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(54)  A  hammer  control  device  for  a  band  printer. 
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(57)  A  hammer  control  system  for  a  band  printer  has  a 
micro-processor  (12)  receiving  character  information  and 
having  an  address  (ADR)  and  a  data  bus  (BUS)  output 
together  with  a  timing  output.  The  microprocessor  controls 
an  optioning  scheme  used  in  the  printer.  A  decoder  (16)  is 
connected  with  the  address  output  of  the  microprocessor 
and  a  print  line  buffer  (20)  provides  a  stored  print  data  output 
for  subsequent  comparison  and  printing  connected  with  said 
decoder.  A  compare  circuit  (22)  receives  the  output  of  the 
print  line  buffer  and  receives  data  from  the  microprocessor. 
A  shift  register  (28)  receives  a  compare  signal  from  the 
compare  circuit  and  a  shift  control  signal  from  the  microp- 
rocessor.  A  hammer  driver  device  (30)  causes  printing  to 
occur  in  response  to  the  output  of  the  shift  register. 
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A   hammer  control  system  for  a  band  printer  has  a 
micro-processor  (12)  receiving  character  information  and 
having  an  address  (ADR)  and  a  data  bus  (BUS)  output 
together  with  a  timing  output.  The  microprocessor  controls 
an  optioning  scheme  used  in  the  printer.  A  decoder  (16)  is 
connected  with  the  address  output  of  the  microprocessor 
and  a  print line  buffer (20)  provides  a  stored  print  data  output 
for  subsequent  comparison  and  printing  connected  with  said 
decoder.  A  compare  circuit  (22)  receives  the  output  of  the 
print  line  buffer  and  receives  data  from  the  microprocessor. 
A  shift  register  (28)  receives  a  compare  signal  from  the 
compare  circuit  and  a  shift  control  signal  from  the  microp- 
rocessor.  A  hammer  driver  device  (30)  causes  printing  to 
occur  in  response  to  the  output  of  the  shift  register. 



This  i n v e n t i o n   r e l a t e s   to  hammer  c o n t r o l   devices   for  b a n d  

p r i n t e r s .  

Band  p r i n t e r s ,   a c c o r d i n g   to  the  p r i o r   a r t ,   use  d i s c r e t e  

components  and  c i r c u i t s   to  p rov ide   hammer  d r i v e r   c o n t r o l   i n  

response   to  inpu t   p r i n t   c h a r a c t e r   c o n t r o l s .   A  t y p i c a l   p r i o r   a r t  

hammer  c o n t r o l   dev ice   has  a  p r i n t   c o n t r o l   c i r c u i t   which  r e c e i v e s  

input   c h a r a c t e r   p u l s e s .   The  p r i n t   c o n t r o l   c i r c u i t   d r ives   a  column 

counter   i nc rement   network  and  a  band  code  g e n e r a t o r   i n c r e m e n t  

network.   The  column  coun t e r   inc rement   network  p rov ides   an  a d d r e s s  

to  a  p r i n t   l ine   b u f f e r   memory  which  s u p p l i e s   ou tput   da ta .   A  b a n d  

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

placement   of  c h a r a c t e r s   on  the  band.  Compare  c i r c u i t s   r e c e i v e   t h e  

output   of  the  p r i n t   l i n e   b u f f e r   memory  and  of  the  band  code 

g e n e r a t o r .   When  the  compare  is  made  in  the  compare  c i r c u i t r y   a n  

output   i s   p rov ided   to  a  s h i f t   r e g i s t e r   which  is  used  to  c o n t r o l  

the  hammer  d r i v e r s   in  r e sponse   to  input   t iming  s i g n a l s   p r o v i d e d  

to  the  s h i f t   c o n t r o l   of  the  s h i f t   r e g i s t e r .  

As  is  known,  a  band  p r i n t e r   has  a  c o n t i n u o u s l y   moving ,  

e n d l e s s ,   p r i n t   band  having  the  a p p r o p r i a t e   c h a r a c t e r s   t h e r e o n  

which  may  be  s e l e c t i v e l y   p r i n t e d   by  a  p r i n t   hammer  mechanism.  

