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©  Dynodes  arrangement  for  an  electron  multiplier. 
  A  dynodes  arrangement  for  an  electron  multiplier.  It 
comprises  a  first  dynode  having  a  first  voltage  input;  a 
second  dynode  having  a  second  voltage  input;  and  a  control 
grid  positioned  between  the  first  and  second  dynodes  and 
having  a  control  voltage  input  separate  from  the  first  and 
second  voltage  inputs  of  the  first  and  second  dynodes. 



BACKGROUND  OF  THE  INVENTION 

1 .   F ie ld   of  the  I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  dynodes  arrangement   for  an  
e l ec t ron   m u l t i p l i e r .   In  p a r t i c u l a r ,   t h e  i n v e n t i o n   is  u t i l i z e d   i n  

s c i n t i l l a t i o n   gamma  cameras  for  nuc lear   d iagnos is   p u r p o s e s .  

2.  D e s c r i p t i o n   of  the  P r io r   A r t  

It  is  known  tha t   the  gain  of  p h o t o m u l t i p l i e r   tubes  (PMT's),  i n  

p a r t i c u l a r   those   which  are  u t i l i z e d   in  s c i n t i l l a t i o n   gamma  c a m e r a s ,  

changes  with  t ime.   Due  to  t h i s ,   PMT's  have  to  be  re tuned   from  t i m e  

to  t i m e .  

The  B r i t i s h   P a t e n t   A p p l i c a t i o n   2 ,067,281  desc r ibes   a  method  and 

c i r c u i t r y   for   r e t u n i n g   by  means  of  an  automatic  gain  c o n t r o l   (AGC) 

a m p l i f i e r .  

Fur ther ,   the  B r i t i s h   Patent   977,827  i l l u s t r a t e s   a  method  and  

c i r c u i t r y   fo r   r e t u n i n g   by  modifying  the  p o t e n t i a l   of  the  anode  and 

some  of  the  dynodes,   when  the  t o t a l   gain  of  the  p h o t o m u l t i p l i e r  

exceeds  a  p r e d e t e r m i n e d   value,   by  d i r e c t l y   connec t ing   t o g e t h e r   t h e  

anode  and  a  number  of  dynodes  which  are  c lo ses t   to  the  a n o d e .  

F ina l ly ,   the  European  Pa tent   App l i ca t i on   0,066,763  d e l i n e a t e s   a  

method  and  c i r c u i t r y   for  r e t un ing   by  means of  varying  the  p o t e n t i a l  

d i f f e r e n c e   between  to  ne ighbor ing   dynodes .  

However,  i t   is  a lso   p o s s i b l e   to  re tune  the  gain  of  a  p h o t o m u l t i p l i e r  



by  means  of  vary ing   the  of  high  v o l t a g e .  

The  a fo remen t ioned   two  methods,  namely  c o n t r o l l i n g   gain  in  a 

p h o t o m u l t i p l i e r   tube   for  r e t u n i n g   by  means  of  varying  t h e  

i n t e r d y n o d e   p o t e n t i a l   d i f f e r e n c e s   or  by  means  of  changing  the  h i g h  

vo l t age   are  the  e a s i e s t   methods.  However,  these  methods  have  a l s o  

some  l i m i t a t i o n s .   These  l i m i t a t i o n s   i n c l u d e   for  example 

a)  tha t   the  peak  l i n e a r   and  peak  s a t u r a t e d   output  c u r r e n t  

from  the  p h o t o m u l t i p l i e r   tube  is  reduced  in  the  reduced  g a i n  

s t a t e ;  

b)  tha t   n o n - l i n e a r   e f f e c t s   occur   as  the  gain  is  d e c r e a s e d ;  

c)  that   the  t r a n s i t   time  of  the  p h o t o m u l t i p l i e r   tube  i s  

i nc reased   as  the  gain  is  d e c r e a s e d ;   and 

d)  tha t   the  gain  changes  with  the  count  r a t e   ( e . g . ,   i n c r e a s e d  

c o u n t - r a t e - s h i f t   e f f e c t   at  d e c r e a s e d   g a i n ) .  

