  f i n a l  frequency knowing tha t  the  program w i l l  s top a f t e r  f i f t y  
frequency s t e p s  have been taken. The resu l t ing  groups are:- 

From 0 Hz t o  200 Hz i n  s teps  of 10 Hz = group 1 = 20 steps.  

From 200 Hz t o  15.2 kHz i n  s t e p s  of 5 kHz = group 2 - 3 s teps .  

From 15.2 kHz t o  42.2 kHz i n  s teps  of 1 kHz = group 3 = 27 s teps .  



2. 6 Coding t o  obta in  print-out  of r e s u l t s  

The p r i n t  out  i s  i n  t abu la r  form using a f ixed format and 
providing information. 

P l o t t i n g  
Code - 

Log ga in  i n  dec ibe ls  between any two po in t s  i n  the  c i r c u i t  DBS 

Linear  ga in  i n  v o l t s  between any two po in t s  i n  the  c i r c u i t  VQLTS 

Phase s h i f t  i n  degrees between any two po in t s  i n  t h e  c i r c u i t  PHASE 

The real component of t he  nodal vol tage  a t  t he  s e l e c t e d  output  RCmP 

The imaginary component of t he  nodal vol tage  a t  the  se l ec t ed  IC$MP 
output  

The magnitude of t h e  nodal vol tage  a t  the  se l ec t ed  output ABS 

A l l  t h i s  information is provided agains t  t he  frequency base as 
se l ec t ed  i n  the  d e t a i l  of s ec t ion  2.5. 

The coding is 

PRINT, r e f .  node, output  nodes not  exceeding f o r t y  i n  nos. 

For t h e  gene ra l  case t h i s  is 

PRINT, Ref. Node, node 'a', node 'b' , . . . . . . node 'n' 

For a s p e c i f i c  case t h i s  is 

PRINT, 1, 3, 10 

This would provide information a s  shown above f o r  nodes 3 and 
10 referenced t o  node 1. 

Note 1: A l l  nodes a r e  referenced t o  the  connnon l i n e .  Therefore i t  
means t h a t  the  magnitude between Node 3 and Common is 
referenced t o  Node 1 and Common. From t h i s  i t  w i l l  be seen 
t h a t  i t  is  not  appropr ia te  t o  re ference  Node 0. 

Note 2: It should be remembered t h a t  the  vol tage  ga in  expressed i n  
dec ibe l s  i s  only co r rec t  when the  re ference  node and output  
node have the  same loading conditions. 

3. A WORKED EXAMPLE OF PASSIVE CIRCUIT ANALYSIS 

The information provided up t o  t h i s  point  is s u f f i c i e n t  t o  enable 
the  use r  t o  analyse pass ive  c i r c u i t s .  The example w i l l  be t h a t  a l ready 
considered i n  s e c t i o n  2.2, bu t  wi th  a dr iv ing  source added. 



For r e s u l t s  of above c i r c u i t  s e e  appendix A. 

3. l Comments 

I t  is o f t e n  d e s i r a b l e  t o  inc lude  a w r i t t e n  d e s c r i p t i o n  of t h e  
c i r c u i t  being analysed;  o r  comments may be requi red  desc r ib ing  the  
purpose of the  tests. This  is accomplished i n  ELCA by enc los ing  anv 
information r equ i r ing  pr int-out  between s igns .  An example is 

t oposrr.ryAa 3 
9 This  is.  a comment f o r  p r in t -ou t  only. g 

ELCA a l s o  uses t h i s  f o r  a heading t o  each shee t  of ou tput  d a t a  b u t  i f  
more than one comment is used i t  w i l l  p r i n t  the  l a s t  comment a s  a heading. 

3.2 Execution 

The computer has  t o  be informed when the  c i r u c i t  d e s c r i p t i o n  i s  
completed and a n a l y s i s  should commence. So when a l l  t he  coding has  been 
completed i t  must be  f i n a l i s e d  with the  command 

EXECUTE 

Rote: A PRINT statement  be included i n  t he  o r i g i n a l  d a t a  
set  o therwise  the  a n a l y s i s  w i l l  no t  be executed. 

3.3 Producing t h e  coding form 

The c i r c u i t  da t a  must now be produced on punched ca rds  and the  
form wi th  t he  above example coded upon i t  is sfiown i n  f i g u r e  1. The 
punch ope ra to r  w i l l  produce the cards  d i r e c t l y  from t h i s  form. Each 
l i n e  of code w i l l  r e s u l t  i n  one punched card. 