The  hammer  mechanism  d r i v e s   a g a i n s t   the  moving  p r i n t   band  t o  

impr in t   the  c h a r a c t e r   on  the  p r i n t i n g   medium.  The  hammer  mechanism 

remains  s t a t i o n a r y   while   the  hammers  are  f i r e d   but,   the  hammer 

mechanism  may  move  in  some  machines  between  p r i n t   p o s i t i o n s .  

The  p r o t o c o l   by  which  the  c h a r a c t e r s   are  l o c a t e d   on  the  p r i n t  

band  and  the  p r i n t   hammers  are  o p e r a t e d   a g a i n s t   the  p r i n t   band  

to  gene ra t e   p r i n t e d   m a t e r i a l   on  the  p r i n t   medium  is  r e f e r r e d   t o  

as  o p t i o n i n g .   In  the  t y p i c a l   o p t i o n i n g   scheme,  the  p r i n t   l i n e  

bu f f e r   memory  is  a d d r e s s e d   by  a  column  c o u n t e r .   The  data  t h a t  

comes  out  of  the  memory  is  the  c h a r a c t e r   t h a t   is  to  be  p r i n t e d   i n  



t ha t   column.  The  column  coun te r   s e q u e n t i a l l y   a d d r e s s e s   t h e  

memory  l o c a t i o n s   0  to  N-1,  (where  N  is  the  number  of  columns 

the  p r i n t e r   is  capable   of  p r i n t i n g )   to  s e l e c t   the  p r i n t   c h a r a c t e r  

s to red   in  the  p r i n t   b u f f e r   memory  at  t h a t   column  p o s i t i o n .  

The  band  code  g e n e r a t o r   p r o v i d e s   the  c h a r a c t e r   code  for  t h e  

c h a r a c t e r ,   on  the  band,  t h a t   is  in  f r o n t   of  the  column  t ha t   t h e  

column  coun te r   is  a d d r e s s i n g .   The  c h a r a c t e r   code  g e n e r a t e d   by  

the  band  code  g e n e r a t o r   is  compared  to  the  data   in  the  p r i n t   l i n e  

bu f f e r   add res sed   by  the  column  c o u n t e r .   If   the  c h a r a c t e r   in  t h e  

p r i n t   l i ne   b u f f e r   is  the  same  as  t h a t   in  the  band  code  g e n e r a t o r  

c h a r a c t e r ,   a  compare  is  s h i f t e d   i n to   the  s h i f t   r e g i s t e r .   If   t h e r e  

is  no  compare,  no  compare  s i g n a l   is  s h i f t e d   i n to   the  s h i f t   r e g i s t e r .  

If  a  compare  s i g n a l   is  s h i f t e d   i n to   the  s h i f t   r e g i s t e r ,   a  p r i n t  

hammer  is  f i r e d   at  the  p rope r - t ime  and   the  c h a r a c t e r   is  p r i n t e d   on  

the  p r i n t   medium.  If   t h e r e   is  no  compare,  no  p r i n t   hammer  i s  

f i r e d .   By  changing  the  sequence  of  column  c o u n t i n g   and  band  code  

g e n e r a t i o n ,   d i f f e r e n t   o p t i o n i n g   systems  can  be  i m p l e m e n t e d .  

In  the  p r e s e n t   i n v e n t i o n ,   the  sequence  of  column  coun t i ng   and  band  

code  g e n e r a t i o n   is  c o n t r o l l e d   by  a  m i c r o p r o c e s s o r .   By  c h a n g i n g  

the  program,  while   l e a v i n g   the  hardware  unchanged,   any  o p t i o n i n g  

scheme  can  be  i m p l e m e n t e d .  

R e f e r r i n g   f i r s t   to  F igure   5A,  by  way  of  b a c k g r o u n d  

i n f o r m a t i o n ,   the  r e l a t i o n s h i p   between  the  column  coun te r   and 

the  band  code  g e n e r a t o r   is  shown  for   a  two  p o s i t i o n   band  p r i n t e r .  

The  column  counte r   s t a r t s   at  column  zero.   The  band  code  g e n e r a t o r  

s t a r t s   with  the  code  for  the  c h a r a c t e r   t h a t   is  in  f r o n t   o f  

column  zero  and  in  the  example  shown  t h a t   c h a r a c t e r   is  "A". 