Page  3  of  the  b r o c h u r e   "Nuc leon ics   Data" ,   i ssued  by  J o h n s t o n  

L a b o r a t o r i e s ,   C o c k e y s v i l l e ,   Maryland  21030,  Number  JL I -605 ,  

i l l u s t r a t e s   a  dynodes  a r rangement   wherein  a  grid  is  p o s i t i o n e d  

between  each  two  n e i g h b o r i n g   dynodes.   The  grid  is  a lways 

e l e c t r i c a l l y   c o n n e c t e d   with  one  of  the  two  neighboring  dynodes .  

The  copending  a p p l i c a t i o n   S e r i a l   No.  343,207,   f i l e d   January  27 ,  

1982,  by  Dennis  E.  Persyk,   e n t i t l e d   " R a d i a t i o n   Detector   Assembly  f o r  

Genera t ing   a  Two-Dimensional   Image"  shows a  r a d i a t i o n   d e t e c t o r  

having  a  p h o t o c a t h o d e ,   an  e l e c t r o n   m u l t i p l i e r   such  as  a  m u l t i c h a n n e l  

p l a t e ,   and  a  g r id   p o s i t i o n e d   between  the  photocathode  and  t h e  

e l e c t r o n   m u l t i p l i e r .   A  f i r s t   e l e c t r i c a l   f i e l d   is  provided  be tween  



the  pho toca thode   and  the  grid  and  a  second  e l e c t r i c a l   f i e l d   i s  

provided  between  the  grid  and  the  e l e c t r o n   m u l t i p l i e r ;   whereby  t h e  

s t r e n g t h   of  the  second  e l e c t r i c a l   f i e l d   is  l a r g e r   than  the  s t r e n g t h  

of  the  f i r s t   e l e c t r i c a l   f i e l d .   Due  to  t h i s   the  impingement  area  o f  

a  packet  of  photo  e l e c t r o n s   on  the  e l e c t r o n   m u l t i p i e r   input   i s  

en la rged   and  thus ,   s i m u l t a n e o u s l y ,   the  e l e c t r o n   dens i ty   is  r e d u c e d ,  

which  in  c e r t a i n   a p p l i c a t i o n s   is  a  f a v o r a b l e   r e s u l t .  



SUMMARY  OF  THE  INVENTION 

1.  O b j e c t s  

It   i s  a n   o b j e c t   of  t h i s   i n v e n t i o n   to  p rov ide   a  dynodes  a r r angemen t  
which  a l lows  improved  t e c h n i c a l l y   simple  gain  c o n t r o l   of  an  e l e c t r o n  

m u l t i p l i e r .  

I t   is   a  f u r t h e r   o b j e c t   of  t h i s   i nven t ion   to  p rov ide   an  dynode 

a r r angemen t   w h i c h  a l l o w s   improved  t e c h n i c a l l y   simple  gain  c o n t r o l  

for   a  p h o t o m u l t i p l i e r   tube  in  a  s c i n t i l l a t i o n   gamma  camera .  

2.  S u m a r y  

According  to  t h i s   i n v e n t i o n   a  dynodes  a r rangement   for  an  e l e c t r o n  

m u l t i p l i e r   is  p rov ided   which  c o m p r i s e s :  

a)  a  f i r s t   dynode  having  a  f i r s t   v o l t a g e   i n p u t ;  

b)  a  second  dynode  having  a  second  v o l t a g e   input ;   and 

c)  a  c o n t r o l   gr id   p o s i t i o n e d   between  the  f i r s t   and  second 

dynodes  and  having  a  con t ro l   vol tage   i npu t   s epa ra te   from  t h e  

f i r s t   and  second  vo l t age   inputs   of  the  f i r s t   and  second  dynodes .  

