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RJ? System Parameters 

. 
RF Frequency v = 26.743 MHz 

0 

Harmonic Number h = 342 

RF t o t a l  Voltage Vt = 1.2 MV 

RF phase angle  4 = - 2.3" 

Number of bunches 90 = 57 

RF cyc le s  per bunch 5 = 6 - 

Average s t o r e d  cu r ren t  I = 65 mA 
a 

Beam r e v o l u t i o n  frequency V = 78.195906 KHz. 
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2 - Parameters 

For a pre l iminary  des ign  of the  RF system we should estimate t h e  number 

of c a v i t i e s  r equ i r ed  per  r i n g  and the m a x i m u m  value f o r  the  s to red  cu r ren t .  

A reasonable  guess f o r  t h e  c a v i t y  number i s  6; consequent ly  V = 200 kV 
C 

per  c a v i t y  i s  requi red .  Later t h e  case of 12 c a v i t i e s  will be examined. 

Following the  c r i t e r i o n  t h a t  the  beam-induced vo l t age  should be always 

much lower than  t h e  amplif ier- induced vol tage  we could set an upper l i m i t  t o  

t h e  s t o r e d  cu r ren t .  

An average output  impedance of about 100 52 can be obta ined  wi th  a Class A 

feedback l i n e a r  ampl i f i e r .  With a Class C ope ra t ion  t h e  average output  impe- 

dance can e a s i l y  r each  more than  400 Q. Because t h e  t y p i c a l  d c  p l a t e  

vo l tage  of a power a m p l i f i e r  i s  i n  the  park of - 10 kV then  i t  fo l lows  t h a t  

t he  t ransforming r a t i o  should be near  20 and the  t r a n s f e r r e d  output  impedance 

becomes >160 k52 per  cav i ty .  

For gene ra t ing  200 kV on 160 k52 t h e  ampli tude of t h e  synchronous beam 

harmonic should be equal  t o  1.25 amp. t h a t  i n  t u r n  demands an average c u r r e n t  

nea r  t o  0.625 A. 

With a somewhat narrow s a f e t y  margin we could assume f o r  t h e  average 

cu r ren t  Im a va lue  of 0.5, amp which would accelerate - 7 10l1 p a r t i c l e s  per  

bunch. 

A value f o r  n equal  t o  5 10l1 p a r t i c l e s  per  bunch seem then  very reason- 

a b l e  and we o b t a i n  the  fo l lowing  l i m i t s :  

n = 5 1011 P a r t i c l e s  per  bunch 

q = 8 Charge per  bunch (Coulomb) 

Q = 4.56 Total charge (Coulomb) 

I m = 0.356 Average c u r r e n t  (Amp) 

I1 = 0.713 Synchronous harmonic (Amp) 

RF = 2.80 105 Beam eq. Impedance ( Ohm) 

Ip 5 24. Maximum beam peak c u r r e n t  *(Amp) 

* The beam i s  assumed t o  have p a r a b o l i c  d i s t r i b u t i o n  as follows: 
- -  

- 



3 - Parameters 

'&ere T i s  t h e  beam t i m e  dura t ion .  S e t t i n g  t h e  boundary cond i t ions  we 
o b t a i n :  ?, f .i 

+T/2 (IF - b t  2 ) d t  = Ipr  - b - =  T3 
J -TI2 12 

\ 

I p  - b ($ )' = o 

Solving f o r  Ip we ob ta in :  Ip = -e 3q b = p  2T 

For q = 8 T = 0.5 Ip = 24 Amps. 

b = 16 10l6 usee2 



1 - Beam 

The Beam Loading 

The fo l lowing  scheme could be used f o r  desc r ib ing  t h e  phenomenon as i t  i s  

s e e n  by t h e  f i n a l  ampl i f i e r .  

I , I 

! I I 

If V i s  the  vo l t age  ac ross  the  c a v i t y  eq. c i r c u i t  ( t h a t  i s  V = Vcavity/N) 

t h e n  we can write: 

, N = Transforming r a t i o  G = - + + - - .  1 1  

. Rt 

Where: a and f3 are phase ang le s  and I1 i s  t h e  beam c u r r e n t  component t h a t  is  

synchronous wi th  t h e  RF vol tage.  

