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©  Time  of  flight  measurement  for  ink  jet  printers. 
  Apparatus  for  giving  an  indication  of  the  time  of  flight  of 
the  ink  stream  of  an  ink  jet  printer  comprises  detector  means 
(16)  towards  which  one  or  more  selected  droplets  of  the  ink 
stream  may  be  directed  by  a  deflection  system  comprising 
charging  electrode  (5)  and  deflecting  electrodes  (8).  The 
detector  means  detects  the  presence  of  the  selected  droplets 
to  give  an  indication  of  the  time  of  flight  of  the  said  droplets. 

The  time  of  flight  may  be  calculated  and  displayed,  or 
employed  to  control  printing  paramaters  such  as  ink  supply 
pressure,  deflecting  charge  or  the  rate  at  which  items  to  be 
printed  are  conveyed  past  the  printer.  The  time  of  flight  also 
acts  as  a  useful  "state  of  health"  monitor,  to  detect  blockages 
or  other  malfunctions  of  the  printer. 



This  i nven t ion   r e l a t e s   to  a  method  and  appa ra tu s   for  giving  an 

i n d i c a t i o n   of  the  time  of  f l i g h t   of  the  ink  j e t   stream  of  an  ink 

j e t   p r i n t e r .  

In  ink  j e t   p r i n t i n g ,   a  stream  of  ink  is  e j e c t e d   from  a  n o z z l e  

and  s t r i k e s   a  r ecord ing   member.  Means  are  provided  f o r  

c o n t r o l l a b l y   e l e c t r i c a l l y   d e f l e c t i n g   i n d i v i d u a l l y   charged  

d r o p l e t s   in  the  ink  stream  before   they  s t r i k e   the  r e c o r d i n g  

member,  the  member  u sua l ly   being  moved  past   the  ink  stream  so 
tha t   a  p r i n t e d   t r a c e ,   code  or  other   i n d i c i a   can  be  formed.  

Ink  j e t   p r i n t e r s   are  known  which  can  achieve  the  p r in t ing   o f  

a lpha-numer ic   c h a r a c t e r s   at  ex t remely   f a s t   p r i n t   out  r a tes .   To 

enable  the  p r i n t i n g   of  complex  c h a r a c t e r s   and  p a t t e r n s ,   t h e  

accura te   placement   of  i nd iv idua l   ink  d r o p l e t s   on  to  the  r e c o r d i n g  

member  must  be  ach ieved .   Hence  the  ink  j e t   stream  must  be  ve ry  
c l o s e l y   c o n t r o l l e d   in  order  to  prevent   inaccuracy   of  d rop  

placement  s i g n i f i c a n t l y   reducing  the  l e g i b i l i t y   of  the  p r i n t e d  

i n d i c i a .  

One  type  of  cont ro l   for  the  ink  stream  is  de sc r i bed   in  UK 

Patent   no  1211955.  This  provides   a  method  of  synchronis ing   a 

v i b r a t o r y   s ignal   appl ied   to  the  ink  stream  to  break  it  i n t o  

d r o p l e t s ,   with  the  s ignal   appl ied   to  a  charg ing   e l ec t rode   i n  

o r d e r   to  charge  t ha t   d r o p l e t .   This  ensures   tha t   the  e l e c t r i c  

f i e l d   is  app l ied   j u s t   as  each  d rop l e t   breaks  away  from  the  i nk  

s t ream,  r a t h e r   than  before  or  a f t e r   i t   breaks  away.  It  is  an 

ob jec t   of  the  p resen t   i nven t ion   to  provide  f u r t h e r   data  r e g a r d i n g  
the  performance  of  an  ink  j e t   p r i n t e r ,   in  order  to  enable  the  ink  

stream  to  be  more  a c c u r a t e l y   m a n i p u l a t e d .  

Accordingly  there   is  provided  appara tus   for  giving  an  i n d i c a t i o n  

of  the  time  of  f l i g h t   of  the  ink  stream  of  an  ink  j e t   p r i n t e r  



compris ing  d e t e c t o r   means,  d e f l e c t i o n   means  for  s e l e c t i v e l y  

causing  one  or  more  d r o p l e t s   of  the  ink  stream  to  be  d i r e c t e d  

towards.  the  d e t e c t o r   means,  said  d e t e c t o r   means  being  adapted  t o  

de t ec t   the  presence   of  the  s e l e c t e d   one  or  more  d r o p l e t s   at  a 

p rede te rmined   p o s i t i o n   thereby  to  give  an  i n d i c a t i o n   of  the  t ime  

of  f l i g h t   of  sa id   d r o p l e t s   between  the  d e f l e c t i n g   means  and  t h e  

p rede te rmined   p o s i t i o n .  

