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@  Driving  system  for  plasma  panel  display  system. 

  A  driving  system  for  a  plasma  panel  display  which  uses 
VFETs  for  output  switches  controls  the  transition  time  of  an 
output  waveform  95  to  a  constant  time.  Transformerless 
circuitry  (110,  130)  for  communicating  low  voltage  digital 
logic  signals  across  a  floating  boundary  to  VFET  control 
circuitry  is  provided.  Low  voltage  control  circuitry  (120, 140) 
is  isolated  from  high  voltage  sources  by  semiconductor 
circuitry  which  eliminates  the  need  for  transformer  isolation 
techniques.  In  an  alternative  embodiment,  the  transition  of 
an  output  waveform  is  controlled  at  a  constant  slew  rate. 



This  i n v e n t i o n   r e l a t e s   to  c i r c u i t s   for  d r i v i n g   conduc tor   a r r a y s  

in  a  plasma  d i s p l a y   s y s t e m .  

In  c o n v e n t i o n a l   AC  plasma  d i s p l a y   sys tems,   a r rays   of  p a r a l l e l  

conduc to r s   are  d i sposed   o r t h o g o n a l l y   to  each  o the r   on  o p p o s i t e   s i d e s  

of  a  gas  f i l l e d   pane l ,   the  i n t e r s e c t i o n s   of  the  conduc tor   a r r a y s  

forming  gas  c e l l s .   The  gas  c e l l s   may  be  s e l e c t i v e l y   i o n i z e d   by  

a p p l i c a t i o n   of  d i s c h a r g e   v o l t a g e s   in  order   to  produce  a  v i s u a l  

d i s p l a y   having  a  s p e c i f i c   c o n f i g u r a t i o n   and  i n f o r m a t i o n   c o n t e n t .  

When  d i s c h a r g e d ,   the  c e l l s   produce  a  wall  charge  v o l t a g e   wh ich  

combines  with  a  lower  l eve l   s u s t a i n   s i g n a l .  

Plasma  d i s p l a y   systems  are  p rov ided   with  c i r c u i t r y   for  p r o d u c i n g  

the  s u s t a i n   s i g n a l ,   composed  of  a  p e r i o d i c   v o l t a g e ,   which  is  used  t o  

c o n t i n u o u s l y   d i s c h a r g e   the  gas  c e l l s   at  a  f requency   s u f f i c i e n t   t o  

ma in t a in   the  d i s c h a r g e .   By  so  doing,   the  s p e c i f i c   c o n f i g u r a t i o n   and 

i n f o r m a t i o n   con t en t   of  the  v i s u a l   d i s p l a y   is  m a i n t a i n e d   in  i t s   t h e n  

p r e s e n t   s t a t e .   The  s u s t a i n   s i gna l   is  also  used  to  normal ize   a  w r i t e  

or  an  e rase   o p e r a t i o n .   The  peak  s u s t a i n   v o l t a g e   is  t y p i c a l l y   on  t h e  

order   of  200  v o l t s .  

The  g e n e r a t i o n   of  the  high  vo l t age   s u s t a i n   s i g n a l s   is  c o n t r o l l e d  

by  low  v o l t a g e   c i r c u i t r y   which  is  r e s p o n s i v e   to  d i g i t a l   log ic   s i g n a l s  

from  an  e x t e r n a l   p r o c e s s o r   or  c o n t r o l l e r ,   the  con t en t   of  the  d i g i t a l  

logic   s i g n a l s   being  dependent   on  the  o p e r a t i o n   r e q u i r e d   of  the  p l a s m a  

system.  Since  the  s u s t a i n   s i g n a l s   and  the  d i g i t a l   log ic   s i g n a l s   a r e  

at  d i f f e r e n t   vo l t age   l e v e l s ,   means  must  be  p rov ided   for  communica t ing  

between  these   s i g n a l s   in  order   to  ope ra te   the  plasma  system.  One 

method  of  p r o v i d i n g   such  communication  is  shown  in  US  P a t e n t s  

A-3,973,253  and  A-4,097,856  which  employ  pulse   t r a n s f o r m e r s   f o r  



communicat ing  a  low  v o l t a g e   s igna l   to  a  high  v o l t a g e   s igna l   w h i l e  

s i m u l t a n e o u s l y   p r o v i d i n g   i s o l a t i o n   between  the  high  and  low  v o l t a g e  

c i r c u i t r y .   I t   would  be  d e s i r a b l e   to  e l i m i n a t e   the  use  of  p u l s e  

t r a n s f o r m e r s   and  r e p l a c e   them  with  low  cost   semiconduc tor   c i r c u i t r y .  

One  problem  a s s o c i a t e d   with  the  use  of  plasma  d i s p l a y   systems  i s  

c o n t r o l l i n g   the  t r a n s i t i o n   t imes  of  a  swi tched  waveform  such  as  t h e  

s u s t a i n   v o l t a g e .   Techniques   are  a v a i l a b l e   for  c o n t r o l l i n g   t h e  

t r a n s i t i o n   t imes  at  low  slew  r a t e s ;   however,  i t   becomes  i n c r e a s i n g l y  

d i f f i c u l t   to  do  so  as  the  slew  r a t e s   and  o p e r a t i n g   v o l t a g e s   r e q u i r e d  

to  d r ive   an  AC  plasma  panel   d i s p l a y   system  i n c r e a s e .   The  p r o b l e m  

becomes  p a r t i c u l a r l y   pronounced  when  high  power  v e r t i c a l   f i e l d   e f f e c t  

t r a n s i s t o r s   (VFETs)  are  employed  in  the  plasma  panel   d r i v i n g  

c i r c u i t s .   High  power  VFETs  e x h i b i t   wide  bandwidth  c h a r a c t e r i s t i c s  

making  them  prone  to  o s c i l l a t i o n   i f   t h e i r   gate  dr ive   c i r c u i t r y   does  

not  have  an  even  h ighe r   f requency  r e sponse .   VFETs  also  have  a  v e r y  

high  inpu t   c a p a c i t a n c e   ( t y p i c a l l y   on  the  order   of  1200  pF)  which  

n e c e s s i t a t e s   the  use  of  low  impedance  dr ive   c i r c u i t r y .   A d d i t i o n a l l y ,  

the re   is  a  v a r i a t i o n   in  gain  from  one  device  to  a n o t h e r ,   t h u s  

r e q u i r i n g   a  d i f f e r e n t   gate  to  source  input   from  one  device  to  a n o t h e r  

in  o rder   to  ob t a in   the  same  ou tput   slew  r a t e .  

Prev ious   plasma  panel   d r i v i n g   c i r c u i t s   have  made  l i t t l e   a t t e m p t  

to  c o n t r o l   the  t r a n s i t i o n   t imes ,   i . e .   r i s e   and  f a l l   t imes ,   of  a 

swi tched   waveform  such  as  the  s u s t a i n   v o l t a g e .   I n s t e a d ,   t h e s e  

c i r c u i t s   have  been  des igned   to  p rov ide   a  t r a n s i t i o n   time  tha t   is  a s  

f a s t   as  p o s s i b l e .   In  l a rge   plasma  p a n e l s ,   very  f a s t   t r a n s i t i o n   t i m e s  

cause  high  c u r r e n t s   to  flow  through  the  system  componen t s .  

I t   is  an  o b j e c t   of  t h i s   i n v e n t i o n   to  p rov ide   d r i v i n g   c i r c u i t r y  

for  a  plasma  panel   d i s p l a y   system  which  pe rmi t s   such  t r a n s i t i o n   t i m e s  

cc  be  c o n t r o l l e d   to  avoid  u n n e c e s s a r i l y   high  c u r r e n t s .  