Equation (1) can be d iv ided  i n t o  two equat ions :  

Ea GV = - cosa + N I1 cos6 

Ea s i n a  + N 11 s i n  B p 1  (at - -)v = - “4 P 



2 - Beam 

Now we want : 

and B = k90" because t h e  s t a b l e  phase i s  assumed n e a r l y  equal  t o  zero.  

Consequently the  system reduces t o  : 

ci = 0 ( t h a t  means t h a t  t he  f i n a l  a m p l i f i e r  sees a real load )  

p J = -  Ea 

- -) v = tN I1 

p J = -  Ea 
0 .  * I  

("Ct - -) "Lt v = tN I1 

Solving we o b t a i n :  

V 

Co 2 AC 1 - ct--2--+-= W V  
Lt 

where, obviously,  V i s  t h e  vol tage  t h a t  appears  a t  t h e  t e rmina l s  of t h e  c a v i t y  

equ iva len t  c i r c u i t  as i s  seen  by t h e  ampl i f i e r .  

Humeri cal  E x a m d e  

The real c a v i t y  equ iva len t  parameters  are: 

R = 0.8 MR, C = 50 F., L = 6.949 H, Vc = 200 kV. 

Upon t r ans fo rma t ion  (N = 20) we ob ta in :  

Rt = 200051; Ct = 2 
V = 200 kV/20 = 10 kV; I1 = (2*0.356)*20 = 14.24 A t 

F; Lt = 1.737 10'' 

(Where the  s u b s c r i p t  t i n d i c a t e s  "Transformed Parameters) .  Assuming t h a t  t h e  



3 - B e a m  

a m p l i f i e r  ou tput  impedance i s  equal  t o  l O O Q  we ob ta in :  

100 E = (1 + -) 10.10~ = 10.500 103 a 2000 

= 8.39 F. 14.24 
= 1.69638*10.103 

It i s  easy,  now, t o  c a l c u l a t e  t he  t o t a l  cu r ren t  I t h a t  t h e  tube  should supply: t 

If Ea = (1  + L ) V  
Rt 

. then:  

where I 

no te  t h a t  because j3 = 7~/2 t hen  I 

i n d i c a t e s  t h e  t o t a l  c u r r e n t  t h a t  should be provided by t h e  tube.  (We t 
do not  depend upon 31). 

t 



1 - Cavity 

The Cavity 

In Fig. 1 i s  represented  an axial s e c t i o n  of a c a v i t y  t h a t  could work with 

a gap vol tag  of 2OO.kV. 

From Super-Fish c a l c u l a t i o n  we have Uo = 26.75 M H z ;  Qo = 9030;  Rs = 0.916 MQ. 

The c a v i t y  eq. scheme i s  shown i n  Fig. la. 

and i t  fol lows t h a t  a t  200. kV the  power needed should be near t o  22 kw. 

'\ 

I I I 

Fig. la. The c a v i t y  i s  schenat ized  with a foreshor tened  c o a x i a l  l i n e  
t h a t  con ta ins  a d i s c o n t i n u i t y  i n  t h e  c h a r a c t e r i s t i c  impedance. 

From t h e  resonant  frequency and t h e  geometry of t h e  c o a x i a l  l i n e  t h e  value of 

t h e  c a p a c i t y  C can be c a l c u l a t e d  as w i l l  be shown l a t e r  on. 

The c a v i t y  shape al lows t o  have the  d r i v i n g  tube  d i r e c t l y  connected t o  t h e  

l o w  impedance s i d e  of the  cavi ty*  and we assume t h a t  t he  c a v i t y  wi th  t h e  tube  can 

be schematized as shown i n  Fig. 2. 

*The s h o r t  s t u b  can be i n  a i r  so the  tube  can be e a s i l y  connected t o  t h e  
c a v i t y  and ad jus t ed  f o r  t h e  wanted t ransforming r a t i o .  
values  f o r  x and y are t o  be determined tak ing  i n t o  account t h e  t o t a l  tube  
output  c a p a c i t y  CT. 