Obtaining  an  i n d i c a t i o n   of  the  time  of  f l i g h t   of  the  ink  s t r e a m  

of  an  ink  j e t   p r i n t e r   is  not  only  of  use  in  c o n t r o l l i n g   t h a t  

s t ream.  The  time  of  f l i g h t   is  a  monitor   of  the  p ressure   at  which 

ink  is  i s su ing   from  the  nozzle  of  the  p r i n t e r .   Fur thermore ,   t h e  

time  of  f l i g h t   is  a  useful   ' s t a t e   of  h e a l t h '   monitor   for  the  j e t  

p r i n t e r .   If  the  time  of  f l i g h t   s t a r t s   to  i n c r e a s e ,   or  a l t e r n a -  

t i v e l y   s t a r t s   to  vary  e r r a t i c a l l y ,   th is   is  an  i n d i c a t i o n   tha t   t h e  

ink  j e t   p r i n t e r   is  running  less   than  o p t i m a l l y .   Blockages  at  t h e  

j e t   nozz le ,   or  in  the  ink  feed  system  will  al l   show  up  as 

inc reased   time  of  f l i g h t   measurements ,   i n d i c a t i n g   tha t   t h e  

p r i n t e r   r e q u i r e s   maintenance  or  a t t e n t i o n .  

T h e r e  i s   p r e f e r a b l y   provided  t iming  means  adapted  to  d e t e r m i n e  

the  time  e lapsed   between  a c t u a t i o n   of  the  d e f l e c t i o n   means  t o  

cause  the  s e l e c t e d   one  or  more  d r o p l e t s   to  be  d i r e c t e d   towards  

the  d e t e c t o r   means  and  the  d e t e c t i o n   of  said  d r o p l e t s   at  t h e  

prede termined   p o s i t i o n .   The  e lapsed  time  may  be  d i s p l a y e d  

v i s u a l l y   or  recorded  as  performance  data  to  be  eva lua ted   as  
des i r ed .   A l t e r n a t i v e l y   the  e lapsed   time  may  be  used  to  a c tua t e   an 
alarm  if  the  time  exceeds  a  p rede te rmined   value.   The  time  d a t a  

may  also  be  used  to  exer t   cont ro l   over  some  aspect   of  the  ink  j e t  

p r i n t e r ,   for  example  the  d e f l e c t i o n   means  or  a l t e r n a t i v e l y   t h e  

ink  feed  p r e s s u r e .   In  another   a l t e r n a t i v e   arrangement   the  e l a p s e d  

time  data  may  be  used  to  cont ro l   the  ope ra t i on   of  a s s o c i a t e d  

equipment,   for  example  the  speed  of  movement  of  the  r e c o r d i n g  

member. 

The  d e f l e c t i o n   means  c o n v e n i e n t l y   comprises  at  l e a s t   one  c h a r g i n g  
e l e c t r o d e   p o s i t i o n e d   in  the  region  at  which  the  ink  j e t   b r eaks  

into  d r o p l e t s ,   means  for  applying  a  charging  signal  to  s a i d  

charging  e l e c t r o d e   so  as  to  apply  a  co r responding   charge  t o  



d r o p l e t s   forming  t h e r e a t ,   and  at  l e a s t   one  d e f l e c t i n g   e l e c t r o d e  

adapted  to  provide  an  e l e c t r i c   f i e l d   the reby   to  cause  s a i d  

charged  d r o p l e t s   to  be  d i r e c t e d   towards  the  d e t e c t o r   means. 

In  order   to  determine  an  e lapsed  time  it   is  n e c e s s a r y   to  a c t u a t e  

the  t iming  means  to  begin  measurement.   This  is  p r e f e r a b l y  

achieved  by  means  of  a  ' s t a r t '   s i g n a l ,   c o n v e n i e n t l y   in  the  form 

of  a  step  vo l tage   change  in  the  charging  s igna l   appl ied   to  t h e  

charging  e l e c t r o d e .   In  one  arrangement  t h e  c h a r g i n g   signal  is  i n  

the  form  of  a  square  wave.  P r e f e r a b l y   the  charg ing   signal  is  a 

s tepped  v o l t a g e ,   adapted  to  charge  s u c c e s s i v e   d r o p l e t s   to  d i f f e r -  

ing  degrees .   Such  a  s tepped  vol tage   can  be  made  to  produce  a 
' ba r '   of  d r o p l e t s   d i r e c t e d   towards  the  d e t e c t o r   means .  

The  d e t e c t o r   means  conce ivab ly   comprises  a  conduc tor   element  on 

which  there   can  be  genera ted   an  induced  charge  on  the  approach  o f  

a  charged  d r o p l e t .   With  th is   arrangement  the re   is  c o n v e n i e n t l y  

provided  t r i g g e r   means  adapted  to  be  a c tua t ed   when  the  induced 

charge  exceeds  a  p rede te rmined   v a l u e .  