According  to  the  i n v e n t i o n   we  provide   a  system  for  d r i v i n g   a  

plasma  panel   d i s p l a y   device  having  a  p l u r a l i t y   of  d i s c h a r g e   c e l l s ,  

compr i s ing   a  s u s t a i n   vo l t age   source  ope rab le   s e l e c t i v e l y   to  p r o v i d e  

to  each  of  said  p l u r a l i t y   of  d i s c h a r g e   c e l l s   a  p u l s a t i n g   v o l t a g e ,  

c h a r a c t e r i s e d   in  t h a t   said  s u s t a i n   v o l t a g e   source  i nc ludes   a  f i e l d  

e f f e c t   t r a n s i s t o r   (FET)  switch  having  an  a s s o c i a t e d   c o n t r o l   c i r c u i t  

for  c o n t r o l l i n g   the  t r a n s i t i o n   time  of  said  p u l s a t i n g   v o l t a g e   to  a  

c o n s t a n t   t ime,  said  c o n t r o l   c i r c u i t   f l o a t i n g   with  the  s o u r c e  

p o t e n t i a l   of  said  FET  swi tch ,   and  in  t h a t   a  swi t ch ing   c i r c u i t   i s  

p rov ided   for  r e c e i v i n g   d i g i t a l   logic   s i g n a l s   from  an  e x t e r n a l   s o u r c e  

and  for  communicating  said  d i g i t a l   log ic   s i g n a l s   to  said  c o n t r o l  

c i r c u i t   so  as  to  ene rg i ze   said  c o n t r o l   c i r c u i t   in  response   t h e r e t o ,  

whereby  a  p u l s a t i n g   v o l t a g e   having  a  c o n s t a n t   t r a n s i t i o n   time  i s  

p rov ided   to  said  p l u r a l i t y   of  d i s c h a r g e   c e l l s   in  response   to  t h e  

input   of  said  d i g i t a l   log ic   s i g n a l s .  

We  f u r t h e r   p rov ide   a  system  as  claimed  in  Claim  1  wherein  s a i d  

c o n t r o l   c i r c u i t   means  comprises   a  c u r r e n t   source ,   said  c u r r e n t   s o u r c e  

compr is ing   a  r e s i s t o r   connected   at  one  t e r m i n a l   to  a  source  of  D.C. 

v o l t a g e   and  connected   at  the  o the r   t e r m i n a l   to  the  r e f e r e n c e   po in t   o f  

said  source  of  D.C.  v o l t a g e .  

In  an  embodiment  of  the  i n v e n t i o n ,   to  be  d e s c r i b e d   below,  t h e  

t r a n s i t i o n   of  the  s u s t a i n   waveform  is  c o n t r o l l e d   to  a  c o n s t a n t   t i m e .  

The  t r a n s i t i o n   time  is  set  to  a  c o n s t a n t   time  independen t   of  t h e  

vary ing   v o l t a g e   through  which  the  c i r c u i t r y   might  t r a n s i t .   V e r t i c a l  

F i e ld   E f f ec t   T r a n s i s t o r s   (VFETs)  are  used  as  the  ou tput   swi tches   f o r  

p r o v i d i n g   the  p e r i o d i c   s u s t a i n   vo l t age   to  the  gas  c e l l s   in  the  p l a s m a  

panel   d i s p l a y   system.  The  source  of  some  of  the  VFETs  can  f l o a t   up 
and  down  when  the  VFETs  are  not  in  use,  and  the  gate  of  these   VFETs 

remains  connected   with  i t s   source  when  the  VFET  is  not  in  use.  The 

low  vo l t age   c i r c u i t r y   used  to  dr ive   the  VFETs  also  f l o a t s   with  t h e  

source  p o t e n t i a l .  



The  t r a n s f o r m e r s   c o n v e n t i o n a l l y   used  to  communicate  d i g i t a l  

log ic   s i g n a l s   from  an  e x t e r n a l   c o n t r o l l e r   or  p r o c e s s o r   to  t h e  

f l o a t i n g   low  vo l t age   dr ive   c i r c u i t r y   are  r e p l a c e d   with  low  c o s t  

semiconduc to r   c i r c u i t r y .   In  t h i s   manner,  the  d i g i t a l   log ic   s i g n a l s  

are  communicated  d i r e c t l y   to  the  low  vo l t age   dr ive   c i r c u i t r y   across   a  

high  v o l t a g e   boundary  wi thou t   the  need  for  t r a n s f o r m e r s .  

In  an  a l t e r n a t i v e   embodiment,  the  t r a n s i t i o n   time  of  the  s u s t a i n  

waveform  is  c o n t r o l l e d   to  a  c o n s t a n t   slew  r a t e .  

The  i n v e n t i o n ,   and  the  manner  in  which  i t   may  be !pu t   i n t o  

e f f e c t ,   w i l l   be  c l e a r l y   unde r s tood   from  the  fo l lowing   d e s c r i p t i o n   o f  

the  embodiments  r e f e r r e d   to  above,  when  read  in  c o n j u n c t i o n   with  t h e  

drawings ,   in  which  : -  

Fig.  1  is  a  b lock  diagram  of  a  d r i v i n g   system  for  a  plasma  p a n e l  

d i s p l a y   system  c o n s t r u c t e d   in  accordance   with  the  p r e s e n t   i n v e n t i o n .  

Fig.  2  is  a  diagram  of  a  swi tched   waveform  such  as  one  p r o d u c e d  

by  the  i n s t a n t   i n v e n t i o n .  



F i g .   3  i s   a  s c h e m a t i c   of  a  g r o u n d   r e f e r e n c e d  

c i r c u i t   w h i c h   c o n t r o l s   t h e   f a l l   t i m e   of  t h e   o u t p u t  

w a v e f o r m   t o   a  c o n s t a n t   t i m e   a c c o r d i n g   to   t h e   p r e s e n t  
i n v e n t i o n .  

F i g .   4  i s   a  s c h e m a t i c   of   a  f l o a t i n g   r e f e r e n c e  

c i r c u i t   w h i c h   c o n t r o l s   t h e   r i s e   t i m e   of   t h e   o u t p u t  
w a v e f o r m   to   a  c o n s t a n t   t i m e   and  w h i c h   p r o v i d e s  

i s o l a t i o n   b e t w e e n   t h e   i n p u t   s w i t c h i n g   c i r c u i t   a n d  

t h e   f l o a t i n g   low  v o l t a g e   c i r c u i t r y   a c c o r d i n g   to   t h e  

p r e s e n t   i n v e n t i o n .  

F i g .   5  i s   a  s c h e m a t i c   of   a  c i r c u i t   w h i c h   c o n t r o l s  

t h e   f a l l i n g   e d g e   of   t h e   o u t p u t   w a v e f o r m   to   a  c o n s t a n t  

s l e w   r a t e   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n . '  

F i g .   6  i s   a  s c h e m a t i c   of   a  c i r c u i t   w h i c h   c o n t r o l s  

t h e   r i s i n g   e d g e   of   t h e   o u t p u t   w a v e f o r m   to   a  c o n s t a n t  

s l e w   r a t e   and  w h i c h   p r o v i d e s   i s o l a t i o n   b e t w e e n   t h e  

i n p u t   s w i t c h i n g   c i r c u i t   and   t h e   f l o a t i n g   low  v o l t a g e  

c i r c u i t r y   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n .  

F i g .   7  i s   a  s c h e m a t i c   of  a  c i r c u i t   a c c o r d i n g   t o  

t h e   i n s t a n t   i n v e n t i o n   w h i c h   i n c o r p o r a t e s   i s o l a t i o n  

b e t w e e n   t h e   low  v o l t a g e   d r i v i n g   c i r c u i t r y   and  t h e  

h i g h   v o l t a g e   o u t p u t   c i r c u i t r y .  

