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INTRODUCTION 

The s t a b i l i t y  of an ampl i f i e r  may depend upon the  output  impedance of i t s  

d r iv ing  c i r c u i t .  

A very simple procedure is  presented here  f o r  designing the  s implest  

i n t e r s t a g e  c i r c u i t  based upon the  induct ive  coupling 

1. THE IMPEDANCE TRANSFORMATION 

The s imples t  equiva len t  scheme of  the  coupling between the  d r i v e r  and 

the f i n a l  ampl i f i e r  i s  given i n  Fig.  1. 

M 

Li 

a. 

a 
Fig. 1. Equiva len t  scheme of t h e  coupl ing c i r c u i t .  

The output  impedance of t h e  d r i v e r  and t h e  
inpu t  impedance of t h e  d r iven  c i r c u i t  a r e  
e x p l i c i t l y  taken i n t o  account.  
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1, R2, C1, C where R 

d i t i o n s  of the  probl%m* while  L1, L2 and M are the  parameters t o  be determined. 

are the  four  parameters t h a t  de f ine  the  boundary con- 2 

Let  u s  consider  the  c i r c u i t  drawn i n  F ig .  2 t h a t  i s  the  same c i r c u i t  

g iven  i n  Fig.  1 without  the  elements depending upon the  f i n a l  tube.  
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a 

a 
Fig. 2. Equiva len t  scheme of the coupl ing c i r c u i t  

as is seen by t h e  ampl i f i e r .  
. -.- 

Afte r  some ted ious  a lgebra  the  admittance Y appearing between the  termi- 

n a l s  aa can be w r i t t e n  as follows: 

Rl(l-w 2 LIC1) + jwLl 

2 2 2 2 Y =  
-W L1L2(1-K + jwL2R1fl-U LIC1(l-K ) )  

where, as usua l ,  K i s  the  coupling c o e f f i c i e n t .  

Before going f u r t h e r  we cons ider  two s p e c i a l  cases:  

a )  K = 0.  

I n  t h i s  case i t  tu rns  out  t h a t :  

*It should be noted t h a t  R1, C1, and R2 ,  C2 must be considered a s , e q u i v a l e n t  c i r -  
c u i t  elements because they depend upon both  the  c h a r a c t e r i s t i c s  of t he  tubes 
involved and the  va lues  of the added elements.  
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which is consistent with the very nature of this coupling. When K=O there is no 

- coupling and only the inductor L2 appears between the terminals aa. 

b) K = 1. 

I n  this extreme case we obtain: 

h 2 L  c 
~ ( 1 )  = - L1 (-- -j uL1 5 

L2 R1 
(2)  

which is again consistent with the physics of the coupling because if K = l  then 

the primary circuit impedance appears across the output terminal throughout an 

ideal transformer whose transforming ratio is equal to L1/L2. F 
2. FIRST APPROXIMATION DESIGN 

Because we are always interested in the high coupling case the previous 

limiting case (K=l) will be considered as a guideline. 

Accordingly with the assumptions already made the final amplifier equiv- 

alent input admittance YF is as follows. 

and is supposed to be connected across the aa terminals shown in Fig. 2. 

Consequently the total input admittance Y seen by the final tube is T- 

given by Eq. ( 4 ) .  

0 

1 L1 1 + - + j ( w C 2  - 
Y T = $ q  R2 

( 4 )  

If coo is the working radian frequency then the tuning condition is as 

follows : 

1 L c + L2C2 = - 2 w 1 1  
0 

(5) 
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and it i s  very important t o  recognize t h a t  t he  same condi t ion  holds  f o r  the  p r i -  

mary c i r c u i t .  

If we c a l l  Req the  va lue  of the  r e s i s t o r  t h a t  should appear ac ross  the  

input  of the  f i n a l  tube (being equal  t o  zero the imaginary p a r t  of the  

admittance) then  from Eq. ( 4 )  w e  should have. 

Solving we  ob ta in :  

1 
R R1 

Req-q 
L. L, = 

I 

R1 R1 w2[c +(- - -)c I 
0 2 Req R2 1 

1 L, = 
L 

R1 -IC I 2 R1 
w 0 ( c 2 + ( F  - R2 1~ 

( 7 )  

It should be remembered t h a t  the va lues  of L1 and L2 a l ready ca l cu la t ed  

a r e  t r u e  only f o r  R = l .  

a r b i t r a r y  as  it is  obvious both from the physics and from the formulae. 

Moreover the  r e s i s t o r s  R1, R2,  Req cannot be completely 

In t h e  next  paragraph i t  w i l l  be shown how t o  t r e a t  the  case f o r  H < l .  

3 .  THE FINAL DESIGN 

Now we  take i n t o  account the f a c t  t h a t  the  coupling c o e f f i c i e n t  should 

be always less than 1. 

Coming back t o  the genera l  expression ca l cu la t ed  f o r  the  impedance be- 

tween the te rmina l  aa we put :  

Y = G + j B  
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where : 

1 V 2 

2 L2 2 2 “1 wLL L 
2(i-~2) + c(i* L ~ c ~ ( ~ - K  1 I - 2  

1 1 K 

..2- 2 
( 9 )  

1 .L 

2 

Following the  procedure a l ready  seen we  should w r i t e  t h e  boundary condi t ions  

f o r  t he  whole c i r c u i t :  

/ 

1 Y + YF = G + j B  + - + j w C 2  
R2 

t h i s  means t h a t  we have t o  so lve  f o r  L1 and L2 t h e  following system 

and it is  easy t o  see t h a t  t h i s  might r ep resen t  a formidable task.  

