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5j)  High  pressure  discharge  lamp  apparatus. 

00 

In  a  high  pressure  discharge  lamp  apparatus  comprising 
a  discharge  tube  (3)  and  a  current  limiting  device  (2) 
connected  in  series,  an  over-current  protecting  semiconduc- 
tor  switching  device  such  as  a  triack  (TC) is  further  connected 
in  series  to  said  discharge  tube  (3), 

the  triack  (TC)  being  controlled  of  its  firing  angle 
responding  to  an  output  of  a  current  detection  circuit  (9) 
which  detects  a  change  of the  lamp  current through  a  change 
of  the  lamp  voltage,  and 

a  pulse  generator  (4)  is  further  connected  in  parallel  to 
the  discharge  tube  (3)  and  gives  reignition  pulse  thereto  at 
least  during  the  zero-current  period  in  each  cycle  of the  lamp 
current. 



B a c k g r o u n d   of  t h e   i n v e n t i o n  

1.  F i e l d   of  t h e   i n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to   an  i m p r o v e m e n t   in  a  

h i g h   p r e s s u r e   d i s c h a r g e   lamp  a p p a r a t u s   such  as  a  high  p r e s s u r e   mercury 

lamp  a p p a r a t u s ,   a  high  p r e s s u r e   sodium  lanp  a p p a r a t u s ,   or  a  h i g h  

p r e s s u r e   m e t a l - h a l i d e   lamp  a p p a r a t u s .   The  p r e s e n t   i n v e n t i o n   e s p e -  

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

lamp  a p p a r a t u s   of  the  t ype   compr i s ing   a  high  p r e s s u r e   d i s c h a r g e   t u b e ,  

a  c u r r e n t   l i m i t i n g   d e v i c e ,   for   i n s t a n c e   a  choke  c o i l ,   and  a  p u l s e  

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

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

l i g h t i n g   t h e   t u b e   w i t h   a  lamp  v o l t a g e   n e a r l y   e q u a l   to  a  

p o w e r   s o u r c e   v o l t a g e .  

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

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

c h a r g e   l a m p .   a p p a r a t u s ,   a  c u r r e n t   l i m i t i n g   device   such  as  a  choke  

c o i l   and  a  d i s c h a r g e   t u b e   a r e   c o n n e c t e d   in   s e r i e s   a c r o s s  

a  p o w e r   s o u r c e .  

In  t h e   a b o v e m e n t i o n e d   t y p e   of  t h e   h i g h   p r e s -  

s u r e   d i s c h a r g e   lamp  a p p a r a t u s ,   a  v o l t a g e   of  the  power  source  s h o u l d  

be  m a i n t a i n e d   o v e r   1 .5   t i m e s   a  v o l t a g e   of  t h e   d i s c h a r g e  

t u b e   f o r   p r e v e n t i n g   an  e x t i n c t i o n   of  i g n i t i o n   in   t h e   t u b e .  

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



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

d e v i c e   i s   r a t h e r   l a r g e .   A c c o r d i n g l y ,   a  d i m e n s i o n   and  a  

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

l a r g e .  

For   improving  the  high  p r e s s u r e   d i s c h a r g e   lamp  a p p a r a t u s  

to  e l i m i n a t e   t h e   a b o v e m e n t i o n e d   d e f e c t s ,   a  p u l s e   g e n e r a -  

t o r   may  be  p rovided   in   a  m a n n e r   to  g i v e   p u l s e s   to  t h e  

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

t h e   d i s c h a r g e   t u b e ,   t h e   lamp  v o l t a g e   can  be  s e l e c t e d   s o  

h i g h   as  n e a r l y   e q u a l   to  t h e   p o w e r   s o u r c e   v o l t a g e .  

The  c o n v e n t i o n a l   d i s c h a r g e   lamp  a p p a r a t u s   having  a  

pu l se   g e n e r a t o r   as  above-ment ioned   s t i l l   has  the  fo l lowing   p r o b l e m s :  

(1)  In  a  c a s e   t h a t   t h e   h i g h   p r e s s u r e   d i s c h a r g e  

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

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

a  l amp  v o l t a g e   can   be  s e l e c t e d   so  h i g h   as  n e a r l y  

e q u a l   to  t h e   p o w e r   s o u r c e   v o l t a g e ,   and  an  i m p e d a n c e  

of  t h e   c u r r e n t   l i m i t i n g   d e v i c e   can  be  s e l e c t e d   s m a l l .  

B u t ,   when  t h e   d i s c h a r g e   t u b e   s t a r t s   to  i g n i t e ,   a  

l amp  c u r r e n t   g r o w s   e x c e s s i v e l y   l a r g e ,   and  t h e r e f o r e   t h e  

i m p e d a n c e   of  t h e   d i s c h a r g e   t u b e   s u c h   as  t h e   c h o k e   c o i l  

b e c o m e s   a l m o s t   z e r o   f o r   a  m a g n e t i c   s a t u r a t i o n   due  t o  

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

s a t u r a t i o n ,   t h e   c h o k e   c o i l   as  t h e   c u r r e n t   l i m i t i n g  

d e v i c e   s h o u l d   be  d e s i g n e d   so  as  to  have   r e l a t i v e l y  



l a r g e   s e c t i o n a l   a r e a   of  a  c o r e   t h e r e o f ,   t h e r e b y   m a k i n g  

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

e x p e n s i v e   in   c o s t .  

(2)  In  o r d e r   to   s o l v e   t h e   a b o v e m e n t i o n e d   p r o b l e m ,  

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

r a t u s   has  been  d e v i s e d   as  shown  in  FIG.  1,  whrer in   a  c u r r e n t  

l i m i t i n g   d e v i c e   2  s u c h   as  a  c h o k e   c o i l ,   an  a u x i l i a r y  

c u r r e n t   l i m i t i n g   d e v i c e   5  and  a  d i s c h a r g e   t u b e   3  a r e  

c o n n e c t e d   in   s e r i e s   a c r o s s   a  power   s o u r c e   1.  T h e  

a u x i l i a r y   c u r r e n t   l i m i t i n g - d e v i c e   5  of  a  r e l a t i v e l y  

l a r g e   s i z e   has   more   l a r g e   c a p a c i t y   of   c u r r e n t   l i m i t a -  

t i o n   t h a n   t h a t   of   t h e   c u r r e n t   l i m i t i n g   d e v i c e   2.  A n d  

a  s e m i c o n d u c t o r   s w i t c h i n g   d e v i c e   6  i s   c o n n e c t e d   i n  

p a r a l l e l   to   t h e   a u x i l i a r y  c u r r e n t   l i m i t i n g   d e v i c e   5 .  

A  p u l s e   g e n e r a t o r   4  i s   c o n n e c t e d   in   p a r a l l e l   to  t h e  

d i s c h a r g e   t u b e  3   f o r   s u p p l y i n g   r e i g n i t i o n   p u l s e s   t o  

t h e   d i s c h a r g e   t u b e   3 .  