4 . DEPENDENT SOURCES 

C i r c u i t  e lements  t h a t  have i n p u t s  a s s o c i a t e d  w i th  o t h e r  
e lements  e lsewhere  i n  t h e  c i r c u i t  a r e  u sua l l y  termed "dependent sources" .  
The fo l lowing  shows a s imple  example:- 

The dependent c u r r e n t  sou rce  is  DSR which is dependent upon 
t h e  c u r r e n t  f l a r i n g  i n  t he  r e s i s t o r  R 1  o r  a l t e r n a t i v e l y  t h e  vo l t age  
developed a c r o s s  t h a t  branch, i e ,  VRl. This  dependency commonly known 
a s  t h e  t ransconductance,  o r  gm, of t he  dev ice  is  measured a s  AD i n  
ELCA. It  can be  shown t h a t  

gm = - B where B is equa l  t o  t h e  ga in  of t h e  device.. 
R 1  ' 

I f  t h e  c o n t r o l l i n g  branch is  r e a c t i v e ,  

t he  dependent sou rce  is des igna ted  PSI, o therwise  t h e  use is i d e n t i c a l  
t o  t h e  r e a l  dependent source ,  DSR. 

4.1 Descr ib ing  a t r a n s i s t o r  

I f  t he  l i b r a r y  f a c i l i t y  i s  not used a t r a n s i s t o r  may be 
de sc r i bed  us ing  t he  dependent source  technique.  The fo l lowing  example 
shows its use i n  t h e  hybrid-pye model:- - TRANSISTOR T l 

Rbe 4 
A I I 5 

W W 

BASE COLLECTOR 

- 
Rbc 

\ p = l00 
'\ R b e =  1000 

\ 

v 
a 
v 

a 
v 

EMIT1 ER 



4.2 Coding dependent s o u r c e s  

A s  shown i n  t h e  above examples t h e r e  a r e  two forms of coding 
dependent s o u r c e s  accord ing  t o  t h e  type  of d r i v i n g  b ranch .  However, b o t h  
have t h e  same common form:- 

component name, nodes of d r i v e n  branch,  nodes of d r i v i n g  
branch,  gm. I f  t h e  d r i v i n g  branch is r e s i s t i v e  t h e n  t h e  g e n e r a l  c a s e  
is DSRname, node ' a ' ,  node ' b '  , node ' X ' ,  node 'y ' , gm i n  A/V. 

I n  t h e  s p e c i f i c  c a s e  a s  used i n  t h e  hybrid-pye model above i t  
i S 

The gm v a l u e  is a s  c a l c u l a t e d  above,  i e ,  i f  b e t a  = 100 

i f  Rbe = 11000, 

then  gm = beta /Rbe = 100/1000 = 0.1. 

4 . 3  Dependent s o u r c e  branch 

I n  each of t h e  above examples a branch component i s  shown i n  
p a r a l l e l  w i t h  t h e  dependent source .  Th i s  i s  e s s e n t i a l  t o  complete  t h e  
m a t r i x  o p e r a t i o n s  w i t h i n  t h e  program. I f  n o t  a c t u a l l y  a r e a l  c i r c u i t  
member t h e n  a dummy v a l u e ,  such a s  1.E8 must be  i n t r o d u c e d .  

5 W A WORKED EXAMPLE OF ACTIVE CIRCUIT ANALYSIS 

The example worked i n  s e c t i o n  3 w i l l  now b e  e n l a r g e d  t o  a c t  a s  
a p a s s i v e  network w i t h i n  a c i r c u i t  c o n t a i n i n g  a c t i v e  e lements .  The whole 
forms a low frequency a m p l i f i e r .  Note t h a t  t h e  c a p a c i t o r  e l ements  of  t h e  
t r a n s i s t o r  model have been omi t t ed  because  i t  is a I f  a p p l i c a t i o n .  



R 1  10 R C 1  1c lF  T1 Beta 100 
R2 600 ll C2 2 5 u F  Rbe 500 
R 3  7.5kR C3 30clF 
R4 1.2 kR C4 100 PF 
R5 300R 
R6 1 2 k Q  L1 0.1 H 

Figure 2 shows the  equiva lent  c i r c u i t  and appendix B shows 
ELCA print-out.  