F i g .   8  i s   a  s c h e m a t i c   of   a  c o m p l e t e   d r i v i n g  

s y s t e m   f o r   a  p l a s m a   p a n e l   d i s p l a y   s y s t e m   w h i c h   u s e s  

t h e   c i r c u i t s   of   t h e   p r e s e n t   i n v e n t i o n .  

B e s t   Mode  f o r   C a r r y i n g   Out  t h e   I n v e n t i o n :  

R e f e r r i n g   to   F i g .   1,  t h e   d r i v i n g   s y s t e m   20  o f  

t h e   p r e s e n t   i n v e n t i o n   c o n t a i n s   s w i t c h i n g   c i r c u i t r y  

12  f o r   r e c e i v i n g   d i g i t a l   l o g i c   s i g n a l s   ( t y p i c a l l y  

TTL  l e v e l s   a r e   u s e d l   f r o m   an  e x t e r n a l   c o n t r o l l e r   1 1  

or   an  e x t e r n a l   p r o c e s s o r   ( n o t   s h o w n ) .   T h e s e   l o g i c  

s i g n a l s   a r e   u s e d   o n l y   f o r   c o n t r o l   p u r p o s e s ;   i . e . ,   t o  

c o n t r o l   t h e   s u s t a i n   o p e r a t i o n   of   t h e   p l a s m a   p a n e l .  

They   do  n o t   p r o v i d e   i n f o r m a t i o n   w h i c h   i s   to   b e  

d i s p l a y e d   on  t h e   s c r e e n   of   t h e   p l a s m a   p a n e l .  



S w i t c h i n g   c i r c u i t r y   12  r e c e i v e s   t h e   i n c o m i n g  

d i g i t a l   l o g i c   s i g n a l s   and   t h e n   c o m m u n i c a t e s   t h e  

i n f o r m a t i o n   p r o v i d e d   by  t h e s e   s i g n a l s   to   c o n t r o l  

c i r c u i t r y   13.  I t   i s   c o n t r o l   c i r c u i t r y   13  w h i c h   s e t s  

t h e   t r a n s i t i o n   t i m e   of   t h e   s u s t a i n   w a v e f o r m   w h i c h   i s  

p r o v i d e d   by  VFET  o u t p u t   14  to   g a s   c e l l s   1 6 .  

C o n t r o l   c i r c u i t r y   13  c o m p r i s e s   low  v o l t a g e   g a t e  
d r i v e   c i r c u i t r y   f o r   d r i v i n g   t h e   g a t e   of   VFET  14,   a  

c u r r e n t   s o u r c e ,   and  g a t e   i s o l a t i o n   c i r c u i t r y   f o r  

i s o l a t i n g   h i g h   v o l t a g e   s o u r c e   15  f r o m   t h e   l o w  

v o l t a g e   g a t e   d r i v e   c i r c u i t r y .   T h e s e   f u n c t i o n s   w i l l  

be  e x p l a i n e d   in   more   d e t a i l   w i t h   r e l a t i o n   t o   F i g s .  

3 - 7 .   1 

An  e x a m p l e   of   t h e   s u s t a i n   w a v e f o r m   w h i c h   i s  

p r o v i d e d   by  VFET  o u t p u t   14  to   gas   c e l l s   16  i s  

shown  in   F i g .   2.  As  d e s c r i b e d   more   f u l l y   in   U . S .  

P a t e n t   4 , 2 6 3 , 5 3 4   (IBM  D o c k e t   K I 9 - 7 9 - 0 0 5 ) ,   200  v o l t  

VFETs  h a v i n g   c h a r a c t e r i s t i c s   w h i c h   make  t h e   d e v i c e s  

u s e a b l e   in   p l a s m a   p a n e l s   a r e   n o t   r e a d i l y   a v a i l a b l e .  

T h u s ,   t o   o b t a i n   a  200  v o l t   p e a k - t o - p e a k   w a v e f o r m ,  

c i r c u i t r y   m u s t   be  d e s i g n e d   c o n t a i n i n g   two  s t a g e s  
w i t h   e a c h   s t a g e   e m p l o y i n g   100  v o l t   VFETs.   The  f i r s t  

s t a g e   p r o v i d e s   a  0 - 1 0 0   v o l t   p e a k - t o - p e a k   s w i n g   a s  

shown  by  p o i n t s   17  and  18  in   t h e   s u s t a i n   w a v e f o r m  

shown  in   F i g .   2.  The  o u t p u t   of   t h e   f i r s t   s t a g e   i s  

t h e n   i n p u t   to   t h e   s e c o n d   s t a g e   so  t h a t   t h e   s e c o n d  

s t a g e   w i l l   p r o v i d e   a  v o l t a g e   s w i n g   f r o m   100  to   2 0 0  

v o l t s   as  shown  by  p o i n t s   18  and  19  in   F i g .   2.  T a k e n  

t o g e t h e r ,   t h e   two  s t a g e   c i r c u i t r y   p r o v i d e s   a  2 0 0  

v o l t   p e a k - t o - p e a k   w a v e f o r m .  

The  t e r m   " t r a n s i t i o n   t i m e "   as  d e f i n e d   h e r e i n  

r e f e r s   to   e i t h e r   t h e   r i s e   t i m e   or   t h e   f a l l   t i m e .  

The  r i s e   t i m e s   t h a t   a r e   c o n t r o l l e d   by  t h e   p r e s e n t  

i n v e n t i o n   a r e   t h e   r i s e   t i m e s   of  t h e   i n d i v i d u a l  

s t a g e s ,   i . e . ,   t h e   c i r c u i t s   d i s c l o s e d   h e r e i n   c o n t r o l  



t h e   r i s e   t i m e   of   t h e   s u s t a i n   w a v e f o r m   f r o m   0 - 1 0 0  

v o l t s ,   c o r r e s p o n d i n g   to   t h e   f i r s t   s t a g e   of  a  0 - 2 0 0  

v o l t   c i r c u i t   and  f r o m   1 0 0 - 2 0 0   v o l t s ,   c o r r e s p o n d i n g  

to   t h e   s e c o n d   s t a g e   of   a  0 - 2 0 0   v o l t   c i r c u i t .   R i s e  

t i m e ,   as  d e f i n e d   h e r e i n ,   i s   t h e   t i m e   i t   t a k e s   f o r   a  

w a v e f o r m   to   r i s e   f r o m   10%  of   i t s   maximum  v a l u e   t o  

90%  of   i t s   maximum  v a l u e . . L i k e w i s e ,   t h e   f a l l   t i m e s  

t h a t   a r e   c o n t r o l l e d   by  t h e   p r e s e n t   i n v e n t i o n   a r e   t h e  

f a l l   t i m e s   of  t h e   i n d i v i d u a l   s t a g e s .   F a l l   t i m e ,   a s  
d e f i n e d   h e r e i n ,   i s   t h e   t i m e   i t   t a k e s   f o r   a  w a v e f o r m  

to   f a l l   f r o m   90%  of   i t s   maximum  v a l u e   t o   10%  of  i t s  

maximum  v a l u e .  