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

l a m p .   a p p a r a t u s ,   a  duty  time  of  the  c u r r e n t   l i m i t i n g   device  5  i s  

c o n t r o l l e d   by  f i r i n g   a n g l e   c o n t r o l l i n g   a c t i o n   of  t h e  

s e m i c o n d u c t o r   s w i t c h i n g   d e v i c e   6  in   s u c h   m a n n e r   t h a t  

a t   t h e   s t a t i n g   t h e   d u t y   t i m e   of  t h e   s w i t c h i n g   d e v i c e  

6  i s   v e r y   s m a l l   and  a t   t h e   s t e a d y   l i g h t i n g   s t a t e  t h e  

d u t y   t i m e   i s   v e r y   l a r g e ,   so  t h a t   e f f e c t i v e l y   t h e  

a u x i l i a r y   c u r r e n t   l i m i t i n g   d e v i c e   5  i s   s u b s t a n t i a l l y  



s h o t - c i r c u i t e d   by  t h e   s w i t c h i n g   d e v i c e   6  a t   a  s t e a d y  

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

may  be  m a i n t a i n e d   f o r   t h e   same  d e g r e e   b e t w e e n   a t   a  

s t e a d y   l i g h t i n g   s t a t e   and  a t   a  s t a r t i n g   t r a n g e n t   s t a t e .  

G e n e r a l l y ,   in  t h e   h i g h   p r e s s u r e   d i s c h a r g e  t u b e  

an  i g n i t i o n   of   t h e   d i s c h a r g e  t u b e   e x t i n c t s   e v e r y   p e r i o d  

when  t h e   l amp  c u r r e n t   i s   z e r o .   A c c o r d i n g l y ,   i f   a  

s e r i e s   i n s e r t i o n   of  a  t h y r i s t o r   to  t h e   h i g h   p r e s s u r e  

d i s c h a r g e   l amp  of   c o n v e n t i o n a l   t y p e   f o r   a t t e m p t i n g   t o  

l i m i t   t h e   l amp  c u r r e n t   by  c h a n g i n g   i t s   f i r i n g   a n g l e ,  

t h e   t u b e   d o e s   n o t   work   due   to   z e r o   c u r r e n t   p e r i o d   i n  

e v e r y   c y c l e .   T h e r e f o r e ,   in  the  lamp  a p p a r a t u s   of  FIG.  1,  l anp  

c u r r e n t   i s   a l w a y s   s u p p l i e d   f r o m   t h e  p o w e r   s o u r c e   1 

t h r o u g h   t h e   a u x i l i a r y   c u r r e n t   l i m i t i n g   d e v i c e   5,  w h i c h  

i s   c o n n e c t e d   in   p a r a l l e l   to  t h e   t h y r i s t o r   or   t h e   l i k e  

c u r r e n t   l i m i t i n g   d e v i c e   6,  t h e r e b y   to   a l l o w   t h e   c u r r e n t  

to   f l o w   w i t h o u t   z e r o   p e r i o d   made  by  t h e   t h y r i s t o r   6 .  

H o w e v e r   the  problem  of  the  c o n v e n t i o n a l   lamp  appa ra tu s   is  t h a t  

t h o u g h   t h e   c u r r e n t   l i m i t i n g   d e v i c e   2  can   be  d e s i g n e d  

r e l a t i v e l y   s m a l l ,   a  l a r g e   a u x i l i a r y   c u r r e n t   l i m i t i n g .  

d e v i c e   5  h a s   b e e n   n e c e s s a r y .   A c c o r d i n g l y   t h e   l a m p  

a p p a r a t u s   can   n o t   be  made  in  s m a l l   s i z e .  

Summary   of  t h e   I n v e n t i o n  

The  p o u r p o s e   of   t h e   i n v e n t i o n   i s   to   p r o v i d e   a  

h i g h   p r e s s u r e   d i s c a h r g e   lanp  a p p a r a t u s   having  a  pulse   g e n e r a t o r   t o  



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

s e l e c t i n g   a  l amp  v o l t a g e   v e r y   c l o s e   to   a  p o w e r   s o u r c e  

v o l t a g e ,   and  h a v i n g   no  a u x i l i a r y   c u r r e n t   l i m i t i n g   d e v i c e  

l i k e   t h e   d e v i c e   5  of   t h e   c o n v e n t i o n a l   h i g h   p r e s s u r e   d i s -  

c h a r g e   l amp  a p p a r a t u s   shown  in  FIG.  1. 

B r i e f   E x p l a n a t i o n   of   D r a w i n g  

F IG.   1  i s   a  b l o c k   d i a g r a m   of  a  c o n v e n t i o n a l   h i g h  

p r e s s u r e   d i s c h a r g e   lamp  a p p a r a t u s .  

F IG .   2  i s   a  b l o c k   d i a g r a m   of  a  f u n d a m e n t a l   a p p a -  

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

F I G .   3  i s   a  b l o c k   d i a g r a m   of   t h e   a c t u a l   a p p a r a t u s  

e m b o d y i n g   t h e   p r e s e n t   i n v e n t i o n .  

F IG.   4  i s   a  g r a p h   s h o w i n g   c h a r a c t e r i s t i c   c u r v e s  

of  a  h i g h   p r e s s u r e   d i s c h a r g e   t u b e   a t   a  s t a r t i n g   t r a n s i e n t  

s t a t e .  

F IG .   5  i s   a  d e t a i l e d   c i r c u i t   d i a g r a m   of  t h e  

a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n   shown  in  FIG.   3 .  

F IG .   6  i s   a  d e t a i l e d   c i r c u i t   d i a g r a m   of  a  p u l s e  

g e n e r a t o r   shown  in   FIG.   5 .  

F IG .   7A  and  FIG.   7B  a r e   w a v e - f o r m   c h a r t   s h o w i n g  

w a v e - f o r m s   a t   v a r i o u s   p a r t s   of   t h e   c i r c u i t   shown  in   FIG.   5 .  

F IG.   8  i s   a  w a v e - f o r m   c h a r t   s h o w i n g   w a v e - f o r m s  

a t   v a r i o u s   p a r t s   of   t h e   c i r c u i t   shown  in   FIG.   6 .  

F IG .   9  i s   a  g r a p h   s h o w i n g   p e r f o r m a n c e   c u r v e s   o f  

a  high  p r e s s u r e   d i s c h a r g e   lamp  a p p a r a t u s   of  p r e s e n t   i nven t ion   a t  

a  s t a r t i n g   t r a n g e n t   s t a t e .  