6. SENSITIVITY ANALYSIS 

A c i r c u i t  may be subjec ted  t o  a  s e n s i t i v i t y  ana lys i s  f o r  a  
given parameter a t  a  s e l e c t e d  s i n g l e  frequency. This  ana lys i s  w i l l  
automatical ly alter each component by t 10%. The r e s u l t a n t  p r i n t  list 
provides the  parameter change aga ins t  c i r c u i t  change. Any parameter 
changes exceeding 1% a r e  a l s o  ind ica t ed  i n  histogram form. For an  example 
of a  s e n s i t i v i t y  ana lys i s  pr int-out  s e e  appendix C. 

6.1 Coding f o r  s e n s i t i v i t y  ana lys i s  

For t h e  genera l  case t h i s  is 

SENSITIVITY, r e f .  node, output  node, parameter, frequency i n  
Hz. The parameters which may be  inves t iga ted  s i n g u l a r l y  a r e  exac t ly  as 
shown f o r  the  p r i n t  l i s t i n g  i n  s e c t i o n  2.6. I f  more than one parameter 
is t o  be i n v e s t i g a t e  t h i s  is c a r r i e d  out  a s  a  modification. The d e t a i l s  
f o r  t he  modif icat ions a r e  a s  given i n  s e c t i o n  8. 

The following examples g ive  s p e c i f i c  cases  of s e n s i t i v i t y  
ana lys is .  I f  the  inpu t  node of an ampl i f i e r  was 1 and the  output node 
was 1 4  and a s e n s i t i v i t y  ana lys i s  f o r  gain i n  dec ibe l s  was required a t  
50 Hz and 50 WIZ the following applies:- 

SENSITIVITY, 1, 14, DBS , 50 

EXECUTE 

SENSITIVITY, 1, 14, DBS, 50.E3 

A study of the phase s e n s i t i v i t y  across  nodes 4 and 7 wi th in  
the  same c i r c u i t  is made:- 

SENSITIVITY, 4, 7, PHASE, 50.E3 

I f  t h i s  opt ion i s  u t i l i s e d  and modif icat ions a r e  requi red  
p lease  no te  sec t ion  8.3. 



7. PRINTER-PLOTTER CAPABILITY 

The output of the  c i r c u i t  ana lys i s  may be presented i n  a 
graphica l  format using the  on-line p r in t e r .  This w i l l  produce a coarse  
p l o t  because the g r i d  containing the  graphica l  information is l imi ted  by 
the  number of charac ters  t h a t  the  ordinary page w i l l  accept.  Normally 
t h i s  w i l l  be approximately 40 o r  50 v e r t i c a l l y  X 120 hor i zon ta l ly .  

The genera l  format required t o  obta in  a p l o t t e d  output  is 
PLQT, frequency base, numbers of p l o t s ,  parameters. 

The frequency base can be e i t h e r  logari thmic - LflG 
o r  l i n e a r  - LINEAR 

The number of p l o t s  i s  l imi ted  between 1 and 10. This  w i l l  be 
the  number of p l o t s  taken from the  p r i n t  list i n  sequen t i a l  order.  For 
example i f  t he  p r i n t  list statement  was 

PRINT, l, 4, 6, 7, 8 

and the  p l o t  s tatement  was 

PLgT, LINEAR, 3, DBS 

th ree  p l o t s  of logari thmic gain a t  nodes 4, 6 and 7 referenced t o  node 1 
would be obtained agains t  a l i n e a r  base of frequency. 

The parameters a r e  l imi ted  t o  s i x  i n  any one p l o t  s tatement .  
These a r e  the  same as  given i n  s e c t i o n  2.6. An example using a l l  s i x  is 
given :- 

PLOT, LQIG, 2, VgLTS, DBS, PHASE, RCQhfP, ICgMP, ABS 

The order  of the s i x  parameters may be  a s  required. I t  should be  noted 
t h a t  i f  the f u l l  capab i l i t y  of t h i s  s tatement  is used i t  w i l l  r e s u l t  i n  
s i x t y  graphs being plotted! 

8. CIRCUIT MODIFICATION 

Any c i r c u i t  may be modified i n  terms of the  c i r c u i t  va lues ,  
dr iv ing  funct ions ,  o r  output funct ions.  C i rcu i t  topology may not be 
modified. Changes always follow an EXECUTE statement.  