Obviously t h e  
- 



2 - Cavity 
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3 - Covity 

V 

I 

._..- 
Fig. 2. C and CT a r e  t h e  gag and the  tube eq. c a p a c i t i e s .  

22 and L a r e  t h e  c h a r a c t e r i s t i c  impedance and t h e  electrical  
l e n g t h  of t h a t  p o r t i o n  of the  c a v i t y  t h a t  i s  under vacuum. 
Z 1  and L1 = x + y d e f i n e  t h e  p o r t i o n  of t h e  c a v i t y  t h a t  is i n  
air. 

From t h e  l i n e s  theory  w e  have: 

V2 = V (cos BL - wcZ2 SIN BL) = AV 

1 
22 

I 2  = j V  (wc cos BL + - SIN BL = jBV 
2T where B = x = wJE P i s  t h e  phase cons t an t .  

0 0  

T r a n s f e r r i n g  t h e  vo l t age  and the  c u r r e n t  a t  t h e  j u n c t i o n  wi th  t h e  tube we 

o b t a i n  : 

V 1  = V(A COS By - BZ1 SIN By) 

I1 = jV(Bcos By + A S I N  By) 



4 - Cavity 

From t h e  f i r s t  eq. because N = V/V1 i s  a l r e a d y  known then  we  determine t h e  

va lue  of y. 

A t  t h i s  po in t  a l l  t h e  q u a n t i t i t e s  are known and we should f i n d  t h e  value of 

x f o r  tun ing  t h e  whole system. 

For t h i s  purpose we set equal  t o  zero t h e  t o t a l  admit tance Y a t  t h e  

j u n c t i o n  as fo l lows  : 

If E. = A then  we can write t h e  R.H.S. component of t h e  t o t a l  admit tance as: B Z 1  

= ~ ~ + E T A N B ~  
Z 1  E: - TAN By Y(R) = f l / V l  

The L.H.S. of t h e  t o t a l  admit tance is :  

1 
Z 1  TAN Bx 

- Y(L) = WCT 

from t h e  tun ing  cond i t ion :  

Y = Y(R) + Y(L) = 0 

we ob ta in :  

~ + E T A N B  COT Bx = WCT Bx = 
~ - TAN B; 

and the value of x is  determined. 

With the dimension i n d i c a t e d  i n  Fig. 1 we f i n d  t h a t  

i s  equa l  t o  26.75 MHz. (Super-Fish) 

The output  impedance of t h e  coax ia l  s t r u c t u r e  i s  as 

t h e  resonant  f requency 

fo l lows  : 

z1 - 22 TAN(BL1) + TAN(BL2) 
z = j z 2  

z1 TAN(BLl)*TAN(BL2) -22 



5 - c a v i t y  

Because:Zl = 41.58 R ;  22 = 85.62; 

t hen  Z 

c a v i t y  should be: 

and B = 0.5604 f o r  uo = 26.75 MHz 

j 4 2 3  Q. Consequently t h e  t o t a l  gap capac i tance  (CT) t h a t  tunes t h e  

= l/woZ) E 14 PP. 
cT 

It fo l lows  t h a t :  

A Z 0,084; B = 0.0118 - 

and t h e  eq. A COE By - B Z 1  SIN By = 0.05 (so lved  numerical ly)  g i v e s  y 2 0.12 m. 

Now E = 0,171 and CT = - 70 PF. 

1 - 1 + 0.0118 
TAN (8x1 - 00489 + 0.171 - 0.069 Consequently: 

Solving we ob ta in :  x = - 0.17 m. 

The S impl i f i ed  Scheme 

= 10.40 

Tine above model i s  too  complicated f o r  a f i r s t  des ign  of t h e  f i n a l  

a m p l i f i e r  and we cons ider  t h e  c i r c u i t  g iven  i n  Fig. 3. 