A l t e r n a t i v l y   the  said  p rede te rmined   p o s i t i o n   is  at  the  d e t e c t o r  

means.  P r e f e r a b l y   the  d e t e c t o r   means  comprises   a  conduc to r  

element  a g a i n s t   which  the  s e l e c t e d   one  or  more  d rop le t s   a r e  
allowed  to  impinge,  the  conductor   element  being  adapted  t o  

rece ive   an  e l e c t r i c   charge  from  the  said  one  or  more  d rop le t s   and 

provide  an  e l e c t r i c   c u r r e n t   in  response  t h e r e t o .   Such  a  c u r r e n t  

can  be  ampl i f ied   and  employed  to  a c tua t e   a  log ic   c i r c u i t   con-  

s t i t u t i n g   part   of  the  a forement ioned   timing  means .  

In  an  a l t e r n a t i v e   ar rangement   the  d e t e c t o r   means  comprises  an 

element  of  p i e z o e l e c t r i c   ma te r i a l   aga ins t   which  the  se lec ted   one 

or  more  d r o p l e t s   are  allowed  to  impinge,   the  p i e z o e l e c t r i c  

element  being  adapted  to  produce  e l e c t r i c   s i g n a l s   in  r e sponse  
t h e r e t o .   As  be fo re ,   such  e l e c t r i c   s i g n a l s   can  be  ampl i f ied   and 

employed  to  a c tua t e   a  logic  c i r c u i t .  

In  another   a l t e r n a t i v e   arrangement   the  d e t e c t o r   means  compr ises  

an  energy  r e spons ive   e lement ,   and  an  energy  source  adapted  t o  

produce  a  beam  of  energy,   which  beam  may  be  i n t e r r u p t e d   by  t h e  



passage  of  the  s e l e c t e d   one  or  more  d r o p l e t s .   Convenient ly   t h e  

energy  source  is  a  l i gh t   emi t t ing   diode  and  the  energy  r e s p o n s i v e  

element   a  p h o t o d e t e c t o r .  

According  to  a  f u r t h e r   aspect   of  the  p resen t   i nven t ion   there   i s  

provided  an  ink  j e t   p r i n t e r   i n c o r p o r a t i n g   appara tus   for  giving  an 

i n d i c a t i o n   of  the  time  of  f l i g h t   of  the  ink  stream  as  p r e v i o u s l y  

d e s c r i b e d .  

According  to  a  s t i l l   f u r t h e r   a spec t   of  the  p resen t   i n v e n t i o n  

there   is  provided  a  method  of  o b t a i n i n g   an  i n d i c a t i o n   of  the  t i m e  

of  f l i g h t   of  the  ink  stream  of  an  ink  j e t   p r i n t e r   comprising  t h e  

steps  of  s e l e c t i v e l y   causing  one  or  more  d rop l e t s   of  the  i nk  

stream  to  be  d i r e c t e d   towards  a  d e t e c t o r   means,  d e t e c t i n g   t h e  

presence  of  the  s e l ec t ed   one  or  more  d r o p l e t s   at  a  p r e d e t e r m i n e d  

p o s t i o n ,   and  giving  an  i n d i c a t i o n   of  the  time  of  f l i g h t   of  s a i d  

d r o p l e t s   between  t h e i r   being  caused  to  be  d i r e c t e d   and  b e i n g  

de t ec t ed   at  said  predetermined  p o s i t i o n .  

P r e f e r a b l y   the  above  method  i nc ludes   the  step  of  measuring  t h e  

time  e lapsed  between  said  one  or  more  d r o p l e t s   being  caused  to  be 

d i r e c t e d   towards  the  d e t e c t o r   means  and  the  d e t e c t i o n   of  s a i d  

d r o p l e t s   at  the  predetermined  p o s i t i o n .  

Some  embodiments  of  the  i nven t ion   will  now  be  descr ibed   i n  

f u r t h e r   d e t a i l ,   by  way  of  example  only,   with  r e f e r ence   to  t h e  

accompanying  drawings  in  wh ich ,  

Figure  1  is  a  schematic   diagram  of  an  ink  j e t   p r i n t e r  

i n c o r p o r a t i n g   time  of  f l i g h t   measuring  appara tus   according  to  t h e  

i n v e n t i o n ,  

Figure  2  is  a  schematic   view  of  the  d e t e c t o r   of  f i g u r e  

1,  

Figure  3  is  a  c i r c u i t   diagram  of  the  a m p l i f i e r   o f  

f igure   1 ,  



Figure  4  shows  a  typ ica l   t r ace   obtained  from  t h e  

a m p l i f i e r   of  Figure  3  with  one  type  of  s ignal   applied  to  t h e  

charging  e l e c t r o d e   of  Figure  1,  

Figure  5  shows  a  typ ica l   t r ace   obtained  form  t h e  

a m p l i f i e r   of  Figure  3  when  an  a l t e r n a t i v e   s ignal   is  applied  t o  

the  charging  e l e c t r o d e   of  Figure  1,  

Figure  6  is  a  schematic  diagram  of  a  de t ec to r   a c c o r d -  

ing  to  an  a l t e r n a t i v e   embodiment  of  the  i n v e n t i o n ,  

Figure  7  is  a  schematic  diagram  of  a  de t ec to r   a c c o r d -  

ing  to  another   a l t e r n a t i v e   embodiment  of  the  i n v e n t i o n ,   and 

Figure  8  is  a  schematic  d i a g r a m  o f   a  de tec to r   a c c o r d -  

ing  to  yet  ano ther   a l t e r n a t i v e   embodiment  of  the  i n v e n t i o n .  