The modif icat ion t o  the o r i g i n a l  c i r c u i t  va lues  is c a r r i e d  
out.  

For the  genera l  case t h i s  is 

*Original component name, new value o r  values.  



The following general ises fo r  the various components:- 

*Rname, new value i n  ohms 

*Lname, new value i n  henries 

*Cname, new value i n  farads 

*SAname, new value i n  amps 

*SVname, new value i n  vo l t s ,  new value i n  ohms 

*DSRname, new value of gm 

*DSIname, new value of gm 

To modify the  statements PRINT, FREQUENCY, PLQIT, o r  
SENSITIVITY the statement is  repeated i n  f u l l  following an EXECUTE 
statement. The * s ign must not be used. It  i s  not e s s e n t i a l  t o  make - 
e i t h e r  of the  l a s t  two statements i n  the o r ig ina l  l i s t i n g  before the  f i r s t  
execution. For example an overa l l  frequency print-out may be required 
but only p lo t s  of say the hf roll-of f. This could be obtained by omitting 
the PL0T statement i n  the o r i g i n a l  l ist and then introducing i t  a f t e r  the  
f i r s t  execution with a d i f fe ren t  frequency l i s t ing .  

It is e s s e n t i a l  t o  repeat the PRINT and FREQUENCY statements 
i n  any modified runs following the use of the  SENSITIVITY option. 

9 • LOSSLESS TRANSMISSION LINES 

I n  an ac l inea r  analysis  i t  is sometimes a requirement t o  use 
transmission l i n e s  within the  network. These have been included i n  ELCA 
a s  "black boxes" which equate t o  balanced, loss less  l ines .  

9.1 Coding f o r  a loss less  l i n e  

For the  general  case t h i s  is 

component name, interconnection points ,  l i n e  length, ve loci ty  
r a t i o ,  surge impedance. 

XLname, nodes 'a ' ,  'b ' ,  'c', ' d ' ,  value 1, value 2, value 3 
where 

l i n e  length is  i n  wavelengths 

veloci ty  i n  the l i n e  
ration is veloci ty  i n  f r e e  space 

surge impedance is i n  ohms. 



9.2 Examples of a balanced and unbaladced l ine  
l 

For a specif ic  examples the/ following shows balanced and 
un-b alanced l ines .  

Fox an example see appendix D* 



START 
S 4 NCRKSn EXAMPLE OF PASSIVE CIRCUIT ANALYSIS. 

SV1.C. 1,I. 10 
L l .  l.?.D.l 
C I . ~ ; ~ ; T E - ~  
PRIYT. l..? 
P R E ~ U ~ N C V . ~ ~ ~ .  425. S, 575 
EXECUTE 

FREO(lSVCY NODE 

UORKEO EXAMPLE OF PASSIVE CIRCUIT ANALYSIS. 

GAIN(O8S) CAIN(V0LTS) 
(REFERENCE INPUT AT NODE 

1.084Et01 3.485E+00 
1.137Et01 3.703Et00 
1.194E+C1 3.953Et00 
1.255Et01 4.243Et00 
1.322Et01 4.582EtOG 
1.396E+01 4.986Et00 
1.477Et01 5.474Et00 
1.567Et01 6.074E+00 
1.669€+01 6.832€+00 

PHASE SHIFT 
1 )  
.000E 00 
.000E 00 
.000E 00 
.000E OG 
,000E 00 
.030E 00 
.OOO€ 00 
.OOOE 00 
.000E 00 

S 

NODAL VOLTAGE 
REAL COMP. 

-1.728EtOl 
-1.833E+01 

NODAL VOLTAGE 
IMIG COMP. 

1.608Et00 
1.83bEtOO 
2.11 1E+00 
2.454EtOO 
2 r888Et00  
3.446EtOO 

NODAL VOLTAGE 
CIAGNITUOE. 

1.735Et01 
1.842EtOl 
1.965E+Ol 
2.10TEt01 
2.2TIE+01 
2.469€+01 



APPENDIX B 

A tP A)IPLIFIBR AS DETAILED IN SECTION 5 

STLRT 
S LoF AMPLIFIER AS DETAILED I N  PARA. 5. 