Fig. 3. Eq. c i r c u i t  f o r  t h e  c a v i t y  loaded by the  d r i v i n g  ampl i f i e r .  
C 1  and C2 are g iven  because they  both depend upon t h e  tube  
and the  cav i ty .  
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6 - Cavity 

Now the transforming ratio (no load) is as follows: 

and we obtain: - 

1 - 1 / N  = 
L2 w2c2 

The circuit should be tuned by the inductor L1. 

written as follows: 
The input admittance can be 

1 c1 (l-w2L2C*) + c2 
Y(i) = m+ j w  1 - wLL2C2 

setting Y(i) = 0 (that means "tuning"), solving for L1 and recalling the 
we obtain: 1 condition:. 1 - w2L2C2 = - N 

1 1 /N L1 ='- c1 1 
C2 N 

c 2  1 + - -  

The calculations already shown are correct only for "no load conditions". 

It can be demonstrated that for quality factors of the cavity as low as 
the above formula are still valid for design purposes. 

100  



7 - Cavi ty  

Simple checks made w i t h  t h e  ECAP program shows both t h e  v a l i d i t y  of t h e  

prev ious  c a l c u l a t i o n  and t h e  fac t  t h a t  t h e  tube ignores  t h e  beam c u r r e n t  i f  t h e  

beam i s  i n  quadra ture  wi th  t h e  gap v o l t a g e  and an a p p r o p r i a t e  compensating 

c a p a c i t y  i s  added. 

- 

The scheme prepared f o r  ECAP c a l c u l a t i o n s  i s  shown i n  Fig. 4 .  

.- 

Fig.  4 



8 - Cavity 
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9 - Cavity 
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10 - Cavi ty  
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1 - Tube 

The Tube 

Depending upon t h e  shape of t he  a c c e l e r a t i n g  c a v i t y  t h e  power needed f o r  

200 kV i s  always i n  t h e  park of 20+25 kW per  cavi ty .  The power d e l i v e r e d  t o  t h e  

beam, even dur ing  t h e  a c c e l e r a t i o n ,  i s  n e g l i g i b l e .  Consequently a tube capable  

of 30 kW output  power is s u r e l y  enough. 

A good candida te  could be t h e  Eimac t r i o d e  3CW3OY000H3 ($1500 pe r  tube)  and 

t h e  d a t a  s h e e t s  are included.  

From t h e  f i r m  we had two recommended sets of  ope ra t ing  cond i t ions :  

a), High Voltage Operation 
DC and DE vol tage  
DC g r i d  b i a s  
Driving s i g n a l  
P l a t e  c u r r e n t  ( i d l e )  
P l a t e  c u r r e n t  
Grid c u r r e n t  
Driving power 
Output power 
Lo ad 
Anode s i g n a l  

10 kV 
-450 V 

630 V 
0.6 A 

3,16 A 
0.183 A 

120 w 
21.5 kW 
1880 Ohms - 9000 Vol t s  

b) Low Voltage Operat ion 
DC anode vol tage  5.5 .kV 

Driving s i g n a l  825 V 
P l a t e  cu r ren t  ( i d l e )  2.5 A 
P l a t e  c u r r e n t  8 A  
Grid c u r r e n t  1.1 A 
Driving power 690 W 
Output power 29 kW 
Lo ad 400 Ohms 
Anode s i g n a l  4.8 kV 

DC g r i d  b i a s  -200 v 

In  both t h e  ope ra t ing  cond i t ions  t h e  dynamic anode impedance can be 

cons idered  as equal  t o  33022. 

From t h e  two sets it  i s  ev iden t  t h a t  t he  tube  can be opera ted  as a Class A-B 

a m p l i f i e r  (very  low output  impedance). Nevertheless ,  another  recommended t y p i c a l  

Class C o p e r a t i o n  i s  as fo l lows:  



2 - Tube 

DC Anode Voltage 
DC g r i d  b i a s  
Driving s i g n a l  
DC anode c u r r e n t  
DC anode c u r r e n t  
DC g r i d  c u r r e n t  
Driving power 
Output power 
Load impedance 
Anode s i g n a l  

10 kV 
-800 V 
1160 V 

( i d l e )  0.0 Amp. 
6 Amp. 