The  c o n t r o l   gr id   a l lows   for   tuning  of  the  ga in   of  a  p h o t o m u l t i p l i e r  

tube  in  a  t e c h n i c a l l y   s imple  manner,  whereby  a l l   a fo remen t ioned  

l i m i t a t i o n s   of  the  p r i o r   a r t   do  not  any  l onge r   i n f luence   the  t u n i n g  

p r o c e s s .  



According  to  th is   i n v e n t i o n   also  a  p h o t o m u l t i p l i e r   tube  is  p r o v i d e d  

which  c o n p r i s e s :  

a)  a  p h o t o c a t h o d e ;  

b)  an-anode;  a n d  

c)  a  dynodes  a r r angemen t   between  the  photocathode  and  t h e  

anode  i n c l u d i n g  

cl)  a  f i r s t   dynode  having  a  f i r s t   vol tage  i n p u t ;  

c2)  a  second  dynode  having  a  second  voltage  input ;   and 

c3)  a  c o n t r o l   gr id  p o s i t i o n e d   between  the  f i r s t   and 

second  dynodes  and  having  a  con t ro l   voltage  input  s e p a r a t e  

from  the  f i r s t   and  second  vol tage   inputs   of  the  f i r s t   and 

second  d y n o d e s .  

Fur thermore ,   according  to  t h i s   i n v e n t i o n   a  s c i n t i l l a t i o n   gamma 

camera  is  provided  which  c o m p r i s e s :  

a)  a  s c i n t i l l a t i o n   c r y s t a l ;  

b)  a  number  of  p h o t o m u l t i p l i e r   tubes  mounted  behind  t h e  

s c i n t i l l a t i o n   c r y s t a l ,   wherein  each  p h o t o m u l t i p l i e r   tube  h a v i n g  

bl)  a  p h o t o c a t h o d e ;  

b2)  an  anode;  and 

b3)  a  dynodes  arrangement   between  the  photocathode  and 



the  anode  i n c l u d i n g  

b31)  a  f i r s t   dynode  having  a  f i r s t   vol tage   i n p u t ;  

b32)  a  second  dynode  having  a  second  vo l tage   i n p u t ;  

a n d  

b33)  a  c o n t r o l   gr id  p o s i t i o n e d   between  the  f i r s t  

and  second  dynodes  and  having  a  con t ro l   v o l t a g e  

i n p u t   s e p a r a t e   from  the  f i r s t   and  second  v o l t a g e  

i n p u t s   of  the  f i r s t   and  second  dynodes .  

The  foregoing  and  o t h e r   o b j e c t s ,   f e a t u r e s   and  advantages  of  t h e  

i nven t ion   wil l   be  a p p a r e n t   from  the  fo l lowing   more  p a r t i c u l a r  

d e s c r i p t i o n   of  p r e f e r r e d   embodiments  of  the  inven t ion ,   a s  

i l l u s t r a t e d   in  the  accompanying  d r a w i n g s .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

In  the  d r a w i n g s :  

Fig.  1  is  a  c ros s   s e c t i o n   of  a  p h o t o m u l t i p l i e r   tube  compr i s ing   a  

dynodes  a r rangement   according  to  the  i n v e n t i o n ;  

Fig.  2  is  an  en l a rgemen t   of  a  p o r t i o n   of  the  dynodes  a r rangement   i n  

the  p h o t o m u l t i p l i e r   tube  of  Fig.  1  compris ing  the  i n v e n t i o n ;   and 

Fig.  3  is  a  c ross   s e c t i o n   of  a  s c i n t i l l a t i o n   gamma  camera  i n c l u d i n g  

p h o t o n u l t i p l i e r   tubes   which  comprise  dynodes  ar rangements   a c c o r d i n g  

to  the  i n v e n t i o n .  



DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

In  Fig.  1  a  p h o t o n u l t i p l i e r   tube  10  compr ises   a  housing  12  having  an 

o p t i c a l   input   window  14.  Behind  the  i npu t   window  14  is  p o s i t i o n e d   a  

pho toca thode   16  with  the  high  vo l t age   HV.  The  anode  i s  g e n e r a l l y  

d e s i g n a t e d - b y   1 8 .  

Between  pho toca thode   16  and  anode  18  i s   placed  a  dynodes  a r r a n g e m e n t  
20  accord ing   to  the  i n v e n t i o n .   The  dynodes  arrangement  20  compr i se s  

a  number  n  (e .g .   at  l e a s t   n=4)  of  dynodes  DY1  to  DYn. 

I n t e r p o s e d   between  two  dynodes,  namely  DYi  and  DY i+1 ,  are  a 

f i r s t   screen  gr id   Gl,  a  c o n t r o l   gr id   G2  and  a  second  screen  g r i d  

G3.  The  dynodes  DY1  to  DYn  and  the  s c r een   gr ids  Gl  and  G3  between 

dynodes  DYi  and  DYi+1  are  connected  by  means  of  an  ohmic 

r e s i s t a n c e s   vo l t age   d i v i d e r   Rl  to  Rn  with  a  vol tage  supply  s o u r c e  

V.  The  c o n t r o l   grid  G2  is  also  connec ted   with  the  voltage  supp ly  

source   V  by  means  of  v a r i a b l e   ohmic  r e s i s t a n c e   ( p o t e n t i o m e t e r )   Rv. 

According  to  the  en largement   of  Fig.  2  the  dynodes  are  s o - c a l l e d  

v e n e t i a n - b l i n d   dynodes  compris ing  each  a  t r a n s p a r e n t   grid  22  a c r o s s  

i t s   top  ( e l e c t r o n - i m p i n g i n g   su r f ace )   as  is  customary  to  r e d u c e  

e l e c t r i c   f i e l d   p e n e t r a t i o n   from  the  p r e c e d i n g   dynode.  However,  i t  

is  unders tood  t ha t   i n s t e a d   also  o the r   dynode  types ,   such  a s  

b o x - a n d - g r i d ,   c i r c u l a r   cage,  mesh  dynodes ,   e t c . ,   can  be  u t i l i z e d   i n  

connec t ion   with  the  i n v e n t i o n .   The  s p a c i n g s   between  the  gr ids   Gl ,  

G2,  G3  and  the  ne ighbor ing   dynodes  DYi  and  DYi+1,  are  g e n e r a l l y  

d e s i g n a t e d   by  d l , 2 ;   d2,3;   d3,4  and  d 4 , 5 . T h e y   are  p r e f e r a b l y  

equispaced   ( d l , 2   =  d2,3  =  d3,4  =  d 4 , 5 ) .  

The  gr ids   Gl,  G2  and  G4  have-an  o p t i c a l   t r anspa rency   of  about  98% 



and  s imi l a r   e l e c t r o n   t r a n s p a r e n c y .   Photoetched  grids  would  be 

s a t i s f a c t o r y .  

The  p o t e n t i a l s   app l i ed   to  dynodes  DYi,  DYi+1  and  the  g r i d s   G1, 

G2,  G3  are  d e s i g n a t e d   VDYi,  VG1,  VG2,  VG3  abd  VDYi+1.  Norma l ly  

VDYi -  VDYi+1 =  100  v o l t s .   The  p o t e n t i a l s   appl ied  to  Gl  and  G3 

are  given  by  the  fo l lowing   e q u a t i o n s :  

Typical  p o t e n t i a l s   a r e :  

VDYi  =  -300  V 

VDYi+1  =  - 2 0 0  V  

VG1  =  -300  V -  (-100  V  x  1 / 4 )  =   -275  V 

VG3  =  -300  V -  (-100  V  x  3 / 4 )  =   -225  V 

The  "normal"  p o t e n t i a l   of  G2  in  the  middle  p o s i t i o n   of  v a r i a b l e  

ohmic  r e s i s t a n c e   Rv  is  VG2  =  -250  V. 