Af ter   the  f i r s t   column  is  o p t i o n e d ,   the  column  c o u n t e r   i s  

inc remented   by  two  and  the  band  code  g e n e r a t o r   is  inc remented   by  

two.  Now  the  column  coun te r   is  se t   at  two  and  the  band  code 

g e n e r a t o r   c o n t a i n s   the  code  for  the  c h a r a c t e r   "C".  Af t e r   t h i s  

c h a r a c t e r   is  o p t i o n e d ,   the  column  coun te r   is  i nc r emen ted   by  two ,  



but  the  band  code  g e n e r a t o r   is  incremented   by  only  o n e .  
i 

This  p a t t e r n   r e p e a t s   a c ro s s   the  width  of  the  bank  of  p r i n t   hammers 

so  t ha t   the  column  c o u n t e r   is  incremented   by  two  and  the  band 

code  g e n e r a t o r   is  i n c r e m e n t e d   f i r s t   by  two,  then  one,  then  two,  

then  one,  e tc .   F igu re   5B  shows  the  same  r e l a t i o n s h i p   where  t h e  

hammer  p o s i t i o n s   are  shown  for  the  second  p o s i t i o n   in  the  two 

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

R e f e r r i n g   now  to  F igu re   5C,  the  o p t i o n i n g   scheme  is  shown 

for  a  one  p r i n t   p o s i t i o n   band  p r i n t e r .   The  column  address   i s  

incremented   by  one  and  the  band  code  g e n e r a t o r   is  inc remented   by  

one  every  o p t i o n i n g   cyc le   except   for  every  f o u r t h   o p t i o n i n g   c y c l e .  

Every  f o u r t h   o p t i o n i n g   c y c l e ,   the  band  code  g e n e r a t o r   is  n o t  

inc remented .   In  F i g u r e s   5A,  5B  and  5C  the  o p t i o n i n g   shown  i s  

for  a  band  moving  in  a  " forward"   d i r e c t i o n   (from  r i g h t   to  l e f t ) .  

If  the  band  d i r e c t i o n   is  r e v e r s e d   ( l e f t   to  r i g h t ) ,   the  o p t i o n i n g  

of  the  hammers  may  change,   but  the  c o n f i g u r a t i o n   w i l l   be  u n a f f e c t e d .  

I t   should  be  noted  t h a t   the  p r e s e n t   i n v e n t i o n   may  be  u s e d  

with  a  machine  with  any  number  of  p o s i t i o n s   with  the  r e s u l t   b e i n g  

a  unique  i n c r e m e n t i n g   p a t t e r n   for  the  column  coun te r   and  the  b a n d  

code  g e n e r a t o r  i n   each  c o n f i g u r a t i o n .   Also,  the  p r e s e n t   i n v e n t i o n  

may  be  used  e q u a l l y   wel l   for  e i t h e r   d i r e c t i o n   of  band  movement. 

With  m i c r o p r o c e s s o r   systems  r e a d i l y   a v a i l a b l e ,   i t   might  b e  

be l i eved   t h a t   a l l   of  the  f u n c t i o n s   of  a  p r i n t   hammer  c o n t r o l  

device  could  be  implemented  s o l e l y   wi th in   a  m i c r o p r o c e s s o r .   I t   i s  

true  t ha t   a l l   of  the  c o n t r o l   f u n c t i o n s   n e c e s s a r y ,   as  d e s c r i b e d  

above,  can  be  implemented  in  a  m i c r o p r o c e s s o r ,   however,   a  band  

p r i n t e r   a lso   must  o p e r a t e   at  a  c o m p a r a t i v e l y   high  speed  in  o r d e r  

to  be  commerc ia l ly   d e s i r a b l e .   I t   has  been  found  t h a t   t h e  

implementa t ion   of  a l l   r e q u i r e d   c o n t r o l   f u n c t i o n s   in  a  s i n g l e  

m i c r o p r o c e s s o r   p roduces   a  l i m i t a t i o n   on  speed  which  is  n o t  

c o n s i s t e n t   with  the  n e c e s s a r y   speed  at  which  the  band  p r i n t e r  

must  p r i n t   m a t e r i a l   on  a  p r i n t i n g   medium.  T h e r e f o r e ,   t h e  



imp lemen ta t i on   of  a l l   c o n t r o l   f u n c t i o n s   on  a  m i c r o p r o c e s s o r   h a s  

not  been  found  to  be  as  d e s i r a b l e   as  o r i g i n a l l y   f o r e c a s t   b e c a u s e  

of  the  time  l i m i t a t i o n   and  cos t   c o n s i d e r a t i o n   with  r e s p e c t   to  t h e  

m i c r o p r o c e s s o r .  