Refer r ing   to  Figure  1,  an  ink  je t   p r i n t e r   comprises  a  nozzle  1 

provided  with  a  supply  of  ink  from  ink  feed  2  via  pipe  3.  A 

stream  of  ink  10  i s su ing   from  the  nozzle  1  is  encouraged  to  b r eak  

up  into  d i s c r e t e   d r o p l e t s   by  the  v i b r a t i o n   of  the  nozzle  1  by 

means  of  a  v i b r a t o r y   source  4.  In  the  region  where  the  ink  s t r e a m  

10  breaks  up  into  d r o p l e t s   there  is  p o s i t i o n e d   a  c y l i n d r i c a l  

charging  e l e c t r o d e   5  connected  via  l ine   6  to  an  e l e c t r i c a l  

vol tage   source  7.  Pos i t i oned   f u r t h e r   downstream  of  the  ink  s t r e a m  

10  is  a  pair   of  p l a t e s   c o n s t i t u t i n g   a  d e f l e c t i o n   e l ec t rode   8.  The 

e l e c t r o d e   8  is  connected  to  a  vol tage   source  9  by  means  of  a  l i n e  

11.  

In  use  vol tage   source  7  is  s e l e c t i v e l y   v a r i a b l e   so  as  to  produce 

a  v a r i a b l e   charge  on  the  charging  e l e c t r o d e   5.  Thus  a  c o r r e s p o n -  
dingly   v a r i a b l e   charge  is  applied  to  d i f f e r e n t   d rop le t s   as  t h e y  

break  up  and  pass  the  charging  e l e c t r o d e   5.  In  c o n t r a s t ,   v o l t a g e  

source  9  produces  a  s u b s t a n t i a l l y   cons t an t   e l e c t r i c   f i e ld   between 

the  p la tes   of  the  d e f l e c t i o n   e l e c t r o d e   8.  Thus  d rople t s   p a s s i n g  

through  this   f i e l d   are  de f l e c t ed   by  an  amount  dependent  upon  t h e  

charge  which  they  ca r ry .   In  the  example  i l l u s t r a t e d   in  Figure  1 

the  ink  stream  10  is  s p l i t   into  a  d e f l e c t e d   stream  of  d r o p l e t s  
10a  which  have  been  charged  by  the  charging  e l ec t rode   5,  and  an 



u n d e f l e c t e d   s tream  of  d r o p l e t s   10b  which  have  been  l e f t   uncha rged  

by  e l e c t r o d e   5 .  

Coax ia l ly   a l igned   with  the  nozzle  .1  is  a  g u t t e r   12  having  an 

a p e r t u r e   13  into  which  may  be  received  ink  drops  from  the  un-  

d e f l e c t e d   ink  s tream  10b.  Ink  c o l l e c t e d   by  the  g u t t e r   12  p a s s e s  

along  a  r e t u r n   pipe  14  and  is  r e tu rned   to  the  ink  feed  2.  A  pump 

(not  shown)  may  be  employed  to  a s s i s t   in  the  movement  of  the  i n k  

along  the  r e tu rn   pipe  14 .  

The  d e f l e c t e d   ink  stream  10a  may  be  caused  to  impinge  on  t h e  

s u r f a c e   of  a  r e co rd ing   medium  15  such  as  a  s e r i e s   of  p a s s i n g  

enve lopes .   By  s e l e c t i v e l y   varying  the  s ignal   a p p l i e d   to  t h e  

charging  e l e c t r o d e   5  by  the  source  7,  the  ink  s tream  may  be 

switched  between  t r a j e c t o r i e s   10a  and  10b,  caus ing   ink  to  be 

appl ied   to  the  r e c o r d i n g   medium  at  w i l l .  

A  d e t e c t o r   16  is  p o s i t i o n e d   behind  the  r ecord ing   member  15,  t h e  

p o s i t i o n   of  the  d e t e c t o r   being  such  that   in  the  absence  of  t h e  

member  15  the  d e f l e c t e d   ink  stream  10a  is  i n t e r c e p t e d   t h e r e b y .  

The  d e t e c t o r   16  communicates  with  a  p rocessor   17  via  l ine  18.  Ink 

)  i n t e r c e p t e d   by  the  d e t e c t o r   16  is  re turned   to  the  feed  2  via  a 

second  r e tu rn   pipe  22.  The  p roce s so r   17  has  in  turn  two  o u t p u t  

l ines   19  &  20,  l ine   19  connec t ing   the  p rocessor   to  a  d i sp l ay   u n i t  

21,  and  l ine   20  connec t ing   the  p rocesso r   to  the  vo l t age   source  7 

supplying  the  charg ing   e l e c t r o d e   5 .  