0.315 Amp. 
365 Watts 

42 KW 
750 Ohms 

8000 V 

I n  t h i s  cond i t ion  t h e  output  impedance of t h e  tube i s  no longe r  d e f i n i b l e .  

Any model should be analyzed w i t h  t h e  state v a r i a b l e  method and t h e  tube  should 

be t r e a t e d  as a h i g h l y  non-l inear  device.  However, i t  can be shown t h a t  even a 

Class C ope ra t ion  could be s a t i s f a c t o r y  i f  an a p p r o p r i a t e  tun ing  i s  provided 

f o r .  

. 
Modeling t h e  Tube 

We assume t h a t ,  t o  a f i r s t  approximation, t h e  fo l lowing  equa t ion  holds : 

(vp + vv ) a ;  I p  2 0. 1 I p  = -  
P g 

Where V and V are r e s p e c t i v e l y  t h e  anode and g r i d  vo l t ages  wi th  r e fe rence  t o  

the cathode and a i s  normally near  t o  3/2.  
P g 

Eq. (1) can be r e w r i t t e n  as follows: 

Assuming a = 1.5 t h e  cons t an t s  p and v can be determined from two p o i n t s  

w i s e l y  chosen on t h e  tube  d a t a  shee t .  

Let aJp = x t hen  we have: 

x VIlP - vVlg = VI 
x a J I Z p  - uv2g = v2 

P 

P 
( 3 )  



b 

J I l p  VIP 

V2P J I2p  

61 

a 

3 - Tube 

a a Vlp J I2p  - v2p J I l p  . 

where t h e  s u b s c r i p t  1 and 2 r e f e r  t o  t h e  po in t s  a l r eady  chosen. 

Solving w i t h  t h e  Kramer r u l e  we ob ta in :  

J I l p  - Vlg 

J I2p  - v2g 

c1 

a 
v2g " J I l p  - Vlg aJ12g 

v2g a J I lp  - v1 a JI2p 

aJ12p - v2g 

a 
When x is  known t h e n  p = x  . Obviously t h e  model i s  not  very  accu ra t e .  

Nevertheless  i t  is  always very u s e f u l  because i t  al lows t o  take i n t o  account 

bo th  t h e  v a r i a t i o n  of t h e  i n t e r n a l  r e s i s t a n c e  and t h e  phenomenon of the cut-off 

that ,  i n  many cases, could be qxtremely important .  , (For  t h e  i n d i c a t e d  tube  a 

p o s s i b l e  choice could be p = 30 l o 3 ?  IJ = 20 with t h e  c o n d i t i o n  a l r e a d y  seen  

a = 1.5). 
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s k .t.1 t A.  E L 0 s 
C A L I F C F , N  I k  

'The' Eimac .3C1I73O2000H3 is a water-cooled: ceramic-metal power 
triode designed primarily for use in industrial radio-frequency heating 
services. Its water-cooled anode is conservatively rated at 30 kilowatts of 
plate dissipation with low water flow and pressure drop. 

Input of 60 kilowatts is permissable up to 90 megahertz. Plentiful 
reserve emission is available from its one kilowatt filament. The grid 
structure is rated at 500 watts making this tube a n  excellent choice for 
severe applications. 

GENERAL CHARACTERETICS 
ELECTRICAL 
Filament : Thoriated-Tungsten Min. Nom. M a x .  

Voltage - - - - - 6.3 V 
Current - - - - - 152 172 A 

Amplification Factor - - - - 20 

Interelectrode Capacitances, Grounded Cathode: 
Grid-Filament - - - - 48 58 pF 
Plate-Filament - - - - 1.2 1.5 p F  

. Grid-Plate - - - - - 30 38 p F  
' Frequency for Maximum Ratings - - - - - - 90 MHz 

(Effective 11-1-68) 0 1965, 1968 by Varian 



3CW30,000H3 @ - 1 
P 

I 
- 



j 

I 

1 2 3 4 5 6 7 8 9 10 

PLATE VOLTAGE- KILOVOLTS 

i 
i . .  