D e s c r i p t i o n   of  P r e f e r r e d   E m b o d i m e n t s  

The  high  p r e s s u r e   d i s c h a r g e   lamp  a p p a r a t u s   of  the  p r e s e n t  

i n v e n t i o n   compr i ses   a  d i s c h a r g e   tube  and  a  c u r r e n t   l i m i t i n g   d e v i c e  

connec t ed   in  s e r i e s ,   an  o v e r - c u r r e n t   p r o t e c t i n g   device   is  f u r t h e r  

c o n n e c t e d   in  s e r i e s   to  sa id   d i s c h a r g e   tube,   o v e r - c u r r e n t   p r o t e c t i n g  

dev ice   be ing   c o n t r o l l e d   of  i t s   f i r i n g   angle  r e spond ing   to  an  o u t p u t  

of  a  c u r r e n t   d e t e c t i o n   c i r c u i t ,   and  a  pu lse   g e n e r a t o r   is  f u r t h e r  

connec t ed   in  p a r a l l e l   to  the  d i s c h a r g e   t u b e .  

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

i n v e n t i o n   i s   shown  in   F I G .   2 .  

In   F IG .   2,  a  c u r r e n t   l i m i t i n g   d e v i c e   2  and  a n  

o v e r - c u r r e n t   p r o t e c t i n g   d e v i c e   11  a r e   c o n n e c t e d   in   s e r i e s  

w i t h   a  d i s c h a r g e   t u b e   3  a c r o s s   a  p o w e r   s o u r c e   1.  A  p u l s e  

g e n e r a t o r   4  i s   c o n n e c t e d   in   p a r a l l e l   to  t h e   d i s c h a r g e   t u b e  

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

3 .  A n d   a  lamp  c u r r e n t   d e t e c t i n g   c i r c u i t   9  f o r   d e t e c t i n g  

a  l amp  c u r r e n t   and  g i v i n g   c o n t r o l   s i g n a l   to  t h e   o v e r -  

c u r r e n t   p r o t e c t i n g   d e v i c e   11  i s   c o n n e c t e d   in   p a r a l l e l   t o  

t h e   d i s c h a r g e   t u b e   3.  The  p u l s e   g e n e r a t o r   4  i s   f o r   p r e -  

v e n t i n g   e x t i n c t i o n   of   t h e   t u b e   and  a l l o w i n g   a  s e l e c t i o n  

of   a  l amp   v o l t a g e   h i g h   e n o u g h   c l o s e   to  a  v o l t a g e   of  t h e  

p o w e r   s o u r c e   1,  by  s u p p l y i n g   t h e   . r e i g n i t i o n   p u l s e s   t o  

t h e   d i s c h a r g e   t u b e   3,  d u r i n g   a  p e r i o d   f rom  n e a r   t h e   z e r o -  

c r o s s   p o i n t   of  t h e   v o l t a g e   of   p o w e r   s o u r c e   1  to  a  s t a t e d  

p o i n t   f o r   f r o m   t h e   z e r o - c r o s s   p o i n t   in   e v e r y   c y c l e   o f  

t h e   v o l t a g e   of  p o w e r   s o u r c e   1.  By  means   of   t h e   r e i g n i -  

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



t u b e   3  may  be  e f f e c t i v e l y   a v o i d e d   e v e n   in  t h e   z e r o   c u r r e n t  

p e r i o d   in  e a c h   c y c l e   of  t h e   l amp  c u r r e n t .  

FIG.   3  shows  an  a p p a r a t u s   e m b o d y i n g   the   p r e s e n t  

i n v e n t i o n   w h i c h   u s e s   a  s e m i c o n d u c t o r   s w i t c h i n g   d e v i c e   11  

as  t h e   o v e r - c u r r e n t   p r o t e c t o r   and  u s e s   a  lamp  c u r r e n t  

d e t e c t i n g   c i r c u i t   9,  w h i c h   in   a c t u a l   c i r c u i t   is   a  v o l t a g e  

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

a  v o l t a g e   of  t h e   d i s c h a r g e   t u b e   3  and  has   a  s p e c i f i e d  

r e l a t i o n   w i t h   t h e   lamp  c u r r e n t ,   i s   shown  in  FIG.  3.  I n  

an  e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n   shown  in  FIG.   3 ,  

a  c u r r e n t   l i m i t i n g   d e v i c e   2  (of   p a s s i v e   e l e m e n t   d e v i c e  

s u c h   as  a  c h o k e   c o i l )   and  t h e   s e m i c o n d u c t o r   s w i t c h i n g  

d e v i c e   11  as  t h e   o v e r - c u r r e n t   p r o t e c t o r   and  a  d i s c h a r g e  

t u b e   3  a r e   c o n n e c t e d   in  s e r i e s   a c r o s s   a  power   s o u r c e   1 .  

A  p u l s e   g e n e r a t o r   4  f o r   i m p r e s s i n g   r e i g n i t i o n   s i g n a l   o n  

t h e   d i s c h a r g e   t u b e   3  is   c o n n e c t e d   in  p a r a l l e l   to  t h e  

l a t t e r .   The  lamp  c u r r e n t   d e t e c t i n g   c i r c u i t   9  i s   c o n n e c t e d  

in  p a r a l l e l   to   t h e   d i s c h a r g e   t u b e   3.  And  a  f i r i n g   a n g l e  

c o n t r o l l i n g   c i r c u i t   10  i s   d i s p o s e d   so  as  to  r e c e i v i n g  

an  o u t - p u t   s i g n a l   of  t h e   lamp  c u r r e n t   d e t e c t i n g   c i r c u i t  

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

s w i t c h i n g   d e v i c e   11.   A  f i r i n g   a n g l e   of  the   s w i t c h i n g  

d e v i c e   11  i s   c o n t r o l l e d   b a s e d   on  a  r e l a t i o n   b e t w e e n   t h e  

lamp  c u r r e n t   and  t h e   lamp  v o l t a g e   w h i c h   i s   d e t e c t e d   i n  

t h e   lamp  c u r r e n t   d e t e c t i n g   c i r c u i t   9 .  A n d   the   s w i t c h i n g  

d e v i c e   11  c o n t r o l s   t he   f i r i n g   a n g l e ,   h e n c e   e f f e c t i v e  



v a l u e   of   t h e   c u r r e n t   of   t h e   d i s c h a r g e   t u b e   3  f rom  t h e  

p o w e r   s o u r c e   1,  and   t h e r e b y   p r o t e c t s   an  o v e r - c u r r e n t   a t  

t h e   s t a r t i n g   t r a n s i e n t   s t a t e .   The  p u l s e   g e n e r a t o r   4 

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

t u b e   3  a t   l e a s t  d u r i n g   t h e   z e r o   c u r r e n t   p e r i o d   of  t h e   l a m p  

c u r r e n t   in   o r d e r   f o r   a v o i d i n g   an  e x t i n c t i o n   of  t h e   d i s -  

c h a r g e   t u b e   3  due  to  z e r o   c u r r e n t   p e r i o d   b o t h   in   s t a r t i n g  

t r a n s i e n t   s t a t e   and  s t e a d y   l i g h t i n g   s t a t e .  