T h e r e f o r e ,   i t   would  be  d e s i r a b l e   to  have  a  band  p r i n t e r  

hammer  c o n t r o l   device   which  makes  use  of  some  of  the  a d v a n t a g e s  

which  can  be  o b t a i n e d   us ing  a  m i c r o p r o c e s s o r   but  which  w i l l   a l s o  

main ta in   the  v a r i o u s   advan tages   and  d e s i r a b l e   c h a r a c t e r i s t i c s  

of  a  h i g h - s p e e d   p r i n t i n g   r a t e .  

Accord ing   to  the  p r e s e n t   i n v e n t i o n ,   t h e r e   is  p r o v i d e d   a  

hammer  c o n t r o l   device   for  a  band  p r i n t e r   having  c h a r a c t e r  

i n f o r m a t i o n   means  for  p r o v i d i n g   c h a r a c t e r   i n f o r m a t i o n ,   a n d  

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

from  sa id   c h a r a c t e r   i n f o r m a t i o n   means,  said  m i c r o p r o c e s s o r   h a v i n g  

an  address   (ADR)  and  a  data  bus  (BUS)  ou tpu t   t o g e t h e r   with  a t  

l e a s t   one  o u t p u t   t iming   s i g n a l   means,  sa id   m i c r o p r o c e s s o r   b e i n g  

a r ranged   to  c o n t r o l   an  o p t i o n i n g   scheme  used  in  s a id   p r i n t e r ;  

decode  means  connec ted   with  the  address   (ADR)  o u t p u t   of  s a i d  

m i c r o p r o c e s s o r ;   p r i n t   l ine   b u f f e r   means  for  p r o v i d i n g   a  s t o r e d  

p r i n t   da ta   ou tpu t   for  subsequen t   comparison  and  p r i n t i n g   c o n n e c t e d  

with  sa id   decode  means  and  having  means  for  r e c e i v i n g   s i g n a l s  

from  the  da ta   bus  of  sa id   m i c r o p r o c e s s o r   compare  means  f o r  

r e c e i v i n g   the  ou tpu t   of  said  p r i n t   l ine   b u f f e r   means  and  f o r  

r e c e i v i n g   a  da ta   input   from  sa id   m i c r o p r o c e s s o r ;   s h i f t   r e g i s t e r  

means  for  r e c e i v i n g   a  compare  s i g n a l   as  a  data  i n p u t   from  s a i d  

compare  means  and  for  r e c e i v i n g   s h i f t   c o n t r o l   s i g n a l   means  f rom 

said  m i c r o p r o c e s s o r ;   and  a  hammer  d r i v e r   means  for  c a u s i n g  

p r i n t i n g   to  occur  in  r e sponse   to  the  ou tpu t   of  sa id   s h i f t   r e g i s t e r .  

The  hammer  c o n t r o l   device   may  i nc lude   a  l a t c h   connec t ed   t o  

the  ou tpu t   of  said  m i c r o p r o c e s s o r   to  p rov ide   an  i npu t   to  s a i d  

p r i n t   l i n e   b u f f e r   means  for  d e - m u l t i p l e x i n g   the  i npu t   to  s a i d  

p r i n t   l i n e   b u f f e r   means  a cco rd ing   to  address   l a t c h   enable   (ALE) 



s i g n a l s   r e c e i v e d   from  said  m i c r o p r o c e s s o r .  

P r e f e r a b l y   sa id   m i c r o p r o c e s s o r   is  a r r anged   to  g e n e r a t e   a  

band  code  g e n e r a t o r   s i gna l   to  be  compared  in  sa id   compare  means ,  

said  band  code  g e n e r a t o r   s i gna l   being  i nc remen ted   in  a  p r e d e t e r m i n e d  

sequence  a c c o r d i n g   to  the  o p t i o n i n g   scheme  u s e d .  