Two  o t h e r   t e r m s ,   " r i s i n g   e d g e "   and  " f a l l i n g  

e d g e " ,   r e f e r   to   t h e   l e a d i n g   and  t r a i l i n g   e d g e s   o f  

t h e   s i g n a l s   w h i c h   r i s e   and   f a l l   r e s p e c t i v e l y .   T h e  

r i s i n g   e d g e   i s   t h a t   p a r t   of  t h e   w a v e f o r m   t h a t   b e g i n s  

a t   t h e   l o w e s t   p o i n t   on  t h e   w a v e f o r m   and  e n d s   a t   t h e  

h i g h e s t   p o i n t ;   t h e   f a l l i n g   e d g e   i s   t h a t   p a r t   of   t h e  

w a v e f o r m   t h a t   b e g i n s   a t   t h e   h i g h e s t   p o i n t   on  t h e  

w a v e f o r m   and  e n d s   a t   t h e   l o w e s t   p o i n t .   The  r i s i n g  

e d g e   has   a  p o s i t i v e   s l o p e   w h i l e   t h e   f a l l i n g   e d g e   h a s  

a  n e g a t i v e   s l o p e .  

F i g .   3  i s   a  s c h e m a t i c   of  a  c i r c u i t   w h i c h   e n a b l e s  

t h e   f a l l   t i m e   of   a  s w i t c h e d   w a v e f o r m   to   be  c o n t r o l l e d  

t o   a  c o n s t a n t   t i m e .   The  s o u r c e   of   VFET  26  i s   c o n n e c t e d  

to   g r o u n d   p o t e n t i a l ,   w h i l e   t h e   d r a i n   i s   c o n n e c t e d   t o  

t h e   o u t p u t   t e r m i n a l   28.   When  t h e   b a s e   of  t r a n s i s t o r  

25  i s   h e l d   l ow ,   t r a n s i s t o r   23  t u r n s   on  and  d r i v e s  

t h e   g a t e   of  VFET  26,   t h u s   t u r n i n g   t h e   d e v i c e   ON. 

When  t h e   b a s e   of   t r a n s i s t o r   25  g o e s   h i g h ,   i t   i s  

t u r n e d   ON.  By  so  d o i n g ,   t h e   b a s e   of   t r a n s i s t o r   2 3  

i s   p u l l e d   down  to   a p p r o x i m a t e l y   g r o u n d   p o t e n t i a l  

t u r n i n g   t r a n s i s t o r   23  OFF,  t h u s   r e m o v i n g   t h e   d r i v e  

c u r r e n t   to   t h e   g a t e   of  VFET  26,   w h e r e b y   VFET  26  i s  

t u r n e d   OFF.  S w i t c h   27  r e p r e s e n t s   a  c o n n e c t i o n   t o  



a n o t h e r   c i r c u i t   w h i c h   w i l l   be  d i s c u s s e d   in   d e t a i l   i n  

r e l a t i o n   to   F i g .   8 .  

The  c u r r e n t   u s e d   to   d r i v e   t h e   g a t e   o f   VFET  2 6  

i s   p r o v i d e d   f r o m   a  c u r r e n t   s o u r c e   c o n s i s t i n g   o f  

r e s i s t o r   21  c o n n e c t e d   b e t w e e n   t h e   h i g h   v o l t a g e  

s u p p l y   V   ( t y p i c a l l y   100  v o l t s )   and  a p p r o x i m a t e l y  

g r o u n d   p o t e n t i a l .   S i n c e   t h e   v a l u e   of   h i g h   v o l t a g e  

s u p p l y   V   w i l l   t y p i c a l l y   f l u c t u a t e ,   t h e   c u r r e n t  

s o u r c e   w i l l   l i k e w i s e   v a r y   as  t h e   v a l u e   of   V .   T h e  

s e c o n d   t e r m i n a l   o f   r e s i s t o r   21  i s   c o n n e c t e d   to   t h e  

b a s e   of   t r a n s i s t o r   23  w h e r e b y   t h i s   t e r m i n a l   w i l l  

t h u s   be   a b o v e   g r o u n d   p o t e n t i a l   by  an  a m o u n t   e q u a l   t o  

t h e   b a s e - e m i t t e r   v o l t a g e   of   t r a n s i s t o r   23  p l u s   a n  

a m o u n t   d e p e n d e n t   on  t h e   t r a n s c o n d u c t a n c e ,   gm,  o f  

VFET  26.   As  t h e   t r a n s c o n d u c t a n c e   o f   VFET  26  c h a n g e s ,  

t h e   g a t e   to   s o u r c e   v o l t a g e   c h a n g e s .   N o t e   t h a t   t h e  

t r a n s c o n d u c t a n c e ,   gm  may  be  a p p r o x i m a t e d   as  t h e   g a i n  

of   VFET  26  c o n t a i n i n g   a  t e r m   d e p e n d e n t   on  t h e   g a t e  

to   s o u r c e   v o l t a g e .   As  t h e   g a t e   to   s o u r c e   v o l t a g e  

c h a n g e s ,   t h e   v o l t a g e   a c r o s s   r e s i s t o r   21  c h a n g e s   a n d  

l i k e w i s e   t h e   c u r r e n t   t h r o u g h   r e s i s t o r   21 .   C o m p a r e d  

to   t h e   v a l u e   of   t h e   h i g h   v o l t a g e   s u p p l y ;   i . e . ,   1 0 0  

v o l t s ,   t h i s   c h a n g e   in   v o l t a g e   i s   n e g l i g i b l e .  

The  c u r r e n t   s u p p l i e d   by  t h i s   c u r r e n t   s o u r c e  

w i l l   be  s p l i t   b e t w e e n   t h e   b a s e   of   t r a n s i s t o r   23  a n d  

c a p a c i t o r   22.  As  o u t p u t   n o d e   28  moves   t o w a r d   g r o u n d  

p o t e n t i a l ,   c a p a c i t o r   22  b e g i n s   t o   d r a w   more   c u r r e n t  

f r o m   t h e   b a s e   o f   t r a n s i s t o r   23.  In  t h i s   m a n n e r ,   t h e  

c u r r e n t   t h r o u g h   c a p a c i t o r   22  a c t s   as  a  f e e d b a c k  

c o n t r o l   to   r e g u l a t e   t h e   a m o u n t   of   d r i v e   c u r r e n t  

s u p p l i e d   to   t h e   g a t e   of   VFET  26.  The  f e e d b a c k  

c u r r e n t   u s e d   to   c o n t r o l   d r i v e   c u r r e n t   to   t h e   g a t e   o f  

VFET  26  i s   e q u a l   to   t h e   v a l u e   of  c a p a c i t o r   22  m u l t i p l i e d  

by  t h e   c h a n g e   in   v o l t a g e   w i t h   t i m e ,   i . e . ,   I  =  C  d v .  

The  v a l u e   of   c a p a c i t o r   22  i s   a  c o n s t a n t .   As  d t  

n o t e d   a b o v e ,   t h e   s u p p l y   c u r r e n t   i s   a  f u n c t i o n   o f  



s u p p l y   v o l t a g e   Vs,  n a m e l y   V s / R ,   w h e r e   R  i s   t h e   v a l u e  

of   r e s i s t o r   21.  S i n c e   t h e   g a i n   of   t r a n s i s t o r   23  i s  

c h o s e n   to   be  q u i t e   h i g h ,   t h e   v a l u e   of   t h e   b a s e  

c u r r e n t   s u p p l i e d   to   t r a n s i s t o r   23  w i l l   be  s m a l l  

c o m p a r e d   to   t h e   c u r r e n t   d r a w n   by  c a p a c i t o r   22.   As  a  

good   a p p r o x i m a t i o n ,   t h e   c u r r e n t   t h r o u g h   r e s i s t o r   2 1  

w i l l   be  e q u a l   to   t h e   c u r r e n t   t h r o u g h   c a p a c i t o r   2 2 .  