R5.4.C.3CC 
R6*7*O.l?E3 
Cl.5.J.lE-6 
C2.1.2.25E-6 
C3*5+7~30E-6  
C@.t*d.l@f?E-6 
C1.6.0s.1 
S THE *** ENCLOSE THE HYBRID-PI TRANSISTOR MODEL DATA. S 
s ................................................................ S 

R(JB.2.3.5C 
REE.3.b.lE3 
ReC.3.5.1EO 
RCE*4*5*C,lE6 
@SRl.b.5.3r4..1 

S NOTE.- THE CAPACITORS CBE AN0 CBC ARE OMITTED BECAUSE I T  I S  AN S 
S L.F REQUIREMENT. 1 

7 

S ................................................................. $ 

S LCTIVE CIRCUIT ANALYSIS. S 
PRINT.1.7 

EXECUTE 

S ACTIVE CIRCUIT ANALYSIS. 

FREQUENCY NODE GAIN(DBS) GAINIVOLTSI 
(H2 l (REFERENCE INPUT AT NODE 

4.25000000E+02 7 3.821E+01 8.133E+01 
4. 30000000E+02 7 3.882E+Ol 8.734E+01 
b.35000900E+02 7 3.948E+01 9.416E+01 
b.40000000E+02 7 4.017E+01 1.020E+02 
4.45000000E+02 7 4.091E+01 l . l lOE+02 
4.50000000E+02 7 4.169€+0 l 1.21 5E+02 
4.550000QOE+02 7 4.254E+Ol 1.339E+02 
b.b0900QOOE+O2 7 4.345E+Ol 1.488€+02 
4.6500090GE+02 7 4.444E+Ol 1.667€+02 
4.7??009OJE+02 7 4.552E+01 1.888E+02 
4.75001Cl00E+02 7 4.670E+01 2.1 63E+02 
b. t?O0CO0OOE+02 7 4.799E+01 2.508E+02 
h.8500000CE+02 7 4.937E+Ol 2.941 E102 
4.9C000000E+02 7 5.079E+Ol 3.465E+02 
4.950003COE+02 7 5.211E+C1 4.030E+02 
5.00000000E+02 7 5.300E+01 U.469E+02 
S.C5000000E+02 7 5.315E+01 4.544E+02 
S. 19000Q0OE+U2 7 5.249E+01 4.214€+02 
5~15000d00E+02  7 5.134E+C 1 3.691 E+02 
5.2?OCO'lOOE+02 7 5.003E+01 3.173£+02 
5.25000900E+02 7 4.873€+01 2.'733E+02 
5.30600000€+02 7 4.753E+Ol 2.378€+02 
5.35C00300E+02 7 4.643E+0 1 2.096€+02 
5.40G00090E+02 7 4.543€+01 1*869E+02 
5. C500000OE+02 7 4.453E+01 1.684E+02 
5.50000000E+02 7 4.370€+01 1.531E+02 
5.55000000€+02 7 4.295E+01 1.404E+02 
5.60@0390CE+02 7 4.226E+Ol 1.297€+02 
S. b50000COE+02 7 4.162€+01 1.204E+02 
5.70000000E+02 7 4.102E+01 1.125E+02 
5.750000@OE+02 7 4.047E+01 1.055E+02 

S 

PHASE SHIFT 
1 )  
8.125€+01 
8.221 E+O1 
8*328E+Ol 
8.448€+01 
8.583€+01 
8.738€+01 
8.918€+01 
9.132E+Ol 
9.389€+0 1 
9.707F+Ol 
1.011E+02 
1.063E+02 
1.132E+02 
1.226E+02 
1.354€+02 
1.516E+02 
1.698€+02 
1.7 33E+02 
1.598E+02 
1.498E+02 
1.424E+02 
1.369€+02 

NOOAL VOLTAGE 
REAL COMP. 

-1.162E-03 
-5.110E-04 

3.327E-04 
l a435E-03 
2.889E-03 
4.830E-03 
7.458E-03 
1.107E-02 
1.613E-02 
2.334E-02 
3.380E-02 
4.919E-02 
7.173E-02 
1.034E-01 
l.426E-01 
1.781E-01 
1.915E-01 
1.771E-01 
1.482E-01 
1.188E-01 
90468E-02 
7.621 E-02 
6.235E-02 
5.189E-02 
4.390E-02 
3.768E-02 
3.277E-02 
2.882E-02 
2.5606-02 
2.293E-02 
2.070E-02 

DATE 16/02/70 

NOOAL VOLTAGE NODAL VOLTAGE 
IMAG COMP. MAGNITUDE. 