: ;  
. .  

I 



1 - =-An 

The Beam Loading Trans ien t  Analysis  

The s t e a d y  s ta te  s i n u s o i d a l  l i n e a r  a n a l y s i s  a l r e a d y  made shows t h a t  i f  t h e  

beam i s  always i n  quadra tu re  wi th  t h e  a c c e l e r a t i n g  vol tage  then  t h e  beam c u r r e n t  

( t ransformed)  do not  a f f e c t  t h e  f i n a l  tube  provided t h e  a m p l i f i e r  i s  p rope r ly  

tuned. 

passes  throughout t h e  c a v i t y  i n  a very s h o r t  t i m e .  

Unfor tuna te ly  the  real s i t u a t i o n  i s  q u i t e  d i f f e r e n t  because t h e  beam 

Each beam occurs  every  6 per iods  of t he  RF vol tage ,  and t h e  tube could be 

opera ted  i n  Class C. 
A simple model f o r  s imula t ing  t h i s  s i t u a t i o n  i s  g iven  i n  Fig. 4. 

L2 

Fig. 4. Equiva len t  c i r c u i t  f o r  t h e  t r a n s i e n t  non-l inear  a n a l y s i s .  The 
s ta te  v a r i a b l e s  are as fo l lows:  Y(1); Y(4) are vo l t ages ;  Y(2); 
Y(3) are cu r ren t s .  

-After so% elementary a l g e b r a  we o b t a i n  t h e  fo l lowing  set of d i f f e r e n t i a l  
equat ions :  

0 

Y(1) ='(-Y(2) - Y(3) - ITP)/Cl 
Y ( 2 )  = (Y(1) - E)/L1 
Y(3) = (Y(1) - Y(4))/L2 
Y(4) = ( I T  4- Y(3) - Y(4)/AR)/C2 

0 

0 

0 

The beam c u r r e n t  could have p a r a b o l i c  d i s t r i b u t i o n  and must be p e r i o d i c  

w i t h  pe r iod  equa l  t o  6T. That i s  we have a bunch every 6 RF cyc les .  The f i r s t  

pe r iod  is  de f ined  as fo l lows:  
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I ( t )  = 0.0 

I ( t )  = 0.0 

T + T  < t  <-  
2 

T - T  

T-T 0.0 < 7 
L. 

T + T C  t < 6T 
2 

The model f o r  t h e  tube  c u r r e n t  i s  not cr i t ical .  Obviously t h e  cut-off and 

t h e  dependency of t h e  anode c u r r e n t  upon t h e  anode vo l t age  are t h e  most 

impor tan t  f a c t o r s .  

From t h e  d a t a  s h e e t  a l r e a d y  seen  we could assume: 

I = 0.3 10-5 (vpk + 20 v 
P t  gk 

where E = dc anode vo l t age  = 11 kV; Vb = dc g r i d  b i a s  -550; 

V = Peak d r i v i n g  vo l t age  = 700.V; V = Y(1) 

V = V *SIN u t  + Vb 
S Pk 

gk s 

The system w a s  i n t e g r a t e d  wi th  the  normal f o u r t h  o rde r  Runge-Kutta method 

and t h e  r e s u l t s  show t h a t  t h e  tube does not  see t h e  beam peak c u r r e n t  and t h a t  

t h e  gap vo l t age  remains reasonably s i n u s o i d a l  even i f  t h e  cut-off occurs .  

I n  Fig. 1 t h e  beam c u r r e n t  and t h e  gap vo l t age  are rep resen ted  f o r  two 

d i f f e r e n t  va lues  of t h e  compensating c a p a c i t y  AC 

Obviously t h e  s l o p e  changes (because t h e  amplitudes change) but  t h e  waveform 

remains s i n u s o i d a l .  

11 pF and ACE 9 13 pF. T -  

In  both cases t h e  model w a s  working on Class B condi t ion .  

We conclude t h a t  t h e  s tandard  l i n e a r  a n a l y s i s  i s  a p p l i c a b l e  f o r  t h e  system 

"Power Ampl i f ie r  - Acc. Cavity." 