S u b s t i t u t i n g   t h e   v a l u e   of   t h e   c u r r e n t   t h r o u g h   r e s i s t o r  

21  i n t o   t h e   a b o v e   e q u a t i o n   g i v e s   V s / R   =  C  dv .   I f  

dv  now  r e p r e s e n t s   a  t r a n s i t i o n   t h r o u g h   t h e  e n t i r e   V  

r a n g e ,   t h e n   dv  =  V   and   t h u s   d t   =  R  x  C,  w h e r e   C  i s  

t h e   v a l u e   of  c a p a c i t o r   22.   Thus   t h e   r i s e   t i m e   o f  

t h e   o u t p u t   v o l t a g e   i s   s e t   to   a  c o n s t a n t   t i m e   w h i c h  

i s   i n d e p e n d e n t   of  t h e   v a r y i n g   v o l t a g e   t h r o u g h   w h i c h  

t h e   c i r c u i t   m i g h t   t r a n s i t .  

F i g .   4  i s   a  m o d i f i e d   v e r s i o n   of   t h e   f a l l   t i m e  

c o n t r o l   c i r c u i t r y   of   F i g .   3,  w h i c h   a l s o   i n c o r p o r a t e s  

s w i t c h i n g   c i r c u i t r y   12  f o r   r e c e i v i n g   d i g i t a l   l o g i c  

s i g n a l s   f r o m   an  e x t e r n a l   c o n t r o l l e r   or   p r o c e s s o r   v i a  

t e r m i n a l   31.  T r a n s i s t o r s   34  and  35  p e r f o r m   t h e   s a m e  

f u n c t i o n s   as  t r a n s i s t o r s   23  and   25  in   F i g   3,  w h i l e  

r e s i s t o r   46  and  c a p a c i t o r   42  p e r f o r m   t h e   s a m e  

f u n c t i o n s   as  r e s i s t o r   21  and  c a p a c i t o r   22  in   F i g .   3 .  

The  g a i n   of   t r a n s i s t o r   34  t e n d s   to   be  s m a l l ,   s o  

t r a n s i s t o r   36  i s   a d d e d   t o   b o o s t   t h e   g a i n   of   t r a n s i s t o r  

34.   In  t h i s   m a n n e r ,   s u f f i c i e n t   c u r r e n t   i s   s u p p l i e d  

to   t h e   g a t e   of   VFET  30  t o   t u r n   t h a t   d e v i c e   ON.  I n  

t h i s   c i r c u i t ,   t h e   s o u r c e   of   VFET  30  i s   o u t p u t   t e r m i n a l  

45.  C a p a c i t o r   44,   w h i c h   h a s   a p p r o x i m a t e l y   t h e  

s u p p l y   v o l t a g e   Vs  a c r o s s   i t   and  r e s i s t o r   46,   p r o v i d e s  

a  c u r r e n t   s o u r c e   e q u a l   t o   Vs  v o l t s   d i v i d e d   by  t h e  

v a l u e   of   r e s i s t o r   46.  In  a c t u a l i t y ,   r e s i s t o r   46  h a s  

one   t e r m i n a l   c o n n e c t e d   to   a  f i r s t   t e r m i n a l   of   c a p a c i t o r  

44  and  t h e   o t h e r   t e r m i n a l   c o n n e c t e d   to   t h e   b a s e   o f  

t r a n s i s t o r   36  w h e r e b y   t h e   b a s e   of  t r a n s i s t o r   36  



s e r v e s   as  t h e   r e f e r e n c e   p o i n t   w i t h   r e s p e c t   to   t h e  

v o l t a g e   a c r o s s   r e s i s t o r   46.   S w i t c h   29  r e p r e s e n t s   a  
c o n n e c t i o n   to   a n o t h e r   c i r c u i t   w h i c h   w i l l   be  e x p l a i n e d  
in   more   d e t a i l   in   r e l a t i o n   t o   F i g .   8 .  

S w i t c h i n g   c i r c u i t r y   12  in   F i g .   4  c o m p r i s e s  

i n v e r t e r   32  and  t r a n s i s t o r   33  w h i c h   i s   c o n n e c t e d   i n  

t h e   common  b a s e   c o n f i g u r a t i o n   s u c h   t h a t   t h e   s o u r c e  
of   VFET  30  f l o a t s   when  t h e   d e v i c e   i s   n o t   b e i n g   u s e d .  

The  s o u r c e   v o l t a g e   f l o a t s   up  and  down  b e t w e e n   0  a n d  

V   v o l t s   when  t h e   d e v i c e   i s   n o t   in   u s e   w h e r e b y   t h e  

c o n t r o l   c i r c u i t r y   w h i c h   d r i v e s   VFET  30  m u s t   a l s o  

f l o a t .   T h e r e f o r e ,   d i g i t a l   l o g i c   s i g n a l s   m u s t   b e  

c o m m u n i c a t e d   a c r o s s   a  f l o a t i n g   b o u n d a r y .   A l t h o u g h  

shown  h e r e   as  an  i n v e r t e r   in   t h e   p r e f e r r e d   e m b o d i m e n t ,  

any  t y p e   o f   l o g i c   g a t e   may  be  u s e d   to   r e c e i v e   t h e  

d i g i t a l   l o g i c   s i g n a l s   a t   i n p u t   n o d e   3 1 .  

T r a n s i s t o r   33  f u n c t i o n s   as  a  s w i t c h e d   c u r r e n t  

s o u r c e   to   c o m m u n i c a t e   t h e   d i g i t a l   l o g i c   s i g n a l s  

( t y p i c a l l y ,   TTL  r e f e r e n c e d   to   g r o u n d )   up  to   t h e  '  

f l o a t i n g   r i s e   t i m e   c o n t r o l   c i r c u i t r y .   When  an  u p  
l e v e l   s i g n a l   i s   a p p l i e d   t o   i n v e r t e r   32  a t   t e r m i n a l  

31 ,   t r a n s i s t o r   33  t u r n s   ON.  T h i s ,   in   t u r n ,   h o l d s  

t r a n s i s t o r   35  OFF,  a l l o w i n g   e n o u g h   of   t h e   c u r r e n t  

t h r o u g h   r e s i s t o r   39  t o   be  d i r e c t e d   to   t h e   b a s e   o f  

t r a n s i s t o r   34  so  as  t o   t u r n   t h a t   d e v i c e   ON.  By  s o  

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

g a t e   o f   VFET  30  to   t u r n   t h e   d e v i c e   ON. 

F i g .   5  i s   a  s c h e m a t i c   o f   a  c i r c u i t   t h a t   e n a b l e s  

t h e   f a l l i n g   e d g e   of  a  s w i t c h e d   w a v e f o r m   t o   be  c o n t r o l l e d  

to   a  c o n s t a n t   s l e w   r a t e .   The  s o u r c e   o f   VFET  51  i s  

c o n n e c t e d   t o   g r o u n d   p o t e n t i a l ,   w h i l e   t h e   d r a i n  

s e r v e s   as  o u t p u t   t e r m i n a l   57.  When  t h e   b a s e   o f  

t r a n s i s t o r   55  i s   h e l d   l o w ,   t r a n s i s t o r   54  t u r n s   o n  

and   d r i v e s   t h e   g a t e   of  VFET  51,  t h u s   t u r n i n g   t h a t  

d e v i c e   ON.  When  t h e   b a s e   of   t r a n s i s t o r   55  g o e s  



h i g h ,   i t   i s   t u r n e d   ON.  By  so  d o i n g ,   t h e   b a s e   o f  

t r a n s i s t o r   54  i s   p u l l e d   down  to   a p p r o x i m a t e l y  

g r o u n d   p o t e n t i a l   t u r n i n g   t r a n s i s t o r   54  OFF,  t h u s  

p r o v i d i n g   no  d r i v e   c u r r e n t   to   t h e   g a t e   of   VFET  5 1 .  