The  o p t i o n i n g   t echn ique   does  not  only  apply  to  a  one  or  two 

p o s i t i o n   band  p r i n t e r .   By  changing  the  program  in  the  m i c r o -  

p r o c e s s o r ,   a  t h r e e   or  four  or  f i v e ,   e tc .   p o s i t i o n   band  p r i n t e r  

could  be  implemented  accord ing   to  the  p r e s e n t   i n v e n t i o n .  

The  i n v e n t i o n   is  i l l u s t r a t e d ,   merely  by  way  of  e x a m p l e ,  

in  the  accompanying  d r a w i n g s ,   in  w h i c h : -  

F igure   1  is  a  schemat ic   block  diagram  of  a  hammer  c o n t r o l  

device   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n   for  a  band  p r i n t e r ;  

F igure   2  is  a  t iming  diagram  for  the  hammer  c o n t r o l   d e v i c e  

of  F igure   11 

F igure   3  is  a  f l owcha r t   of  a  m i c r o p r o c e s s o r   program  for  a  

m i c r o p r o c e s s o r   of  the  hammer  c o n t r o l   device   of  F igure   1  a c c o r d i n g  

to  a  f i r s t   o p t i o n i n g   scheme; 

F igure   4  is  a  sof tware   f l o w c h a r t   of  a  m i c r o p r o c e s s o r   p rogram 
of  a  m i c r o p r o c e s s o r   of  the  hammer  c o n t r o l   device   o f  F i g u r e   1 

a c c o r d i n g   to  a  second  op t ion ing   scheme;  and  

F i g u r e s   5A,  5B  and  5C  are  f i g u r e s   showing  the  b a c k g r o u n d  

i n f o r m a t i o n   on  the  d e f i n i t i o n   of  hammer  p o s i t i o n s   in  v a r i o u s  

o p t i o n i n g   s chemes .  

A  hammer  c o n t r o l   device  10  acco rd ing   to  the  p r e s e n t  

i n v e n t i o n   for   a  band  p r i n t e r   is  shown  in  F igure   1.  A  m i c r o p r o c e s s o r  

12  r e c e i v e s   c h a r a c t e r   i n f o r m a t i o n   from  a  source   14  of  c h a r a c t e r  

i n f o r m a t i o n .   The  m i c r o p r o c e s s o r   12  has  an  Address  channel   (ADR) 

which  is  connec ted   with  a  decoder  16.  The  decoder   16  can  be  a  

read  only  memory  or  a  s t andard   decode  dev ice .   The  m i c r o p r o c e s s o r  

12  has  a  data  bus  channel   (BUS) which  is  connec ted   with  a  l a t c h   18. 

The  l a t c h   18  con templa t e s   o p e r a t i o n   with  a  m i c r o p r o c e s s o r   w h i c h  



uses  a  m u l t i p l e x e d   da ta   address   bus,   and  which  is  d e - m u l t i p l e x e d  

by  use  of  an  ALE  (Address  Latch  Enable)  l i n e .   A  m i c r o p r o c e s s o r  

with  s e p a r a t e   add re s s   l i n e s   would  not  use  such  a  l a t c h .  

The  decoder   16  has  an  ou tpu t   to  a  p r i n t   l ine   b u f f e r   2 0 .  

The  p r i n t   l i n e   b u f f e r   has  a  da ta   ou tput   p rov ided   to  a  compare  

c i r c u i t   22.  The  l a t c h   18  p r o v i d e s   an  address   i npu t   to  the  p r i n t  

l ine  b u f f e r   20.  Also,   the  channe l   BUS  of  the  m i c r o p r o c e s s o r   12 

has  a  da ta   bus  c o n n e c t i o n   to  inpu t   to  the  compare  c i r c u i t   2 2 .  