Fig. 1 



1 - Amplif ier  

The Power Amplif ier  

1.. General Cons idera t ions  

The f i n a l  a m p l i f i e r  should e x h i b i t  a very low output  impedance mainly 

because this impedance appears  ac ross  t h e  a c c e l e r a t i n g  cap, at b e s t ,  m u l t i p l i e d  

by t h e  square of t h e  vo l t age  t ransforming  r a t i o  (N E 20).  

The cathode fo l lower  a m p l i f i e r  could be used but at 27 MHz t h e  s t a b i l i z a t i o n  

becomes c r i t i ca l  and, on t h e  o t h e r  hand, t h e  achievable  out.put impedance i s  r e a l l y  

low only  on a very narrow frequency range. 

The grounded g r i d  a m p l i f i e r  i s  always very s t a b l e  but  i t s  output  impedance 

i s  very h igh  (- 40 kQ f o r  Class A l i n e a r  ope ra t ion  us ing  t h e  E i m a c  tube  

3CW30,000H3). 
impedance but must be n e u t r a l i z e d  i n  o rde r  t o  achieve  t h e  wanted s t a b i l i t y .  , 

,The grounded cathode a m p l i f i e r  o f f e r s  a r e l a t i v e l y  low output  

The n e u t r a l i z i n g  techniques  are well-known and f o r  each one t h e r e  are 

advantages and disadvantages.  

Among t h e  very many t h e  one which could o f f e r  a h igh  degree of feedback i s  

t h e  o l d  and p r a c t i c a l l y  abandoned " s p l i t  g r i d  neut ing  c i r c u i t "  t h a t  is  shown i n  

Fig.  l.* 

I 

I p p ;  -- - - 

7 '  I 
I 
I 
I 
I 
I 
I 
I 

i 

Fig. 1. S p l i t  g r i d  n e u t r a l i z e d  ampl i f i e r .  

*Fig. 1 i s  only  a f u n c t i o n a l  diagram where t h e  inpu t  and output  c i r c u i t s  ( t h e  
so-ca l led  ' e x t e r n a l  c i r c u i t s ' )  are not  shown. 
pu re ly  capac i t i ve .  
complex. 

Normally t h e  . Z  impedances are 
When t h e  g r i d  c u r r e n t  i s  not  n e g l i g i b l e  then  Zk and Z 1  becomes 
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Where the impedances Z 1  and 22 take into account C and C that are the 
Pk gP inherent capacitances of the tube. 

It is well-known that over a theoretically infinite range of frequencies a 

perfect neutralization occurs if and o n l y  if: 

If the neutralizing condition is fulfilled then the external grid and plate 
circuits are connected across the opposing vertices of a balanced bridge and, 
consequently, the circuits ignore each other. Nevertheless the tube is an 
active element and the impedances Zp; %; C1; C2 creates a negative feedback 
pattern that strongly reduces .the amplifier output impedance. 

The simplest possible equivalent scheme for the amplifier is given in Fig. 2. 

. - - -  I 
I 
I 
I 
I 
I 
I 

- 
-.c 

zx == 'K 

\ A A 1 a - - I - A - 
I 
I 

R F  DRIVING VOLTAGE L O A D  

Fig. 2. The neutralized amplifier connected 
to the load and to the driver. 
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And on Fig. 3 is drawn the equivalent scheme for calculating the amplifier output 
impedance. 

a 

LOAD 

a 

Fig. 3. Equivalent scheme for the neutralized amplifier. 
The impedance Z takes into account all the grid 
external circuitry . 

In the worst case we could assume that p = a; moreover if we assume 
Ck = c1; cp = c2 

the neutralizing condition is satisfied and the calculations are somewhat 
simpler. 

aa is as ‘folIows: 

Under the previous hypothesis the admittance seen from the terminals 

Gm + 2jwc2 
c1 Y(aa> = 

+c2 

that does not depend neither upon Z nor upon the load. This means that the 

output impedance depend upon the parallel combination of a resistor Req and a 
capacitor Ceq. 