Nevertheless  i f  we are looking f o r  a high value of K then the value of 

L 

l a r g e l y  d i f f e r e n t  from those which a r e  appropr i a t e  f o r  R<1.  

and L 1 2 ca l cu la t ed  f o r  K = l  (and t h e  given va lues  f o r  C1 and C,) cannot be 

Consequently i f  we  w i l l  use t h e  ca l cu la t ed  va lues  f o r  L1 and L2 then w e  

should a d j u s t ,  by a very  l i t t l e  amount, the values of C1 and C 2  a l ready  assumed 

as boundary condi t ions .  

This can be e a s i l y  obtained from the  system 10 as follows: 

Ca lcu la t e  L1 and L2 with (7) and (8). 
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Define the quant i ty:  

upon s u b s t i t u t i n g  i n t o  t h e  system where now L, and L, are known q u a n t i t i e s ,  we 
I L 

obta in :  

, 

2(i-~2) * + -(i*fl L2 2 L ~ c ~ ( ~ - K  2 I >  2 1  = A 
L1 

This system can be e a s i l y  solved' f o r  the new values  of C an.. C2: 1 

1 -  
1 

1 -K 2 
1 "1 

2 1 -K 

- 1 2 2 2 
C p  - - A  ((1-u L C )(1-u L C (1-K 1) + 2 1 1  1 1  

L1 
4 

(12) 

4 .  CONCLUSION 

W e  assume t h a t  the  parameters R1, R2, Req and the  coupling c o e f f i  

K a r e  given as w e l l  as the working rad ian  frequency W . 
0 

i e n t  

Moreover, because the  tubes t h a t  a r e  t o  be used a r e  a l s o  known, then we can 

make a reasonable  guess f o r  the values  of the capac i to r s  C and C t h a t  should 
1g 28 

appear i n  the c i r c u i t .  (The le t te r  g s t a y s  f o r  guess) .  

Then we c a l c u l a t e  the quan t i ty  A as a l ready  seen: 
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From the  guessed va lues  C and C we ob ta in :  
1g 2g 

- 1 AK2 

2 L1 - C 
2 . m  

L1 L2 = - 
AK2 

wo c lg  Clg 

Using the  va lues  of  L1 and L2 we r e a d j u s t  C ob ta in ing  C 1g 1' 

1 
2 

- c1 - - 
#o L1 

/ 

L2,  C are known then: once L1, 1 

2 1 -K 

2 2 2 c2 = - A {(i-w Llc2)(i-w L ~ C + - K  1) 
w 2L. 
0 1  

and t h e  problem i s  completely solved. 

It should be considered t h a t  t he  procedure 

2 2  W L  
+ -  I, (1-K2>)) 

R13- 

(12) 

(13) 

(14) 

(15) 

l ready  shown i s  compl t 1 Y  

c o r r e c t  and t h a t ,  i f  t he  a c t u a l  coupling c o e f f i c i e n t  K i s  reasonably c l o s e  t o  1, 

then the va lues  of C1 and C2 should come very c l o s e  t o  the  guessed va lues  f o r  

C and C . 
1g 2g 

5. A NUMERICAL EXAMPLE 

The above procedure w a s  mainly developed f o r  an  i n t e r s t a g e  coupling of 

t h e  RHIC machine. I f  t h e  Eimac  tube 3CX1500A7 i s  t o  be used then t h e  

prescr ibed  va lues  f o r  the  var ious  parameter could be as follows: 

V = 27 MHz; 

R1 = 2000 S-2 
0 

3 = 10,000 s-f? 

Req = 1,500 52 
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and as a reasonable  guess we could assume 

K = 0.9 

from Eqs. (111, (121, (13) we ob ta in :  

A = 1.399177, L1 = 3.076 E-7 H, L2 = 2.714 E-7 H. 

upon s u b s t i t u t i n g  those va lues  i n t o  E q s .  (14) and (15) we ob ta in :  

C1 = 59.45 E-12 F,  C2 = 67.37 E-12 F. 

The ECAP program for checking the  c i r c u i t  behavior  i s  g iven  i n  Table 1 and the  

1 diagrams p l o t t e d  on Figures  3 and 4 show the  v a l i d i t y  of  the  ou t l ined  procedure.  
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T a b l e  

NO F A T A L  I N P U T  E R R O R S  DETFcTED. E x E C U T I  

1. 

f ,  
2, B 1  

NO F A T A L  I N P ~ J T  ERRORS DETFcTEB, E X 1  

NO FATAL INPUT ERRORS DETECTEO; EXE 

L i s t i n g  of the  ECAP programs f o r  c a l c u l a t i n g  
the  input  impedance seen by t h e  d r i v e r  ( r i g h t )  
and the  input  impedance seen by t h e  dr iven  
c i r c u i t  ( l e f t  ) . 
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Fig. 3. Tota l  impedance seen by t h e  dr iven  c i r c u i t .  
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Fig. 4. T o t a l  impedance seen by t h e  d r ive r .  