The  s l e w   r a t e   dv ,   i . e . ,   t h e   c h a n g e   in   t h e  
d t  

o u t p u t   v o l t a g e   a t   t e r m i n a l   57  w i t h   t i m e ,   i s   e q u a l   t o  

t h e   f e e d b a c k   c u r r e n t   u s e d   t o   d r i v e   t h e   g a t e   d r i v e  

c i r c u i t r y   of  VFET  51  d i v i d e d   by  t h e   v a l u e   of   c a p a c i t o r  

53.   The  c u r r e n t   u s e d   t o   d r i v e   VFET  51  i s   p r o v i d e d  

f r o m   a  c o n s t a n t   c u r r e n t   s o u r c e   52.  The  v a l u e   o f  

c a p a c i t o r   53  i s   f i x e d .   S i n c e   t h e   v a l u e   of   t h e  

c u r r e n t   s u p p l i e d   to   t h e   g a t e   c o n t r o l   c i r c u i t r y   o f  

VFET  51  i s   c o n s t a n t ,   t h e n   t h e   s l e w   r a t e   dv  w i l l   b e  
d t  

c o n s t a n t .   T h i s   m e a n s   t h a t   t h e   f a l l i n g   e d g e   of   t h e  

o u t p u t   v o l t a g e ,   i . e . ,   t h e   s u s t a i n   w a v e f o r m ,   i s  

c o n t r o l l e d   a t   a  c o n s t a n t   s l e w   r a t e .   Thus  t h e   f a l l i n g  

e d g e   of   t h e   s u s t a i n   w a v e f o r m   w i l l   be  f i x e d   to   a  

c o n s t a n t   s l e w   r a t e ,   i . e . ,   h a v e   a  c o n s t a n t   s l o p e   e v e n  

when  t h e   o u t p u t   v o l t a g e   c h a n g e s   v a l u e .   An  i n c r e m e n t a l  

c h a n g e   in   dv  w i l l   be  o f f s e t   by  an  i n c r e m e n t a l   c h a n g e  

in   d t   so  as  to   m a i n t a i n   a  c o n s t a n t   d v / d t   v a l u e .  

F i g .   6  i s   a  m o d i f i e d   v e r s i o n   of   t h e   f a l l i n g  

e d g e   c o n t r o l   c i r c u i t r y   of   F i g .   5  w h i c h   a l s o   i n c o r p o r a t e s  

s w i t c h i n g   c i r c u i t r y   12  f o r   r e c e i v i n g   d i g i t a l   l o g i c  

s i g n a l s   f rom  an  e x t e r n a l   c o n t r o l l e r   or  p r o c e s s o r .  
T r a n s i s t o r s   73  and  78  p e r f o r m   t h e   same  f u n c t i o n s   a s  

t r a n s i s t o r s   54  and  55  in  F i g .   5  to   s u p p l y   s u f f i c i e n t  

c u r r e n t   t o   t h e   g a t e   of  VFET  61  to   t u r n   t h a t   d e v i c e  

ON.  In  t h i s   c i r c u i t ,   t h e   s o u r c e   of   VFET  61  i s   t h e  

o u t p u t   t e r m i n a l   62.  The  o p e r a t i o n   of   t h e   s w i t c h i n g  

c i r c u i t r y   12  in   F i g .   6  i s   i d e n t i c a l   to   t h a t   e x p l a i n e d  

h e r e t o f o r e   in   r e l a t i o n   to   F i g .   4 .  

The  c i r c u i t   of  F i g .   6  has   a  c o n s t a n t   c u r r e n t  

s o u r c e   d i f f e r e n t   t h a n   t h e   c u r r e n t   s o u r c e   u s e d   i n  

F i g .   4.  When  t r a n s i s t o r   78  i s   t u r n e d   ON  ( h o l d i n g  



VFET  61  OFF)  and   t h e   s o u r c e   o f   VFET  61  i s   a t   g r o u n d ,  

c a p a c i t o r   68  i s   c h a r g e d  f r o m   Vcc  t h r o u g h   d i o d e s   67  

and   72  to   a  D.C.   v o l t a g e   l e v e l   e q u a l   to   Vcc  m i n u s  

t h e   v o l t a g e   d r o p s   a c r o s s   d i o d e s   67  and  72  and  t h e  

s a t u r a t i o n   v o l t a g e   of   t r a n s i s t o r   78.   When  t r a n s i s t o r  

73  i s   t u r n e d   ON,  t h e   c h a r g e   on  c a p a c i t o r   68  i s  

d r i v e n   up  by  t h e   e m i t t e r   of  t r a n s i s t o r   73  w h e r e b y  

t h e   c u r r e n t   t h r o u g h   r e s i s t o r   69  i s   e q u a l   to   t h e  

v o l t a g e   a c r o s s   c a p a c i t o r   68  m i n u s   t h e   b a s e - e m i t t e r  

v o l t a g e   of   t r a n s i s t o r   77  p l u s   t h e   b a s e - e m i t t e r  

v o l t a g e   of   t r a n s i s t o r   73 ,   d i v i d e d   by  t h e   v a l u e   o f  

r e s i s t o r   69.  S i n c e   t h e   b a s e - e m i t t e r   v o l t a g e s   o f  

t r a n s i s t o r s   73  and   77  a r e   a p p r o x i m a t e l y   e q u a l ,   t h e  

c u r r e n t   t h r o u g h   r e s i s t o r   69  i s   e q u a l   to   t h e   v o l t a g e  

a c r o s s   c a p a c i t o r   68  d i v i d e d   by  t h e   v a l u e   of   r e s i s t o r  

69.   In  t h i s   m a n n e r ,   a  c o n s t a n t   c u r r e n t   s o u r c e   i s  

c r e a t e d .  

The  c i r c u i t   shown  in   F i g .   7  i s   a  m o d i f i c a t i o n  

of   t h e   c i r c u i t   in   F i g .   3  w h i c h   a d d i t i o n a l l y   e n c o m p a s s e s  

g a t e   c o n t r o l   i s o l a t i o n   c i r c u i t r y   f o r   i s o l a t i n g   t h e  

low  v o l t a g e   g a t e   c o n t r o l   c i r c u i t r y   f rom  a  h i g h  

v o l t a g e   s o u r c e .   The  d r a i n   of   VFET  82  i s   t h e   o u t p u t  
t e r m i n a l   93.  When  s w i t c h   92  i s   in   t h e   V   p o s i t i o n ,  

d i o d e   87  i s   r e v e r s e   b i a s e d   and  p r o v i d e s   i s o l a t i o n  

b e t w e e n   t h e   h i g h   v o l t a g e   V   and  t h e   low  v o l t a g e   g a t e  

d r i v e   c i r c u i t r y   w h i c h   c o m p r i s e s   t r a n s i s t o r s   83,   8 4 ,  

and   85  as  w e l l   as  t h e   c u r r e n t   s o u r c e   f o r m e d   by  t h e  

c o n n e c t i o n   of   r e s i s t o r   81  b e t w e e n   v o l t a g e   s u p p l y   V  
and  t h e   b a s e   of   t r a n s i s t o r   84.   At  t h i s   t i m e ,   i t   i s  

d e s i r e d   to   h o l d   VFET  82  OFF  w h i c h   r e q u i r e s   k e e p i n g  

t h e   g a t e   of  VFET  82  f r o m   r e a c h i n g   a  v o l t a g e   l e v e l  

s u f f i c i e n t   to   t u r n   t h e   d e v i c e   ON.  The  g a t e   v o l t a g e  

of   VFET  82  e q u a l s   t h e   sum  of   t h e   s o u r c e   v o l t a g e   o f  