G e n e r a l l y ,   in   a  h i g h   p r e s s u r e   d i s c h a r g e   t u b e  

c o n n e c t e d   in   s e r i e s   w i t h   c h o k e   c o i l   or   some  i m p e d a n c e ,  

f o r   a  s t a r t i n g   t r a n s i e n t   s t a t e   of  t h e   t u b e ,   a  lamp  v o l t a g e  

VLa  and  a  l amp   c u r r e n t   ILa   of   t h e   h i g h   p r e s s u r e   d i s c h a r g e  

t u b e   show  t h e   c u r v e s   as  shown   in  FIG.   4.  In  FIG.   4,  Z L a ,  

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

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

in  t h e   t u b e   i s   r e l a t i v e l y   s m a l l .   Then   as  t i m e   l a p s e s   t h e  

i m p e d a n c e   ZLa  i n c r e a s e s .   F o r   t h a t   r e a s o n ,   t h e   l a m p  

c u r r e n t   I L a ,   t h a t   i s   a  c u r r e n t   t h r o u g h   t h e   c h o k e   c o i l ,  

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

v o l t a g e   VLa  i n c r e a s e s   as  shown  in   F IG.   4.  A c c o r d i n g l y ,  

t h e   a m o u n t   of   t h e   l amp  c u r r e n t   ILa   can   be  known  by  d e t e c t -  

i n g   t h e   l a m p   v o l t a g e   VLa  b a s e d   on  a b o v e m e n t i o n e d .   r e l a t i o n  

b e t w e e n   t h e   c u r r e n t   ILa   and  t h e   v o l t a g e   VLao  C o n s e q u e n t l y ,  

t h e   l amp  c u r r e n t   ILa   can   be  c o n t r o l l e d   by  d e t e c t i n g   t h e  

lamp  v o l t a g e   VLa  p r i m a r i l y .  

The  o p e r a t i o n   o f   t h e   o v e r - c u r r e n t   p r o t e c t i o n   i n  

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

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



to  e m p l o y i n g   F IG.   5,  F IG.   7A  and  F IG.   7B.  F IG.   5  i s   a  

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

FIG.   7A  and  F IG.   7B  a r e   w a v e - f o r m   c h a r t   of  v a r i o u s   p a r t s  

of   t h e   c i r c u i t   shown  in  FIG.   5.  In  t h e   c h a r t   of  FIG.   5 ,  

a  v o l t a g e   a c r o s s   t h e   d i s c h a r g e   t u b e   3  i s   i m p r e s s e d   t o  

t h e   l amp  c u r r e n t   d e t e c t i n g   c i r c u i t   9  w h i c h  d e t e c t s   a  l a m p  

c u r r e n t   by  d e t e c t i n g   a  l amp  v o l t a g e .   T h a t   i s ,   in   p r e s e n t  

i n v e n t i o n ,   t h e   l amp  c u r r e n t   i s   e a s i l y   d e t e c t e d   by  a  

s i m p l e   c i r c u i t   as  shown  in   F IG .   5.  I n  t h e   lamp  c u r r e n t  

d e t e c t i n g   c i r c u i t   9,  t h e   l amp  v o l t a g e   h a v i n g   a  c e r t a i n  

r e l a t i o n  w i t h   t h e   lamp  c u r r e n t   as  shown  in  FIG.   4  i s  

s t e p p e d   down  by  a  t r a n s f o r m e r   T l ,   and  r e c t i f i e d   by  a  

d i o d e   b r i d g e   c i r c u i t   DB2,  and  f u r t h e r   s m o o t h e d   b y  a   c i r c u i t  

of  r e s i s t o r   R1  and  a  c a p a c i t o r   C1.  A  v o l t a g e   of  t h e  c a p a c i t o r   C1  i s  

.divided  by  a  c i r c u i t   of  r e s i s t o r s   R2  and  R3,  and  then   impressed  to  t h e  

base  of  a  t r a n s i s t o r  Q 1   in  a  f i r i n g   a n g l e  c o n t r o l l i n g   c i r c u i t   10. 

At  i m m e d i a t e l y   a f t e r  a   s t a r t i n g   of  l i g h t i n g   o f  t h e   d i s -  

c h a r g e   t u b e   3,  l amp  v o l t a g e   VLa  i s   low  as  shown  in  FIG.   4 .  

T h e r e f o r e   a  v o l t a g e   i m p r e s s e d   to   t h e   b a s e   of  t he   t r a n -  

s i s t o r   Q1  i s   a l s o   in   a  low  l e v e l ,   so  t h a t   t h e   t r a n s i s t o r  

Ql  m a i n t a i n s   o f f   s t a t e .   On  t h e   o t h e r   h a n d ,   a  power   s o u r c e  

v o l t a g e   h a v i n g   t h e  w a v e - f o r m   VS  shown  in  FIG.   7A  i s  

g i v e n   to   t h e   f i r i n g   a n g l e   c o n t r o l l i n g   c i r c u i t   10,   w h e r e i n  

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

R 4 ,   DB1  and  R5,  and  t h e n  i s   l e v e l   c l i p p e d   by  a  r e g u l a t e  



d i o d e   D1,  w h o s e   v o l t a g e   wave   f o r m   V1  i s   shown  in  FIG.   7 A .  

The  v o l t a g e   wave-form  V1 is   s u p p l i e d   to   an  a n o d e   of  PUT 

( p r o g r a m m a b l e   u n i j u n c t i o n   t r a n s i s t o r )   Q2  t h r o u g h   a  r e s i s t o r  

R6.  At  t h e   i m m e d i a t e l y   a f t e r   a  s t a r t i n g   of  l i g h t i n g   o f  

t h e   d i s c h a r g e   t u b e   3,  t h e   t r a n s i s t o r   Q1  m a i n t a i n s   o f f  

s t a t e   as   a b o v e m e n t i o n e d ,   and   h e n c e   t h e   v o l t a g e   of   w a v e -  

fo rm  V1  i s   s u p p l i e d   to  a  c a p a c i t o r   C2  f o r   c h a r g i n g   o n l y  

t h r o u g h   t h e   r e s i s t o r   R6.  As  a  r e s u l t   of  t h e   c h a r g i n g ,   a  

v o l t a g e   w a v e - f o r m   V2  of   t h e   c a p a c i t o r   C2  i s   f o r m e d   a s  

shown  i n   F IG.   7A.  As  shown  i n   F IG .   5,  t h e   v o l t a g e   o f  

w a v e - f o r m   V1  i s   d i v i d e d   by  r e s i s t o r s   Ra  and  R9,  and  t h e  

d i v i d e d   v o l t a g e   i s   i m p r e s s e d   to   a  g a t e   of  t h e   PUT  Q 2 .  