The  m i c r o p r o c e s s o r   has  an  address   l a t ch   enable   (ALE)  t i m i n g  

s igna l   o u t p u t   l i ne   24  connec ted   with  the  l a t c h   18.  The  m i c r o -  

p r o c e s s o r   12  a lso   has  a  wr i t e   s i g n a l   ou tpu t   l i n e   26  connec t ed   t o  

the  s h i f t   i npu t   of  a  s h i f t   r e g i s t e r   28.  The  da ta   i n p u t   to  t h e  

s h i f t   r e g i s t e r   28  is  p r o v i d e d   from  the  ou tpu t   of  the  compare  

c i r c u i t   22.  The  o u t p u t   of  the  s h i f t   r e g i s t e r   28  is  p r o v i d e d   t o  

a  hammer  d r i v e r   u n i t   3 0 .  

R e f e r r i n g   now  to  F igure   2,  a  t iming  diagram  is  shown  o f  

the  o u t p u t   s i g n a l s   of  m i c r o p r o c e s s o r   12  shown  in  F i g u r e   1  t o  

show  o p e r a t i o n   of  the   hammer  c o n t r o l  d e v i c e   10.  The  m i c r o p r o c e s s o r  

output   on  the  channel   ADR  is  shown  in  the  top  l i n e   of  the  F i g u r e  

as  the  chip  s e l e c t   s i g n a l   p a t h s .   The  o u t p u t s   on  the  channe l   BUS 

of  the  m i c r o p r o c e s s o r   is  shown  as  the  column  add re s s   and  b a n d  

code  g e n e r a t o r   o u t p u t   s i g n a l   (BCG).  The  t h i r d   l i n e   of  F igure   2 

shows  the  ou tpu t   of  the  address   l a t c h   enable   s i g n a l   which  at  t h e  

f a l l i n g   p o r t i o n   of  an  ou tpu t   pu l se   50  p r o v i d e s   a  l a t c h   co lumn 

address   c o n t r o l   s i g n a l .   The  ou tpu t   of  the  p r i n t   l i n e   b u f f e r   20 

is  shown  as  the  f o u r t h   l i n e   of  F igure   2.  This  o u t p u t   p r o v i d e s  

the  column  data   for  the  hammer  c o n t r o l   dev ice .   F i n a l l y ,   the  l a s t  

l ine   of  F igu re   2  shows  the  t iming  for  the  s i g n a l   on  the  w r i t e  

s igna l   o u t p u t   l i n e   26.  The  r i s i n g   p o r t i o n   at  the  t r a i l i n g   e d g e  

of  a  c o n t r o l   pu l se   52  is  the  c o n t r o l   s i gna l   for  s h i f t i n g   t h e  

r e s u l t   of  the  compare  network  22  in to   the  s h i f t   r e g i s t e r   2 8 ,  

The  hammer  c o n t r o l   device   shown  in  F igure   1  o p e r a t e s   i n  



the  f o l l owing   manner.   The  m i c r o p r o c e s s o r   12  g e n e r a t e s   t h e  
I  

column  address   and  the  band  code  g e n e r a t o r   output   s i g n a l   u s i n g  

a  sof tware   r o u t i n e   i n t e r n a l l y .   The  column  address   and  band  code 

g e n e r a t o r   s i g n a l   are  sen t   to  the  p r i n t   l ine   bu f f e r   20  and  t o  

the  compare  c i r c u i t   22  s i m u l t a n e o u s l y .   This  is  accompl i shed   by  

doing  a  memory  wr i t e -move   o p e r a t i o n   from  an  accumula tor   ( n o t  

shown)  of  the  m i c r o p r o c e s s o r .   The  d e - m u l t i p l e x i n g   of  the  column 

a d d r e s s  v e r s u s   the  band  c o d e  g e n e r a t o r   ou tpu t   s igna l   i s  

accompl ished   by  the  l a t c h   18  in  c o n j u n c t i o n   with  the.ALE  s i g n a l .  

The  decoder  16  is  a d d r e s s e d   by  the  chip  s e l e c t   address   a n d  

g e n e r a t o r s   a  Chip  S e l e c t   (CS)  s i g n a l   to  the  p r i n t   l i ne   b u f f e r   20.  

The  data  at  the  s p e c i f i c   column  address   appears   at  the  ou tpu t   o f  

the  p r i n t   l i ne   b u f f e r   20  which  is  then  compared  to  the  c o n t e n t s   o f  

the  data  bus  c o n t a i n i n g   the  band  code  g e n e r a t o r   ou tpu t   s i g n a l .  