3.902E-02 3.903E-02 





APPENDIX C 

A SENSITIVITY IINUYSIS OF THE LF rnbtFIgll 

A SEhSITIVlTY AhALVSIS OF THE LF AMP . OF PARA 5. 

SENSITIVITY ANALYSIS FOR lNCREASEO COMPONENT VALUES 
FRECUENCY = 5.033000CE+02 H2 REF. = 4.569E+02 V GAIN 

ITCM NAMti 
1 RS25 
2 R1 
3 R3 
4 H4 
5 R5 
6 R6 
7 RBB 
8 RBE 
9 RBC 

10 RCE 
11 c 1  
12 C2 
13 C3 
1 4  C4 
15 L 1  
16 D s a l  

VA L 
ORIGINAL 
6.OCOE+02 
l.OCOE+Ol 
7.500E+03 
1.200E+03 
3.000E +02 
1.200E+04 
5.0COE+O1 
I.OCOE+03 
1.000E+06 
1.OCOE+05 
1.000E-06 
2.5COE-05 
3.CCOE-05 
1.000E-04 
1.CCO.k-01 
1.OCOE-01 

UE 
MODIFIED 
6.600E+02 
1.100E+01 
8.250E+03 
1.320E +03 
3.300E+02 
1.320E+04 
5.500E+01 
1.100E+03 
1.100E+06 
1.100E+05 
1.100E-06 
2.750E-05 
3.300E-05 
1.100E-04 
9.091E-02 
L. 100E-01 

OUTPUT 
V GAIN 

4.569E+02 
4.350E+02 
4.56 9E+02 
4.569E+02 
4.570E+02 
4.751€+02 
4.540E+02 
4.588E+02 
4.581E+02 
4.588E+02 
2.392€+02 
4.571E+02 
4.569E+02 
4.602E+02 
2.391E+02 
4.973E+02 

PERCENTAGE 
DIFF. 

. A SENSITIVITY ANALYSIS OF THE LF AMP OF PARA 5. 

SEhSITIVITY ANALYSIS FOR DECREASED COMPONENT VALUES 
FREQUENCY = 5.0330000E+02 HZ REF. = 4.569€+02 V GAIN 

VALUE GUTPUT PERCENTAGE 
ITEM NAME ORIGINAL MODIFIED V GAIN DIFF. 

1 RS25 6.COOE+02 5.400E+02 4.569E+02 -1.007E-10 
2 R1 l.CCOE+Ol 9.000E+00 4.811E+O2 5.308E+00***** 
3 R3 7.5COE+03 6.750E+03 4.569E+02 -5.346E-04 
4 R4 1.200E+03 1.080E+03 4.569E+02 -3.398E-03 
5 R5 3.CCOE+02 2.700E+02 4.568E+02 -2.997E-02 
6 H6 1.2COE+04 1.080E+04 4.365E+02 -4.463€+00**** 
7 R00 5.CCOE+OA 4.500E+01 4.599E+02 6.497E-Ol* 
8 RBE l.C00t+03 9.000E+02 4.545E+02 -5.l62E-Ol* 
9 R0C l .CCOE+06 9.000E+35 4.554E+02 -3.182E-01 

10  RCE 1.000E+05 9.000E+04 4.545€+02 -5.131E-Ol* 
11 c 1  1.CCOE-06 9.000E.-07 2.461E+02 -4,613E+Ol***********************#********************* 
12 C2 2.900E-05 2.250E-05 4.566E+02 -5.961E-02 
13  C3 3.CCOE-05 2.700E-05 4.569E+O2 -1.326E-04 
1 4  C4 1.000E-04 9.000E-05 4.525E+02 -9.534E-01* 
15 L 1  1.CCOE-01 1.11LE-01 2.459E+O2 -4.619E+Ol***********************************L*****~**** 
16 OSR l 1. COOE-01 9.000E-02 4.153E+02 -9.095E+00*******+* 