Grids  Gl  and  G3,  ac t ing   as  screen  gr ids ,   do  not  pe r tu rb   the  e l e c t r o n  

op t ics   of  the  i n t e rdynode   cav i ty   because  they  are  p laced   at  t h e  

p o t e n t i a l   t ha t   would  normally  e x i s t   in  t he i r   r e s p e c t i v e   p l anes   o r  

curved  s u r f a c e s .  

Now  gain  c o n t r o l   is  ob ta ined   by  varying  the  p o t e n t i a l   of  G2,  t h e  

con t ro l   g r id ,   from  i t s   "normal"  p o t e n t i a l   of  -250  v o l t s   to  a  v a l u e  

of  -300  V,  or  even  s l i g h t l y   more  negat ive   than  VDYi.  An  e l e c t r o n  

crea ted   on  dynode  DYi  has  a  f i n i t e   i n i t i a l   energy  of  5  to  10 



e l e c t r o n   vo l t s .   Thus  to  o b t a i n   maximum  c u t - o f f ,   G2  must  be  5  to  10  

v o l t s   nore  nega t ive   than  DYi  to  account  for   i n i t i a l   energy  e f f e c t s .  

It  is   known,  tha t   the  s p a c e - c h a r g e   l i m i t e d   c u r r e n t   densi ty   between  a  

p l a n a r   cathode  and  anode  has  a  maximum  o f  

While  in  normal  PMT  o p e r a t i o n   t h i s   e q u a t i o n   does  not  apply,  i t   d o e s  

become  impor tant   in  p r i o r   a r t   gain  c o n t r o l   schemes.  In  p a r t i c u l a r ,  

as  the  in t e rdynode   p o t e n t i a l   d i f f e r e n c e   is  reduced,  both  t h e  

e l e c t r o n   b a l l i s t i c s   and  the  l i n e a r i t y   of  the  p h o t o m u l t i p l i e r   t u b e s  

are  modif ied  due  to  space  charge  e f f e c t s .   The  r e s u l t s   are  t h e  

a fo rement ioned   d i s a d v a n t a g e s   of  the  p r i o r   a r t   dynodes  a r r a n g e m e n t s .  

In  a  p r io r   ar t   dynodes  a r rangement   with  an  in te rdynodes   d i s tance   o f  

for  example  d=4mm,  an  i n t e r d y n o d e   p o t e n t i a l   r e d u c t i o n   of  Vr=50V  f r o m  

the  normal  i n t e rdynode   p o t e n t i a l   d i f f e r e n c e   ΔV  =  100V,  Eo  =  8.85  x  
10-12F/m,  e  =  1.6  x  10-19C,  and  m  =  9.11  x  10-31kg  t h e  

s p a c e - c h a r g e   l i m i t e d .  c u r r e n t   dens i ty   is   i  =  5.15mA/cm2.  The 

dynamic  range  is  2 : 1 .  

In  the  dynodes  a r rangement   according   to  t h i s   i nven t ion   t h e  

space -cha rge   region  is  d2,3  =  1mm  and  Vr  =  55  V  for  c u t - o f f .   The 

space -cha rge   l im i t ed   c u r r e n t   d e n s i t y  t h e n   i s   i  =  95  mA/cm2.  Thus 

the  i nven t ion   a f fo rds   a  fa r   g r e a t e r   dynamic  range  of  gain  m o d u l a t i o n  

(20:1  or  more,  c o n t r a s t e d   to  p r io r   a r t   2:1  range) ,   plus  an  1 8 - f o l d  

improvement  in  s p a c e - c h a r g e   l i m i t e d   ( s a t u r a t i o n )   c u r r e n t .  