H e r e u p o n ,   t h e   v o l t a g e   V2  of   t h e   c a p a c i t o r   C2  g r o w s   u p  

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

t h e   PUT  Q2,  h e n c e   t h e   PUT  Q2  t u r n s   on .   C o n s e q u e n t l y   t h e  

e l e c t r i c   c h a r g e   in   t h e   c a p a c i t o r   C2  d i s c h a r g e s   t h r o u g h  

t h e   PUT  Q2.  As  a  r e s u l t ,   a  t r i g g e r   pu lse   V3  as  shown  i n  

FIG.   7A  i s   p r o d u c e d   a c r o s s   b o t h   e n d s   of  a  r e s i s t o r   R 1 0 .  

A  t h y r i s t o r   Th  i s   t r i g g e r e d   by  t h e   p u l s e s   V3  i m p r e s s e d  

t h r o u g h   a  r e s i s t o r   R11.   When  t h e   t h y r i s t o r   Th  t u r n s   o n ,  

b o t h   o u t - p u t   e n d s   of   t h e   d i o d e   b r i n d g e   c i r c u i t   DB1  a r e  

s h o r t - c i r c u i t e d  b y   t h e   t h y r i s t o r   Th,   a n d  h e n c e   t h e   v o l t a g e  

V 1  b e c o m e s   z e r o ,   and  t h e n   t r i g g e r i n g   a c t i o n   of  t h e   PUT  Q2 

i s   s t o p p e d .   As  a b o v e m e n t i o n e d ,   t h e   PUT  Q 2 t u r n s   on  a t  

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



R6  and  t h e   c a p a c i t o r   C2,  and  t h e r e f o r e ,   t h e   t h y r i s t o r   Th  

t u r n s   on  by  r e c e i v i n g   t h e   t r i g g e r i n g   p u l s e s   V3  i m p r e s s e d  

to  t h e   g a t e   t h e r e o f   t h r o u g h   t h e   r e s i s t o r   R11.  As  a  

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

Th  t h r o u g h   t h e   d i o d e   b r i d g e   c i r c u i t   DB1,  t h e   t h y r i s t o r  

Th  m a i n t a i n s   "on"   s t a t e   u n t i l   a  f o r w a r d   c u r r e n t   t h e r e o f  

b e c o m e s   l o w e r   t h a n   a  h o l d i n g   c u r r e n t   of  t h e   t h y r i s t o r   T h  

a t   a  t i m i n g   n e a r  a n   end  of  e v e r y   p o s i t i v e   h a l f   c y c l e   o f  

t h e   p o w e r   s o u r c e   v o l t a g e   VS.  When  t h e   t h y r i s t o r   Th  i s  

in   "on"  s t a t e   and  t h e   p o w e r   s o u r c e   v o l t a g e   VS  i s   in   t h e  

p o s i t i v e  h a l f   c y c l e ,   a  g a t e   c u r r e n t   f l o w s   in   t he   t r i a c k  

TC  as  a  s w i t c h i n g   d e v i c e   11  t h r o u g h   t he   p a t h   o f :  

power   s o u r c e   1  -   c u r r e n t   l i m i t i n g   d e v i c e   2  -   d i s c h a r g e  

t u b e   3  -   g a t e   of  t h e   t r i a c k   TC  -   d i o d e   D2  -   t h y r i s t o r  

Th  -   d i o d e   b r i d g e   c i r c u i t   DB1  -   power   s o u r c e   1.  A n d  

when  t h e   p o w e r   s o u r c e   v o l t a g e   VS  is   in  t h e   n e g a t i v e   h a l f  

c y c l e ,   t h e   g a t e   c u r r e n t   of   t h e   t r i a c k   TC  f l o w s   t h r o u g h  

t he   p a t h   o f :  

power   s o u r c e  1   -   d i o d e   b r i d g e   c i r c u i t   DB1  -   t h y r i s t o r  

Th  -  d i o d e   D3  -   g a t e   of  t h e   t r i a c k   TC  d i s c h a r g e   t u b e  

3  c u r r e n t   l i m i t i n g   d e v i c e   2  -   power   s o u r c e   1.  I n  

b o t h   c a s e s   of   t h e   p o s i t i v e   h a l f   c y c l e   and  n e g a t i v e   h a l f  

c y c l e ,   t h e   t r i a c k   TC  i s   "on"  d u r i n g   the   w h i l e   t he   g a t e  

c u r r e n t s   e x i s t .   A c c o r d i n g l y ,   a  ma in   l o a d   c u r r e n t   ILa  o f  

t h e   t r i a c k   TC  i s   a p p r o p r i a t e l y   c o n t r o l l e d   by  t h e   f i r i n g  



a n g l e   c o n t r o l l i n g   c i r c u i t   10  w h i c h   d e t e r m i n e s   a  f i r i n g  

a n g l e   01  o f   t h e   t r i a c k   TC  as  shown  in   FIG.   7A.  A l t h o u g h  

t h e   m a i n   l o a d   c u r r e n t   ILa   h a s   a  z e r o   c u r r e n t   p e r i o d   i n  

e a c h   c y c l e ,   by  m e a n s   of  t h e   r e i g n i t i o n   p u l s e s   VP  a r e  

s u p p l i e d   to   t h e   d i s c h a r g e   t u b e   3  a t   l e a s t   d u r i n g   t h e   z e r o  

c u r r e n t   p e r i o d   in   e a c h   c y c l e   of   t h e   m a i n   l o a d   c u r r e n t   I L a .  

A f t e r   l a p s e   of  some  t i m e   p e r i o d ,   t h e   lamp  v o l t a g e  

i n c r e a s e s ,   and  a l s o   t h e   b a s e   p o t e n t i a l   of  t h e   t r a n s i s t o r  

Q1  r i s e s ,   so  t h a t   t h e   t r a n s i s t o r   Q1  t u r n s   on .   When  t h e  

t r a n s i s t o r   Q1  t u r n s   on ,   a  s e r i e s   c i r c u i t   of  t h e   r e s i s t o r  

R7  and  t h e   i n t e r n a l   r e s i s t a n c e   ( c o l l e c t o r - e m i t t e r   r e s i s t -  

a n c e )   of   t h e   o n - s t a t e   t r a n s i s t o r   Q1  i s   c o n n e c t e d   i n  

p a r a l l e l   to   t h e   r e s i s t o r   R6,  and  t h e r e f o r e   a  c h a r g i n g  

t i m e   of  t h e   c a p a c i t o r   C2  i s   s h o r t e n e d .   A c c o r d i n g l y   a  

t i m e   t i l l   t h e   PUT  Q2  t u r n s   on  i s   s h o r t e n e d ,   and  t h e r e f o r e  

t h e   t i m e   p h a s e   of   t r i g g e r   p u l s e s   V3  a c r o s s   t h e   r e s i s t o r  

R10  i s   l e d ,   h e n c e   t h e   f i r i n g   a n g l e   of   t h e   t r i a c k   TC 

b e c o m e s   v e r y   s m a l l   as  shown  by  @2  (@2<<@1)  in   F IG.   7 B .  