S TCE AhbLVSIS CF P RA1-RACE CCUPLER. S OA 

NODPL VOLTAGE 
ICAG COWP. 
-1.428E+00 

1.448€+00 
l . t25E+0l 

-1.62bE+01 
-1.278E+00 

1.295€+00 
1.652E+Cl 

-1.65lE+01 
-1.131E*00 

1.143E+00 
1.616E+01 

-1.676E+01 
-9.850E-01 

9.944E-01 
l.C98E*01 

-1.698E+01 
-8.412E-01 

8.475E-01 
1.717E+Ol 

-1.716€+01 
-6.989E-01 

7 m027E-01 
1.732E*01 

-1.732E+01 
-5.578E-01 

5.598E-01 
1.745E+01 

-1.745E+01 
-4.175E-01 

4.184E-01 

TE + 
NOOAL VOLTAGE 

MAGNITUDE. 
1.465E+00 
2.484€+01 
1*722E+01 
1.801E+Ol 
1*305E+00 
2.488E+01 
1.731E+01 
1.795E+01 
1.149E+00 
2*491E+Ol 
1.739€+01 
1.789E*01 
9.972E-01 
2.493€+01 
1.746E+O1 
1.784€+01 
8.488E-01 
2*495E+Ol 

6&I)rlEBSl - G b l h i r ~ o ~ f s )  
(REFEREkCE IhPLT AT NCOE 

-2.4t4E+C1 5.859E-02 
-5.455E-C2 9.937E-01 
-3.240E+CO C.886E-01 
-Z.E4SE+CC 7.204E-01 
-i.565E+C1 5.218E-02 
-4.19915-02 9.952E-01 
-3.194E+OC d.923E-01 
-2*EeCE+CC 7.1 78E-01 
-Z.t75E+Cl 4.596E-02 
-3.162E-C2 9.964E-01 
-?.154E+CC C.955E-01 

PHASE SHIFT 
5 l 
2.829€+02 
3.3426+00 
1.093€+02 
2.956E*02 
2.816€+02 
2.98JE+00 
1.074€+02 
2.930€+02 
2.803€+02 
2.631E+00 
1.054E+02 
2.905€+02 
2.790€+02 
2.286E+00 
1*034E+02 
2*879E+02 
2.777€+02 
1.946E+00 
1.015E*02 
2r853E+02 
2.764€+02 
1.613Et00 
9.958E+01 
2.828€+02 
2.751 E+02 
1.284E+00 

~ O C A L  VCLTAGE 
REAL CCWP. 

3.271E-01 
2.480€*01 

-5.698E+00 
7.795E*00 
2.618E-01 
2.485E+01 

1.762€+01 
-1.762E+01 
-1.3896-01 

1.389E-01 
1.766€*01 

-1.766E*01 

S OA 

NODAL VOLTAGE 
IMAG c o w .  

1.388E-05 
-1.388E-05 

1.768E+0 1 
-1.768€*01 

. 1.389E-01 
-1.389E-01 

1.766E+0l 
-1.766E+Ol 

2.780E-0 l 
-2,783E-01 

1.762E+01 
-1.762E+01 

4.175E-01 

1.766E+01 
1.769€+01 
1.389E-01 
2.500€+01 
1.767E+01 
1.768€+01 

T E + 
NODAL VOLTAGE 

MAGNITUDE. 
1.3886-05 
2.500E+01 
1.768E+01 
1.768Et01 
1.3891-01 
2.500E*01 

THE AAACVSIS CF A Rbl-RACE CCUPLER. 
-- U .-- ' 

NOCE GPINlVOLTSl 
(REFERENCE IhPUT AT NCOE 

? -1.251E*C2 5.554E-07 
1 -2.1EEE-C5 1.000E-00 
2 -?..OlOE*CC 1.071E-01 
4 -:.OlOE*CO 7.071E-01 
5 -4*510E+Cl 5.557E-03 
1 -4.152E-C4 1.OOOE-00 