The  i nven t ion   also  d e c r e a s e s   the  device  t r a n s i t   time  s h i f t   as  g a i n  

is   modulated.   In  p r i o r   a r t   t h e  - p o t e n t i a l   d i f f e r e n c e   between  two 



dynodes  is  d e c r e a s e d   from  100  V  to  for  example  50  V  with  an 

acccnpanying  t r a n s i t   time  inc rease   fron  about  3  ns  to  about  5  ns .  

According  to  t h i s   i n v e n t i o n   the  d r i f t   space  over  which  the  gain  i s  

c o n t r o l l e d   is  very  narrow,  so  that  the  change  in  t r a n s i t   time  i s  

much  s m a l l e r ,   e . g . ,   l e s s   than  1  ns.  This  is  for  example  i m p o r t a n t  

in  f a s t   c o i n c i d e n c e   c i r c u i t s   of  the  kind  used  in  p o s i t r o n   ECT. 

The  most  novel  a spec t   of  t h i s   invent ion   (which  d i f f e r e n t i a t e s   i t  

from  an  o r d i n a r y   pentode)   however,  is  that   the  c o u n t - r a t e - s h i f t  

problem  is  overcome.  Any  change  in  e l ec t ron   space  c u r r e n t  

d i s t r i b u t i o n   w i th in   a  p h o t o m u l t i p l i e r   tube  causes  the  gain  to  vary  
due  to  non-un i fo rm  dynode  su r f aces   and  non-uniform  i n t e r d y n o d e  

e l e c t r o n   t r a n s f e r   e f f i c i e n c i e s .   This  is  most  s e r i o u s   in  f i r s t - p a s s  

s t u d i e s .   According  to  th i s   inven t ion ,   the  cu r r en t   is  a l t e r ed   in  a 

narrowly  conf ined   r eg ion .   Due  to  th is   the  e l e c t r o n   t r a j e c t o r i e s   a r e  

not  a l t e r e d   s i g n i f i c a n t l y .   Rather,   some  e l e c t r o n s   simply  do  no t  

t r a n s f e r   from  one  dynode  to  a n o t h e r .  

Another  advantage   of  a  dynodes  arrangement  accord ing   to  t h i s  

i nven t ion   is  t h a t   i t   may  be  used  to  gate  off  a  p h o t o m u l t i p l i e r   t u b e  

without  changing  gain  in  the  period  fol lowing  g a t i n g - o n .   This  i s  

impor tan t   in  c e r t a i n   p rocedures   using  short   h a l f - l i f e   r a d i o i s o t o p e s  

such  as  95 Au.  It  may  be  d e s i r a b l e   to  p r o t e c t   the  p h o t o m u l t i p l i e r  

tube  from  i n i t i a l l y - h i g h   anode  cu r ren t s   u n t i l   the  dose  decays  to  a 

l e s s e r   i n t e n s i t y .   With  p r io r   art  the  dynamic  range  was  too  sma l l  

(2:1)  and  a  t r a n s i s t i o n   per iod  of  varying  gain  would  accompany  a 

rapid  t r a n s i t i o n   from  " t u b e - o f f "   to  " t u b e - o n " .  

The  a f o r e d e s c r i b e d   embodiment  conpr i s ing   one  c o n t r o l   grid  and  two 

screen  g r id s   is  only  a  p r e f e r r e d   embodiment  of  t h i s   i n v e n t i o n .  

Other  i m p l e m e n t a t i o n s   compris ing  d i f f e r e n t   number  of  g r ids ,   f o r  

example  only  one  c o n t r o l   grid  or  one  con t ro l   gr id  and  one  s c r e e n  



gr id ,   are  a lso   p o s s i b l e .  