In  order   to  ob ta in   an  i n d i c a t i o n   of  the  time  of  f l i g h t   of  the  ink  

stream  10,  the  vo l t age   source  7  is  ac tua ted   such  tha t   a  s e l e c t e d  

batch  of  d r o p l e t s   are  charged  to  be  d e f l e c t e d   by  e l e c t r o d e   8 

along  t r a j e c t o r y   10a.  So  tha t   the  s e l ec t ed   batch  of  d r o p l e t s   may 
reach  the  d e t e c t o r   16,  the  r ecord ing   member  15  must  be  removed 

or,  a l t e r n a t i v e l y   in  the  case  where  the  r eco rd ing   member  is  an 

i n t e r m i t t e n t   e n t i t y   such  as  a  success ion   of  enve lopes ,   the  b a t c h  

must  be  timed  to  pass  t he r ebe tween .   When  the  d r o p l e t s   a r r i ve   a t  

the  d e t e c t o r   16,  t h e i r   presence   i s  . d e t e c t e d   the reby   and  an 



e l e c t r i c a l   s ignal   is  passed  along  l ine  18  to  the  p rocesso r   17.  , 
The  p r o c e s s o r   17  inc ludes   a  t imer  (not  shown)  which  c a l c u l a t e s  

the  time  e lapsed   between  a c t u a t i o n   of  the  vol tage  source  7  and 

the  d e t e c t i o n   of  the  d rop le t s   at  the  d e t e c t o r   16.  The  p r o c e s s o r  

17  uses  th i s   i n fo rma t ion   to  gene ra te   e l e c t r i c a l   output   s i g n a l s ,  

one -a long   l ine   19  to  ac tua te   the  d i sp l ay   21,  and  another   a l o n g  

l ine   20  to  con t ro l   the  o p e r a t i o n   of  the  vol tage   source  7.  Thus 

not  only  is  a  v i sua l   i n d i c a t i o n   given  regard ing   t h e  t i m e   o f  

f l i g h t   of  the  ink  s t ream,  but  the  data  may  also  be  used  i n  

c o n t r o l l i n g   the  f u r t h e r   ope ra t ion   of  the  p r i n t e r .  

Figure  2  shows  one  type  of  d e t e c t o r   16  s u i t a b l e   for  use  with  t h e  

appara tus   of  Figure  1.  The  d e t e c t o r   16  comprises  a  c y l i n d e r   cup 
25  of  metal  or  o ther   e l e c t r i c a l l y   conduct ive   m a t e r i a l ,   the  cup 

de f in ing   a  chamber  23  t h e r e i n .   An  open  face  24  of  the  c y l i n d r i c a l  

cup  25  al lows  access   to  the  chamber  23  from  a  d i r e c t i o n   l e f t   t o  

r igh t   as  shown  in  Figure  2.  The  cup  25  is  mounted  on  a  h o l l o w  

neck  30  to  which  is  a t t ached   the  r e tu rn   pipe  22  of  Figure  1.  An 

ape r tu r e   26  is  provided  in  the  cup  25  to  allow  communica t ion  

between  the  chamber  23  and  the  re tu rn   pipe  22  via  the  hollow  neck 

3 0 .  "  

The  conduc t ive   cup  25  is  e l e c t r i c a l l y   connected  by  means  of  l i n e  

18  with  the  p r o c e s s o r   17.  The  p rocessor   is  c o n s t i t u t e d   by  an 

a m p l i f i e r   27  and  a  t imer  28  connected  in  s e r i e s   by  l ine   29.  The 

outputs   from  the  p rocessor   can  a c t u a t e   a  d i sp lay   or  the  e l e c t r o d e  

source  7  as  p r e v i o u s l y   d e s c r i b e d .  

.In  use  charged  d r o p l e t s   50  en te r   the  chamber  23  and  s t r i k e   t h e  

conduct ive   cup  25.  The  charge  on  the  d rop le t s   50  is  t r a n s f e r r e d  

to  the  cup  25  and  causes  an  e l e c t r i c a l   signal  to  be  t r a n s m i t t e d  

along  l ine   18.  The  signal   is  ampl i f i ed   by  a m p l i f i e r   27  and  used  

to  opera te   t imer  28  to  give  the  requi red   i n d i c a t i o n   of  f l i g h t  
time.  The  ink  d r o p l e t s   50,  a f t e r   s t r i k i n g   the  cup  25,  pa s s  

through  a p e r t u r e   26  and  are  r e tu rned   to  the  ink  feed  supply  v i a  

re turn   pipe  22 .  



Figure  3  shows  an  a m p l i f i e r   s u i t a b l e   for  use  as  the  a m p l i f i e r   27 

of  Figure  2.  The  c i r c u i t   comprises  two  o p e r a t i o n a l   a m p l i f i e r s   30 

employed  as  a  two  s tage  a m p l i f i e r .   R e s i s t o r s   32,  33,  and  34  a r e  

all  t y p i c a l l y   1k  ohm,  r e s i s t o r   35  t y p i c a l l y   1M  ohm  and  r e s i s t o r  

36  t y p i c a l l y   100  k  ohm.  The  output  from  the  two  s tage   a m p l i f i e r  

is  fed  to  a  Schmit t   t r i g g e r   37  which  t r ans fo rms   the  output   into  a 

square  wave  p r i o r   to  i t s   p rocess ing   by  the  t imer   2 8 .  