- - .. - 
PHASE SHIFT 

- . -. 
NOOAL VOLTAGE 

REAL COMP. 
3.087E-11 
2.500E+01 
5.891E-05 

-7.854E-05 
30087E-03 
2.500E*Ol 
5.889E-01 

-7.854E-01 
1,236E-02 
2.499E+Ol 
1.177E+00 

-1.570E+00 
2.790E-02 
2.499Et01 
\.762E+00 

-2.355E+00 
4.978E-02 
2.497E+01 
2.345E+00 

-3.138€+00 
7.817E-02 
2.496Et01 
2.922E+00 

-3.920E+00 
1.133E-01 
2 .494001  
3.494€+00 

-4*700E+00 
1.553E-01 
2.491E+01 
4.059E+00 

-5.478€+00 
2.047E-01 
2.488E+01 
4.616E+00 

-6.253E*OO 
2.618E-01 
2.485E+Ol 
5.163€+00 

-7.026€+00 



1 ThE 4hPLISIS CF A RAI-RACE CCUPLER. S DATE + + 
GAILICBSI GPlh(VOLTS1 PHASE SHIFT 

IREFERELCE ILPLT PT YCDE 51 
- z . ~ ~ ~ E + c I  ~ . ~ ~ o E - c z  ~.~IOE+OI 

NCCAL VOLTAGE 
REAL CCRP. 

3.271E-01 
2.480E+01 
5.698E+OO 

-7.795€+00 
4.Ul2E-01 
2.475€+01 
6.220E+00 

-8.560E+00 
4.848E-01 
2.469Et01 
6.727E+OO 

' -9.320E+CO 
5.789E-01 
2.461E+Ol 
7.217E+00 

-1.008Et01 
6.845E-01 
2.453Et0 1 
7.687€+00 

-1.082E+Ol 
8.027E-01 
2.443E+01 
8.136€+00 

-1.157E+01 
9.352E-01 
2.433€+01 
8.5bUE+00 

-1.230E+01 
1.083E+00 
2.420E+01 
8.957E+00 

-1.303€+01 
1.250€+00 
2.406E+01 
9.322E100 

-1.374EtOl 
1.436€+00 
2.391€+01 
9.653€+00 

-1.445E+Ol 

NOCPL VOLTAGE NC 
I r A G  COMP. 

1.428E+00 - 1.448E+00 
l.C25E+OI 

-1.624€+01 
1.58OE+00 

-1.603E+00 
l. 594E+O I 

-1.593E+01 
1.736EiOO 

-1.760E+00 
1.561E+C1 

-1.558E+01 
1.894E+00 

-1.918€+00 
1.524€+01 

-1.521E+01 
2.057E+00 

-2*075E+00 
1.485E+01 

-1.48OE+Ol 
2.222E+00 

-2.232€+00 
1.442E+Ol 

-1.436€+01 

IDAL VOLTAGE 
MAGNITUDE. 

1.465E+00 
2.484E+OI 
1*722E+01 
i.a01E+oi 
1.631E+00 
2.480E+Ol 
1.7llE+O1 
l. 808E+Ol 
\.802E+00 
2. U7SE+Ol 
1*700E+01 
l .@lbE+OI 
l. 981E+00 
2.469E+01 
1.686E+Ol 
l. 824E+O1 
2.167E+00 
2*462E+O1 
1.672€+01 
l. 834Et01 
2*363E+00 
2. 45hE+01 
1.656Et01 
I.844E+Ol 
2.568€+00 
2.444E+01 
1.638E+01 

TH'E 4H4L V S I S  CF A RAT-RACE CCUPLCR. 
. . 

FR EEC ENCY 
[b.? 1 

l.;CEC~7VICEt39 

NOCAL VOLTAGE NODAL VOLTAGE 
IMAG COMP. MAGNITUDE. 

3.107E+00 3.515E+00 
-2.944€+00 2.392€+01 

1.185E+O1 1.5476+01 
-1.156E+Ol 1.905E+01 

GAIN(D0SI GPINIVOLTSI 
IREFERkhCE INPUT AT NCO 

-1.794E+Cl 1.406E-01 
-3.E45E-C 1 5.567E-01 
-4. IC7E+Ct 0.190E-01 
-Z.?tlE+CC 7.620E-01 

PHASE SHIFT NODAL VOLTAGE 
HEAL COMP. 

1.645E+00 
2.374E+Ol 
9.946E100 

-1.514E+01 

REF.= 5 OLTPLT= ! I t - E  ANALYSIS CF A RAT-RACE COLPLER. S + + 
,CqQE C C  1--------------------------------------------------------------------------------------------------- 1 

1 1 1 1 1 l I 1 1 1 1 
1 1 
1 1 
1 1 
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FIGURE 2. EQUIVALENT CCT OF L f  AMPLIFIER 