A s   a  r e s u l t ,   m a i n   l o a d   c u r r e n t   of   a  w i d e   f i r i n g   a n g l e  

f l o w s   t h r o u g h   t h e   t r i a c k   TC  as  shown  in  FIG.   7B.  As  a b o v e -  

m e n t i o n e d ,   an  a p p a r a t u s   of  p r e s e n t   i n v e n t i o n   has   a  p u l s e  

g e n e r a t o r   4  and  a  s w i t c h i n g   d e v i c e   as  an  o v e r - c u r r e n t  

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

t r a n s i e n t   s t a t e   i s   s u p p r e s s e d   by  o v e r - c u r r e n t   p r o t e c t i n g  

d e v i c e   n e a r l y   e q u a l   to  t h e   l amp   c u r r e n t   a t   t h e   s t e a d y  



l i g h t i n g   s t a t e ,   p r e v e n t i n g   t h e   e x t i n c t i o n   b y  t h e   r e i g n i -  

t i o n   p u l s e s   f r o m   t h e   p u l s e   g e n e r a t o r   4 .  

T h e r e f o r e ,   t h e   c u r r e n t   l i m i t i n g   d e v i c e   2  c a n  

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

be  s a t i s f a c t o r i l y  d i m i n i s h e d .  

The  a f o r e m e n t i o n e d   p u l s e   g e n e r a t o r   4  i s   e l u c i d a t -  

ed  in   d e t a i l   i n   r e f e r e n c e   to  F IG .   6  and  FIG.   8.  FIG.   6 

i s   a  d e t a i l e d   c i r c u i t  d i a g r a m   of  t h e   p u l s e   g e n e r a t o r   4 ,  

and  F IG.   8  i s   a  w a v e - f o r m   c h a r t   of  v a r i o u s   p a r t s   of  t h e  

c i r c u i t   shown  in   F I G .   6.  When  t h e   power   s o u r c e   v o l t a g e  

V s  i s   a p p l i e d ,   t h e   p u l s e   g e n e r a t o r   4  i s s u e s   i g n i t i o n  

p u l s e s   to   t h e   d i s c h a r g e   t u b e   3,  and  t h e   d i s c h a r g e   t u b e   3 

i s   i g n i t e d .   O p e r a t i o n   of   t h e   p u l s e   g e n e r a t o r   4  a f t e r  

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

in   two  p a r t s .   F i r s t   p a r t   i s   f o r   t h e   p o s i t i v e   h a l f   c y c l e  

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

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

v o l t a g e   V s .  

In  t h e   p o s i t i v e   h a l f   c y c l e   p e r i o d :  

In  t h e   p o s i t i v e   h a l f   c y c l e   of  t h e   p o w e r   s o u r c e   v o l t a g e   V S ,  

t h e   v o l t a g e   Vs  i s   r e c t i f i e d   and  l e v e l   c l i p p e d   by  a  p o w e r  

s o u r c e   r e c t i f y i n g   c i r c u i t   12a  c o n s i s t i n g   of  a  d i o d e   D 4 a ,  

a  r e s i s t o r   R 1 2 a ,   and  a  r e g u l a t e   d i o d e   D5a.   An  o u t p u t  

v o l t a g e   of  t h e   p o w e r   s o u r c e   r e c t i f y i n g   c i r c u i t   1 2 a ,   t h a t  

i s   a  v o l t a g e   of   a  p o i n t   C  in   F IG .   6  i s   shown  by  a  w a v e -  



fo rm  C  of   F IG.   8.  A  v o l t a g e   of   t h e   w a v e - f o r m   C  i s  

s u p p l i e d   to   an  o s c i l a t i n g   c i r c u i t   14a  and  to   an  o s c i l l a -  

t i o n   c o n t r o l   c i r c u i t   1 3 a .   In   t h e   o s c i l l a t i o n   c o n t r o l  

c i r c u i t   1 3 a ,   t h e   v o l t a g e   of  t h e   w a v e - f o r m   C  i s   i m p r e s s e d  

to   an  i n t e g r a t i o n   c i r c u i t   c o n s i s t i n g   of  a  r e s i s t o r   R 1 7 a  

and  a  c a p a c i t o r   C 4 a ,   t h e n   an  i n t e g r a t e d   v o l t a g e   of  t h e  

c a p a c i t o r   C4a  a t   a  p o i n t   D  in   F IG.   6  i s   i m p r e s s e d   t o  

t h e   b a s e   of  a  t r a n s i s t o r   Q5a .   A  v o l t a g e   w a v e - f o r m   D  a t  

t h e   p o i n t   D ' i s   shown   in   F IG .   8.  A  c o m p a r a t o r   c o n s i s t i n g  

of   two  t r a n s i s t o r s   Q5a ,   Q6a ,   and  t h r e e   r e s i s t o r s   R 1 8 a ,  

R 1 9 a ,   R20a   i s   f o r m e d   i n   t h e   o s c i l l a t i o n   c o n t r o l   c i r c u i t  

1 3 a .   A  v o l t a g e   of   t h e   p o i n t   C  i s   d i v i d e d   by  r e s i s t o r s  

R21a  and   R22a  and  i m p r e s s e d   to   t h e   b a s e  o f   t h e   t r a n s i s t o r  

Q6  in   t h e   c o m p a r a t o r .   DC  c o m p o n e n t   v o l t a g e   o f   t h e   c o l -  

l e c t o r   of   t h e   t r a n s i s t o r   Q6a  as  an  o u t p u t   of   t h e   c o m p a r a t o r  

i s   c u t   o f f   by  a  c a p a c i t o r   C 5 a ,   and  t h e   AC  c o m p o n e n t  i s  

i m p r e s s e d   on  t h e   b a s e   of  a  t r a n s i s t o r   Q3a  i n   t h e   o s c i l l a t -  

i n g   c i r c u i t   14a   t h r o u g h   a  d i o d e   D6a.   In  t h e   o s c i l l a t i n g  

c i r c u i t   1 4 a ,   an  o s c i l l a t i o n   f r e q u e n c y   d e t e r m i n e d   by  a  

t i m e   c o n s t a n t   of  a  r e s i s t o r   R13a  and  a  c a p a c i t o r   C3a  i s  

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

(A  r e s i s t o r   R14a  and   a  r e s i s t o r   R15a  a r e   a d e q u a t e l y   s e l e c t -  

ed  in   a  m a n n e r   t h a t   a  PUT  Q4a  m a i n t a i n s   t h e   o s c i l l a t i o n . )  

When  b o t h   e n d s   of  t h e   c a p a c i t o r   C3a  i s   s h o r t - c i r c u i t e d ,   a n  

a n o d e   p o t e n t i a l   of   t h e  P U T   Q4a  c h a n g e s   to   z e r o ,   and  t h e  



o s c i l l a t i o n   s t o p s .   T h a t   i s ,   in   a  d u t y   t i m e   of   a  w a v e - f o r m  