Figure  4  shows  a  t y p i c a l   t r ace   obtained  from  the  a m p l i f i e r   o f  

Figure  3.  The  v e r t i c a l   axis  r e p r e s e n t s   vo l tage   and  the  h o r i z o n t a l  

axis  t ime.  The  top  t r a c e   40  is  the  signal  a p p l i e d   to  the  c h a r g i n g  

e l e c t r o d e   5  from  the  vo l tage   source  7.  The  middle  t r ace   41  is  t h e  

s ignal   gene ra t ed   by  the  d e t e c t o r   16  a f t e r   a m p l i f i c a t i o n   by  t h e  

two  s tage   a m p l i f i e r   27.  The  bottom  t raced  42  is  the  output   s i g n a l  

from  the  a m p l i f i e r   a f t e r   the  opera t ion   of  Schmit t   t r i g g e r   37.  The 

time  of  f l i g h t   i n d i c a t i o n   to  be  obtained  by  the  t imer   is  the  t i m e  

t  between  the  apply ing   of  the  s ignal   40  and  the  d e t e c t i o n   o f  t h e  

s ignal   at  the  d e t e c t o r   as  r e p r e s e n t e d   by  the  f i r s t   square  wave 

43 .  

Figure  5  shows  a  s i m i l a r   t r a c e ,   obtained  by  the  a p p l i c a t i o n   of  a 

s tepped  vo l tage   as  shown  at  44  to  the  charg ing   e l e c t r o d e .  

Success ive   d r o p l e t s   will  each  be.  charged  to  a  s l i g h t l y   g r e a t e r  

degree  and  hence  the  s ignal   45  received  at  the  a m p l i f i e r   will  be 

c o r r e s p o n d i n g l y   s t epped .   It  should  be  noted  tha t   the  d i f f e r i n g  

c h a r g e s   c a r r i e d   by  s u c c e s s i v e   d rop le t s   will  cause  them  to  be 

d e f l e c t e d   by  s l i g h t l y   d i f f e r i n g   amounts.  Hence  a  d e t e c t o r   of  a 

r e l a t i v e l y   l a r g e r   area  may  be  required  in  order   to  rece ive   a l l  

t h e   in tended   d r o p l e t s .  

l The  a c t i on   of  the  Schmit t   t r i g g e r   37  will  cause  a  r egu la r   s q u a r e  
wave  46  to  be  produced.   A  p l u r a l i t y   of  time  c a l c u l a t i o n s   t   to  t 4  
can  be  ob ta ined   for  each  d r o p l e t   d e t e c t e d .  

F i g u r e   6  shows  an  a l t e r n a t i v e   embodiment  of  d e t e c t o r   16.  The 

d e t e c t o r   comprises   a  disc  51  of  conduct ive  ma te r i a l   connected  t o  



an  a m p l i f i l p   27  by  means  of  a  wire  70.  The  disc  has  a  c e n t r a l  

ape r tu r e   71  to  allow  the  passage  of  d r o p l e t s   50.  Charged  d r o p l e t s  

50  approaching  the  disc  51  induce  in  the  disc  an  e l e c t r i c   s i g n a l  

which  is  ampl i f i ed   by  the  a m p l i f i e r   27.  As  p r e v i o u s l y   descr ibed   a 

Schmitt   t r i g g e r   37  conver t s   the  induced  s ignal   'to  a  square  wave  w h i c h  

can  be  input  to  a  t imer  28.  

Figure  7  shows  ano ther   a l t e r n a t i v e   embodiment  of  d e t e c t o r   16. 

This  d e t e c t o r   comprises  a  l igh t   emi t t i ng   diode  (L.E.D)  52  w h i c h  

emits  a  beam  of  l i g h t   53  which  is  d e t ec t ed   by  a  p h o t o d e t e c t o r   54.  

Ink  d r o p l e t s   60  pass ing   between  the  LED  52  and  pho tode t ec to r   54 

i n t e r r u p t   the  l i g h t   beam  53  and  cause  an  e l e c t r i c   signal  to  be 

passed  along  a  l ine   55  to  an  a m p l i f i e r   27.  The  ampl i f ied  s i g n a l  

is  passed  to  a  t imer  28  to  give  an  i n d i c a t i o n   of  the  time  o f  

f l i g h t   as  p r e v i o u s l y   d e s c r i b e d .  

Figure  8  shows  yet   ano ther   a l t e r n a t i v e   embodiment  of  de t ec to r   16. 