1 + CUC2 
Gm Req = 

i 
I 
i 
i 
i 
I 

I 

i 

( 2 )  
2 

1 1 - + -  c1 c2 
Ceq = 
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It should be observed t h e  r e s i s t i v e  component i s  e f f e c t i v e  only  i f  t h e  tube i s  

“on”. This  i s  - not  t h e  case f o r  t h e  c a p a c i t i v e  component t h a t  i s  always p re sen t .  

are pure ly  c a p a c i t i v e  It can be shown t h a t  i f  t h e  impedances Zp; Zk; Z2;  Z 1 
and t h e  n e u t r a l i z i n g  cond i t ion  i s  f u l f i l l e d  then:  

c1 + Ck 
- - 

Cpt  1 + C p P  

CP + Ck 
c =  
g t  1 + % / C 1  

wbere C and C, are t h e  t o t a l  c a p a c i t i e s  t h a t  appear r e s p e c t i v e l y  on t h e  p l a t e  

and on t h e  g r i d  c i r c u i t s  whi le  C 1  i s  a r b i t r a r y  and determines t h e  degree of 

feedback we l ike  t o  in t roduce .  

normal trade-off i s  t o  make C 1  n e a r l y  equal  t o  twice t h e  value of %). 

P t  g t  

( Inc reas ing  C1 t h e  feedback i s  reduced and the 

2. The Linear  Analys is  

The t r i o d e  Eimac  3CW 30,000H3 can be l i n e a r i z e d  us ing  t h e  fo l lowing  

- parameters  : 

Anode dynamic r e s i s t a n c e  

Transconductance GIJ = 0.05 Siemens 

Grid t o  cathode capac i ty  Ck = 60 pf 

Grid t o  anode capac i ty  C = 40 pf 

p = 40052 

P 

and i n  Fig. 3 i s  g iven  t h e  a m p l i f i e r  eq. scheme prepared f o r  t h e  ECAP ac 

a n a l y s i s .  

s u r e l y  r e p r e s e n t s  t h e  worst  case ( c a v i t y  shunt  impedance - 0.8 MQ; anode ac  

vo l t age  6000 V; N = 3 3 . 8 ) .  

’ 

It should be noted t h a t  we assumed a load  of about 700 n. That 
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. The f i r s t  t h r e e  p l o t s  g ive  informat ion  f o r  t he  t r a n s f e r  func t ions .  Namely 

t h e  r a t i o  NVl/NV4 = 0.65 should be i n t e r p r e t e d  as f o ~ l o w s .  

The inpu t  impedance i s  equal  t o  - 8.6 kQ and i f  we need 6 kV on t h e  output  

w e  need a d r i v i n g  c u r r e n t  near  t o  - 1.07 amp. That means - 5. kW, while  t h e  

a m p l i f i e r  is  gene ra t ing  6 kV on 700 Q which means an  output  power Wo equa l  t o  

- 25.7 kW. 
The real vol tage  g a i n  Go should be measured between t h e  d r i v i n g  node 

(NV(2)) and t h e  d r iven  node (NV(1)) and we f i n d  Go = 12.29. 

On t h e  las t  p l o t  we have t h e  output  inpedance t h a t ,  due t o  t h e  feedback, i s  

reduced t o  54 a , .  
It should be observed t h a t  t h e  s i t u a t i o n  we have s imula ted  i s  r e a l l y  t h e  

. worst case because we assumed t h a t  t he  g r i d  c i r c u i t  is  loaded wi th  2000 Q ( s e e  

t h e  l i s t i n g  f o r  ECAP). 
Normally much l a r g e r  r e s i s t o r s  are used and t h e  i n p u t  impedance can be 

e a s i l y  r a i s e d  by a f a c t o r  of 3. 

Moreover i f  an anode vo l t age  of 10 kV i s  r equ i r ed  then  t h e  anode load  

-should  be near  t o  2000 Q. 

Consequently we conclude t h a t  i n  any case t h e  s p l i t - g r i d  n e u t r a l i z e d  

a m p l i f i e r  would be e f f e c t i v e .  

6 - Amplif ier  
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