E,  t h e   o s c i l l a t i o n   i s   s t o p p e d   as  shown  in  FIG.   8.  T h e  

w a v e - f o r m   E  i s   f o r   a  v o l t a g e   o f   an  o u t - p u t   of   t he   o s c i l l a -  

t i o n   c o n t r o l   c i r c u i t   13a  a t   a  p o i n t   E  in  FIG.   6.  P u l s e  

t r a i n   i s   i s s u e d   f o r   t h e   p e r i o d   of  @3  f rom  t h e   o s c i l l a t i n g  

c i r c u i t   of  t h e   PUT  Q4a  and  i m p r e s s e d   on  a  s w i t c h i n g   t r a n s i s -  

t o r   Q7,  t h r o u g h   a  p u l s e   t r a n s f o r m e r   T2a  t h e r e b y   g i v i n g   t h e  

i n p u t   s i g n a l   of  t h e   w a v e - f o r m   F  shown  in  FIG.   8  f o r   o p e r a -  

t i o n   of   t h e   t r a n s i s t o r   Q 7 .  

In   t h e   n e g a t i v e   h a l f   c y c l e   p e r i o d :  

In  a  n e g a t i v e   h a l f   c y c l e   of   t h e   p o w e r   s o u r c e   v o l t a g e   V S ,  

t h e   v o l t a g e   Vs  i s   r e c t i f i e d   and  l e v e l   c l i p p e d  b y   t h e   p o w e r  

s o u r c e   r e c t i f y i n g   c i r c u i t   1 2 b .   A  n e g a t i v e   c y c l e   c i r c u i t r y  

c o m p r i s e s   a  p o w e r   s o u r c e   r e c t i f y i n g   c i r c u i t   12b ,   an  o s c i l -  

l a t i n g   c i r c u i t   14b ,   and  an  o s c i l l a t i o n   c o n t r o l   c i r c u i t   1 3 b ,  

and  t h e s e   a r e   same  w i t h   t h e   p o s i t i v e   c y c l e   c i r c u i t r y   c o m -  

p r i s i n g   t h e   p o w e r   s o u r c e   r e c t i f y i n g   c i r c u i t   12a ,   t h e  

o s c i l l a t i n g   c i r c u i t   1 4 a ,   and  t h e   o s c i l l a t i o n   c o n t r o l  

c i r c u i t   13a  e x c e p t   a  c o n n e c t i o n   to   t he   p o w e r   s o u r c e s  

t h e r e o f   w h i c h  a r e   o p p o s i t e   e a c h   o t h e r .   A c c o r d i n g l y ,  

d e t a i l   e x p l a n a t i o n   a b o u t   t h e   n e g a t i v e   c y c l e   c i r c u i t  

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

of  t h e   p o w e r   s o u r c e   v o l t a g e   VS,  t h e   v o l t a g e   w a v e - f o r m   VS 

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

p o w e r   s o u r c e   r e c t i f y i n g   c i r c u i t   12b  as  shown  in  FIG.   8 .  



The  o s c i l l a t i n g   c i r c u i t   l 4 b   i s s u e s   p u l s e s   H  s h o w n   i n  

FIG.   8.  T h e n   t h e   p u l s e s   H  i m p r e s s e d   to  a  s w i t c h i n g  

t r a n s i s t o r   Q8.  As  a  r e s u l t ,   t h e   t r a n s i s t o r   Q7  i s   " o n "  

in   p o s i t i v e   h a l f   c y c l e   of   t h e   p o w e r   s o u r c e   V S ,  a n d   t h e  

t r a n s i s t o r   Q8  i s   " o n "  i n   n e g a t i v e   h a l f   c y c l e   of  t h e  

p o w e r   s o u r c e   V S .  

The  p o w e r   s o u r c e   v o l t a g e   VS  i s   a l l w a v e - r e c t i f i e d  

by  a  d i o d e   b r i d g e   c i r c u i t   DB3  and  i s   s m o o t h e d   by  a  s m o o t h -  

i ng   c a p a c i t o r   C6,  t h e n   i m p r e s s e d   on  t h e   t r a n s i s t o r s   Q7 

and  Q8  t h r o u g h   a  t r a n s f o r m e r   T3.  A  p u l s e   w a v e - f o r m   I  

shown  i n   F I G .   8  h a v i n g   b o t h   p o l a r i t y   of  p u l s e s   ( r e -  

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

t r a n s f o r m e r   T3,  and  i s   g i v e n   to   t h e   d i s c h a r g e   t u b e   3 

t h r o u g h   a  c a p a c i t o r   C7.  Then   t h e   r e i g n i t i o n   p u l s e s  

s t a r t   an  i g n i t i o n   and  m a i n t a i n   a  l i g h t i n g .   The  c a p a c i t o r  

C7  c u t s   o f f   a  low  f r e q u e n c y   v o l t a g e   c o m p o n e n t   f rom  t h e  

d i s c h a r g e   t u b e   3  a n d   p r e v e n t s   a  m a g n e t i c   s a t u r a t i o n   i n  

t h e   t r a n s f o r m e r   T3.  A  p e r i o d   t h a t   t h e   r e i g n i t i o n   p u l s e  

i s s u e d   f r o m   t h e   p u l s e   g e n e r a t o r  4   can   be  c o n t r o l l e d   b y  

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

13a  by  d e t e r m i n i n g   t h e   t i m e   c o n s t a n t   of   t h e   r e s i s t o r  

R17a  and   t h e   c a p a c i t o r   C4a ,   or   t h e   p e r i o d   can  be  c o n t r o l l e d  

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

c i r c u i t   13a   by  d e t e r m i n i n g   t h e   v o l t a g e   by  t h e   r a t i o   o f  

t h e   r e s i s t o r s   R21a  and  R 2 2 a .   An  o s c i l l a t i o n   f r e q u e n c y  



a t   t h e   o s c i l l a t i n g   c i r c u i t   14a  can   be  c o n t r o l l e d   b y ,  

f o r   i n s t a n c e ,   s e l e c t i n g   t h e   v a l u e s   of  t h e   r e s i s t o r   R 1 3 a  

and  t h e   c a p a c i t o r   C3a .   A  r e i g n i t i o n   p u l s e   i m p r e s s i n g  

a n g l e  @ 3  s h o u l d   be  s e l e c t e d   as  @3 > @1  w i t h   r e s p e c t   t o  

t h e   f i r i n g   a n g l e   @1  or   t h e   z e r o - c u r r e n t   p e r i o d   in  e a c h  

c y c l e   of   t h e   l amp   c u r r e n t .  