VFET  82,   t h e   b a s e - e m i t t e r   v o l t a g e   of   t r a n s i s t o r   8 9 ,  

and   t h e   v o l t a g e   a c r o s s   r e s i s t o r   91.  The  o n l y   one   o f  



t h e s e   t e r m s   t h a t   i s   c o n t r o l l a b l e   i s   t h e   v o l t a g e  

a c r o s s   r e s i s t o r   91.  I t   w o u l d   be  p r o h i b i t i v e l y  

d i f f i c u l t   to   make  a . r e s i s t o r   w i t h   s u c h   a  low  r e s i s t a n c e  

t h a t   t h e   v o l t a g e   d e v e l o p e d   a c r o s s   i t   w o u l d   be  s m a l l  

e n o u g h   to   h o l d   VFET  82  OFF.  S i n c e   d i o d e   88  i s  

r e v e r s e   b i a s e d ,   t h e   c u r r e n t   t h r o u g h   r e s i s t o r   91  

c o n s i s t s   e n t i r e l y   of  t h e   b a s e   c u r r e n t   of   t r a n s i s t o r  

89.   S i n c e   t h e   e m i t t e r   c u r r e n t   of   a  t r a n s i s t o r   i s  

e q u a l   to   t h e   g a i n   of  t h e   t r a n s i s t o r   t i m e s   t h e   b a s e  

c u r r e n t   of   t h e   t r a n s i s t o r ,   t h e   v o l t a g e   d e v e l o p e d  

a c r o s s   r e s i s t o r   91  i s   e q u a l   t o   t h e   e m i t t e r   c u r r e n t  

of   t r a n s i s t o r   89  t i m e s   t h e   v a l u e   of  r e s i s t o r   9 1  

d i v i d e d   by  t h e   g a i n   of   t r a n s i s t o r   89.   By  c h o o s i n g   a  

l a r g e   e n o u g h   g a i n   f o r   t r a n s i s t o r   89 ,   t h e   v o l t a g e  

a c r o s s   r e s i s t o r   91  can   be  k e p t   a t   a  low  l e v e l   w i t h o u t  

r e q u i r i n g   t h e   v a l u e   of   r e s i s t o r   91  t o   be  p r o h i b i t i v e l y  

s m a l l .  

When  s w i t c h   92  i s   in   t h e   g r o u n d   p o s i t i o n ,   b o t h  

d i o d e s   87  and  88  a r e   f o r w a r d   b i a s e d   so  t r a n s i s t o r   89  

i s   h e l d   o f f .   At  t h i s   t i m e ,   t h e   c i r c u i t   f u n c t i o n s  

t h e   same  as  t h e   one   d e s c r i b e d   in   r e l a t i o n   to   F i g .   3 .  

F i g .   8  shows   a  c o m p l e t e   e m b o d i m e n t   of   a  d r i v i n g  

s y s t e m   f o r   p r o v i d i n g   a  c o n s t a n t   r i s e   t i m e   of   a  2 0 0  

v o l t   p e a k - t o - p e a k   s u s t a i n   v o l t a g e .   The  d r i v i n g  

s y s t e m   shown  in   F i g .   8  e n c o m p a s s e s   t h e   c i r c u i t s   i n  

F i g s .   3,  4,  and  7,  t h e   d e t a i l s   of  w h i c h   h a v e   b e e n  

d e s c r i b e d   s u p r a .  
I n i t i a l l y ,   c i r c u i t s   110  and  130  a r e   OFF  a n d  

c i r c u i t s   120  and  140  a r e   ON.  At  t h i s   t i m e ,   l i n e   96  

i s   p u l l e d   down  to   g r o u n d .   Thus  c a p a c i t o r   94  has   1 0 0  

v o l t s   a c r o s s   i t   and  l i n e   97  i s   a t   100  v o l t s .   L i n e  

95  w h i c h   i s   o u t p u t   to   t h e   p l a s m a   c e l l s   i s   now  a t  

g r o u n d   p o t e n t i a l .   When  c i r c u i t   120  t u r n s   OFF  a n d  

c i r c u i t   110  t u r n s   ON,  l i n e   96  i s   p u l l e d   up  to   1 0 0  

v o l t s   c a u s i n g   l i n e   97  c o n n e c t e d   t o   t h e   t o p   t e r m i n a l  



of   c a p a c i t o r   94  t o   be  p u l l e d   up  t o   200  v o l t s .  

C a p a c i t o r   94  s t i l l   h a s   100  v o l t s   a c r o s s   i t .   L i n e   97  

t h u s   p r o v i d e s   a  200  v o l t   s o u r c e   t o   c i r c u i t   1 3 0 .   B y  

so  d o i n g ,   l i n e   95  o u t p u t s   100  v o l t s   t o   t h e   g a s  
c e l l s .   When  c i r c u i t   140  t u r n s   o f f   and   c i r c u i t   1 3 0  

t u r n s   on ,   l i n e   95  o u t p u t s   200  v o l t s   t o   t h e   g a s  
c e l l s .   T h u s ,   t h e   c i r c u i t r y   shown  in   F i g .   8  p r o v i d e s  

a  0 - 2 0 0   v o l t   o u t p u t   s i g n a l   c o m p r i s i n g   a  f i r s t   s t a g e  
w h i c h   g e n e r a t e s   a  0 - 1 0 0   v o l t   o u t p u t   s i g n a l ,   and   a  

s e c o n d   s t a g e   w h i c h   g e n e r a t e s   a  0 - 1 0 0   v o l t   s i g n a l  

r e f e r e n c e d   t o   t h e   o u t p u t   o f   t h e   f i r s t   s t a g e   s u c h  

t h a t   o u t p u t   l i n e   95  p r o v i d e s   a  0 - 2 0 0   v o l t   g r o u n d  
y 

r e f e r e n c e d   s i g n a l   t o   t h e   g a s   c e l l s .  

W h i l e   t h e   i n v e n t i o n   h a s   b e e n   p a r t i c u l a r l y   s h o w n  

and   d e s c r i b e d   w i t h   r e f e r e n c e   t o   a  p r e f e r r e d   e m b o d i m e n t  

t h e r e o f ,   i t   w i l l   be  u n d e r s t o o d   by  t h o s e   s k i l l e d   i n  

t h e   a r t   t h a t   t h e   f o r e g o i n g   and   o t h e r   c h a n g e s   in   f o r m  

a n d   d e t a i l   may  be  made  t h e r e i n   w i t h o u t   d e p a r t i n g  

f r o m   t h e   s p i r i t   and   s c o p e   of   t h e   i n v e n t i o n .  



1  According  to  the  i n v e n t i o n   we  p rov ide   a  system  for  d r i v i n g   a  

plasma  panel   d i s p l a y   device   having  a  p l u r a l i t y   of  d i s c h a r g e   c e l l s ,  

compr i s ing   a  s u s t a i n   v o l t a g e   source  ope rab l e   s e l e c t i v e l y   to  p r o v i d e  

to  each  of  said  p l u r a l i t y   of  d i s c h a r g e   c e l l s   a  p u l s a t i n g   v o l t a g e ,  

c h a r a c t e r i s e d   in  t h a t   said  s u s t a i n   v o l t a g e   source  i n c l u d e s   a  f i e l d  

e f f e c t   t r a n s i s t o r   (FET)  switch  having  an  a s s o c i a t e d   c o n t r o l   c i r c u i t  

for  c o n t r o l l i n g   the  t r a n s i t i o n   time  of  said  p u l s a t i n g   v o l t a g e   to  a  

c o n s t a n t   t ime,  said  c o n t r o l   c i r c u i t   f l o a t i n g   with  the  s o u r c e  

p o t e n t i a l   of  said  FET  swi tch ,   and  in  t h a t   a  s w i t c h i n g   c i r c u i t   i s  

p rov ided   for  r e c e i v i n g   d i g i t a l   l og ic   s i g n a l s   from  an  e x t e r n a l   s o u r c e  
and  for  communicat ing  said  d i g i t a l   log ic   s i g n a l s   to  sa id   c o n t r o l  

c i r c u i t   so  as  to  e n e r g i z e   said  c o n t r o l   c i r c u i t   in  r e sponse   t h e r e t o ,  

whereby  a  p u l s a t i n g   v o l t a g e   nciving  a  c o n s t a n t   t r a n s i t i o n   t i m e  i s  

p rov ided   to  said  p l u r a l i t y   of  d i s c h a r g e   c e l l s   in  r e sponse   to  t h e  

input   of  sa id   d i g i t a l   log ic   s i g n a l s .  