In  th is   d e t e c t o r   a  c y l i n d r i c a l   cup  25  s i m i l a r   to  that   d e s c r i b e d  

with  r e l a t i o n   to  Figure  2  acts  to  def ine   a  chamber  23  t h e r e i n .  

Aperture  26,  neck  30  and  r e tu rn   pipe  22  are  all  as  p r e v i o u s l y  

de sc r ibed .   However  unl ike   the  p r e v i o u s l y   desc r ibed   a r r a n g e m e n t ,  
the  chamber  23  f u r t h e r   con ta ins   a  p i e z o e l e c t r i c   c rys ta l   61.  A 

l ine  62  pass ing   through  a  f u r t h e r   a p e r t u r e   63  in  the  cup  25 

provides  an  e l e c t r i c   connect ion   between  the  c rys t a l   61  and  an 

a m p l i f i e r   27.  Ink  d r o p l e t s   60  impinging  on  the  p i e z o e l e c t r i c  

c rys t a l   61  cause  i t   to  deform  and  hence  become  charged.  The 

e l e c t r i c a l   s ignal   thus  r e s u l t i n g   t r a v e l s   along  l ine  62  and  i s  

ampl i f ied   by  a m p l i f i e r   27.  The  r e s u l t i n g   s ignal   is  converted  to  a 

s q u a r e   wave  by  a  Schmitt   t r i g g e r   37  and  fed  to  a  timer  28  as  

p rev ious ly   d e s c r i b e d .  

It  should  be  noted  tha t   the  d e t e c t o r s   desc r ibed   above  w i t h  

r e fe rence   to  f i gu re   7  and  8  are  able  to  de t ec t   the  presence  o f  

d rop l e t s   60  r e g a r d l e s s   of  whether  or  not  they  carry  an  e l e c t r i c  

charge.   The  d e t e c t o r s   of  Figures  2  and  6  employ  the  charge  on  t h e  

d rop le t s   in  order  to  de t ec t   t h e i r   presence  and  hence  can  be 

used  only  where  the  d rop l e t s   to  be  de t ec t ed   are  cha rged  

a c c o r d i n g l y .  



It  will   be  obvious  to  those  s k i l l e d   in  the  a r t   that   o t h e r  

d e t e c t o r   c o n f i g u r a t i o n s   are  pos s ib l e   s t i l l   f a l l i n g   within  t h e  

scope  of  the  p resen t   i n v e n t i o n .  



1.  Apparatus   for  g iv ing   an  i n d i c a t i o n   of  the  time  of  f l igh t   o f  

the  ink  stream  (10)  of  an  ink  jet  p r i n t e r   c h a r a c t e r i s e d   by  d e t e c t o r  

means  (16),   d e f l e c t i o n   means  for  s e l e c t i v e l y   caus ing   one  or  more 

d r o p l e t s   of  the  ink  s t ream  to  be  d i r e c t e d   towards  the  d e t e c t o r   means 

(16),  said  d e t e c t o r   means  being  adapted  to  de t ec t   the  presence  of  t h e  

s e l e c t e d   one  or  more  d r o p l e t s   at  a  p r e d e t e r m i n e d   p o s i t i o n   thereby  t o  

give  an  i n d i c a t i o n   of  the  time  of  f l i g h t   of  said  d r o p l e t s   between  t h e  

d e f l e c t i o n  m e a n s   and  the  p rede te rmined   p o s i t i o n .  

2.  Apparatus   a c c o r d i n g   to  claim  1  c h a r a c t e r i s e d   in  that  there  i s  

provided  t iming  means  adapted  to  de tennine   the  time  e lapsed   b e t w e e n  

a c t u a t i o n   of  the  d e f l e c t i o n   means  to  cause  the  s e l e c t e d   one  or  more 

d r o p l e t s   to  be  d i r e c t e d   towards  the  d e t e c t o r   means  (16),  and  t h e  

d e t e c t i o n   of  said  d r o p l e t s   at  the  p rede te rmined   p o s i t i o n .  

3.  Apparatus   accord ing   to  claim  1  or  claim  2  c h a r a c t e r i s e d   in  that  t h e  

d e f l e c t i o n   means  comprises   at  least   one  charg ing   e l e c t r o d e   (5)  

p o s i t i o n e d   in  the  r eg ion   at  which  the  ink  jet  breaks   into  d r o p l e t s ,  

means  (7)  for  app ly ing   a  charg ing   signal  to  said  charg ing   e l e c t r o d e ( 5 )  

so  as  to  apply  a  c o r r e s p o n d i n g   charge  to  d r o p l e t s   forming  t h e r e a t ,   and  

at  l eas t   one  d e f l e c t i n g   e l e c t r o d e   (8)  adapted  to  provide   an  e l e c t r i c  

f i e l d   thereby  to  cause  said  charged  d rop l e t s   to  be  d i r e c t e d   towards  t h e  

d e t e c t o r   means  ( 1 6 ) .  

4.  Apparatus  accord ing   to  claim  3  c h a r a c t e r i s e d   in  that  the  c h a r g i n g  

signal  is  in  the  form  of  a  square  wave. 