P h o t o m u l t i p l i e r   tubes  compr i s ing   a  dynodes  a r rangement   according  t o  

the  i n v e n t i o n   are  p a r t i c u l a r l y   implemented  in  s c i n t i l l a t i o n   gamma 
cameras  cf  the  Anger  type.   Such  a  s c i n t i l l a t i o n   gamma  camera  is  f o r  

example  i l l u s t r a t e d   in  Fig.  3.  The  camera  30  compr ises   a 

s c i n t i l l a t i o n   c r y s t a l   32  which  is   connected  with  a  l i g h t   c o n d u c t o r  

34  having  pads  36.  On  each  pad  36  is  mounted  a  p h o t o m u l t i p l i e r   t u b e  

10  a c c o r d i n g   to  Fig.  1.  The  canera   housing  is  g e n e r a l l y   d e s i g n a t e d  

by  38.  The  element  40  is  an  aluminum  cover  for  the  s c i n t i l l a t i o n  

c r y s t a l   3 2 .  

The  dynodes  a r rangenen t   of  t h i s   i n v e n t i o n   may  a l so   be  implemented  i n  

s i ng l e   tube   s c i n t i l l a t i o n   c a m e r a s .  

Having  thus   descr ibed   the  i n v e n t i o n   with  p a r t i c u l a r   r e f e r e n c e   to  t h e  

p r e f e r r e d   form  t h e r e o f ,   i t   w i l l   be  obvious  to  those   s k i l l e d   in  t h e  

a r t   to  which  the  i n v e n t i o n   p e r t a i n s ,   a f t e r   u n d e r s t a n d i n g   t h e  

i n v e n t i o n ,   t ha t   var ious   changes  and  m o d i f i c a t i o n s   may  be  made 

t h e r e i n   wi thou t   d e p a r t i n g   from  the  s p i r i t   and  scope  of  the  i n v e n t i o n  

as  d e f i n e d   by  the  claims  appended  h e r e t o .  



1.  A  dynodes  a r rangement   for  an  e l e c t r o n   m u l t i p l i e r ,   c o m p r i s i n g :  

a)  a  f i r s t   dynode  (DYi)  having  a  f i r s t   vol tage  i n p u t ;  

b)  a  second  dynode  (DYi +  1)  having  a  second  vol tage  i n p u t ;   and 

c)  a  con t ro l   gr id   (G2)  p o s i t i o n e d   between  the  f i r s t   and  s e c o n d  

dynodes  (DYi;  DYi +  1)  and  having  a  con t ro l   voltage  input   s e p a r a t e  
from  the  f i r s t   and  second  vo l t age   inputs   of  the  f i r s t   and  s e c o n d  

dynodes .  

2.  The  dynodes  a r rangement   acco rd ing   to  claim  1,  fu r the r   c o m p r i s i n g  

an  a d d i t i o n a l   number  of  screen  g r id s   (Gl,  G3)  pos i t i oned   between  t h e  

f i r s t   and  second  dynodes  (DYi,  DYi +  1)  and  the  cont ro l   gr id  (G2),  each  

screen  gr id  (Gl,  G3)  having  a  sc reen   gr id   vol tage  i n p u t .  

3.  The  dynodes  a r rangement   acco rd ing   to  claim  2,  f u r t h e r  

compris ing  vol tage   means  for  supp ly ing   b i a s ing   vol tages   to  the  f i r s t  

and  second  vol tage  inputs   of  the  f i r s t   and  second  dynodes,  t h e  

c o n t r o l   vol tage   input   of  the  c o n t r o l   gr id  and  the  screen  g r i d  

vo l tage   inputs   of  the  screen  g i r d s ,   wherein  the  loca t ion   of  t h e  

c o n t r o l   grid  and  each  sc reen   g r id   in  the  in terdynode  cavi ty   b e t w e e n  

the  f i r s t   and  second  dynodes  and  the  values   of  the  c o r r e s p o n d i n g  

grid  vo l t age   are  ad ju s t ed   with  r e s p e c t   to  each  other  such  t h a t   e a c h  

grid  is  placed  at  the  p o t e n t i a l   t h a t   would  normally  ex i s t   in  t h e  

r e s p e c t i v e   plane  or  curved  su r f ace   of  the  grid  l oca t ion   between  t h e  

f i r s t   and  second  dynodes .  