The  r i s i n g   edge  of  the  memory  wr i t e   s igna l   is  then  used  to  s h i f t  

the  compare   s i g n a l   in to   the  s h i f t   r e g i s t e r   28 .  

The  t iming  diagram  shown  in  Figure   3  con templa te s   the  u s e  

of  an  8085A-2  m i c r o p r o c e s s o r   in  which  the  address   l a t c h   e n a b l e  

s igna l   is  used  as  d e s c r i b e d .   The  address   l a t ch   enable   s i g n a l   i s  

not  n e c e s s a r i l y   r e q u i r e d   for   a l l   m i c r o p r o c e s s o r   c o n f i g u r a t i o n s  

to  implement  the  p r e s e n t   i n v e n t i o n .   The  8085A-2  m i c r o p r o c e s s o r  

is  chosen  because  of  the  bes t   c o s t - p e r f o r m a n c e   t r a d e - o f f   for  t h e  

r equ i r emen t s   of  a  p roposed   band  p r i n t e r .   The  l a tch   18  is  n e c e s s a r y  
because  of  t h i s   p a r t i c u l a r   m i c r o p r o c e s s o r   and  would  not  b e  

necessa ry   with  some  o the r   m i c r o p r o c e s s o r s .   Other  m i c r o p r o c e s s o r s  

would  be  connec ted   d i r e c t l y   to  the  p r i n t   l ine   bu f f e r   20 .  

Accordingly   the  l a t c h   18  is  not  e s s e n t i a l   to  a l l   embodiments  o f  

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

R e f e r r i n g   now  to  F igure   3,  a  flow  diagram  is  shown  wh ich  

would  be  a p p r o p r i a t e   for  the  m i c r o p r o c e s s o r   12  of  F igure   1 .  

This  f l owcha r t   shows  a  r o u t i n e   which  op t ions   the  f i r s t   c h a r a c t e r ,  

then  inc rements   the  band  code  g e n e r a t o r   ou tput   s i gna l   by  two  and  



t e s t s   for  a  wraparound  c o n d i t i o n .   The  r o u t i n e   then  o p t i o n s   t h e  

second  c h a r a c t e r ,   i nc rements   the  band  code  g e n e r a t o r   ou tpu t   s i g n a l  

by  one  and  t e s t s   for  a  wraparound  c o n d i t i o n .   Af t e r   these   two 

op t ions   have  been  per formed,   the  t e s t   for  a l l   hammers  op t ioned   i s  

p e r f o r m e d .  

The  t iming  of  the  so f tware   in  t h i s   a rea   was  found  to  be  v e r y  

c r i t i c a l .   T h e - s o f t w a r e   was  s t r u c t u r e d   such  t h a t   the  i n c r e m e n t i n g  

of  the  band  code  g e n e r a t o r   ou tpu t   s i g n a l   by  one  or  two  was  b u i l t  

in to   the  r o u t i n e ,   t he reby   e l i m i n a t i n g   the  r e q u i r e m e n t   for  a  t e s t  

to  d e t e r m i n e   the  p roper   i nc remen t .   This  t e c h n i q u e   p rov ided   a  

s i g n i f i c a n t   enhancement  to  the  time  r e q u i r e d   to  perform  one  o p t i o n ,  

and  can  be  f u r t h e r   expanded  to  machines  wi th   p o s i t i o n   v a r i a t i o n s  

with  the  same  r e s u l t a n t   time  e n h a n c e m e n t .  

F igure   4  is  a  f l o w c h a r t   d e p i c t i n g   one  of  these   v a r i a t i o n s  

for  a  one  p o s i t i o n   o p t i o n i n g   scheme.  