5.  Apparatus  accord ing   to  claim  4  c h a r a c t e r i s e d   in  that  the  c h a r g i n g  

signal  is  a  s tepped  v o l t a g e ,   adapted  to  charge  succes s ive   d rop l e t s   t o  

d i f f e r i n g   d e g r e e s .  



6.  Appara tus   a c c o r d i n g   to  any  of  claims  t o   5  c h a r a c t e r i s e d   in  t h a t  

the  d e t e c t o r   means  (16)  comprises   a  conduct ive   element  (51)  on  wh ich  

there  can  be  g e n e r a t e d   an  induced  charge  on  the  approach  of  a  c h a r g e d  

d r o p l e t .  

7.  Appara tus   a c c o r d i n g   to  claim  6  c h a r a c t e r i s e d   in  that  there  is  p r o v i d e d  

t r i g g e r   means  (37)  adapted  to  be  a c t u a t e d   when  the  induced  c h a r g e  

exceeds  a  p r e d e t e r m i n e d   v a l u e .  

8.  Appara tus   a c c o r d i n g   to  any  of  claims  1  to  5  c h a r a c t e r i s e d   in  t h a t  

said  p r e d e t e r m i n e d   p o s i t i o n   is  at  the  d e t e c t o r   means .  

9.  Apparatus   a c c o r d i n g   to  claim  8  c h a r a c t e r i s e d   in  that   the  d e t e c t o r  

means  (16)  compr ises   a  conductor   element  (25)  aga ins t   which  t h e  

s e l e c t e d   one  or  more  d r o p l e t s   are  allowed  to  impinge,  the  c o n d u c t o r  

element  (25)  be ing   adapted  to  r ece ive   an  e l e c t r i c   charge  from  the  s a i d  

one  or  more  d r o p l e t s   and  p rov ide   an  e l e c t r i c   cu r ren t   in  r e s p o n s e  

t h e r e t o .  

10.  Apparatus   a c c o r d i n g   to  claim  8  c h a r a c t e r i s e d   in  that   the  d e t e c t o r  

means  (16)  comprises   an  element  of  p i e z o e l e c t r i c   m a t e r i a l   (61)  a g a i n s t  

which  the  s e l e c t e d   one  or  more  d r o p l e t s   are  al lowed  to  impinge,  t h e  

p i e z o e l e c t r i c   element  (61)  be ing   adapted  to  produce  e l e c t r i c   s i gna l s   i n  

response  t h e r e t o .  

11.  Apparatus   a cco rd ing   to  claim  8  c h a r a c t e r i s e d   in  that  the  d e t e c t o r  

means  (16)  comprises   an  energy  r e s p o n s i v e   element  (54),  and  an  e n e r g y  

source  (52)  adapted   to  produce  a  beam  of  energy  (53),  which  beam  may  be 

i n t e r r u p t e d   by  the  passage  of  the  s e l e c t e d   one  or  more  d r o p l e t s .  

12.  Apparatus   a c c o r d i n g  t o   claim  11  c h a r a c t e r i s e d   in  that  the  ene rgy  

source  ( 5 2 )  i s   a  l igh t   e m i t t i n g   d i o d e .  



13.  An  ink  jet  p r i n t e r   c h a r a c t e r i s e d   in  that  it  i n c o r p o r a t e s   a p p a r a t u s  

for  g iv ing  an  i n d i c a t i o n   of  the  time  of  f l i g h t   of  the  ink  stream,  a s  

claimed  in  any  of  claims  1  to  12.  

14.  A method  of  o b t a i n i n g   an  i n d i c a t i o n   of  the  time  of  f l igh t   of  t h e  

ink  s t ream  (10)  of  an  ink  jet   p r i n t e r   c h a r a c t e r i s e d   in  that  i t  

comprises   the  s teps   of  s e l e c t i v e l y   caus ing   one  or  more  d r o p l e t s   of  t h e  

ink  s tream  to  be  d i r e c t e d   towards  a  d e t e c t o r   means  (16),  d e t e c t i n g   t h e  

p resence   of  the  s e l e c t e d   one  or  more  d r o p l e t s   at  a  p r e d e t e r m i n e d  

p o s i t i o n ,   and  g iving  an  i n d i c a t i o n   of  the  time  of  f l i g h t   of  s a i d  

d r o p l e t s   between  t he i r   be ing  caused  to  be  d i r e c t e d   and  being  d e t e c t e d  

at  sa id   p r ede t e rmined   p o s t  i o n .  

15.  A  method  accord ing   to  claim  14  c h a r a c t e r i s e d   in  that   it  i n c l u d e s  

the  step  of  measur ing  the  time  e lapsed   between  said  one  or  more 

d r o p l e t s   being  caused  to  be  d i r e c t e d   towards  the  d e t e c t o r   means  (16)  

and  the  d e t e c t i o n   of  said  d r o p l e t s   at  the  p r ede t e rmined   p o s i t i o n .  
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