4.  The  dynodes  a r rangement   accord ing   to  claim  3,  f u r t h e r  

compris ing  means  connected  with  the  c o n t r o l   vol tage  input  of  t h e  



c o n t r o l   g r i d   for  varying  the  b i a s i n g   vo l t age   of  the  c o n t r o l   g r i d .  

5.  The  dynodes  arrangement  a c c o r d i n g   to  claim  2,  wherein  a  c o n t r o l  

grid  is  p l aced   between  a  f i r s t   and  a  second  screen  gr id  and  a l l  

th ree   g r i d s   are  ar ranged  between  the   f i r s t   and  second  dynodes .  

6.  The  dynodes  arrangement  a c c o r d i n g   to  claim  1,  comprising  a  

p l u r a l i t y   of  a d d i t i o n a l   dynodes  a r r a n g e d   in  p a r a l l e l   to  the  f i r s t  

and  second  d y n o d e s .  

7.  A  p h o t o m u l t i p l i e r   tube,  c o m p r i s i n g :  

a)  a  p h o t o c a t h o d e ;  

b)  an  anode;  and 

c)  a  dynodes  a r rangenen t   between  the  photocathode   and  t h e  

anode  i n c l u d i n g  

c l )   a  f i r s t   dynode  having  a  f i r s t   vo l t age   i n p u t ;  

c2)  a  second  dynode  having  a  second  vol tage   input ;   and 

c3)  a  c o n t r o l   gr id  p o s i t i o n e d   between  the  f i r s t   and 

second  dynodes  and  having,  a   c o n t r o l   vo l tage   input  s e p a r a t e  

from  the  f i r s t   and  s e c o n d  v o l t a g e   inputs   of  the  f i r s t   and 

second  dynodes .  

8.  A  s c i n t i l l a t i o n   gamma  camera,   c o m p r i s i n g  

a)  a  s c i n t i l l a t i o n   c r y s t a l ;   a n d  



b)  a  nunber  of  p h o t o m u l t i p l i e r   tubes  mounted  behind  t h e  
s c i n t i l l a t i o n   c r y s t a l ,   wherein  each  p h o t o m u l t i p l i e r   tube  hav ing  

bl)  a  p h o t o c a t h o d e ;  

b2)  an  anode;  and 

b3)  a  dynodes  arrangement  between  the  pho toca thode   and 

the  anode  i n c l u d i n g  

b31)  a  f i r s t   dynode  having  a  f i r s t   vo l tage   i n p u t ;  

b32)  a  second  dynode  having  a  second  vol tage   i n p u t ;  

and 

b33)  a  con t ro l   grid  p o s i t i o n e d   between  the  f i r s t  

and  second  dynodes  and  having  a  c o n t r o l   v o l t a g e  

input   s epa ra t e   from  the  f i r s t   and  second  v o l t a g e  

inpu t s   of  the  f i r s t   and  second  d y n o d e s .  

9.  The  dynodes  arrangement  according  to  c la im  6,  wherein  t h e  

c o n t r o l   grid  is  p o s i t i o n e d   between  a  f i r s t   and  second  dynodes  which 

are  l o c a t e d   one  half   way  along  the  p l u r a l i t y   of  dynodes .  

10.  The  dynodes  ar rangement   according  to  c la im  6,  wherein  t h e  

combina t ion   of  a  c o n t r o l   grid  and  a  number  of  s c reen   gr ids   i s  

p o s i t i o n e d   between  a  f i r s t   and  second  dynodes  which  are  l oca t ed   one 

ha l f   way  along  the  p l u r a l i t y   of  dynodes.  
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