The  p r e s e n t   i n v e n t i o n   uses  the  m i c r o p r o c e s s o r   as  a  h a r d w a r e  

r e p l a c e m e n t   for  p a r t i c u l a r   components  of  the  known  hammer  c o n t r o l  

device  of  a  band  p r i n t e r .   The  i l l u s t r a t e d   embodiment  of  t h e  

p r e s e n t   i n v e n t i o n   shows  an  optimum  t r a d e - o f f   of  m i c r o p r o c e s s o r  

usage  wi th   r e s p e c t   to  r e t e n t i o n   of  hardware   c i r c u i t s   in  order  t o  

perform  optimum  machine  f u n c t i o n   a t   r e a s o n a b l e   c o s t s .   This  t e c h n i q u e  

can  be  used  with  v i r t u a l l y   any  m i c r o p r o c e s s o r ,   and-can  be  a p p l i e d   t o  

any  v a r i a t i o n   in  o p t i o n i n g   schemes  with  only  minor  s o f t w a r e  

m o d i f i c a t i o n s   r e q u i r e d .  



1.  A  hammer  c o n t r o l   system  for  a  band  p r i n t e r   h a v i n g :  

c h a r a c t e r   i n f o r m a t i o n   means  (14)  for  p r o v i d i n g   c h a r a c t e r  

i n f o r m a t i o n ,   and  c h a r a c t e r i s e d   by  a  m i c r o p r o c e s s o r   (12)  a d a p t e d  

to  r e c e i v e   i n f o r m a t i o n   from  sa id   c h a r a c t e r   i n f o r m a t i o n   means,  s a i d  

m i c r o p r o c e s s o r   having  an  add re s s   (ADR)  and  a  data  bus  (BUS)  o u t p u t  

t o g e t h e r   with  at  l e a s t   one  ou tpu t   t iming  s i g n a l   means,  s a i d  

m i c r o p r o c e s s o r   be ing   a r r anged   to  c o n t r o l   an  o p t i o n i n g   scheme  u s e d  

in  sa id   p r i n t e r   decode  means  (16)  connec ted   with  the  a d d r e s s  

(ADR)  ou tpu t   of  s a id   m i c r o p r o c e s s o r ;   p r i n t   l ine   b u f f e r   means  (20) 

for  p r o v i d i n g   a  s t o r e d   p r i n t   data   ou tpu t   for  subsequen t   c o m p a r i s o n  

and  p r i n t i n g   connec t ed   with  sa id   decode  means  and  having  means  f o r  

r e c e i v i n g   s i g n a l s   from  the  data  bus  of  said  m i c r o p r o c e s s o r ;   compare 

means  (22)  for  r e c e i v i n g   the  ou tpu t   of  sa id   p r i n t   l i ne   b u f f e r   means 

and  for  r e c e i v i n g   a  data  input   from  sa id   m i c r o p r o c e s s o r ;   s h i f t  

r e g i s t e r   means  (28)  for  r e c e i v i n g   a  compare  s i g n a l   as  a  data  i n p u t  

from  sa id   compare  means  and  for  r e c e i v i n g   s h i f t   c o n t r o l   s i g n a l  

means  from  sa id   m i c r o p r o c e s s o r ;   and  a  hammer  d r i v e r   means  (30) 

for  caus ing   p r i n t i n g   to  occur  in  r esponse   to  the  ou tpu t   of  s a i d  

s h i f t   r e g i s t e r .  

2.  A  hammer  c o n t r o l   device  as  c laimed  in  claim  1  c h a r a c t e r i s e d  

by  i n c l u d i n g   a  l a t c h   (18)  connec ted   to  the  ou tpu t   of  said  m i c r o -  

p r o c e s s o r   to  p rov ide   an  input   to  sa id   p r i n t   l ine   b u f f e r   means  (20) 

for  d e m u l t i p l e x i n g   the  input   to  sa id   p r i n t   l ine   b u f f e r   means 

accord ing   to  add re s s   l a t ch   enable   (ALE)  s i g n a l s   r e c e i v e d   f rom 

said  m i c r o p r o c e s s o r .  

3.  A  hammer  c o n t r o l   device   as  claimed  in  claim  1  or  2 

c h a r a c t e r i s e d   in  t h a t   sa id   m i c r o p r o c e s s o r   is  a r r anged   to  g e n e r a t e  

a  band  code  g e n e r a t o r   s i g n a l   to  be  compared  in  sa id   compare  means 

(22)  sa id   band  code  g e n e r a t o r   s i g n a l   being  i nc remen ted   in  a  

p r e d e t e r m i n e d   sequence  a cco rd ing   to  the  o p t i o n i n g   scheme  u s e d .  
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