P e r f o r m a n c e   c u r v e s ' o f  t h e   h i g h   p r e s s u r e   d i s -  

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

t r a n g e n t   s t a t e   a r e   shown  in   F IG.   9.  In  F IG .   9,  c h a r a c -  

t e r i s t i c   of   t h e   l amp   v o l t a g e   i s   d e s i g n a t e d   by  t he   c u r v e  

V L a  ,   t h e   l amp  c u r r e n t   by  I L a  ,   and  f i r i n g   a n g l e   a t   a  

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

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

d i s c h a r g e   t u b e   by  @. 

The  t r a n s f o r m e r   T1  can   be  r e p l a c e d   by  a  s u i t a b l e  

i s o l a t o r   f o r   e x a m p l e ,   p h o t o - i s o l a t o r .   The  p u l s e   g e n e r a t o r  

4  of   F IG.   6  can   be  c o n s t i t u t e d   by  a  d i g i t a l   IC ,   t h e r e b y  

a  s i m i l a r   f u n c t i o n   i s   o b t a i n a b l e .  



1 .  A   h i g h   p r e s s u r e   d i s c h a r g e   lamp  a p p a r a t u s   c o m p r i s i n g :  

a  d i s c h a r g e   t u b e ,  

a  c u r r e n t   l i m i t i n g   d e v i c e   and  an  o v e r - c u r r e n t  

p r o t e c t i n g   d e v i c e   w h i c h   a r e   c o n n e c t e d   in   s e r i e s   w i t h   s a i d  

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

a  p u l s e   g e n e r a t o r   c o n n e c t e d   in   p a r a l l e l   to   s a i d  

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

a  l amp  c u r r e n t   d e t e c t i n g   c i r c u i t   to   d e t e c t  

a  l amp  c u r r e n t   and   g i v e   c o n t r o l   s i g n a l   to   s a i d   o v e r -  

c u r r e n t   p r o t e c t i n g   d e v i c e .  

2 .   A  h i g h   p r e s s u r e   d i s c h a r g e   l amp  a p p a r a t u s   o f  

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

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

3.  A  h i g h   p r e s s u r e   d i s c h a r g e   lamp  a p p a r a t u s   o f  

c l a i m   1,  w h e r e i n   s a i d   l a m p   c u r r e n t   d e t e c t i n g   c i r c u i t  

i n c l u d e s   a  m e a n s   f o r   d e t e c t i n g   l amp  v o l t a g e .  

4.  A  h i g h   p r e s s u r e   d i s c h a r g e   l amp  a p p a r a t u s   o f  

c l a i m   2,  w h e r e i n   a  z e r o - c u r r e n t   p e r i o d   in   e a c h   c y c l e   o f  

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

f i r i n g   a n g l e   c o n t r o l l i n g   c i r c u i t .  

5.  A  h i g h   p r e s s u r e   d i s c h a r g e   l amp  a p p a r a t u s   o f  

c l a i m   4,  w h e r e i n   s a i d   p u l s e   g e n e r a t o r   i s s u e s   p u l s e s   f o r  

m a k i n g   a  r e i g n i t i o n   of  s a i d   d i s c h a r g e   t u b e   d u r i n g   a t   l e a s t  

s a i d   z e r o - c u r r e n t   p e r i o d   in   e a c h   c y c l e   of   s a i d   s e m i c o n d u c t o r  

s w i t c h i n g   d e v i c e .  



1.  A  d i s c h a r g e   lamp  a p p a r a t u s   c o m p r i s i n g :  

a  d i s c h a r g e   t u b e   ( 3 ) ,  

a  c u r r e n t   l i m i t i n g   d e v i c e   (2)  and  an  o v e r - c u r r e n t  

p r o t e c t i n g   d e v i c e   ( 1 1 ) ,  

a  p o w e r   s o u r c e   ( 1 ) ,   a n d  

a  lamp  c u r r e n t   d e t e c t i n g   c i r c u i t   (9)  to   d e t e c t   a  

lamp  c u r r e n t   and  to   g i v e   c o n t r o l   s i g n a l   to   s a i d   o v e r - c u r r e n t  

p r o t e c t i n g   d e v i c e   ( 1 1 ) ,  

c h a r a c t e r i z e d   i n ,  

t h a t   s a i d   d i s c h a r g e   lamp  a p p a r a t u s   i s   A C - o p e r a t e d ,  

t h a t   s a i d   c u r r e n t   l i m i t i n g   d e v i c e   (2)  and  s a i d   o v e r -  

c u r r e n t   p r o t e c t i n g   d e v i c e   (11)  a r e   c o n n e c t e d   in  s e r i e s   w i t h  

s a i d   d i s c h a r g e   t u b e   (3)  a c r o s s   s a i d   p o w e r   s o u r c e   ( 1 ) ,  

t h a t   a  p u l s e   g e n e r a t o r   (4)  i s   c o n n e c t e d   in  p a r a l l e l  

to   s a i d   d i s c h a r g e   t u b e   (3)  to   s u p p l y   p u l s e s   to   s a i d   d i s c h a r -  

ge  t u b e   ( 3 ) ,   a n d  



t h a t   s a i d   lamp  c u r r e n t   d e t e c t i n g   c i r c u i t   (9)  d e t e c t s  
t h e   lamp  c u r r e n t   t h r o u g h   d e t e c t i o n   of  a  v o l t a g e   a c r o s s   a  
p a i r   of  e l e c t r o d e s   of   t h e   l a m p .  

2.  A  h i g h   p r e s s u r e   d i s c h a r g e   lamp  a p p a r a t u s   of  c l a i m   1 ,  
c h a r a c t e r i z e d   in  t h a t   s a i d   o v e r - c u r r e n t   p r o t e c t i n g   d e v i c e   (11) 
i s   a  s e m i c o n d u c t o r   s w i t c h i n g   d e v i c e .  

3.  A  h i g h   p r e s s u r e   d i s c h a r g e   lamp  a p p a r a t u s   of   c l a i m   2 ,  

c h a r a c t e r i z e d   in  t h a t   a  z e r o - c u r r e n t   p e r i o d   in   e a c h   c y c l e   o f  

s a i d   s e m i c o n d u c t o r   s w i t c h i n g   d e v i c e   (11)  i s   c o n t r o l l e d   by  a  

f i r i n g   a n g l e   c o n t r o l l i n g   c i r c u i t   ( 1 0 ) .  

4.  A  h i g h   p r e s s u r e   d i s c h a r g e   lamp  a p p a r a t u s   of   c l a i m   3 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   p u l s e  g e n e r a t o r   (4)  i s s u e s   p u l s e s  

f o r   m a k i n g   a  r e i g n i t i o n   of  s a i d  d i s c h a r g e   t u b e   (3)  d u r i n g   a t  

l e a s t   s a i d   z e r o - c u r r e n t   p e r i o d  i n   e a c h   c y c l e   of  s a i d   s e m i c o n -  

d u c t o r   s w i t c h i n g   d e v i c e   ( 1 1 ) .  
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