2  A  system  as  c laimed  in  Claim  1  wherein  said  c o n t r o l   c i r c u i t  

means  comprises   a  c u r r e n t   source ,   sa id   c u r r e n t   source  compr i s ing   a  

r e s i s t o r   connec ted   at  one  t e r m i n a l   to  a  source  of  D.C.  v o l t a g e   and  

connected   at  the  o ther   t e r m i n a l   to  the  r e f e r e n c e   po in t   of  said  s o u r c e  

of  D.C.  v o l t a g e .  

3  A  system  for  d r i v i n g   a  plasma  panel   d i s p l a y   device   having  a  

p l u r a l i t y   of  d i s c h a r g e   c e l l s ,   compr i s ing   in  combina t ion   a  s u s t a i n  

v o l t a g e   source  ope rab le   s e l e c t i v e l y   to  p rov ide   to  each  of  s a i d  

p l u r a l i t y   of  d i s c h a r g e   c e l l s   a  p u l s a t i n g   v o l t a g e ,   c h a r a c t e r i s e d   i n  

t h a t   said  s u s t a i n   v o l t a g e   source  i n c l u d e s   a  f i e l d   e f f e c t   t r a n s i s t o r  

(FET)  switch  having  an  a s s o c i a t e d   c o n t r o l   c i r c u i t   for  c o n t r o l l i n g   t h e  



t r a n s i t i o n   time  of  sa id   p u l s a t i n g   v o l t a g e   at  a  c o n s t a n t   slew  r a t e ,  

sa id   c o n t r o l   c i r c u i t   f l o a t i n g   with  the  source  p o t e n t i a l   of  said  VFET 

swi t ch ,   and  in  t h a t   a  s w i t c h i n g   c i r c u i t   is  p rov ided   for  r e c e i v i n g  

d i g i t a l   l og i c   s i g n a l s   from  an  e x t e r n a l   source  and  for  communica t ing  

sa id   d i g i t a l   log ic   s i g n a l s   to  sa id   c o n t r o l   c i r c u i t   so  as  to  e n e r g i z e  

sa id   c o n t r o l   c i r c u i t   in  r esponse   t h e r e t o ,   whereby  a  p u l s a t i n g   v o l t a g e  

having  a  c o n s t a n t   slew  r a t e   is  p rov ided   to  sa id   p l u r a l i t y   o f  

d i s c h a r g e   c e l l s   in  r e sponse   to  the  inpu t   of  said  d i g i t a l   l o g i c  

s i g n a l s .  

s 
4  A  system  for  d r i v i n g   a  plasma  panel   d i s p l a y   device   accord ing   t o  

Claim  3  where in   sa id   c o n t r o l   c i r c u i t   means  comprises   a  c o n s t a n t  

c u r r e n t   source ,   sa id   c o n s t a n t   c u r r e n t   source  compr i s ing   a  r e s i s t o r  

connec ted   at  one  t e r m i n a l   to  the  f i r s t   t e r m i n a l   of  a  c a p a c i t o r   and  

connec ted   at  the  o the r   t e r m i n a l   to  a  p o i n t   which  is  s u b s t a n t i a l l y   a t  

the  same  p o t e n t i a l   as  the  second  t e r m i n a l   of  said  c a p a c i t o r ,   s a i d  

c a p a c i t o r   being  charged  to  a  s u b s t a n t i a l l y   f ixed   p o t e n t i a l   by  a  

v o l t a g e   source .   - 

5  A  system  as  c la imed  in  any  of  Claims  1  to  4  wherein  s a i d  

s w i t c h i n g   c i r c u i t   compr ises   a  l og i c   gate  having  an  input   f o r  

r e c e i v i n g   d i g i t a l   l og ic   s i g n a l s ,   and  a  swi tched   c u r r e n t   source  f o r  

r e c e i v i n g   l og ic   s i g n a l s   from  the  ou tpu t   of  said  log ic   gate  and  f o r  

communicat ing  sa id   l og i c   s i g n a l s   to  sa id   c o n t r o l   c i r c u i t   means .  

6  A  system  as  c la imed  in  Claim  5  wherein  sa id   swi tched  c u r r e n t  

source  comprises   a  b i p o l a r   t r a n s i s t o r   connected   in  the  common  b a s e  

c o n f i g u r a t i o n ,   the  e m i t t e r   of  sa id   b i p o l a r   t r a n s i s t o r   connected   t o  

the  ou tpu t   of  sa id   log ic   gate  and  the  c o l l e c t o r   of  said  b i p o l a r  

t r a n s i s t o r   connec ted   to  said  c o n t r o l   c i r c u i t   means .  

7  A  system  device   as  c laimed  in  Claim  6  wherein  said  c o n t r o l  

c i r c u i t   means  f u r t h e r   comprises   low  v o l t a g e   gate  dr ive   c i r c u i t r y   f o r  



d r i v i n g   the  gate  of  said  FET  switch  and  gate  c o n t r o l   i s o l a t i o n   means 

for  i s o l a t i n g   said  low  v o l t a g e   gate  d r ive   c i r c u i t r y   from  a  h i g h  

v o l t a g e   source  when  the  source  of  said  VFET  switch  is  f l o a t i n g   above  

ground  p o t e n t i a l .  

8  A  system  as  c laimed  in  Claim  7  wherein   said  gate  c o n t r o l  

i s o l a t i o n   means  comprises   a  t r a n s i s t o r ,   the  e m i t t e r   of  which  i s  

connec ted   to  the  gate  of  said  FET  switch  and  the  c o l l e c t o r   of  w h i c h  

is  connec ted   to  the  source  of  said  FET  switch  and  to  sa id   h i g h  

v o l t a g e   source ,   a  r e s i s t o r   having  one  t e r m i n a l   connec ted   to  the  b a s e  

of  said  high  gain  t r a n s i s t o r   and  having  the  o the r   t e r m i n a l   c o n n e c t e d  

to  the  c o l l e c t o r   of  sa id   high  gain  t r a n s i s t o r ,   a  f i r s t   diode  h a v i n g  

i t s   ca thode  connec ted   to  the  e m i t t e r   of  said  high  gain  t r a n s i s t o r   and  

having  i t s   anode  connec ted   to  the  base  of  said  high  gain  t r a n s i s t o r ,  

and  a  second  diode  having  i t s   cathode  connec ted   to  the  anode  of  s a i d  

f i r s t   diode  and  having  i t s   anode  connec ted   to  the  ou tpu t   of  said  low 

v o l t a g e   gate  d r ive   c i r c u i t r y .  

9  A  system  as  c laimed  in  any  p r e c e d i n g   claim  in  which  said  FET 

switch  i n c l u d e s   a  v e r t i c a l   f i e l d   e f f e c t   t r a n s i s t o r   (VFET). 
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